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PREFACE TO. THE FOIYRTH EDITION.

Ta present Volume contains above one fourth more letterpress
than the Third Edition: being printed closer, and in a fuller page,
in order to comprise numerous additional facts, and the important
discoveries recently made in Geology. There are five entirely new

chapters, beside considerable additions to most of the former chap
ters. The new chapters in this Edition are:-Chap. XV. On the
Formation of Secondary Limestone and Sandstone, and on the pro
gressive Development of Organic Life. Chap. XVII. On the Qua

ternary Strata. Chap. XX. On Subterranean Currents, and on Cav
erns. Chap. XXII. On the elevation of Mountain Ranges and Con
tinents. Chap. XXIV. On the Temperature of the Earth; on Cen
tral Heat; and on Astronomical Causes illustrative of Geological
Theories. Beside two new plates, the present Volume contains also
numerous wood cuts.

Since the publication of the Third Edition, the Author has revisit
ed several of the localities which were the scenes of his earliest in

vestigations; he has also examined certain parts of England, of which
the geology was dubious; and has inserted in this work such altera
tions as were deemed necessary. These, however, bear a small

proportion to the valuable labours of foreign and English geologists,
during the last five years, of which an account is given in different

parts of the volume. In a preliminary dissertation on certain living
species of animals that elucidate fossil conchology, and also in the
work itself, the author has endeavoured to direct the attention of ge
ological students to a subject hitherto much neglected. Great im

portance is attached to the study of fossil shells; but the character
of the animals that inhabited them, or the power they might possess
of modifying the form of the shell under various circumstances, has

scarcely been thought of. Some French conchologists are endeav

ouring to establish the doctrine that fossil conchology, independent of
the succession and stratification of rocks, is the only true basis of

geology; and a trifling difference in the form of a shell, is deemed
sufficient to constitute a new species, and to warrant the most impor
tant conclusions respecting the age of rock formations. Cato, when
the Roman Haruspices were gravely examining the entrails of the
sacred victims, to ascertain the future revolutions of empires by the
convolutions of the intestines, said, that he much wondered how they
could refrain from laughing, whenever they looked each other in the
face. Surely we might say the same to fossil conchologists, when they
gravely attempt to ascertain the past revolutions of the globe by the
convolutions of a shell.
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If the same conchologists were interrogated respecting the power
which the ancient inhabitant of the shell might possess of changing
its structure when placed in different circumstances, they would be

compelled to confess their ignorance. A knowledge of fossil shells
is highly useful to the geologist in cases where the superposition of
strata cannot be ascertained; but fossil shells alone, give us less pos
itive information respecting the ancient condition of the globe, than
the organic remains of other classes of animals, or of vegetables;
because, for any thing we know to the contrary, all the species of
molluscous animals that inhabited these shells, may have been capa
ble of living in the same medium, and under the same conditions.
But different species of vertebrated animals, and plants, must have
existed under very different conditions, on land or in water. M.
Boué, an enlightened and indefatigable continental geologist, to whose
labours the science is greatly indebted, is meritoriously endeavour

ing to resist the absurd attempt, to force Fossil Conchology into the
chair of Geology. I trust his example will be followed by English
geologists. Indeed, I am convinced that many of the frivolous dis
tinctions introduced by conclilogists will soon pass away, as those of

mineralogy have already passed ;* and that these two branches of
natural history, will take their proper stations as auxilliaries subser
vient to geology.

It will be seen, by the titles to the new chapters in the present
volume, that they comprise various subjects connected with impor
tant enquires relating to the Theory of the Earth. The opinions of
the author have not been rashly advanced, to oppose or maintain the

systems of other geologists: they are the result of long-continued re
flection, on what appeared to him the most probable explanations of

geological phenomena. The author says probable, because he con
siders that the words truth and certainty cannot yet bp introduced
with advantage into geological theories.
The author requests the experienced geologist, who may honour

this volume with the perusal, to refer to Chap. XXII., in 'which he
will find that the doctrine of the elevation of mountain ranges, at dif
ferent epochs, was distinctly announced, and was published by him
in the year 1823, supported by the same principles, as those recent

ly advanced by M. Elie de Beaumont. He has farther proved, that
the elevation of large islands, and continents, was long posterior to
the elevation of mountain ranges.

* See the end of the Preface to the first edition. Some of the distinctions in
Mineralogy, on which most important conclusions have been founded respect..
jug the formations of rocks, are now known to be erroneous: magnesian mineralswere all stated to be of aqueous origin. Pyroxene (Auitc) was considered as an
unerring criterion of igneous products, and to be an cutirely distinct species from
Amphibole (Hornblende): they are uov proved to be identical minerals, convertible into each other, according to the degree at teinperatlire under which they are
crystallized. Observations on the true value of Fossil Conehulogy will be foundin Chapter XVII.
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The Third Edition of this work was re-published in America, in
1829, by Professor Silliman of Yale College, Connecticut, the dis

tinguished Editor of the Jimerican Journal of Science. It was com
menced without any previous communication or acquaintance with
the author. The reasons for the re-publication were stated in the
Professor's preface, an extract from which is subjoined. The author
will be satisfied if the present work should be thought deserving of
the commendation given by the American editor, of being "a com

prehensive Treatise on Geology, which the student will be willing to
read, and able to understand."

Hampstca.d, near London,
April 18, 1833.

Part of Professor Silliman's Preface of the American re-print of
the Third Edition.

The Editor believes that he is performing a service to his country,
by encouraging the re-publication of a work conspicuous for attract
iveness,-for perspicuity,-for a style generally vigorous and cor
rect,-often eloquent and beautiful; and for an independence of spi
rit, which carries the Author straight forward to his object, certainly
without any servile regard to previous systems. While bestowing
this merited commendation, we do not mean to say that we fully.
adopt all the Author's theoretical views, although most of them ap
pear to be philosophical and just, and some of them are peculiarly
happy.

Speaking in the character of a public instructor of youth, I beg
leave to add, that my immediate motive for recommending the re

publication was, that I might place in the bands of my own classes,
a comprehensive treatise on geology, which they would be willing to
read and able to understand.

CAUTION.-In 189, a book was published in duoclecirno, entitled "An Introduc
tion to the study of Mineralogy, by J. R. Bakewell." Several friends of the Au
thor of the present volume have informed him, that they were induced, by the
name, to purchase the book; he therefore thinks it necessary to state, that be has
no connection with the writer of that book, and he has reason to believe that the
name was assumed to mislead the public.
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THE First and Second Editions of the introduction to Geology
were favourably received, and sold off, soon after their publication.
The work has since been translated and published in Germany, by
Mr. Frederick Muller of Friburg; but it has been long out of print
in this country. The causes which have retarded the publication of
a Third Edition it is unnecessary to mention: the delay has, I trust,
been favourable to its appearance in a very improved state; as I have
been collecting materials for it, during several years, having visited
almost every situation of much geological interest in our own island,
from the Land's End in Cornwall, to the Grampian Mountains in
Scotland; and passed part of three years in examining the geology
of Savoy, Switzerland, and France. There is scarcely a rock for
mation described in the present volume, that I have not examined in
its native situation, and compared with the descriptions of former

geologists. I have also had opportunities of examining the collec
tions, and of profiting by the communications, of some of the most
eminent geologists on the Continent.
While engaged in these pursuits, I have not been inattentive to the

labours of other observers. So numerous and interesting are the dis
coveries made in geology during the last ten years, that in order to

present a concise view of the science in its present advanced state,
the introduction to Geology has been recomposed, and all the Chap
ters are greatly enlarged.
The following new Chapters have been added.-Chap. II. On

Fossil Organic Remains. Chap. W. On the Principles of Stratifi
cation. Chap. X. A Retrospective View of Geological Facts.

Chap. XVIII. On the Destruction of Mountains; and on the Bones
of Land Quadrupeds, found in Diluvial Depositions and in Caverns.

Chap. XIX. On the Formation of Valleys; and on Deluges and
Denudations.-The Plates are new, except Plate 1V. and part of
Plate VII.
The Outline Map of the Geology of England and Wales, was I

believe, when published in the First Edition of 1813, the only geo
logical map of England that had then appeared. It presents in one
view the grand geological divisions of the country, without delinea

ting the different strata in each division. Mr. William Smith has
since published a map of the Geology of England, which possesses
extraordinary merit,-when it is considered as the unaided attempt
of one person, to trace the course of each rock formation through
England and Wales. Mr. Greenough, and other members of the
Geological Society of London, have subsequently published a geo-
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logical map of England and Wales. This map, from the great va

riety of its useful details, and its general correctness, may be e

garded as the best approximation to a complete exhibition of the

geology of an extensive country, that has yet appeared. It was

thought, however, that the publication of my Map in its original
form, (or nearly so,) would be acceptable to those who wished to

gain a general knowledge of the geology of their own country, with

out entering into geological details; and that it would also serve as

a useful introduction to the study of the above mentioned maps.
In the course of the present work, I have frequently attempted to

elucidate the geology of England, by comparisons with situations I

have examined on the Continent, in order to connect the geology of

our own island, with that of France, Switzerland, and Savoy.

By comprising the numerous facts and observations contained in
the present volume, within the limits of an elementary work, from

the desire to be concise, I may have run the risk of becoming ob

scure: this I have studiously endeavored to avoid; my chief aim

being to present the reader with a system of Geology, which shall
describe and explain geological phenomena in a clear and intelligible
manner, and as free from technical obscurity as the nature of the

subject would admit. In order that the price may not exceed that
of the last Edition, this work is printed in a smaller type. For any
errors into which I may have inadvertently fallen, I would claim the
candid indulgence of the reader, in the last words of that distin

guished geologist, Horace Benedict de Saussure, "On peut dire
ttile, sans atteindre a la perfection."



PREFACES TO THE FIRST AND SECOND EDITIONS, 
ABRIDGED. , . 

IN tracing the progress of knowledge, we may frequently observe 
that the cultivation of particular branches of science, at  certain peri- 
ods, was determined by causes which had little connection with their 
intrinsic utility. Fashion, caprice, and the authority of eminent 
names, govern mankind in philosophy, as well as on all other sub- 
jects. But, independently of accidental causes, there are leading ob- 
jects in the universe, which, as nations advance in civilization, seem 
naturally to direct their attention to certain sciences in succession. 
The brilliancy of the sun, mooo, and planets, their various motions, 
and connection with the changing seasons, would first arrest the at- 
tention of the rude philosopher ; nor need we wonder that he soon 
began to regard them as endowed with life and intelligence, and attri- 
buted to them a mysterious power over human affairs : thus the hew- 
eoly orbs became the objects of religious adoration ; and curiosity, 
hope, and fear, lent their aid to the early cultivation of astronomy. 

Mathematics and mechanical philosophy are so intimately connect- 
ed with astronomy and the most useful arts, that they naturally claim- 
ed the second place among the early sciences. 

The branches of philosophy which comprise a knowledge of the 
physical qualities of matter, or such as are perceptible by the sen- 
ses, follow next; and at  a later period, chemical philosophy, or that 
science which endeavours to ascertain the elementary substances, of  
which all material objects are composed. I n  the order of succes- 
sion, mineralogy and geology are the last of the natural sciences ; 
for though an acquaintance w l ~ h  the earth is more important to man, 
than a knowledge of the distant parts of the universe, yet, previous- 
ly to the cultivation of the other sciences, and of chemistry in partic- 
ular, our knowledge of the mineral kingdom could not extend much 
beyond that of the rudest periods. Thus we find, that notwitbstand- 
ing the precious metals, and many of the mineral treasures which the 
earth contains, have been the objects of insatiable cupidity in every 
age, yet, till the present day, almost all that was known of mineralo- 
gy was confined to uneducated working miners. 

In looking over the pages of history we may observe, that the most 
polished nations of antiquity had scarcely advanced beyond a limit- 
ed acquaintance with astronomy, geometry, and mechanical philoso- 
phy. I n  modern Europe, all the natural sciences, geology and mi*- 
eralogy excepted, have been successfully cultivated, and their pro- 
gress has been astonishingly rapid ; but till about the middle of the 
last century, the structure of the earth had scarcely engaged the at- 
tention of philosophers. Near that time, Lehman, the German, first 
observed that there are certain rocks which occupy the lowest rela- 
tive situation in different countries, and that these rocks contain no 
organic remains : hence he gave them tlie name of primary, and es-. 
tablished a division between them and the rocks by whicll they are 
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covered, in which the remains of animals or vegetables frequently
occur: the latter he called secondary. In our own country, the

Reverend J. Michell was the first person who appears to have had

any clear views respecting the structure of the external parts of the

earth: they were made public in a valuable paper on the cause of

earthquakes, in the Philosopical Transactions, 1759. About twen

ty years afterwards, Mr. John Whitehurst published his "Inquiry in

to the original State and Formation of the Earth." His observa

tions were principally confined to the rocks and strata of Derbyshire.
Independently of its speculative opinions, this work was highly valu
able as an attempt to describe the geology of a district, from actual
examination. The great variety of original information it contained,
and its general accuracy, will remain a lasting monument of the wri
ter's industry and ability. Mr. Whitehurst, however, fell into the
same error with the celebrated Werner in Saxony, an error to which
the first cultivators of geology were particularly exposed,-that of

drawing general conclusions from local observations, and forming uni
versal theories from a limited number of facts.

Though Mr. Whitehurst's book was favourably received, yet till
the beginning of the present century geological pursuits made little

progress in England. On the continent, the researches of Saussure,
Pallas, Werner, St. Fond, Dolomien, and others, had before this
time produced a powerful interest, and brought into the field many
active and enlighted enquirers. The first general impulse given to
the public taste, for geological investigations in this country, was pro
duced by Professor Playfair's luminous and eloquent illustrations of
the Huttonian theory. The leading feature of this theory, that all
rocks or strata have been either formed or consolidated by central
subterranean fire, was very warmly opposed; and much personal
animosity and many adventitious circumstances were associated with
the contest, not highly honourable to philosophy, but well calculated
to keep alive the attention of the disputants to those appearances in
nature which favoured or opposed their different theories.
He who attempts to make a scientific subject familiar, runs the

risk, in this country, of being deemed superficial; a plentiful share
of dullness, combined with a certain degree of technical precision,
are regarded as essential proofs of profundity. By prescriptive
right, long established in these realms, dullness and pedantry guard
the portals of the temple of Science, and command those who enter,
to avert their eyes from whatever can elevate the imagination, or
warm the heart, and to look at nature through a sheet of ice. In
compliance with their authority, writers of introductory treatises have

generally thought it necessary to avoid that felicity in the familiar
illustration of scientific subjects, so conspicuous in some elementary
works of our neighbours. Without venturing to depart too far from
established usage, I have endeavoured to render geology more in

telligible, by avoiding as much as possible theoretical and technical

language, and by introducing a simple arrangement, and suited to
the present state of our knowledge. The local illustrations from
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various parts of our island, with the drawings, sections, and map in
the present volume, will, I trust, facilitate the study of geology, and

prove particularly acceptable to those who are entering on these en

quiries: at the same time, I flatter myself with the hope, that the origin
al information this work contains, respecting the geology and natural

history of England, will secure it a candid reception.-Ed-it. of 1813.
Several have been deterred from the study of geology by the sup

posed difficulty of learning its attendant science, mineralogy; but
an acquaintance with the nice distinctions made by many modern

mineralogists, is not necessary to gain a knowledge of the structure
and arrangement of the great masses of matter that environ the

globe, nor of the substances of which they are composed. He who

would gain a useful knowledge of geology, would do well to provide
himself with specimens of common rocks, and the simple minerals

of which they are composed, and examine their external characters
and physical properties, comparing them with the descriptions given

by the best mineralogical writers. Fortunately these substances are

not very numerous, and he may (without present inconvenience) omit

the more rare crystallizations and varieties, so much valued by cab

inet philosophers; for here, as in many other instances, the received

value is in an inverse ratio of the utility. The pedantic nomencla

ture, and frivolous distinctions recently introduced into mineralogy,

may gratify vanity with a parade of knowledge; but they are uncon

nected with objects of real utility, or with any enlarged views of nature.

On hearing the various names which mineralogists give to the same

substance, and observing the avidity with which each new name is seiz

ed, as if it conveyed a hidden charm, the uninitiated might suppose that

be was "journeying in the land of Shinar," and had fallen in compa

ny with a set of masons fresh from the tower of Babe], each one call

ing the same stone by a different name, and glorying in his absurdity.
Such frivolities disgust men of sense with the study of an important
and interesting science; a science that has for its immediate object
the structure of the planet which the Author of nature has destined

for our abode, and an acquaintance with the, situation of its various

mineral productions, subservient to the wants or enjoyments of man

in civilized society.
The advice of Cicero to the cultivators of moral science, applies

with peculiar force to the geologists and mineralogists of the present

day. "In these natural and laudable pursuits, two errors are par
ticularly to be avoided : the first not to confound those things of which

we are ignorant with those we know, or rashly to yield our assent

without due investigation; the second, not to bestow too much labour

and study on obscure, intricate, and unprofitable subjects."-" In
hoc genere et naturali et honesto duo vitia vitanda sunt: unum, ne

incognita pro cognitis habeamus, bisque temere assentiamur (quad
vitium effugere qul volet, adhibebit ad considerandas res et tempus
et diligentiam.) Alterum est vitium, quod quidam nimis magnum
studium multaruque operam in res obscuras atque difficiles conferunt,

easdemque non necessarias."-Cic. Offic. i. 6.



CONTENTS.




Page.
PRELIMINARY OBSERVATIONS on living Illustrations of Fossil Conchology,Pate,

CHAPTER 1.

Objects of the Science denominated Geology....The Shape and Density of
the Earth....Opinions respecting the internal Parts of the Globe....Central Heat.
....Temperature of the Earth ....Sea and dry Land ....Proportion of the Earth's
Surface habitable by Man....On the Appearances which led to the first Division
of Rocks into Primary and Secondary .... Classification of Rocks....Districts in
which the dilTerent Classes appear in England....The present Islands and Con
tinents formerly covered by the Ocean ....Existing Proofs of this in Great Brit
ain and various Parts of the World....Fossil Remains of marine Animals, Veg
etables and Land Quadrupeds the Strata in which they are imbedded formed
in Succession at different Epochs....On human Bones occasionally imbedded in
Rock.... Inferences respecting the former Condition of the Globe....Remarkable
Passage in the Institutes of Menu, - - - - - -

CHAPTER 11.

ON PETRIFACTIONS, OR FOSSIL, ANIMAL AND VEGETABLE REMAINS.

Opinions of early Naturalists respecting Petrifactions ....On the Process called
Petrifaction... Experiment of Dr. Jenner on the Petrifaction of recent Bones....
Living Reptiles occasionally found in solid Stone....Remarkable Difference in
the Condition of Fossil Remains in adjacent Strata; Instance of this at West
bury Cliff, Gloucestershiie....The four grand Divisions of the Animal King
dom ....Distribution of the Remains of certain Classes and Orders of Animals in
each Division, through the different Rock Formations....Fossil Elephant proved
to have been an Inhabitant of cold Climates....Remains of Monkeys hitherto
undiscovered in a Fossil State....On Vegetable Petrilctions in the Transition,
Secondary and Tertiary Strata, supposed to prove the former high Temper
ature of the Globe in Northern Latitudes ....Observations on Fossil Organic
Remains, as serving to identify Strata in distant Countries, - - 17

CHAPTER III.

ON THE MINERAL SUBSTANCES THAT COMPOSE THE CRUST 07 THE
GLOBE; AND ON THE STRUCTURE OF ROCKS.

The constituent Elements of the simple Minerals that compose Rocks....The
physical Characters of simple Minerals composing Rocks....Explanation of the
Terms employed in describing the internal Structure of Rocks, and the exter-
nal Structure of Mountain Masses Sediznentary Depositions, - - 31

CHAPTER 1V.

ON STRATIFICATION, AND THE RELATIVE POSITION OF ROCKS.

Strata and Geological Formations explained....Various Appearances presented
by plane Strata....Appearances presented by curved Strata, and Errors respect
ing them....Distinction between Strata Seams and Natural Fissures or Cleav
ages....On the conformable and unconformable Positions of stratified and Un
stratitIe(t Rocks....The Continuity of stratified Rocks broken by Valleys....Lon
gitudinal Valleys....Transverse Valleys.... Lateral Valleys...Denudatmons....On
the Elevation of Mountains and Mountain Chains-..On the Direction of Moun
tain Chains in the new and old Continents....On vertical Beds in Mountains....
On the apparent devastation in Alpine Districts....Qn the Passages in time Alps
called Cols; and Observations respecting their Formation .... IJitlrent Ages of
Mountain Ranges, - - - - - - - 41



xli




CONTENTS.

CHAPTER V.




Page.

ON ROCKS DENOMINATED PRIMARY, AND THE CHANGES TO WHICH
THEY HAVE BEEN SUBJECTED.

The Origin of Rocks called Primary believed by many Geologists to be ig
neous....A Classification founded on this View....A Classification independent
of Theory.... Constituent Minerals of Granite....Varieties of Granite ....Structure
and Appearance of Granitic Mountains....Mont Blanc, and the Aiguilles in its
Vicinity....Localities of Granite... .Granite Veins.... Passage of Granite into Por
phyry and Sienite ....Minerals found in Granite....On Granite as the Foundation
Rock on which other Rocks are laid....Tbe relative Antiquity of different Gran
itic Mountain Ranges....Granite pierced. through by Porphyry and Currents of
Lava Granite sometimes protruded among the upper Strata, - - 64

CHAPTER VI.

ON GNEISS AND MICA-SLATE, AND THE ROCKS WHICH ARE ASSO
CIATED WITH THEM.

On tile Passage of Granite into Gneiss .. Gneiss and Granit veiné ....Mica
Slate....Formation of Gneiss and Mica-Slate....Talcous Slate, and Chlorite Slate .
....Ciystafline Limestone denominated Primary, occurs both in Primary and
Secondary Mountains....Formation of Limestone and Coral Islands by Animal
Secretion ....Dolomite, or Alpine Magnesian Liinestone ....Serpentine and Ollite,
or Potstone .... Euphotide or Saussurite the hardest and heaviest of rocks....Trap
Rocks changed to Serpentine ....Eui'ite or White Stone.... Piiniary Porphyry a
Mode of Granite ....Recurrence of the same Rocks in Rock Formations of dif-
ferent Epochs, - - - - - - - - '71

CHAPTER Vii

ON INTERMEDIATE OR TRANSITION ROCKS.

Characters and Classification of Transition hocks....Slate or Clay-Slate ....Pe
culiarities of Structure....Varieties of Slae ....Flinty Slate....Greywacke and
Greywacke-Slate; its Passage into Red Sandstone and Gritstone .... Errors of
Geologists respecting the old Red Sandstone... Lower Transition Limestone:
remarkable Position of its Beds.... Upper Transition or Mountain Litiiestone ....
Magnesian Limestone, in Mountain Limestone ....Peculiarities in the Stratifica
tion of Clouds Hill... .Errors respecting the Mountain Limestone of Derby
shire....Remarkable Structure of Crich Cliff. ..Quartz Rock....Jasper Green
stone....Coal Strata in England separate the Upper Transition Rocks from the
Secondary....Observations on the Transition Rocks of distant Countries ....Errors
of Geologists respecting them, - - - - - - 82

CHAPTER VIII.

ON THE LOWER OR GREAT COAL FORMATION.

The Geological Position and Structure of Coal Districts, called Coal-Fields.
Dislocation and Disturbances of Coal Strata by Faults and Dykes....Mineral
Coal, Anthracite, Plumbago, Wood-Coal or Lignite .... Iron-Stone accompanying
Coal Strata ....On Carbon as an original Constituent Part of the Globe....On the
Origin of Coal Strata, and their Deposition in Freshwater Lakes or Marshes....
Numerous Repetitions of the same Series of Beds in the same Coal-Field... Pre
cautions necessary in the Establishment of Iron Furnaces....On the Mode of
searching for Coal ....Hints to landed Proprietors on the Probability of finding
Coal in Districts where it has not yet been discovered....On the Formation of
Coal-Beds in Freshwater Lakes....On the Couveision of Vegetable Matter into
Coal ....Imperfect Coal Formations .... Salt Springs in Coal Strata... .Coal Mines
in France and North Arnerica ....Observations on the Consumption of Coal in
England, and the Period when the Coal-Beds will be exhausted, - 101



CONTENTS.




XIII

Page.
cHArTER ix.

ON UNCONFORMABLE TRAP ROCKS AND BASALTIC DYKEI.

Different Positions of Trap Rocks, as overlying, imbedded, or intersecting
other Rocks....Varieties of Trap Rocks....Porphyry, Porphyritic Trap, Sienite,
Greentone, Clinkstone, Basalt, Amygdaloid, and Wacke.... Passage by Grada
tion into each other, and into Volcanic and Granitic Rocks....Remarkable In
stance of this Passage at Christiariia in Norway....Mountains of Porphyritic
Trap and Clinkstonc with deep Craters....High Stile, Cumberland; Cader Idris,
Monmouihshire....Basaltic Dykes: Extent of the Cleveland Basalt Dyke....Iso
lated Caps of Basalt....On interstratified Basalt ....Remarks of Professor Sedg
wick on the Protrusion of Basalt between regular Strata....On columnar Ranges
of Basalt....Orgnnic Remains enveloped in Basalt.... Remarkable Basaltic Dis
tricts in Europe and America....Experimcnts on Basalt....Theory of Werner....
On the relative Age of Trap Rocks, - - - - - 127

CHAPTER X.

A RETROSPECTIVE VIEW OF CERTAIN GEOLOGICAL FACTS AND IN-
FERENCES.-RELATIVE AGES OF MOUNTAIN RANGES.-PRELIMINARY
OBSERVATIONS ON THE SECONDARY STRATA, - - - 150

CHAPTER XI.

TABULAR ARRANGEMENT OF SECONDARY STRATA.-RED SANDSTONE.
-MAGNESIAN LIMESTONE.-ROCK SALT AND GYPSUM.

Relative Geological Position of the Secondary Class of Rocks....Their Mine
ral and Zoological Characters....Tabular Arrangement .... New Red Sandstone
and Red Marl....Upper, Middle, and Lower Beds, chiefly formed of the Frag
ments of more ancient Rocks, broken by some great Convulsion. ...Lowest Red
Sandstone, oi Rothe-todte Liegende of the German Geologists....Separated from
the Middle Beds, by Beds of Magnesian Limestone ....Middle and Upper Beds
of Red Sandstone and Marl; their Accordance with those of France and Ger
many....Muschel Kalk wanting in England, but probably exists in Ireland, as
the Lily Encrinite has recently been discovered there....Magnesian Limestone
of the Northern Counties... .English Red Marl and Sandstone formed of more
ancient Rocks, particularly of Porphyry and Trap....Gypsuin accompanying
Rock Salt originally Anhydrous....Rock Salt Deposits, in different Formations, 157

CHAPTER XII.

ON THE LIAS AND OOLITIC SERIES.

Geological Position of Lias Clay and Limestone ....Their Mineral Characters.
..Alum-Slate in Lias....Remarkable Organic Remains and Characteristic Fos

sils ....Extent of the Lias Formation in England.... Interesting Junctions of Lias
and Red Marl ....Lias of France and the Alps....Oolire or Roestone, the Jura
Limestone of Foreign Geologists....Mineral Characters, and remarkable Or
ganic Remains....Lower OoIite....Oxford or Clunch Clay.... Middle Oolites....
Kitnrneridge Clay....Upper or Portland Oolites ....Stonesfield Slate with OrganicRemains of Insects, Birds, Flying Reptiles, and small Land Quadrupeds....Ex
tent of the Ootite Formation in England, and its abrupt Termination ....Sections
of the Oolitic Series of Beds in Yorkshire and the West of England, comparedwith a Section of the Secondary Strata in Germany, - - - uS

CHAPTER XIlI.
ON THE SUSSEX BEDS, OR WEALDEN, CONTAINING REMAINS OF LAND

PLANTS, AND AMPHIBIOUS AND FRESH-WATER ANIMALS.

Extent of the Sussex Beds....Their Geological Poition and Mineral Charac
ters....Remarkable Organic Remains of enormous Lizards and Plants, analogous



xiv




CONTENTS.




Page.to those of Tropical Climates found in the Sussex Beds... Supposed Appearance
of the Country when these Animals flourished.. ..Petworth Limestone .... Hast
ings Sand and Weald Clay....The Wealden Beds formerly furnished the great
est Part of the Iron manufactured in England ....Mr. Mantell's Enumeration of
the Species of Terrestrial and Freshwater Fossil Remains in the Wealden Beds.
....Observations on the Wealden Beds, and the Change from Marine to Fresh
water Formations, - - - - - - 191

CHAPTER XIV.

ON CHALK, AND THE SUBJACENT BEDS OF GREEN SAND.

Extent of the Chalk Formation....Green Sand divided into lower and upper
Green Sand by a Bed of Clay called Gilt ...Chalk Marl....Chalk; its Mineral
Characters....Change of Character In the Alps....Flints in the upper Chalk....
On the Formation of Flints ... .Remarkable Organic Remains in Chalk.... Recent
Discovery of Beds belonging to the Chalk Formation, in the United States of
America....On the Scaglia of the Alps supposed to represent Chalk, - 200

CHAPTER XV.

ON THE FORMATION OF SECONDARY LIMESTONE AND SANDSTONE, AND
ON THE PROGRESSIVE DEVELOPEIENT OF ORGANIC LIFE.

On the Deposition of Chalk....Wliethcr formed by Animal Secretion, or by
Eruptions of Water holding calcareous Earth in Suspension or Solution ....Mud
Volcanoes....Animal Bodies suddenly encased in Chalk indicate the Time re
quired to form a Stratum of a given Thickncss....Oolite and Encrinal Limestone
partly formed by Animal Secretion .... Formation of Sandstone....Repeated Ap
pearance of dry Land during the Epoch when the Secondary Strata were de
posited .... Progressive Developernent of Organic Life in the Secondary and Ter
tiary Epochs... Disappearance of enormous Reptiles and chambered Shells from
the Seas of Northern Latitudes ....Probability of the lchthyosaurus existing as a
living Species in the present Seas, - - - - 206

CHAPTER XVI.

ON THE LOWER OR MORE ANCIENT TERTIARY STRATA.

Formation of Tertiary Strata in Lakes or Inland Seas.... Lakes of North
America...-Falls of Niagara ....Alternations of Marine and Freshwater Strata ....
Arrangement of the Tertiary Strata in the Paris Basin....Plastic Clay and Lon
don Clay ....Geology of the lower Vale of the Thames....Remains of Crocodiles
and the Nautilus in London Clay....Molasse of Alpnach in Switzerland, with
Coal and Teeth of the Mastodon.... Caicaire GrOs8ier, or Coarse Limestone of
the Paris Basin, supposed to be of the same Age as the London Clay.... Cal
cuire Siliceux ....Gypsurn and Gypseous Marl of the Paris Basin, containing
Bones of numerous extinct Species of Land Quadrupeds....Remarks on their
Discovery and Organization by Baron Cuvier....Marine Sandstone.... Millstone.

Upper Freshwater Formation ....Tertiary Strata in the Isle of Wight....Crag
of Norfolk.....its true Geological Position not determined....Clifl of Brighton, 215

CHAPTER XVII.

ON THE RECENT TERTIARY STRATA, OR WHAT ARE CALLED By SOME
GEOLOGISTS QUATERNARY.

The Methods for determining the relative Age of Formations explained, and
their Value examined... Evidence from Position .... Evidence from Organic Re
inains....System of M. Deshayes founded on Fossil Shells. ..-Uncertainty at
tending the Evidence from Organic Remains....Arbitrary Classifications of Nut.
uralists....Supposed Limits to the Transmutation of Species of Molluscous An
imals examined....System of M. Eliede Beaumont....Geological Age of Patwo-



CONTENTS.




xv

Page.
theria....of Mastodons....of Elephants.... Recent Tertiary Strata of the Basin of
the Loire....Of the Sub-apenniiie Ranges....Of the Freshwater Formations in
the Apennine Valleys.... Remarkable Intermixture of the Skeletons of Whales,
Elephants, &c. at Castello Auquata explained by what has taken place in Eng
land....Freshwater Limestone of Eningen, one of the most recent Tertiary
Formations.... Hurnao Skeletons erroneously supposed to have been found there.
....Observations on the relative Age of the Strata of fEningen, - - 237

CHAPTER XVIII.

ON EARTYIQUAIE8 AND VOLCANOES.

Phenomena that precede the Shock of an Earthquake....Extent to which the
Waters in Lakes and Springs are agitated during Earthquakes....Extent to which
Earthquakes are felt on Land....More severe in Mountains than in level coun
tries....Connection between Earthquakes and Volcanoes ....Electrical Earth
quakes....First Appearance of a Volcano ....Common Phenomena attending Vol
canic Eruptions....Remarkable Eruption of Sumbawa in 1815....Long periods of
Repose in some Volcanoes....Volcano of Popocatepti in Mexico....Submarino
Volcanoes; their Appearance preceded by violent Agitation of the Sea....Sub
marine Volcanoes in the Azores....in the Grecian Archipelago ....Recent Sub
marine Volcano near Sicily ....Craters of Eruption ....Craters of Elevation ....The
ory of Von Buch confirmed by analogous Geological Facts....Eruptions of Mud
and Water from Volcanoes....Groups of Volcanic Islands....FalI and Extinc
tion of a Volcano.... Vast Extent of some ancient Volcanoes ....Extinct Volca
noes of Central France....Puy du Pariou, the best preserved of ancient Volca
noes....Extinct Volcanoes in Germany and Asia... .Pseudo.Volcanoes...Volca
nic Rocks and Products....Observations on Volcanic Fire, - - - - 250

CHAPTER XIX.

ON THE REPOSITORIES OF METALLIC ORES.

Metallic Matter disseminated through Rocks....Masses of Metallic Ore....Me
tallic Beds....Metallic Veins....Rake Veins... Flat Veins.... Accumulated Veins.
Cross Courses....The remarkable Structure of the Botallack Mine worked un
der the Sea....On the Formation of Metallic Ores.... Remarkable Phenomena in
Mines.Stream WorksGold disseminated in the Sands of Rivers In Africa,
and North and South America....Rocks in which certain Metallic Ores are
found, - - - - - - - - - - - - - 284

CHAPTER XX.

ON SUBTERRANEAN RIVERS AND CURRENTS, AND ON CAVERNS.

Occurrence of Subterranean Currents and Rivers in various Parts of the World.
....The principal Agents in the Formation of Caverns .... Remarkable Cavern and
Cascade in the Speedwell Mine, Derbyshire....Subterranean Currents and Cav
erns generally in calcareous Mountains ....The Reason explained....Subterra
nean Currents connected with the Surface Water, deposit Animal and Vegeta
ble Remains between ancient Strata, proved by Facts.... Caverns with Bones of
extinct Species of Animals in Germany and France, intermixed with Human
Bones, and Implements of Industry ... .Bones introduced into Caverns by Sub
terranean Currents and other Causes, and at different Epochs... .Cavern at Kirk
dale, in Yorkshire....Bones found in the Clefts and Fissures of Rocks forming
Osseous Breccia in various Parts of Europe, and in New Holland ....Epochs of
their Deposition supposed to be different in distant Parts of the Globe, - 300

CHAPTER XXI.

ON THE DESTRUCTION OF MOUNTAINS, AND THE FORMATION OF SOILS;
AN.') ON ALLUVIAL AND DILUVIAL DEPOSITIONS.

Erroneous Opinions respecting the Growth of Stones, supported by the Author
ity of John Locke....On the Causes in present Operation that wear down Rocks.



xvi




CONTENTS.




Page.
....Rapid Destruction of Mountains dependent on their Structure....Fafl of Mont
Grenier in Savoy....Breaking down of the Barriers of Mountain Lakes.. ..Scat
tered Masses of Rock....Increasc of Land by Alluvial Depositions in Lakes,
and the Deltas of large Rivers....On the Formation of productive Soils....Recent
Strata formed in Lakes....Peat and Peat Moors.... Iuundations of Sand ....Remains
of Elephants and other large Animals, found in the Diluvial Beds in England,
and the frozen Regions of Europe and Asia, - - - - - - - 312

CHAPTER XXII.

ON THE ELEVATION OF MOUNTAINS AND CONTINENTS.

The Elevation of the Beds of Granite and Slate in England proved by'the Au
thor, in 1823, to have taken place at a much earlier Epoch than the Elevation
of the Granite of Mont Blanc....The Facts on which this Conclusion was found
ed, described and explained....Application of similar Conclusions to other moun
tain Ranges by M. Elie de Beaumont....Tbe Elevation of Rocks of Granite and
Slate proved to have taken place by a distinct Operation from that which up
heaved Continents from the Ocean, and at a different Epoch....Elevation of the
Mountains and Table Land in Central Asia....Depression of the Surface round
the Caspian Sea....Instances of the Elevation and Submergence of the Earth's
Surface in various Parts of the Globe,




335

CHAPTER XXIII.

ON THE FORMATION OF VALLEYS, AND THE GEOLOGICAL THEORIES,
RELATING TO VALLEYS AND DENUDATIONS.

On the Causes that have broken the Surface of the Globe....Erosive Action of
running Water illustrated by the Process called Hushing ....Bursting of Lakes.
.Some Valleys originally formed by Elevation or Subsidence, and subsequent

ly enlarged by the Action of Water.... Different Theories respecting the Forma
tion of Valleys ....Theory of Werner-of Hutton....Of Elevation....Of the reti
ring Waters of the Ocean....Theory of Excavation and Denudation by Delu
ges.. ..Modification of this Theory by Sir James Hall; its Application to explain
Denudatlons and Transportation of Blocks of Granite from the Alps....Particu
hr Phenomena presented by the scattered Blocks in the Vicinity of Geneva.
Denudation of Stratified Rocks, effected by the same Causes which have bro
ken the Primary Rocks, and scattered their fragments into distant Districts, - 346

CHAPTER XXIV.

ON THE ANCIENT TEMPERATURE OF THE EARTH.-ON CENTRAL HEAT,
AND ON ASTRONOMICAL PHENOMENA ILLUSTRATIVE OF GEOLOGICAL
THEORIES.-CONCLUSION, -

SUPPLEMENT TO CHAPTER VIII.

ON THE GREAT COAL FORMATION, -

APPENDIX.

An Index Outline of the Geology of England - - - -
Heights of remarkable Mountains
On the Thermal Waters of the Alps - - - - - -
On the Temperature of Mines and Wells - - - -
On the Surface of the Moon - - - - - - - -
On Orbicular Granite and Porphyry - - - -
On Freshwater Formations - - - - - - - - -
Farther Observations on the Intermixture of Human Bones with those of

Bears, in the Cavern of Miallet - - - - - -
Glossary - - - - - - - - - - - -
Supplement by the Editor - - - - - - - - -
INDEX - - - - - - - - - - -




357

- 368

- 371
- 376

- 379
- 33

- 384
- 385

- 386

- 386
388
389

- 467



xvil

DESCRIPTION OF THE PLATES.

TIlE FRONTISPIECE is a bird's-eye view of the river that descends from the
Falls of Niagara to where it issues from the channel which it has excavated, into
the plain at Queens Town. The distant country extending to Lake Erie le intro-
duced, to represent the physical structure of the country. See pp. 216, 217.

PLATE I.

Figs. 1, 2, 8 4, 5, 6. Illustrations of plane and curved stratification. (See Chap. IV.)
PLATE II.

Fig. 1. Overlapping strata with straight edges.
Fig. 5. Overlapping strata with curved edges.
Fig. 2. Structure of a part of the Alps, representing the beds, nearly vertical, that

approach the central range, and the bended stratification of the outer
ranges. The dotted lines represent the supposed extension of the beds
at the period of their elevation; d d, granite and mica-slate; c c, beds of
soft slate; b a, b a a, beds of secondary limestone, sandstone, and con
glomerate; x y z represent the arched stratification of the outer ranges.

Fig. 4. A section representing the arrangement of the rocks and strata at Charnwood
Forest, in Leicestershire, from the manor of Whitwick, to near Barrow
on-Soar. In this section the proportions of distance are disregarded, in
order to bring the different rock formations within the space of the plate.
a a a, stratified red sandstone; b b, rocks of granite, sienite, and por
phyry; c c, slate-rocks of Swithiand quarry, the beds much elevated;
d d, coal strata, rising towards the granitic and slate-rocks; e, has, cov
ering the red marl at Barrow: the elevated strata out of the line of sec
tion on the left hand side of the plate, represent limestone rocks of Clouds
Hill and Bredon. It is obvious from this arrangement, that the strata of
sandstone a a a were deposited upon the slate-rocks and granite, after the
beds had been raised into their present position: whereas in fig. 2. the
beds a a have evidently been deposited before the beds of granite in the
Alps were elevated; and as these beds a a, b a F,, are of more recent for
mation than the sandstone a a in fig. 4., their position proves decidedly,
that the beds of granite in the Alps were elevated after the beds of granite
and slate in Leicestershire. (See pp. 335, 336.)

Fig. 3. A granite vein in slate.
Fig. 6. The remaining portion of a thick bed of limestone, forming an isolated mass

b on a mountain in Savoy. a a, the former extent of the bed; e e, a bed
of soft sandstone.




PLATE III.

Fig. 1. The conformable position of rocks. a, granite; ii, gneiss; c, mica-slate;
d d, slate; x r, a subordinate bed of limestone in slate; 2, a bed of con
glomerate; e e, transition limestone and greywacke; F F, coal strata.

Fig. 2. A, unconformable massive rocks; a thick bed of porphyry or basalt c c, cov
ering the transition rocks 1, 2, 3, and dykes of porphyry or basalt inter
secting transition rocks.-N. B. The porphyry at Christiania, in Norway,
occurs in this position; the lower part of it is amygdaloidai basalt; the
middle part is porphyritic, which passes in the upper to beautiful sienita
and common granite. (See page 131.) The rocks B, 00 the right rep
resent the three modes of basalt; a columnar bed d, with a vertical dyke
of basalt, and beds of interposed basalt; b is an isolated cap of columnar
basalt.

Fig. 3. Unconformable strata of sandstone, covering coal strata on the side of the
dip B, and on the side of the rise D. (See page 122.)

Fig. 4. A section of the strata near Dudley, Staffordshire. A, Wren's Nest Hill;
the two beds of limestone are folded round the hill, as represented in the
small compartment a, which is an horizontal section of the two beds of
limestone a, b, the thirty feet bed of Staffordshire coal c is seen cropping
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out near the foot of Wren's Nest Hill; n, the arrangement of the lime
stone strata at Dudley Castle Hill; D, a hill capped with basalt. In this
section the proportion of distance has been disregarded, for the same reason
as in Plate IL. fig. 4.




PLATE IV.

Fig. 1. Arrangement of the strata from Sheffield, in Yorkshire, to Castleton, in
Derbyshire. (See page 60.)

Fig. 2. Coal strata, arranged in basin-shaped concavities, and intersected by a fault.
(See page 105.)

Fig. S. Coal strata thrown up by a broad dyke. (See Chap. VIII.).
Fig. 4. Metallic veins, a a, a vein divided by the vein b b; c c, a ppe vein.
Fig. 5. Metallic veins in limestone, cut through by toadstone.

PLATE V.
The gigantic Trilobite, and two smaller species.

PLATE VI.

Map of the geology of England and Wales, and a section of the Vale of Thames.

PLATE VII.
A section of England through Durham and Cumberland; a group of columnar

trap rocks, Cader Idris; sections of ground plans of metallic veins, &c.

PLATE VIII.

Living illustrations of fossil conchology:
Fig. 1. Cuttle-fish, or Sepia.

2. Beak of a Sepia.
3. The Nautilus Pompilius and its shell.
4. A Scaphite.
5. A Hamite.
6. Cornu Ammonia, or ammonite.
7. Indented partitions of an ammonite." 8. Baculite.
9. Belemnite.

10. Turrifite.
" 11. Spirula.
12. Orthoceratite.
13. Nummulite.
14. Hippurite.
15. The animal and shell of a Buccinum.
16. Animal and shell of a Bucardium.
17. A living Pentacrinus.
18. The mouth and excretory organ of the Pentacrinus.

WOOD-CUTS.

Vignette of the Valley of Sixt, in Savoy. (See the Title Page.)
Stratified and unstratified limestone at Clouds Hill, - - - 91
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PRELIMINARY OBSERVATIONS

ON THE OBJECTS CONTAINID IN PLATE VIII.. FNTITLED 99 LIVING ILLUSTRATION5
OF FOSSIL CONCIIOLUGi," ETC.

MAN, when he becomes the historian of the animal kingdom, gen
erally considers his own structure as a type of the most perfect organ
ization; and regards those animals that depart the most from this

type, and have the smallest number of organs and senses, as the least

perfect. Strictly speaking, every animal is perfect, that is, so organ
ized as to answer the purposes for which it was created: yet with re

ference to ourselves, we may, without much impropriety of language,
call those animals which have the smallest number of organs and sen

ses, the most imperfect. The very earliest inhabitants of the ancient
world appear chiefly to have belonged to those orders of imperfect
animals, that had little power of locomotion, and few organs of sense:

many of them were without heads or eyes, and were, like the oyster,
confined in shells, which they could merely open arid close. Of these

there were such immense multitudes, that calcareous mountains of
vast magnitude and extent, are sometimes chiefly composed of their
remains.
From what we see of the present animal creation, we have reason

to believe, that creatures of every species, when free, and provided
with the aliment they require, derive pleasure from the very action
of their organs, and from existence itself. Of the kind or extent of
the happiness enjoyed by a creature enveloped in darkness, and with

out bead, heart, or eyes, or the power of removing its habitation, we
can, however, form no idea; yet for any thing we know to the contra

ry, the inhabitant of a bivalve shell, maybe far happier, than the monk
immured in his stony cell, or than other individuals of the highest or
der-Man-who, however perfect their physical organization, make
but little use of the intellectual and moral organs, figuratively called
the head and the heart.

Dr. Paley, in his "Natural Theology," has some beautiful reflec
tions on the apparent happiness enjoyed by shoals of young shrimps,
that were bounding into the air from the shallow margin of the water,
or from wet sand. He observes: "If any motion of a mute animal
could express delight, it was this." We cannot take cognizance of
the actions of creatures enclosed in bivalve shells; but a distinguished
philosopher was so fully convinced of the happiness enjoyed by testa
ceous animals, that he calls calcareous mountains, filled with their re
mains, "monuments of the felicity of past ages."

It is with a view to excite the curiosity of the geological student,
and to direct-his attention to something beside the external form of
shells, that I offer the following observations, and not with the design
to teach fossil conchology, which the limits of the present volume
would not admit of.
The reader who is entirely unacquainted with conchology may

form some general idea of a shell, if he be told that it is univalve, like
a snail or a perriwinkle; or bivalve, like the muscle or cockle.
There are, however, numerous fossil bodies classed with shells, of

which the general reader can form no notion whatever from the
names;-such are the orthoceratite, the scaphite, &c. These are
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called chambered shells, from their being divided by partitions into
numerous narrow cells or chambers. A tube, called a siphunculus,
passess through the series of chambers. In all probability, this tube
enabled the animal to rise from great depths of the ocean to the sur
face, by exhausting the water from the chambers, and filling them
with air.

Till within the last few years, these chambered shells have been
considered as the habitation of marine animals, like the bivalve and
univalve shells; but a little reflection may convince us, that the cham
bers were much too small to contain the animal, nor could the ani
mal possibly pass from one chamber to another. There is, however,
one living species, in which the outward cell or chamber is so much
larger than the rest, that there is sufficient space to contain a great part
of the animal. This is the nautilus porn pilius, an inhabitant of the In
dian Ocean. (See Plate Viii., fig. 3., which represents the animal
collapsed in the last, or open chamber of the shell.)
The animals belonging to the different chambered shells were mol

luscous. (See Chap. II.) They are called by Cuvier Cephalopodes,
because the organs of motion are placed round the head, and they
walk with their heads downwards. The living species of cephalo
podes are for the most part without any external shell; but some
have an internal hard substance without chambers, of which the cut
tie-fish bone affords a familiar example. This is taken out of the body
or sac of the animal-the sepia oflicinalis, which is common on our
coasts.
The general character of the cephalopodes, as given by Cuvier in

his Rène Animal, torn. iii., is, "that the mantle or cloak is united
under the body of the animal, and forms a muscular sac, which en

velopes all the viscera. The head projects from the opening of the
sac; it is round, and has two large eyes, and is surrounded (couron-
n6) by fleshy arms or feet, which are conical, and vary in length inee
different species. These arms bend in every direction, and are ex

ceedingly powerful. On the surface of these arms are numerous suck
ers, by which the animal fixes itself strongly to the bodies that it seiz
es and enfolds. These arms serve the animal both to seize its prey,
to walk, or to swim. It walks in every direction, having the head be
low, and the body above. At the base of the arms is the mouth, which
is provided with two strong jaws resembling the beak of a parrot, and
also with a fleshy gizzard like that of a bird.
"Most of these animals, when pursued, excrete a particular black

liquor, which darkens the water, and conceals them from their ene
mies. Their is a fleshy funnel placed near the neck, which serves
the animal for its excretions, and also to eject the water that it ab
sorbs for the purpose of respiration. They are of two sexes, and are
voracious and cruel: as they have great agility in seizing their prey,
they destroy multitudes of fish and crustaceoiis animals." The fleshy
funnel, or excreting organ, is not seen in fig. 1., being placed on the
under side; but in fig. 3., the projecting organ below the ten tacula
is the funnel. The sepia has the power of contracting its arms; and
in some spe.ies the arms are much shorter than represented in the
plate, fig. I., but these have, besides, two extremely long arms or
feelers. If -the accounts of voyagers could be relied upon, there are
sepia in the Indian Ocean with arms nine fathoms in length, and so
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large that their sac would contain the body of an elephant. The flesh
of the sepia was esteemed a great luxury by the ancients. In Plate
VIII., fig. 1. is the sepia octopedia, an inhabitant of the British seas.

Fig. 2. is the beak of a species of sepia, the cahnar; these are found
fossil, and are called Rhyncolites. Fig. 3. is the nautilus pompilius
or pearly nautilus. Great uncertainty prevailed respecting the true
character of the nautilus, which has been removed by a scientific ex
aminatiou of the body of one of these animals caught by George Ben
net, Esq., and of which an interesting account has been recently pub
lished by Mr. Richard Owen, illustrated by beautiful engravings. It
should appear from Mr. Owen's account, that the organization of this
animal is in many respects less perfect than that of several species of
sepia that have no external cell: it had ninety-two arms or tentacu
Ire. Fig. 3. is taken from Mr. Owens first plate, but greatly redu
ced; it is chiefly intended to show the position of the animal in the
shell. It is a section representing the interior of the shell divided
into chambers, and the siphunculus passing through them. The nau
tilus pompilius is not uncommon as a fossil shell. It may be seen
both recent and fossil in most museums. We shall now proceed to
notice the principal genera of chambered shells, not in the numerical
order of the plate, but as they approach the nearest to the form of the
nautilus."
The SPIRULA (fig. ii.) is both a recent and a fossil shell: the turns

or whorls of the shell do not touch. The spiru]a is an inhabitant of
trophical seas; the animal resembles that species of sepia called the
seiche or common sepia. The shell is almost entirely inclosed in the
sac. Indeed, it appears from its structure, that the animal could not
be contained within the outer cell.f
The AMMONITE (fig. 6.) of which there are numerous species, dif

fers greatly from the chambered nautilus, the whorls or turns being
all distinct, and in the same plane, and the cells are very small. The
siphunculus is placed near the outer edge of the shell. In many spe
cies, the cells are divided by indented partitions, as represented in fig.
7.: in other species the cells are undulated. Some ammonites in the
vicinity of Bath are eighteen inches or more in diameter. The shell
must have been internal, and the animal that contained it very large.
Ammonites, though so abundant in the secondary strata, have not been
found in a recent state, except the account can be relied upon, of their
having been discovered in the Pacific Ocean.
The SCAPHIT.E resembles an ammonite partly unrolled. A very re

markable specimen of one recently discovered in France is represent
ed fig. 4. It is not improbable, that many internal shells were com
posed rather of a corneous substance than of shell, and were capable
of being coiled or folded by the will of the animal.

Fig. 8. is a straight chambered shell called a BACULITE.
Fig. 12., the ORTIIOCERATITE, is a straight chambered shell resem

bling ammonites unrolled, but the cells are divided by concave parti-

* The animal that inhabits the thin open shell called the paper nautilus, but
more properly the argonauta, is also a species of sepia: it is common in the Medi
terranean. It is very rarely found fossil.

f According to Laruarck, the animal, beside the eight arms of the sepia (see fig.1. plate 8.), has two longer arms or feelers: in this respect it resembles the Calmar,
which is common on the coasts of Europe.
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tions, as in the nautilus. Some orthoceratites are two or more feet in
length: the animal contained in them must have been of vast size.
Orthoceratites are the most ancient of fossil chambered shells, and
are chiefly found in transition limestone.

Fig. 9. The Belemnite is a taper straight shell with an internal
chambered cone. In some species there is no chambered cone. This
unchambered internal shell may have performed the same office as the
internal bone of the sepia officinalis, or cuttle-fish. It is deserving
notice, that the coat of the belemnite, when slightly burnt, yields the
odour of burnt horn, which tends to confirm the supposition that in
ternal shells were corneous substances.

Fig. 13. The Nummulite, (so called from its reseinbience to a small
Roman coin) has nearly a flat or ]enticular form. It has within it a

cavity, divided by partitions into numerous small cells, without a

sy-phon or siphunculus; part of the outside of the shell is removed in
the figure, to show the internal chambered structure. Whether the
animal belonged to the genus Sepia is not know.

This little fossil forms entire calcareous hills and immense beds of

building stone in some countries. "It is of stone composed of these
shells that the Pyramids of Egypt are constructed." Cuvier, Rènc
Animal.

All the above genera of chambered shells, with the exception of the
Nautilus and Spirula, are fossil.
We are come now to other orders of molluscous animals, whose

organization is less complex, and their powers of motion more limited,
than in the cephalopodes. These are the inhabitants of bivalve and
univalve shells. The first are called by Cuvier Acephalous, being
without heads. Of these the oyster oflrs the most familiar example.
Most of.the species are permanently attached to rocks, and have no
member to protrude beyond the shell. Those species of the oyster
family that are not attached permanently, can only move by driving
out the water, as they suddenly shut the valves of the shell. Species
of other genera of bivalves, though without heads, possess the power
of locomotion.

Fig. 16. represents the animal and shell of a Bucardium.
This animal puts out a triangular body, formed of two pipes or

tubes, separated and flat, but which becomes round as the water enters

by the lower tube, and goes out at the upper one. The tubes are sur
rounded with hairs. When the animal is disturbed, or hears a noise,
it throws out water to the distance of a foot. When it wishes to
change its quarters, it protrudes a long foot, and seeks, with the further
end of it, some object or point of support, to which it fixes it; the
animal then draws back its shell about two inches at a time, till it has
attained or reached the spot where it desires to abide. Cuvier re
gards one of the tubes as suited for respiratioii by the absorption of
water, and the other for its excretions. He further states, that bivalves
which have these tubes live buried in mud or sand.
The animals inhabiting univalve shells are chiefly classed by Cuvier

as Gasteropodes, from their moving in their stomachs like snails. In
most species of univalves, the animal has a head with two eyes, and
a trunk resembling the trunk of an elephant; with this trunk it seizes
its food; and in some species the trunk is used for piercing other shells.
The animal crawls upon a fleshy foot, near the end of which there is
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a horny substance called an operculum, that serves as a door to close
the shell, when the animal withdraws into it. In many species of uni
valves, the animal can fold the mantle so as to form a tube which pro
trudes into the water, while the head and foot remain in the shell.
Some species of univalves are carnivorous, others are herbivorous,
and the nature of their food determines their residence either near the
shore or in deep water.

Fig. 15. represents the shell and animal of a species of Buccinum,
which agrees with the above description of the inhabitants of univalve
shells. The foot on which it crawls is on the left hand, with the oval

operculum near the end of it. On the right hand of the figure, at the top,
the mantle is represented folded, to form a tube, as above described.
In some species, both of bivalve and univalve shells, the animals

depart considerably from the general character of the class to which

they belong. There are some bivalves which have the cavities of
the shells divided by partitions, the uses of which are not known;
and some univalves have an apparatus for swimming on the surface of
the water.
The Hippurite, a remarkable fossil bivalve, with a deep conical

under shell, and a fiat lid, is represented fig. 14. It is classed by Cuvier
with the oyster family; and, by Parkinson, with chambered shells.
The nature of the animal is unknown. The shell is divided by trans
verse septa, or partitions, on which account Mr. Parkinson places it
among other species of chambered fossils. The existence of a lid
seems to prove, that it was not an internal shell, but the habitation
of the animal. A. fossil hippurite has recently been found in the chalk
hills of Sussex, by Mr. Mantel].
The Janthina is a beautiful purple-coloured univalve shell, nearly

resembling in form the snail; Lamarck discovered, that it could not
crawl on its foot, but that the foot is covered with air bladders, which
enable the animal to rise and swim on the surface of the water. The
janthina is common in the Mediterranean; when touched, it excretes
a deep purple liquor, which tinges the surrounding water. (Cuvier, R.
A. torn. iii.) There are other animals occupying univalve shells, that
have the power of swimming. The Lymnea stagnalis, an inhabitant
of ponds, swims on the surface of the water in a reversed position. It
descends by compressing itself whithin the shell, and expelling the
air, and thus sinks immeclite]y to the bottom. Mr. Parkinson rightly
conjectures, that the shells resembling the Helix, or snail, in the older
strata, were constituted for swimming, like the janthina: they could
scarcely have used a foot for crawling, at the bottom of a deep and
agitated ocean.
We come now to another division of the animal kingdom, called by

Cuvier Radiated. See Chap. II. Some of the animals comprised in
this division have left abundant remains in the fossil state, particularly
the encrinit.e and the pentacrinite. These animals had a stem, com
posed of numerous plates, and terminating in branches surrounding
the mouth, resembling the stem and branches of a vegetable. Both
these species were supposed to be extinct; but a living pentacrinus
has been discovered in the West Indies, and a smaller species, more
recently, in the (Jove of Cork. This has been described by Mr. J. V.
Thompson, of Cork. A drawing of this animal, taking by Mr.
Thompson, is given (Plate VIII. 11g. 17. A cut of a remarkable species
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of fossil encrinite is given, p. 164.: it is named the Lily Encrinite, be
cause the arms, when folded, resemble the head of the lily. Indeed, the
whole class, of encrinites and pentacrinites are called crinoidea, from
icrinon, the lily, by Mr. Millar, in his valuable work on these fossils.
The arms of part of a Briarean pentacrinite are represented, p. 180.
In the encrinite, the stem is composed of numerous round plates,

or vertebra3; the branches are also composed of numerous smaller,
but similar plates, as may be seen by referring to fig. 17. and the cuts.
The pentacrinite differed from the encrinite by the plates, or vertebre,
of the stem and branches being pentagonal. The stems of both were
attached to rocks. They appear, like various polypi, to have increased

by throwing out lateral stems (see the above fig.). The calcareous
'vertebra that formed the stem and branches, were enveloped by a thin
coat of animal matter, which must have possessed great muscular pow
er, to have enabled the animal to move its arms with great facility,
when seizing its prey.
In fig. 17. the expanded arms of the upper head of the pentacrinus

expose the pentagonal aperture or mouth in the centre; and a little
above this is a round tube or aperture, which serves for the excretion
of the faces. In fig. IS., which is a head with the arms removed, it
will be seen, that the excreting tube projects a little above the mouth.
One head of the pentacrinus is represented as folded, and another as

partly collapsed. As these animals were enveloped in a thin fleshy
covering, their calcareous remains may be regarded as portions of the
skeleton. Some beds of mountain limestone, in Derbyshire, are al
most entirely composed of broken stems and branches of encrinites,
not uncommonly called entrochites. In a part of this work it was
stated, on the authority of a letter sent to the Author, that the Lily
Encrinite had been discovered in Ireland; but the cut subsequently
given of it in Mr. Loudon's Magazine of Natural History, makes
it doubtful, whether it is the true Lily Encrinite, or a species nearly
resembling it.
The Author cannot conclude these remarks, without expressing a

wish, that scientific voyagers and medical gentlemen, who visit trop
ical seas, would carefully examine the different species of sepia that
may be caught. It is probable, that there are living species, with in
ternal chambered shells, resembling more or less the figures in plate
VIII. Cuvier says, that a little change in the structure of the oval
internal shell of the cuttle fish, would convert it into the internal
chambered shell of the spirula. It was with a view to excite the curi
osity of voyagers, when near the coast of North America, that the
Author has suggested the possibility of the ichthyosaurus visiting those
seas, p. 213. Cuvier too hastily conjectured that no new living spe
cies of large terrestrial quadrupeds remained to be discovered. The
gigantic tapir and new species of elephants have since been discovered
in India. The Author considers it far from improbable, that the great
mastodon may exist in some of the unexplored recesses on the west
ern side of North America; and he would particularly recommend
comparative anatomists to examine the structure of the Grisly bear,
and compare it with the skeleton of the cavern bear, (ursus speheus.)
When Cuvier published the last edition of his Règne Animal, in
1829, he does not appear to have known any thing respecting the
Grisly bear.



INTRODUCTION TO GEOLOGY.

CHAPTER I.

Objects of the Science denominated Geology.-The Shape and Density of the
Earth.-Opinions respecting the internal Paris of the Globe.-Central Heat.
Temperature of the Earth.-Sea and dry Land.-Proportion of the Earth's Sur
1tce habitable by Man.-On the Appearances which led to the first Division of
Rocks into Primary and Secondary.-Classification of Rocks.-Districts in
which the diffrent Classes appear in England.-The present Islands and Con
tinents formerly covered by the Ocean.-Existing Prooh of this in Great Brit
ain and various Parts of the World.-Fossil Remains of marine Animals, Ve
getables, and land Quadrupeds; the Strata in which they are imbedded formed
in Succession at different Epochs.-On human Bones occasionally imbedded in
Rock.-Inferences respecting the former CondiLion of the Globe.-Remarkable
Passage in the Institutes of Menu.

In this Chapter the author has endeavoured to give such an outline

of the science, and its practical application to the knowledge ofthe Ge

ology ofEngland, as may be clearly and easily understood by thegener
al reader, and prepare himfor the perusal ofthe succeeding chapters.

THERE are perhaps few persons possessed of much curiosity in

early life, to whom the following question has not frequently present
ed itselt- What is the world made of? Now this question, with
certain conditions, comprises the most important objects of geologi
cal research; namely, What are the substances of which the Earth
is composed? What is the order in which they are arranged? What
are the changes they appear to have undergone ?-But how are

satisfactory answers to these inquiries to be obtained?
When we examine the terrestrial globe, where the solid parts are

uncovered and exposed to our view, we observe vast masses of rock
or stone lying in apparent confusion on each other: or, should we

perceive some regularity in their position and arrangement, we soon
lose sight of it again by the intervention of other rocks. In this de

partment of nature all seems vast, unshapen, and chaotic; but let
us not be discouraged, for we may recollect that the grandest objects
in the material universe, seldom present to the hasty view of the su

pcr1cia1 observer, immediate proof,-, of order or design.
The shepherd who first discovered that the planets were not fixed

in the heavens, and noticed their apparently intricate wanderings
among the stars, could not possibly anticipate the regularity and har
monious simplicity of their movements, which subsequent observation
have demonstrated.
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Let us then endeavour to ascertain by what means we may be
come acquainted with the structure of the solid covering of our globe.
Were these means bounded by the power of man to penetrate be
low the surface, our knowledge must ever remain very.limited and

imperfect; but natural operations have greatly facilitated our inqui
ries, and have broken the rocky pavement of the globe, and raised

up or laid bare the mineral substances of which it is composed. By
an attentive examination of the situations where the rocks and strata

are thus exposed to our research, we lay the foundation of the science

denominated Geology.
Geology is derived from two Greek words, ge "the earth," and

logos "reason," and signifies the Science of the Earth. Werner

and his disciples, and also some of the French geologists, have chan

ged the term into geognosJ; but for this change no sufficient reason

can be assigned, and it is contrary to established analogies of lan

guage.* Philosophers, ih former ages, neglected the examination

of the earth, and contentedthemselves with vain speculations respec

ting its formation ; whereas the only proper answer to the question,
How was the world made i briefly this-" By the almighty power
of its Creator." We may however be permitted, and indeed we are

almost irresistibly impelled, to inquire into the nature of the secondary
causes, that have been operative in reducing the surface of our globe to

its present state. This inquiry comprises what may properly be de

nominated Speculative Geology. Nor is this, as some assert, entirely
useless: the advocates of particular systems have engaged in an

active examination of nature to support their opinions, and have

"compassed sea and land to gain proselytes :" thus numerous facts

have been discovered, with which we should not have been acquaint
ed had they remained idle in their studies.

The earth is now well known to be one of those globular bodies

called planets, that revolve round the sun in orbits nearly circular,

and in stated periods of time, which bear a certain ratio to their re

spective distances from it. They turn round their axis with differ

ent degrees of velocity; and this motion apprs to have had con

siderable influence on their external shape, by enlarging their equa
torial diameters ; they are not perfect spheres, but are more or less

flattened at their poles.
In the planet Jupiter, the velocity of the equatorial parts is more

than four hundred miles per minute, whilst in the same time the equa
torial parts of the Earth have moved only seventeen miles. A dif

ference between the polar and equatorial diameter of Jupiter is per
ceptible with a telescope that has a distinct magnifying power of a

hundred times, and it is ascertained, o be as 12 to 13. The equa-

* Nothing can be more tiniiwantng than the apologies that have been offered for
substituting (gnosis) "knowledge," For (logos) "rcaon." By the same rule we
ought to change meteorology, physrnlogy, &c. into meteorognosy, pliysiognosy, &.
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tonal diameter of the earth exceeds its polar about twenty-seven
miles; the length of the equatorial diameter being 7927, that of the

polar 7900 miles.
The relative density of the sun, the earth, and of the other planets,

is estimated by the attractive force which they exert on each other,
as they move round their common center of gravity. The absolute

density or the quantity of matter contained in the earth, compared
with an equal bulk of any known substance, may be nearly deter
mined by the attractive force which any given mass of matter exerts

upon a plummet (when suspended in its vicinity) to draw it from a
vertical line. This will be proportional to the absolute quantity of
matter in that mass compared with that of the earth. By this meth
od, it has been found that the mean density of the earth is about five
times greater than that of water, or nearly twice the average density
of the rocks and stones on the surface.
Hence it has been inferred that the interior part of the earth is

solid; or, if it be cavernous, that the solid matter must possess great
density. It is not improbable that iron, nearly in a metallic state,

may be one of the constituent parts of the central mass, and to this
it may owe its magnetic polarity.

Dr. Halley supposed that the earth is a hollow sphere, containing
within it a central magnetic globe, and that the revolutions of this

globe on its axis, occasioned the variations of the magnetic needle.

Laplace, the celebrated French astronomer, asserts, that the nutation
of the earth's axis, and experiments on the vibration of the pendu
lum, indicate an increase of density of the mineral beds, as they
approach nearer to its centre, at least to a certain depth from the sur
face. The rapid transition of motion to very distant parts of the
earth during violent earthquakes, renders it probable that there are
cavities filled with fluid or gaseous matter, which extend to different

parts of the globe, at great depths under the surface.
An opinion has long been entertained, that our planet contains

within it a mass of igneous matter, the source of central heat, which
is supposed to be an important agent in maintaining the present tem

perature of the globe, nor are facts wanting to lend support to this

opinion. The occurrence of numerous active volcanoes in both

hemispheres, and in every degree of latitude; the existence of ex
tinct ancient volcanoes, and of rocks of igneous origin in almost

every country; and the numerous hot and warm springs that pre
serve an unvarying temperature for centuries,-all indicate the ex
istence of a source of heat deeply seated beneath the surface. It
seems also to be proved by observations made for the purpose in deep
mines, that the temperature of the earth increases as we descend;

though at a small distance from the surface, the temperature of the

ground and of wells is the same in every season, but it varies in different
latitudes. The animals and vegetables whose remains in a fossil state
are found in northern climates, are, generally, analogous in structure
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to the animals and vegetables of tropical climates; and hence it has
been inferred by some geologists, that the central mass of heat is grad
ually refrigerating. It is, however, the crust of the globe that offers

proper occupation to the geologist. The greatest depth to which

he can extend his observations from the uppermost strata, to the

very lowest beds that have been raised up or laid bare by these nat

ural operations which have formed mountains or valleys, is less than

eight miles; a thickness which, compared with the bulk of the earth

itself, does not exceed that of a coat of varnish upon an artificial

terrestrial globe. Were we to bear this sufficiently in mind, the

mighty catastrophes which have changed the surface of the globe
in former periods, and have left traces of their action, appalling to the

imagination, would cease to exceed the sober measure of belief.

The superficies of our planet is calculated to contain about one

hundred and ninety ni1Iions of square miles; but could we be rais

ed to a sufficient height above the earth, so as to have its whole en

lightened hemisphere for our horizon, we might perceive as it revol

ved under our feet, how small a portion is fitted for the habitation

of man. More than three fifths of the earth's surface are covered

by the ocean; and if from the remaining part we deduct the space

occupied by polar ice and eternal snow, by sandy deserts, steril moun

tains, marshes, rivers and lakes, the habitable portion will scarcely
exceed one fifth of the whole of the globe. Nor have we reason

to believe that at any former period the dominion of man over the

earth was more extensive than at present. The remaining four fifths

of our globe, though untenanted by mankind, are, for the most

part, abundantly stocked with animated beings, that exult in the

pleasure of existence, independent of human control, and no way
subservient to the necessities or caprices of man. Such is and

has been for several thousand years the actual condition of our plan
et; nor is the consideration foreign to our subject, for hence we may
feel less reluctance in admitting the prolonged ages or days of crea

tion, when numerous tribes of the lower orders of aquatic animals

lived and flourished, and left their remains imbedded in the strata that

compose the outer crust of our planet.
The ocean has been an important agent in effecting vast changes

on the surface of our globe, which will be hereafter considered. The

average depth of the sea has been differently estimated.' According
to Laplace, this depth cannot be less than len miles, to account for
the height of the tides by the laws of grivi1ation ; but it is more

generally admitted that the average depth does not exceed five miles.
No admeasuremeut by soundings has exceeded the depth of one mile
and a quarter.
The ocean has not always occupied its present bed, for rocks al

most entirely composed of the shells or remains of marine animals,
are found in almost every country that has yet been explored ; and
these rematn occur heal' tIc stimnmit of he highest mountains, in
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the old and new continents, some of which rise more than two miles
above the present level of the sea.

It is well known that the water of the sea contains a considerable

portion of common salt, and a small portion of other saline ingredi
ents.* The average amount of salt in the ocean may be estimated

at 21 per cent. of common salt, and '} per cent. of other saline com

pounds.
The atmosphere which surrounds the earth does not come under

the attention of the geologist, except as an agent in wearing down
the solid surface, by the precipitation of rain, and by change of tem

perature. The inequalities of the earth's surface formed by moun
tains and valleys afford frequent opportunities for observing that the
mineral substances of which it is composed are of different kinds: in
some situations, we observe strata of chalk; in others, of sandstone,
or compact limestone, or beds of slate, granite, &c. It was long
since known to working miners, that the different beds of mineral
matter lie over each other in a regular order in certain districts, and
that certain beds are always found under, and never above, other

particular beds.
The first observations which may be said to have laid the founda

tion for a correct classification of rocks were made by the German
Lehman, about the middle of the last century. He found that the
lower rocks, in some of the mining districts, were distinguished from
the upper rocks by their great hardness, and by their structure, which
was, for the most part, either crystalline or slaty; they were also dis

tinguished by the absence of shells and other organic remains, and

by the absence of fragments of other rocks, which occur so frequent
ly in the upper rocks or strata. He further observed, that many of
the upper strata, besides containing organic remains, appeared to
have been formed of fragments of the lower rocks, broken down and

agglutinated together; and hence he inferred, that the lower rocks
were formed prior to the creation of animals, arid he gave them the
name of Primitive or Primary, and distinguished the upper by the
name of Secondary. This grand division, though too hastily form
ed, was of use in the infancy of the science, and induced naturalists
to examine more attentively the nature and position of the rocks in
different countries: and, as their observations became more extend
ed and accurate, a more extended arrangement and classification was
found necessary. Many of the earlier geologists maintained that

The inquiry has often been rnade,-Whence did the sea derive its saline con-
tents ? It has been supposed by some writers that the salt in the sea has hccn
grad-uallyaugmented by saline particles brought into it 1w rivers; but this cause is tu
tally inadequate to explain the immense quantity of salt existing in the vhule mass
ni the ocean. IL' the average depth of' the sea he five miles, and it contain 1t percent. ol' sait,-were the water entirely evaporated, the saline resi4l tic would form a
U'atum ci' salt more than live hund red et iii hI''kcss roverin2 I liter lilt Ii 'l' the

.urlhce of, the globe.
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each bed or stratum of rock is spread universally over the globe, and"
that a series of beds, in regular succession, environs our planet, like
the coats of an onion. This position is, however, much too general,
as many beds of rock which are common in one country, are entire-
I wanting in another : but, taken as an illustration of the structure-ofY
the crust of our globe over a certain extent: the successive coats of
an onion, if they were of different colours, might not unaptly repre
sent the different strata that cover certain districts.

It may here also be proper to observe, that the different strata
which occur under each other, are not arranged in the order of their

density or specific gravity. Coal strata, for instance, are often cov

ered with strata of iron-stone, the specific gravity of which is more
than twice that of coal.

I shall now proceed to enumerate the different classes of rocks

generally admitted by geologists, and briefly describe the principal
characters of each class; and, in order to direct the attention of the

reader more forcibly to the subject, 1 shall trace on an outline map
the principal situations in our own island, where rocks of each class

occur, except the recent volcanic.
All the different rocks and strata that cover the earth's surface may

be arranged under the following classes :-
1. Primary.
2. Intermediate, or Transition.
3. Secondary; comprising

a. The Lower Secondary Series, and
b. The Upper Secondary Series.*

4. Tertiary.
5. Basaltic and Volcanic.
6. Diluvial and Alluvial Ground.
This arrangement is substantially followed by most geologists of

the present day, though with some modification of the names. Sev
eral of the French geologists class the lower secondary, including the
coal strata, with the intermediate or transition rocks: some urgent
reasons may be advanced for this, which we shall subsequently no
tice. Objections have been made to the terms primary, secondary,
&c., that they do not strictly conform to the present state of geolo
gy; but a change of names, which are in general use and well un
derstood, would be attended with no adequate advantage, and would
be ill suited to promote the knowledge of the science in an introduc

tory work. It is greatly to be regretted, that a morbid desire to ob
tain celebrity by inventing new nomenclatures, should so much pre
vail among some of the cultivators of natural science. The author
is of opinion, that a more simple arrangement of rocks might be made

a By some geologists these secondary strata are called "Ihe older" and the
younger series," turns which are equally clear and intelligible.
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Without any material change of the present names, and he is persuad
ed that such an arrangement will take place in a more advanced state
of the science, (see Chap. V.)

Primary or Primitive Rocks-were so called because no fossil re-
mains of animals or vegetables, nor any fragments of other racks,
were found imbedded in them: hence it was supposed that they
were formed prior to the creation of organic beings. The rocks of
this class are for the most part extremely hard, and the minerals of
which they are composed are frequently more or less perfectly crys
tallized. These rocks generally occur in immense masses or beds;

they form the lowest part of the earth's surface with which we are

acquainted, and they not only constitute the foundation on which
jocks of the other classes are laid, but in many situations they pierce
through the incumbent rocks and strata, and form also the highest
mountains in alpine districts. We are not to conclude, when we
see a mountain or range of mountains bounded by a plain, that the
mineral beds and strata of which these mountains are formed term
inate at their apparent bases; on the contrary, they dip under the
surface at angles more or less inclined, stretching below the lower

grounds and hills, and often rising again in remote districts.
That primary rocks envirofl the whole globe will not admit of di

rect proof; but, from their frequent occurrence in mountainous dis
tricts in the most distant parts of the world that have been examined,
we may infer that some of the rocks of this class constitute the foun
dation rock of every country. We have no means of ascertaining that
the similar rocks of distant districts were formed at the same time,
nor can we be certain that the rocks called Primary, have not once
contained organic remains, that were destroyed during the process
by which they acquired their present crystalline structure. We may
however, with apparent probability, infer that their formation was

prior to the existence of animals or vegetables on our planet in its

present state, because the rocks which immediately cover them con
lain almost exclusively the organic remains of the lowest class of an
imals, which are considered as forming the first link in the chain of
animated beings. On this account these rocks have been called by
the German geologists transition rocks, from the supposition that they
were formed when the world was passing from an uninhabitable to a
habitable state.

Transition or intermediate rocks are generally less crystalline than
the primary; they contain occasionally organic remains of the lower
classes of animals, and also fragments of rocks of the primary class.
They are frequently interposed between rocks of the primary class,
and those more generally called secondary, and often partake of the
character belonging to both. The prevailing rocks in the transition
series are limestone, slate, called clayslate, and coarse slate, passing
sometimes into sandstone, and conglomerate; this has been called

by the Germans gran wacké, or grey wacke. The rocks of the pri-
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mary and transition class are the principal repositories of metallic
ores, but in Europe they contain few saline or inflammable miner
als* In South America, according to Humboldt, sulphur and bi
tumen cxist in considerable quantities in rocks denominated pri
mary.
Rocks of the transition class are not universally interposed be

tween the primary and secondary rocks, for in some situations the
transition series are entirely wanting. Thus in passing from Lyons
to Clermont, in the centre of France, I observed the regular coal
strata resting upon beds of sand, clay, and rounded stones which im

mediately cover granite.
Secondary Rocks.-The lower series are almost all distinctly stra

tified; they consist chiefly of sand-stone, soft argillaceous slate call
ed shale, and beds of coal and iron-stone. Many of the secondary
strata of this class abound exclusively in the fossil remains of veget
ables, analogous to ferns, palms, and reeds; while the rocks in the
former or transition class, contain almost exclusively the remains of
marine animals. This change in the nature of the fossil remains in

the two classes of rocks, indicates an important change in the condi
tion of the globe, prior to the deposition of the lower series of sec

ondary strata. The transition rocks were evidently formed under
the sea, some of the beds being composed almost entirely of the ex

uvia of madrepores and encrini, but the terrestrial plants whose re
mains abound in the lower secondary strata, must have grown on
land, from which the ancient ocean had retired, and the strata which

contain them were probably deposited at the bottom of rivers or fresh

water lakes, as marine organic remains seldom, if ever, occur in

them. The upper series of secondary strata again indicate another

important change of the surface of the globe. The prevailing beds

in this series are stratified limestone with beds of clay shale and sand

stone interposed. The limestone has generally an earthy texture,

and very rarely partakes of the hard and crystalline character of the

lower limestones. The fossil remains in the upper secondary strata

are, with some exceptions, those of marine animals, but of different

genera or species from those in the strata below them. It is in the

upper secondary strata that we first meet with remains of saurian or

lizard-shaped animals, some of which were of immense size. The

co-existence of dry land, at the period when most of the upper sec

ondary strata were deposited, is, however, proved, by the occasion

al occurrence of terrestrial fossil plants, and the bones of fresh-water

and amphibious reptiles, such as the crocodile and tortoise.

Another important fact respecting the upper series of secondary
strata is, that they appear to have been formed, not only under dif

ferent circumstances from the lower, but after a long interval, during

' Except we comprise the regular coal trmation in the transition series.
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which the surface of the globe had been much fractured and displa
ced; for the upper series do not lie parallel with the lower, but they
cover the edges of the lower strata unconform ably.
To make this better understood, suppose a number of books to be

laid regularly upon each other, and the lowest volume to be tilted up
so as to give an inclined position to the whole, if we then take other

books and place them horizontally, or nearly so, on the upper edges
of the inclined volumes, we may then form a distinct idea of the un

conformable position of the upper series of secondary strata over the

lower series. This position is represented Plate 1. fig. 3.; it will

be more fully described in the 4th chapter.* The last of the upper

secondary strata is chalk, a rock well known in the south and south

east parts of England; though entirely wanting in the north-west and.
in Scotland.

Tertiary Strata comprise all the regular beds that have been de

posited subsequently to the chalk strata, on which they frequently re

pose. It was formerly supposed that tertiary strata were very limit
ed in extent, and were confined to a few districts in Europe; recent
observations, however, prove that strata of this class cover consider
able portions of the surface in various countries, though there are
other countries in which they are entirely wanting. Tertiary strata
are the most recent or uppermost of all the regular rock formations.

They consist chiefly of clay, marie, limestone, and friable sandstone:
the lower series of these strata contain numerous marine shells, while
some of the middle and upper strata contain shells resembling those
found in our present rivers, or in fresh water lakes. The most re
markable fact respecting the tertiary strata is, that some of them
contain numerous bones of large terrestrial quadrupeds of the class
Mammalia, the greater part of which, belong to genera or species
which no longer exist upon the earth.

Volcanic and Basaltic Rocks have been either ejected from vol
canoes, or poured out in a state of fusion from rents and openings on
the earth's surface. They cover in an irregular manner the rocks
91 the preceding classes. In some situations the melted mineral mat
ter has taken a columnar form in cooling ; in other situations it fills
vast fissures, called by miners dykes. Basaltic rocks are very com
mon in the northern part of our island. Volcanic and basaltic rocks
are of different ages: the most ancient approach m their nature to
rocks of' the primary class, and appear to be formed chiefly of the
same mineral substances, more or less softened by sublerraneous heat,
and protruded through the crust of the globe.

There are some situations in which the lower strata hive not been subjected
to any great dislocations prior to I-lie deposition of the upper strata upon them, for
be latter occur in a puition parallel with that of the tower strata
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Diltivial and J11uvial.-Cotisiderable portions of the surface of
the ground are, in many countries, covered with thick beds of grav
el, sand, or clay, and fragments of rock and loose stones, more or

less rounded by attrition. In some situations, these have evidently
been transported from a vast distance, for frequently no rock similar
to the fragments occurs within a hundred miles or more of the place
where they are deposited. They indicate the action of torrents and

inundations, which have swept over the face of our present conti

nents. The French have given to these depositions the name of

terreins de transport, a name which defines them precisely, and in
volves no theory; for it comprises, both, deposits formed, sudden

ly, by mighty irruptions of the ocean, and alluvial deposits, formed

by the gradual deposition of sediment at the mouths of rivers or in
lakes.
The classes of rocks above enumerated have their appropriate

mineral productions, and, with the exception of rocks of the first and
fifth classes, their appropriate organic remains ; and it would be as
useless to search for regular beds of common coal in the primary
rocks, as it would be to search lbr metallic veins, or statuary marble,
in the tertiary strata.

It has been before stated, that we cannot be absolutely certain that
rocks of the same class and of a similar kind in distant countries were
formed at the same time'. This is more especially the case with
rocks that'èoiitain no organic remains, such as granite, porphyry, and
volcanic rocks, as it is only from their relative position that we can
obtain evidence respecting their geological antiquity. Those rocks

which generally serve as the 1xindation fhr the other classes are in
ferred to be the most ancient. Strata in the same class, that con
tain similar species of organic remains, are, admitted to belong to the
same geological epoch, and to have been deposited tinder the same
condition of the globe ; yet admitting that certain distant strata were
of coeval formation, it may be proved, that. portions of the same series
of strata liave emerged from the ocean at diilrent intervals of time,
and that certain parts of' the present continents have become dry land
at very distant and remote epochs. The period when rocks or strata
were first deposited has no necessary connection with the period of
their elevation, as will be atlerwards more fully stated.

I shall pro'eed to elucidate the situation of the di11rent classes of
rocks in England, by a ieirenee to the outline map, Plate 6.
The waving line A A .A, extending from the south-west of Dorset-

shire to the county of Durham, Ibrms a striking geological division of

England : all the land on the east of this line is composed of the up-
metallicsecondary and tcr1iary strata, in vhicii neither metallic veins nor

regular beds of uiiuerl coil are found. The tertiary strata lie over
t!'ie upper secoitdarv, within die, parts lioutided 1)\' the letters o o o o.
On part of the caslerii coast of Yor!.sitire and Liucolushire, there is
a submarine fc'ret about eveutcLi feel under the precut highwatcr
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level. This forest appears to have extended eastward, as stumps of
trees and roots may be seen at low-water at a considerable distance
from the coast.
West of the line A A It there is an important change in the mineral

productions; from thence to the line c c c the lower secondary stra
ta appear, and most of the principal coal districts in England occur
between the lines A A A and c c c. It. is remarkable, that few if

any regular metallic veins are foumd in this division. The lower

secondary strata are also continued vest of the line c c c, through
the midland and northern countries, but rocks of the transition series

occasionally appear in this part of our island. A very extensive
coal district occurs in that part of South Wales bordering the Bristol
Channel. On the east of the line c c c it may be remarked, that
the strata generally incline or dip to the south-east. ; west of this line

they are more irregular, and dip in various directions.
West of the part composed of the lower secondary strata, and

coloured green, we meet with rocks of the primary and transition
classes, in which metallic ores are found ; they constitute the alpine
parts of England, passing through Cornwall and Devonshire, into
North Vales, and the north-west parts of Yorkshire and Lancashire,
and through Westmoreland and Cumberland, into Scotland. This

part is coloured red ; rocks of the primary class occur chiefly in the

parts' distinguished by (lark lines.
Near the center of England, at Charnwood Forest in Leicester

shire, and at the Malvern Hills in Worcestershire and Herefordshire,
the primary rocks pierce through the secondary strata, and compose
two small districts 0! primitive coniltry, surrounded by secondary
strata. Also in the counties of Derbyshire and in the West Riding
of Yorkshire, and part of Cumberland and Westmoreland, rocks of
transition or mountain limestone rise to a considerable elevation from
beneath the secondary strata, which occur east and vest of them;
some of these limestone mountains are rich in metallic ores. Along
the line E E beds of rock-salt and the principal springs of brine are
situated.

It must be kept in mind when observing this map, that the tertiary
strata lie upon the secondary, and the secondary upon the transition
and primary rocks. Now, if the tertiary and secondary strata had
both extended to the western counties, it is obvious that we could
have had no knowledge of the existence of the lower series but by
boring or sinking through the upper series ; and the aggregate thick
ness of these exceeds the power of' the miner to pierce through.
The tertiary strata, however, only cover a part of the secondary, and
the secondary do not cover the whole of the lower series ; so that in

travelling westward, we come immediately upon the lower strata in
succession, as they rise from underneath each other; for, as 1 before
observed, the general inclination or dip of the beds is towards the
south-cast. The action of the sea upon our coasts and cliii's, has ex-
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posed to view the succession of the different rocks and strata in many 
parts of our island, and has enabled us to obtain a correct knowledge 
of their thickness and direction, and of the organic remains pecu- 
liar to each series. 

Before concluding the present chapter, lei us lake a view of some 
rtf tile more striking appearances, which afford clemonstraiive evi- 
dence, that great changes have taken place in the relative level of the 
present comhents, and that the ocean ha;, in former ages, rolled its 
waves over wliat are now the most elevated pans of the earth. Ma- 
ny proofs of this exist in our own island, and in various parts of the 
world. 

The calcareous or limestone mountains in Derbyshire, and Craven 
in Yorkshire, rise to the height of about two thousand feet above the 
present level of the sea. They contain through their whole extent, 
fossil remains of zoophytes and marine animals, but more abundant- 
ly iu some parts than in others. Particular species occupy almost 
exclusively distinct beds, and in some situations the whole mass ap- 
pears a compact congeries of mineralised organic remains. Over 
these vast beds of ancient limestone occur a series of sandstone stra- 
ta and shale, containing, almost exclusively, remains of terrestrial 
vegetables associated with beds of coal. Above t l l is series we meet 
with other calcareous strata, containing remains of fish and enor- 
mous reptiles of the saurian or lizard tribe, intermixed will1 numerous 
species of bivalve and univalve shells, but of different genera or 
species from those living in the present seas. Again, in the upper- 
most or tertiary strata, we meet with bones and teeth of land quad- 
rupeds of the class Mammalia, some of which belong to unknown 
genera, and nearly all to unknown species. Among these are the bones 
of large animals as the mastodon, the elephant, the rhinoceros, the 
hippopotamus, and the gigantic tapir. These large animal remains 
occur chiefly in beds of clay or gravel, or in caves. I n  the latter 
situation, they are abundantly mixed with bones of  smaller quadru- 
peels, of which the species no longer exist in England. 

The calcareous mountains of the Jura, and the outer range of the 
Alps, contain beds filled with the remains of marine animals, many 
of which I have examined, and found lo be similar to those in the 
secondary strata in England. In ilie Alps they occur at lire height 
of from six to eight thousand feet. Sinnlnr phenomena are obser- 
ved in tlie calcareous mountains of the Pyrenees ; and according 
to Humboldt, organic remnins occur in the Andes, at  [lie height of 
fourteen thousand feet. The distinct characters of the animals found 
in tlie upper and lower beds in these mountains, as well as in those 
of our own country, prove iliat they were not brought into their 
present situation by any sudden iiiiindiitioiis, whicli would have [nix- 
ed different orders of aiiiinals together. Tlie beds wliicli contain, 
exclusively, the remains of animals of llic same species inust have 
remained, for ages, initler the ocean ; for these animal remains 
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compose nearly the whole substance of a bed of limestone of great
thickness, as is the case with the beds of encrinal limestone in Der

byshire, and the limestone called coral-ragg at Steeple Asbton.
The fossil remains of animals not now in existence, entombed

and preserved in solid rocks, present us with durable monuments of

the great revolutions which our plane thas undergone in former ages.
We are carried back to a period when the waters of the ocean cov

ered the summits of our highest mountains, and are irresistibly com

pelled to admit one of two conclusions,-either that the sea has re

tired and sunk far below its former level, or that some power, ope
rating from beneath, has lifted up the islands and continents, with

their hills and mountains, from the watery abyss, to their present
elevation above its surface.
These organic remains present also undeniable proofs of another

fact equally interesting. Every regular stratum in which they are

disseminated was, once, the uppermost rock, however deep it may
be below the present surface, or with whateve? rocks it may now be

covered. This inference is not the less conclusive, whether we sup

pose that the animals lived and died where their remains occur, or
whether they were aggregated and carried by marine currents into
their present situation. Hence we learn, that the secondary strata
were formed in succession over each other, and thus these fossil re
mains preserve the records of the ancient condition of our planet,
and the natural history of its earliest inhabitants. The unknown
causes by which zoophytes and different genera and species of testa
ceous animals, of reptiles, vegetables, and mamrniferous quadrupeds
were buried in different strata, have operated in succession at distant
intervals of time; we do not find the remains of different classes

confusedly intermixed together, except in beds of clay or gravel,
near the surface, or in fragments of various rocks which have been
broken down and subsequently united. Bones of vertebrated animals,
or such as had a brain and spinal marrow, have never been found in

the lower strata, except of a few species of fish; nor have the bones
of large mammiferous quadrupeds ever been discovered, below the
chalk. Hence we acquire a perfect certainty, that the different beds
which form the crust of our planet were deposited in distant epochs,
and under different conditions of the globe. The animal remains in
some of the strata are so delicate, and so regularly deposited, that
we can have little doubt that the animals lived and died tranquilly
where their remains are 1)0W found : in other strata, the remains are

dispersed and broken, and the animals appear to have perished by
some sudden convulsion.

If the bones of man, or of marniniferous quadrupeds, rcsemb1iii

existing species, have been found casually with fossil remains peculiar
to the lower or more ancient strata, 4 believe a careful examination
of all the circumstances, would generally explain the apparent anom

aly. 1 shall state a remarkable fact of this kind, which came to my
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knowledge when engaged in a mineralogical examination for the
Earl of Moira, in the vicinity of Ashby-de-la-Zouch, in Leicester-
shire: it will evince how cautious we ought to be in drawing general
conclusions in geology, from single facts. A thick bed of coal be

longing to his lordship, at a place. called Ashby Wolds, is worked at
the depth of two hundred and twenty-five yards; it is covered with
variois strata of iron-stone, coal, and solid sandstone. On an estate

adjoining to his lordship's manor, in the same bed of coal (which is

ninety-seven yards below the surface), the entire skeleton of a man
was found imbedded. No appearance existed of any former sinking
for coal; but the proprietor ordered passages to be cut in different
directions, until the indication of a former pit was discovered, though
the coal had not been worked. Into this pit the body must have
fallen, and been pressed and consolidated in the loose coal by an in
cumbent column of water, previously to the falling in of the sides of
the pit.
The imperfect skeleton of a woman, imbedded in a kind of cal

careous sandstone, brought from Guadaloupe, and exhibited in the
British Museum, may appear to invalidate what was asserted in the
first edition of this work, that no instances have been known of hu
man bones being found in regular stratified rocks, nor even in undis
turbed alluvial ground, where the remains of extinct species of quad
rupeds are not unfrequently met with.* Due attention to all the cir
cumstances, will reconcile that assertion with the present fact. The
skeleton from Guadaloupe is described as having been found on the
shore, below the high-water mark, among calcareous rocks formed of
madrepores, and not far from the volcano called the Sonfli'iere. The
bones are not petrified, but preserve the usual constituents of fresh
bone, and were rather soft when first exposed to the air. Speci
mens of the stone which I have in my possession, that were chipped
from the same block, present, when examined with a lens, the ap
pearance of smooth grains, consisting of rounded fragments of shells
and coral, aggregated and united without any visible cement.
We have an example of a similar formation of calcareous sand

stone on the north coast of Cornwall, composed entirely of minute

Since the publication of the first and second editions of this work, 1 have seen,
in the pOssCSshifl ut a gentleman at Plymouth, one of two human kul1s that were
found in diging a stream work, ihrty or filly feet below the level of the river at.
Carnon in Cornwall. Nuts. and the. liotus ol some animal allied to the sing, were
discovered in tI Ls1.ii1C SiIIatiu1).-!fl a note which 1 made at time time, (116,) it,
is stated, that the Ii'chcad was reuiarkatdv low and rio now, and the pa rtul the
skull which coniaiiied he ('11-CI-1-1111111 un usual lv prominent. That these skulls
were ancient there can he I iutk dotibi, hill there are no ulIicicut data to enable us
to approximate to the iw 'tI oh I luei r dcjnsi ion.
The bone was not mineralised, though very hard. The rtbseiicc or ('XLJ'CIflO

rarity of human bones in these beds of gm vel and clay, or in caves III-,It i'ofltn ill
the remains of large land quadiupeds, is lb m more cxl i'aurulinarv than their notu-
occurrence in the regular strata that ('uVCi 0111' Ji14!5C11t Co11IifleJjI:.
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fragments of shells. In the Arundel papers, there is mention of an
inundation of sand, in the twelfth century which covered a great part
of the coast near St. Ives: it is also known by oral tradition, that
whole farms have been overwhelmed at a period not very remote;
and at this very day, upon the shifting of the sands by high winds,
the tops of houses may occasionally be seen. In several part of
the coast, this sand is seen passing into the state of compact rock,

very difficult to break; and it is even used for building-stone. En
tire shells of land snails and fragments of slate occasionally occur in
it,* When I was in the county I examined numerous specimens of
the rock with a lens, and compared them with a specimen of the

Gaudaloupe sandstone that I had with me, and they appeared close
ly to resemble each other. Dr. Paris, in an interesting paper read
to the Geological Society of Cornwall, ascribes the consolidation of
the sandstone to the infiltration of water containing iron, from the de

composing slate-rocks in the vicinity. Instances of the consolida
tion of beds of loose sand are coriirnon on the coast of Sicily. It
cannot therefore excite surprise, that in a volcanic island like Guad

aloupe, subject to violent convulsions from earthquakes, inundations,
and impetuous hurricanes, human bodies should occasionally be dis
covered, that have been enveloped in driving sands, which have be
come subsequently indurated. The situation of this skeleton near
the sea-shore, the state of the bones, and the nature of the stone in
which they are imbedded, take away the probability of their high
antiquity.

In the Institutes of Menu, which according to Sir William Jones
are nearly as ancient as the writings of Moses, the account of the
six days of creation so closely resembles that given in Genesis,j- that
it is scarcely possible to doubt its being derived from the same pa
triarchal communication. There is, however, a particular definition

given of the word day as applied to the creation, and it is expressly
stated to be a period of several thousand years. If this interpreta
tion be admitted, it will remove the difficulty that some have felt in

reconciling the epochs of creation with the six days mentioned by
Moses. The six days in which Creative Energy renovated the globe
and called into existence different classes of animals, will imply six
successive epochs of indefinite duration. The absence of human
hones in stratified rocks or in undisturbed beds of gravel or clay, in
dicates that man, the most perfect. of terrestrial beings, was not crea-

Sec Guide to Mount's Day and the Land's End
t The dis is in astrominy which proved the diurnal and annual motions

of the eatih, weic lbr some 1ini wrumlv opposed as being at variance with, the
motion 01' the sun and moon, and the motionless tabilitv ut the earth which the
aei'cd writ iiis describe. 1JV houh1 nut. however, admire the judgment of the
writer) diij ill the prescn I. day should publish a Scrp/'wrtti asi'iO?t.oVL!!, ill Opposi
ton to the Copernican system. The sacred writers describe natural ohjt'et a
tt''v 1jipea1 to the senses, and do not teach syStems of philosophy.
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ted till after those great revolutions which buried many different or
ders and en.ire genera of animals deep under the present surface of
the earth. That man is the latest tenant of the globe, is confirmed

by the oldest records or traditions that exist of the origin of the hu

man race.
The great convulsions which have, at distant periods, changed the

ancient surface of the globe, and reduced it from a chaotic to its

present habitable state, were not, it is reasonable to believe, effected

by the blind fury of tumultuous and conflicting elements, but were
the result of determined laws, directed by the same wisdom which

regulates every part of the external universe. Compared with the

ephemeral existence of man on the earth, the epochs of these chang
es may appear of almost inconceivable duration; but we are express
ly told, "that with the Creator a thousand years are as one day, and
one day as a thousand years."
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CHAPTER 11.

ON PETRIFACTION S, OR FOSSIL, ANIMAL, AND VEGETABLE REMAINS,

Opinions of early Naturalists respecting Petrifactions.-On the Process called
.Petrifaction.-.Experiment of Dr. Jenner on the Petrifaction of recent Bones.
Living Reptiles occasionally found in solid Stone.-Remarkable Difference in
the Condition of Fossil Remains in adjacent Strata; Instance of this at West

bury Cliff; Gloucestershire.-The four grand Divisions of the Animal Kink
dom.-Distribution of the Renains of certain Classes and Orders of Animals in
each Division throtwh the different Rock Formations.-Fossil Elephant proved
to have been an Iniiabitaut of cold Climates.-Rernains of Monkeys hitherto
undiscovered in a Fossil State.-On Vegetable Petriuictions in the Transition,
Secondary, and Tertiary Strata, supposed to prove the lbrmer high Tempera
ture of the Globe in Northern Latitudes.-Observatios on Fossil Organic Re
mains, as serving to identify Stratain distant Countries.

" IF it had been predicted a century ago, that a volume would be

discovered, containing the natural history of the earliest inhabitants

of the globe, who flourished and perished before the creation of man,

with distinct impressions of the forms of genera of animals no longer

existing on the earth-what curiosity would have been excited t

see this wonderful volume; how anxiously would Philosophers have

waited for the discovery! But this volume is now discovered; it is

the Volume of Nature, rich with the spoils of primeval ages, unfold

ed to the view of the attentive observer, in the strata that compose
the crust of the globe. The numerous and varied forms of organic

beings, whose remains are there distinctly preserved, sometimes dif

fer so much in structure from any known genera of animals, that we

can scarcely hazard any probable conjectures respecting their modes

of existence. Nor do we discover merely the forms of unknown an

imals in the different strata, we also learn the order of succession ii

which they first appeared on the globe.
It is only within a comparatively short period, that these fossil or

ganic remains have engaged the attention of naturalists. It is true

that in remote times, the occasional discovery of shells and bones of

large animals imbedded in rocks, did not escape the attention of phi

losophers; but, the shells were supposed to belong to species now

living, and the bones to a gigantic race of men, that perished during
some great inundation, or had been buried by earthquakes. Other

hypotheses, equally remote from truth, serve to show how little at

tention had been bestowed on this department of Natural History.
The celebrated botanist, Tournefort, from the regularity of form in

many fossil remains, was induced to believe that they were stones

that grew and vegetated from seeds. "How could the Cornu ,.4m

monis," he observes, "which is constantly in the figure of a volute,

be formed without a seed containing the same structure in the small,
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as in the larger forms? Who moulded it so artfully, and where are
the moulds?"

As fossil organic remains, particularly shells and zoophytes, are
found, many hundred and even thousand feet below the present sur
face of the earth, the first enquiry that naturally suggests itself is,
how did they come there? It is impossible that the animals when

living, or their exuvi when dead, could pass through such vast

depths of solid rock. A few of them might fall into vertical fissures,
and remain there,* but they could never' in this way enter into stra
ta composed almost entirely of organic remains. Beside, the strata
now deep under the dry ground are filled chiefly with the remains of
marine anitnals; nor do we generally find these animal remains cou

fused]y aggregated; different genera or species occupy particular
strata, or are associated with certain genera or species of the same
class, and never with others. It is therefore evident that they were
not brought into their present situations by vast inundations, and bu
ried under the earthy matter which a subsequent inundation cast over
them. Neither could zoophytes, fish, or large reptiles, or the in
habitants of bivalve or univalve shells, have lived and flourished in.
the midst of solid stone. We are therefore led to the conclusion,
that each stratum which contains these organic remains was once the

uppermost covering of the globe, and that the animals, for the most

part, lived and died near where their bones or shells are now found,
and were covered by successive depositions of strata, on which fol

lowing races of living beings flourished, and in like manner left their'
remains.

* Instances of reptiles found living in the midst of solid stone sometimes occur
At the colliery on Rothwell Haigh near Leeds, a living lizard or newt was found
in a bed of coal at the depth of 180 yards from the surface. I saw it in the year
1819 soon after its discovery; it was preserved in spirits, and wasabout five inches.
in length. I could not perceive that it differed from the living species. The ani
mal bad probably crept into the mine along one of the =that drain off the'
water, or down the sides of the shaft. The specimen is now in the possession of
the Rev. A. Sharp, Vicar of Wakefield. In all instances where toads have been
found in solid stone, it is reasonable to believe that they entered through fissures
that have been subsequently closed. That-these animals will live without food
for a great number of years, is proved by the following circumstance.
The late Sir Thomas Blacket of Button Hall in Yorkshire, had one cellar

which was opened only once a year, as it contained some particularly choice wine
which was never brought to table but on the annual celebration of his birthday,
which was on the 21st of December, or St. Thomas's day. The butler, when
taking out the wine, observed a small toad crawling along the stone floor. He
placed the toad under a wine bottle, and thought no more of it till he went into the
cellar the following year, when, on removing the bottle, he was much surprised to
see the toad immediately leap. This circumstance he mentioned to Sir Thomas,.
who descended with his visiters into the cellar to look at the toad, after which the
bottle was replaced, and the poor animal was kept a close prisoner till the suc
eeeding year, when he was again uncovered, and found alive as before. The
same annual experiment was continued for more than twenty-five years, when
the wine was exhausted, the cellar cleared, and the toad, who was still living, was
thrown out of doors. Having heard of this circumstance, from a person who
had lived in the family part of the time, I questioned the old butler respecting. it,
and be fully confirmed the truth of the story..
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Animal or vegetable substances found imbedded in rocks, are
more or less impregnated with mineral matter, and hence have been
called petrifactions. The process of petrifaction consists in the in
filtration of mineral matter into the pores of bone or vegetables. In
some instances, the animal or vegetable matter has been almost en

tirely dissolved or removed, and the mineral matter so gradually sub
stituted, as to assume the perfect form of the internal structure either
of the plant or animal.
The process of petrifaction may be more rapidly effected than has

generally been supposed. In the year 1617, 1 paid a visit to the
celebrated Dr. Jenner, at Berkley, who informed me that he had
made several experiments upon recent bones, by burying them in the
dark mud from the has clay: in less than twelve months, the bones
became black throughout, and when dry, they were harder, heavier
and more brittle than recent bone, and the surface was shining. The

specimens which he showed me, presented the same appearance as
the fossil bones in the has clay. The effect was probably produced
so speedily by the presence of the sulphate of iron, and other saline

ingredients with which that stratum abounds. As this stratum is the
most remarkable of all the secondary series, for the large animal re
mains which it contains, particularly of the saurian or lizard order,
and as the bones are frequently covered with crystals or incrustations
of pyrites, I will venture to hazard a conjecture respecting the man
ner in which these crystals, or incrustations of pyrites, or suiphuret
of iron, are formed. The stratum before mentioned, contains much

sulphate of iron or green copperas in solution. I suppose that the
carbon in the animal matter had decomposed the sulphuric acid and
the oxide of iron, and that the sulphur and iron, in their nascent
state, had united, and formed the suiphuret of iron Or pyrites. I
was led to this conclusion by reading an account by Mr. Pepys, of
some mice having by accident been immersed in a jar containing a
solution of sulphate of iron: how long they had lain there was un
known, but the remains were partly covered with small crystals of

pyrites, which could have been formed only in the manner above sug
gested. The stone surrounding the organic remains in the has, I
have observed to be considerably harder than the other parts of the
same stratum. The organic remains of zoophytes and shells in lime
stone strata are also generally harder than the stone in which they are
imbedded; and on this account when the stone has been exposed
to the atmosphere a long time, the organic remains rise above the
surface.

Organic remains are generally coloured by the strata in which

they are imbedded; in roe-stone, chalk, and the upper fresh-water
limestones, they approach to a yellowish or brownish white: in has
bituminous shale, and dark limestone, they incline to black; and the
shells in bituminous shale are sometimes filled with bitumen in a fluid
state. In the strata above chalk, the bones and shells retain their
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original constituent parts; very little changed; in chalk, and all the
strata under chalk, the organic remains are, more or less completely,
impregnated with mineral matter. The outer crust or shell of many
chalk fossils is calcareous, and the internal part filled with flint. In
some cases we meet with an internal cast formed in tile cavity of a
crustaceous animal, and the external covering has disappeared: in
other instances, the shell or crust of the animal has formed a mould
in the stone, into which mineral matter has been subsequently infilter

ed, and has thus made an external cast.
It is particularly deserving of attention, that some animal remains

contain the most delicate fibres and spines, perfect and unbroken:
this proves that the mineral matter in which they are imbedded was

deposited in a finely comminuted state, and in a tranquil sea. In
some instances the most delicate shells are regularly arranged in the

same position in which the animals lived and died, while the animal

remains in the strata above or below them, are broken and confusedly

aggregated together. The most remarkable instance of this kind

I have ever observed, occurs at Westbury Cliff, on the northern bank

of the river Severn, about seven miles below Gloucester. It is a low

cliff, nearly perpendicular; the lower part is composed of what is

generally called red marie, over which are the lower beds of dark

argillaceous limestone and clay, called has. A few yards above the

junction of the has and red marie, there is a thin stratum of dark

micaceous sandstone, entirely filled with bones, and the teeth of the

shark, and animals of the saurian or lizard tribe, broken and intermix

ed in the greatest imaginable disorder. Near the upper part of the

cliff; not many feet above the stratum filled with bones, there is a thin

stratum of whitish argillaceous limestone, called white has, which is

filled with the most delicate minute bivalve shells all arranged in the

same position, without any intermixture with shells of other species.
Facts like these are particularly deserving of the attention of the

geologist, as they mark in a striking manner the convulsions which

the surface of the globe has, undergone, at different periods.
The stratum with aggregated bones, of saurian animals appears

again, on the other side of the Severn, at Aust Passage, where also

the junction of the has and red ground may be observed; but I could

not discover there, any trace of the white has bed with the bivalves,

similar to those at Westbury Cliff.
Some of the more delicately constructed animals and the fish

whose bodies are found entire, imbedded in stone, appear to have

been instantaneously destroyed and enveloped in mineral matter, be

fore the putrefactive process could commence.* The process of

a In the Museum at the Jardin de Planks in Paris, there is a large specimen
of two fossil fish, which are supposed to have been destroyed and covered with
mineral matter, when one of them was in the very act of swallowing the other;
but an inspection of the specimen inclined me to infer, that the two heads had
çen pressed together, by the incumbent weight of stone deposited upon them.
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petrifaction must also, in some instances, have commenced almost
immediately after the death of the animal. In some specimens of
fossil fish from chalk, in the museum of Mr. Mantell of Lewes, the
air-bladder is uncompressed, and filled with mineral matter.

In tracing the different animal remains that occur in the lower, the
middle, and the upper strata, the circumstance most worthy of notice,
is the first appearance of any of the different divisions and classes
of animals, and of the orders, genera, or species belonging to each
division. In the luminous arrangement of Baron Cuvier, in his
Règne lnimal, all animals are distributed, according to their organ
ization, into four grand divisions- Vertebra ted, .]i'loliuscous, Articu
lated, and Radiated.

1st, Vertebrated.-Animals which have a skull, containing the
brain, and a spine or back bone, containing the principal trunk of the
nervous system, commonly called the spinal marrow: they have red
blood. This division comprises the mammalia (or animals that suckle
their young), birds, reptiles, and fishes.

2d, ,Molluscous.-Animals in this division have no internal skele
ton: the muscles are attached to the skin, which, in many species, is
covered with a shell. The nervous system and Viscera are compo
sed of detached masses, united by nervous filaments: they possess
only the senses of feeling, taste, and sight; but many species want
the latter. They have a complete system of circulation, and partic
ular organs for respiration. Animals with bivalve, univalve, or with
chambered shells, belong to this division; but many molluscotis
animals have no shell.

3d, 1/Irticvloted.-To this division belong worms, crustaceous an
imals, and insects: their nervous system consists of two long chords,

ranging along the body, and swelling out in different parts into gang
lions and knots. Worms having their bodies composed of rings, are
called annelides; they have red blood: some species inhabit a cal
careous tube, supposed to be formed by exudation.

4th, Radiated-comprises all the animals which were by former
naturalists called zoophytes, or animal plants, as the coralhines, &c.
which were long mistaken for marine vegetables. In animals of this
division, the organs of sense and motion are disposed circularly
around a centre or axis. They have no distinctly marked nervous

system, and the traces of circulation in many species can scarcely be
discerned. Many of the animals in this division have no power of
locomotion, as madrepores and encrinites. Others, as the echinus,

possess a very complex organization, and the power of moving from

place to place on their spines, which serve them for feet.
In describing the order in which the organic remains belonging

to each of these grand divisions are distributed through the different
classes of rocks, it will be more convenient to begin with the lowest.

Radiated Animals, such as encrini and madrepores, have left their
remains dispersed abundantly through rocks of the transition series:



22 DISTRIBUTION OF ORGANIC REMAINS

many of the strata appear to be. composed almost entirely of their
mineralised exuvie, but generally in a broken state. The chain co
ral occurs occasionally in transition limestone. Other genera of ra
diated animals occur in the more recent formations of limestone, but
seldom in sufficient abundance to compose nearly the whole mass of
a stratum. This is the more remarkable, as coralline animals are
forming extensive calcareous rocks in our present seas. Some gen
era and species of radiated animals which abound in transition rocks,
have not left their remains in any of the upper strata; hence it might
be inferred that they had long been extinct. In some instances, the
inference is not correct; the Madrepora stylina, so common in tran
sition lime-stone, is entirely wanting in the secondary and tertiary
strata; but a living animal of this species has been recently discover
ed in the South Seas. The pentacrinus, which is distinguished from
the encrinus chiefly by its pentagonal stem and branches, makes its
first distinct appearance in the has, but is not frequently met with in
the upper strata, and disappears entirely in the uppermost forma
tions: hence it was long supposed that the species was extinct. A

living pentacrinus has, lately, been discovered in the West Indies,
and its stem and branches in a perfect state have been sent to this

country; and, still more recently, a living pentacrinus was found in
the Cove of Cork.
The genus echinus makes its first appearance in the midst of the

secondary strata, and various species'are continued into the chalk,
which abounds with remains of this animal, in high preservation, it
may be remarked, that scarcely any calcareous stratum, abounding
in marine organic remains, has been examined, in which remains of
some species of radiated animals may not be found.

2rticulated 1nirnals.-Sonie species of worms (annelides) inhab
iting tubes, have left their remains in the upper secondary, and ter
tiary strata: remains of crustaceous animals (crabs, &c.), are not nu
merous in the upper secondary strata, where they first occur; but
they are more common in chalk and the tertiary beds of clay cover
ing chalk. One of the very first inhabitants of the globe appears to
have been a crustaceous aquatic animal, called in England the Dud
ley fossil, from its being first noticed in the transition limestone near
that town. Its more appropriate name is the Trilobite, from the
three parallel lobes or divisions of the body, with ranges of transverse
ventral fins, somewhat similar to those under the tail of a lobster.
The largest species are found in the slate quarries at Angers, in
France. A specimen in my possession, from that place, measures
seven inches in length : the body has taken the flat form, common
to almost all fossils found in slate, (See Plate 5.) it scarcely rises
more than one third of an inch above the surface of the slate ;*-the
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upper slate contains the impression or mould of the animal. To this
species Guettard has given the name of Ogyges, from its occurrence
among the most ancient rock formations, that contain vestiges of or
ganic life.
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The rethains of winged insects have sometimes been found in the

upper secondary strata in England, particularly in the calcareous
slate of Stonestield, Oxfordshire, where numerous impressions of
the elytra, or. hard cases which cover the wings, of coleopterous in
sects occur. Professor Buckland very ingeniously conjectures that
these winged insects night serve as food for the flying lizards (Pie
rodactyli) that are found in the same strata, and were cotemporane
ous with them. 0f all the four grand divisions of the animal king
dom, the articulated has supplied the smallest number of fossil or

ganic remains.
.Molluscons,.nirnals.-Shells of these animals, chiefly bivalves, ac

cur in the limestones of the transition series; but the number of the

species is comparatively small. Some chambered shells, particularly
orthoceratites, are found in transition limestone.

In the secondary strata that cover the transition series, shells of
molluscous animals, both bivalves and univalves, are more abundant,
and the number of the species is greatly increased.

It is in the lower strata of this series that chambered shells, such
as nautilites and ammonites, first become numerous: some species
are continued into the chalk strata, but no ammonites are found in
the strata above chalk. Trochilorm or top-shaped spiral univalve
shells first appear in the lower part of the secondary series, but be
come more numerous in the upper part of this series. In the tertia

ry strata above chalk, the species of univalve shells greatly exceed
those of the bivalves: in the lower strata, the reverse is the case.
We may further remark, that, as the tertiary strata are the most re
cent of regular rock formations, so the organic remains which they
contain, bear a closer resemblance to the shells of molluscous ani
mals living in our present seas, than what are found in the more an
cient strata. Some of the shells in the upper part of the tertiary
strata appear, indeed, to be identical with those of existing species.
The different classes and orders of molluscous animals that have

left their remains in the lower and the upper strata, doubtless pos
sessed, each, the peculiar organization that best enabled them to ex
ist and multiply under the peculiar condition of our planet, that was

cotemporaneous with the epoch of their creation. When this con
dition was changed, their numbers were diminished, or they disap
peared entirely, and were succeeded by different races, with an or

ganization adapted to other modes of existence, and to the new cir
cuinstances in which they were placed. Such are the legitimate in
ductions which we appear justified in making, from the organic re
mains in the different strata. The further consideration of this inter

esting enquiry will be resumed in the succeeding chapters.
Vertebrated Animals are arranged under lour classes :-fishes,

reptiles, birds, and rnammiferous animals. Remains of fishes are

exceedingly rare in transition rocks; but they appear, decidedly, in
the lower secondary strata. The entire bodies are, sometimes, well
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preserved; and the bones, scales, teeth, and vertebra are met with,

occasionally, in almost all the strata that contain fossil shells, whether

secondary or tertiary. Many of the species bear a close resemblance

to species at present existing, either in the ocean or in rivers.
The bones and entire skeletons of reptiles, allied to the saurian or

lizard class, occur in the lower part of the secondary strata, and are

very abundant in a dark argillaceous limestone called has, and in
the beds of clay that are over it. These animals are, many of them,

different from any known existing genera: they were inhabitants of

the ocean, and furnished with paddles instead of feet.* In the up

per secondary strata, between the has and chalk, the remains of oth

er saurian animals, closely allied to living species of crocodiles and

lizards, are fully developed: they had feet, and were evidently am

phibious. Of the saurin animals in this series, that called the igua
nodon, discovered by Mr. Mantell, near Cuckfield, in Sussex, is the

most remarkable for its size; the length exceeding eighty feet, and

the thickness of the body being equal to that of the elephant. It is

supposed to have been herbivorous. It closely resembles, in struct

ure, the iguana, a native ofAmerica and the West Indies.

The fossil remains of birds are so rare, that their occurrence, in

any of the regular strata, was long considered doubtful. The bones,

recently discovered in some of the English secondary strata, suppo
sed at first to be those of birds, belong to species of flying lizards.

Bones of birds are, however, found in some of the tertiary strata, par
ticularly in the gypsum near Paris.

Vertebrated animals of the highest class, the mammalia, occur in

the tertiary strata, and in ancient beds of gravel and clay. Cetace

ous animals, allied to the whale and seal, have been found in some of

the tertiary strata; but they are by no means common. The bones

of herbivorous land quadrupeds occur in the upper part of the tertia

ry beds, or what may be regarded as the latest geological forma
tions: they are, more frequently, found in beds of clay and gravel
than in the solid strata. Cuvier has ascertained the existence of fos

sil bones belonging to about seventy species of mammiferous quadru
peds, in the tertiary strata near Paris. Nearly forty of these are of

* The ichthyosaurus, or fish lizard, had an organisation intermediate between
that of a lizard and a fish: its paddles were long, broad, and flat, to enable it to
move rapidly through the water: the orbits of the eyes are enormously large.
Four species have been ascertained; some are of immense size. The Plesiosau
rus, another genus more nearly approaching the organisation of the lizard, is dis
tinguished from all oviparous quadrupeds by the form of its neck, which is longer
than its body, and is composed of no less than thirty vertebra,*exceeding in num
ber those in the neck of the swan. This animal is supposed to have swum on the
water, with its neck arched to dart on its prey. The TexI.ijdo ferox, living in the
rivers in Florida, is somewhat similarly constructed: it hides itself' in reeds, and
darts out its head, suddenly, to seize birds and other animals. There are five spe
cies of the Plesiosaurus, some of them were more than twenty feet long. Remains
of flying lizards have been discovered in a fossil state in Germany, and very re
cently in Oxfordshire and Dorsetshire.



THROUGH THE LOWER AND UPPER STRATA. 25

extinct species, and several of them belong to extinct genera. A

very considerable number of the large fossil bones belong to the dif
ferent genera and species of the order named by Cuvier Pachyder
mata, or thick-skinned non-ruminant animals; as the elephant, the
mastodon, the tapir, the hippopotamus, the rhinoceros, and the pa
lotherium. As these bones are found, very abundantly, in many
countries in northern Europe, the fact proves, either that the animals
were natives of cold and temperate climes, or that the temperature
of the earth has decreased. The entire body of an elephant, em
bedded in ice, in Siberia, was found in the year 1799. Its skin was
covered with two kinds of coarse hair and a soft fur beneath, which
affords almost certain proof that the animal was an inhabitant of a
cold climate, or at least of one in which the winters were severe.
A similar defence against cold is provided for terrestrial quadrupeds
that inhabit cold countries, but is never observed in tropical climates,

except in mountainous regions that have a low temperature. The
author's attention was directed to this subject many years since; and
in his "Observations on the .Fffect of Soil and Climate on Wool,"
he has stated instances of English long-woolled sheep casting their
fleece in hot climates, and becoming clothed with short coarse hair
like bristles. Bishop 1-leber, in his travels in the Himalayan moun
tains, mentions a species of elephant which he saw there, not larger
than an ox, and "as shaggy as a poodle." He further states, "that

English dogs, brought to those mountains, acquire, in a winter or
two, the same short fine shawl wool, mixed with their own hair,
which distinguishes the indigenous animals of the country: the same
is, in a considerable degree, the case with horses." The fossil ele

phant that was once a native of Europe, according to Cuvier, differ
ed as much from the Asiatic or the African elephant as the horse
differs from the ass. Bones and teeth of extinct species of carnivo
rous quadrupeds are most frequently found in caverns intermixed in
a broken state, with bones o1 herbivorous animals. Since the time
that these bones have been examined by naturalists who have at
tended to comparative anatomy, no vestiges of human remains have
been discovered; nor have any of the bones of the animals which

approach nearest to man in structure, the Quadrumana or monkeys,
been yet found with those of the more ancient inhabitants of the globe.
The vast diluvial beds of gravel and clay, and the upper strata in
A.sia,* have, however, not yet been scientifically explored; and both
sacred and profane writers agree in regarding the temperate regions
of that continent, as the cradle of the human race.t

In the dilivium near the river Irrawaddy, in Ava, Mr. Crawford has, recent
ly, discovered numerous bones and teeth of two new species of mastodons inter
mixed with bones of the rhinoceros and hippopotamus. The bones are penetra
ted with iron.

t it has been conjectured, that the bones of man are more fragile and perisha
ble than those ol laud quadrupeds: but this is contrary to experience: for it ha
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Vegetable Petrfactions.-Respecting the ancient condition of our

planet, the remains of vegetables, found in different strata afford in

teresting information which we could not have obtained from animal
remains alone. The animal remains found in the transition rocks
are almost exclusively marine; hence, we could not have inferred,
from these remains alone, that any portion of the globe was dry land,

when these rocks were deposited. In some of the slate rocks, how

ever, a few remains of terrestrial plants, analogous to ferns, occasion

ally occur, which indicate the existence at that remote epoch, of is

lands or tracts of land. In the strata of sandstone and shale, which

alternate with coal and cover transition rocks of marine origin, the

remains of terrestrial vegetables are abundantly distributed, and those

of marine animals disappear, entirely, in most of the beds: the part

formerly covered by the sea with rivers, lakes, and marshes, on which

the plants had grown, or were deposited, had therefore, become dry
land. Again, at a subsequent period, the dry land and its vegetation
became buried under a deep ocean, that deposited numerous calca

reous beds, filled with shells and remains of marine animals, but

occasionally containing a few broken fossil stems of terrestrial plants,
which had probably been carried into the ocean, by the rivers of dis

tant countries. In the upper strata, the alteration of marine and

fresh water formations are distinct and frequent.
Now it appears, that as we ascend from the lower to the upper or

more recent strata, a progression from simple to more complex, or,

in other words, from less perfect to more perfect forms, takes place
in-the vegetable as well as in the animal kingdom.

Avoiding technical expressions as much as the subject will admit

of, I will endeavour to state this, intelligibly, to the geological student,

who may be at present, unacquainted with vegetable physiology.

Vegetables of all kinds may be arranged under two grand divi

sions-Cellular and Vascular.
Cellular-without regular vessels, but composed of fibres, which

sometimes cross and interlace. Conferv, lichens, fungi, aIg,
or sea-weed, and mosses belong to this division. In some of

these families, there are no apparent organs of fructification.

Va:cular-with vessels which lbvm organs of nutrition and repro
duction. According to the arrangement of these organs, and

been well observed by Cuvier, that the bones of men, left on the held of battle with
those of horses, are as well preserved as the latter, making allowance for the dif
ference of size. Neither is there any essential difference in the chemical constit
uent parts of human bone from those of other animals of the class mammalia.
Dry bones, according to Berzelius, contain as under

Cartilage, - -

Phosphate of lime,
Carbonate of lime,
Fluate of lime, -
Phosphate of magnesia,
Soda and muriate of soda,




Human Human Ox Ox
Bozies. Teeth Bones. Teeth.

- 33 - 33 3.5
- 5! 853 55 81
- 115 8 9 7
- 3.) 3 4
- 1.2 15 2 3
- 13 2 2 2
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their number or complexity, vascular plants may be divided
into the following classes, and each class contains distinct fam
ilies:-

1. Without perfect flowers, the organs of fructification concealed

(crypogamia). To this class belong, in the fossil state, gigan
tic ferns, equisetum (horse ail), and other plants allied to ferns.

2. With flowers, the seeds naked or without capsules. To this
class belong the families cycadee and conifer, or firs. This
class is denominated phanerogamia gyninospermous.

3. Flowering plants with one cotyledon: phanerogamia mono

cotyledonous. It comprises water-lilies, palms, lilies, and canes.
4. Flowering plants with two cotyledons; this comprises all forest

trees and shrubs: Phanerogamia dicotyledonous.
None of the families of plants but those in the last class have the

true woody structure, or produce perfect wood, except the conifene
or firs, &c.; but the wood of these differs from true dicotyledonous
wood.

In tracing the distribution of vegetables through the different class
es of rock, we shall find only the lowest or simplest forms of organi
zation, in the most ancient formation.

1. Transition slate contains, occasionally, impressions of alga or
sea weed; but, considering the frail texture of the cellular

plants, we cannot expect the forms to be well or abundantly
preserved in rocks, which have probably been subjected to heat
and various disturbing agents. A few fronds or leaves of ferns
have been found in some rocks of this class.

2. Coal-measures abound in vegetable remains of the first or low
est class of vascular plants. Gigantic ferns, large equisetums
(horse tail), and lycopodia are of frequent occurrence. Palms
and canes are more rare.

3. The secondary strata are, principally, marine formations; but
the beds of sandstone and clay frequently contain vegetable
remains of plants of the second class (ferns and lycopodia, &c.),
but of different species to those found in the regular coal meas
ures. In part of this series, occur fossil remains of the third
class, conifer and cycadee. In the marine strata, are occasion

ally found broken fossil stems, but the vegetable fossil remains,

appropriate to them, are of a1g or sea weed. Plants of the
fourth class sometimes occur in the upper secondary strata.

4. Tertiary strata contain fossil plants of the more perfect classes,
which are rarely, if ever, found in the secondary strata. Some
of the most recent tertiary beds contain remains of trees analo

gous to what now flourish in Europe.
The above brief outline may be taken, as a near approximation, to

the distribution of the different classes of fossil vegetables. The
instances of trees or plants of the highest class found in coal are
doubtful; for stems of large lycopodia, divided into two branches
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at the top, have not unfrequently been mistaken for trees that have
the true woody structure.
The progressive development and succession of more perfect

forms, as we ascend from the ancient to the most recent strata, ap
pears confirmed by the fossil remains both of animals and vegetables.
These remains afford a mass of positive concurrent evidence that
cannot be refuted by negative arguments. We are told, that the bed
of the sea has not been dredged, to discover what species of animals
have existed in former ages. The geologist can have no need of
such an operation. If the bottom of the sea has not been dredged,
it has been laid bare, and is now exposed, over an extent equal to
that of the habitable globe. For every island and continent has form
ed part of an ancient bed of the ocean, and that not only once, but

repeatedly and at distant epochs. This extended surface of the bed
of the ancient ocean, is exposed to the examination of thousands
of observers in every degree of latitude, not covered by polar snows.
These examinations have hitherto confirmed the position (taken with
certain limitations) that a progressive development of more perfect
organic forms, both in the animal and the vegetable kingdoms, may
be traced, from the most ancient rocks in which these remains ap
pear, through the different classes of rock, until we ascend to the
most recent, which contain remains of animals analogous to existing
species. All or nearly all the instances that have been cited of ani
mals of the higher classes being found in ancient strata have proved,
on further examination, to be fallacious; yet when we consider what

disturbing causes have acted on the crust of the globe, it need not

appear surprising if recent species of animals should sometimes be
found buried in the lower rocks: this, however, would not affect the

present question. The subject will be referred to in a subsequent
chapter.
k fossil vegetables, the original vegetable matter is, often, so com

pletely removed, that no trace of it is visible, and the stem appears
converted into ironstone, sandstone, or chert. In some instances, the
surface of the stem is black and carbonaceous, and all the inner

part is mineralized. Sometimes, even when the stem is completely
silicified, the vegetable organization is still perceptible, and some
traces of the vegetable principles may be obtained, by distillation.
As most of the vegetable remains found, both in the secondary and

tertiary strata, are analogous to the plants of tropical climates, it has
been inferred that the temperature of the globe was, once, consider

ably higher than at present. It cannot be denied, that there are ma

ny geological phenotnena which strong!)' favour this conclusion: there
are, however, some striking facts which seem opposed to it. The
consideration of this question will, therefore, be resumed in another

part of the present volume.
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OBSERVATIONS.

The author has attempted, in this chapter, to give a succinct ac
count of the geological distribution of fossil organic remains, belong
ing to the animal and vegetable kingdoms. This, he conceives, will
interest the learner, for whose use it was chiefly intended, more than
a detailed enumeration of the genera or species supposed to be pecu
liar to different rock formations. With respect to fossil concholoy,
he is inclined to believe, that the attempt to identify the strata of dis
tant countries by the isolated occurrence of any particular species of
shell, has been carried farther than a sound induction from facts or

analogy would warrant. His opinion on this subject, given in the
second edition of this work, he will here insert:-" It may be doubt
ed, whether the occurrence of similar organic remains is sufficient to
identify strata in distant parts of the globe; for, could we admit that
strata are universal formations, and extended from the frozen to the
torrid zone, it seems more than probable, that the animals which liv
ed on any one particular stratum, would be of very different species
in different latitudes."-We know so little respecting the forms or
habits of the animals classed by the conchologist, that we are far from
being certain whether many shells which he regards as belonging to
different species, or even genera, are not mere varieties of form, oc
casioned by difference of age or situation. Such a change is ascer
tained to take place by age, in shells of the genus Cyprcra.

In animals like the mollusca, which have no internal skeleton to
determine their form, the construction of the external shell may, prob
ably, admit of considerable variation under a change of circumstances.
Few conchologists, excepting M. D'AviIla, have made accurate ob
servations on the living animals inhabiting oceanic shells. His inter
esting work, entitled "L'Histoire Naturelle éclaircie dans une de
.985 parties principales, la Conchologie; et augmentée de la Zoomor
phose, ou Representation des Aninzaux a coquilles, avec leurs Expli
cations,"-presents us with some truly extraordinary forms of mol
luscous animals, of which we could not have had a remote notion from
the mere study of the shell.
In strata belonging to one formation, and in adjacent districts, the

existence of certain shells, whether we regard them as distinct species
or as varieties, may be of use, in identifying any particular bed:-and
in distant countries, where we find the same remarkable species of
shell associated with any other remarkable species in considerable
numbers, it may serve to identify a particular rock formation, where
the mineral character of the rock may be very different from that in
which the observer has been accustomed to meet with them. The oc
currence of a considerable number of Gryph, the Grypka arcuata,
in a bed of blue clay in the mountains round the Lake of Annecy, in
Savoy, served the author as a key to discover to what formation the
calcareous strata belonged, when their mineral characters would have
indicated a more ancient series.

Vegetable organic remains have not, till recently, been studied with
the attention which they deserve and require.-These remains are
never found entire, as is frequently the case with the skeletons and
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exuvi of animals: they cannot, therefore, be satisfactoiily studied in

cabinet collections. Were any botanist, well acquainted with vegeta
ble physiology, to devote some time to exploring the vegetable re

mains, as they are abundantly brought up by our coal-miners, they

might have the opportunity of re-constructing many entire species
from the fragments; but, in order to form a geological classification

of fossil plants, a practical acquaintance with all the secondary strata

is further required. The attempt of M. Adoiphe Brongniart to give a

geological classification of the families of plants peculiar to each prin

cipal formation, is entitled to high commendation, as the nearest ap

proximation to a correct arrangement of fossil plants that has yet been

made. See his "Histoire des Végétaux fossiles," and his "Prodrome

d'un Histoire des Végétaux fossiles."
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CHAPTER 111.

ON THE MINERAL SUBSTANCES THAT COMPOSE THE CRUST OF THE

GLOBE; AND ON THE STRUCTURE OF ROCKS.

The constituent Elements of the simple Minerals that compose lincks.-The
phys-icalCharacters of simple Minerals composing Rock-s.----Explanaiion of Ihe
Terms employed in describing the internal Structure of Rocks, and the external
Structure of Mountain Masses.-Sedimentary Depositions.

THE most careless observer can scarcely fail to notice, that the

mineral substances which occur on the surface of the globe differ

from each other in density, hardness, colour, and other sensible qual
ities. Indeed, the different varieties of stone appear at first so nu

merous, as to render it difficult to become acquainted with them:

but, however numerous these varieties may be thought, the simple
minerals which compose rocks or strata are very few, and the ele

mentary substances, of which each of these minerals is formed, are

still fewer.*
The elementary substances of which the solid matter of our globe

is composed, are the Earths,-siiex, alumine, lime and magnesia.
The Metals,-irbn and manganese. The inflammable Principles,
-carbon and sulphur; and the lkalies,-potash and soda.-Mu

riatic arni Phosphoric Acid occur also in the mineral kingdom. The

newly discovered earths and alkalies, and metallic ores cannot be re

garded as forming essential constituent parts of rocks: they chiefly
occur in veins. The four earths above enumerated, together with

iron, compose nineteen parts in twenty of the known solid matter of

the globe. The Earths, when pure, are infusible, except at an in

tense heat; they are nearly insoluble in water at the common tem

perature: when pure, they are white or colourless. Though the

earths are infusible when pure, if they are combined in certain pro

portions, they may be fused with facility at a comparatively low tem

perature.

* The mineralogist and the geologist consider those minerals as simple and
homogeneous, which present no difference of qualities o our senses throughout
the mass, although the chemist may discover that such minerals are composed of
two or more elementary substances. Thus, limestone or marble is regarded as a
simple substance, though chemistry has discovered that it contains, in every 100
parts, lime 57 parts, and carbonic acid 43. It is the latter which is expelled from
it by burning; a process which is well known to make the stone lighter, and to
render it caustic; in which state it is called quicklime. Nor do the researches of
the chemist end here: the two substances, quicklime or pure lime, and carbonic
acid, are themselves compounds: the former, lime, is a compound of a metallic
substance called calcium, united with oxygen; the latter, or carbonic acid, is com
posed ofoxygen and carbon or charcoal.
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Silex, or Siliceous Earth, exists nearly pure in large masses, form-

ing minerals, and even entire rocks, as rock crystal, quartz rock, and
flint: it communicates a great degree of hardness to all rocks or
stones into which it enters, in a large proportion. Such stones are
denominated Siliceous: they resist the point of a knife,, or scratch

glass. In its combinations with other earths, Silex appears to act as
an acid. More than one half of the crust of the globe is composed
of siliceous earth either pure or combined. In some thermal waters,
siliceous earth occurs, either in a state of minute division or in solu
tion; and the waters of the boiling springs, or geysers, in Iceland,

deposit siliceous incrustations of considerable thickness.
.,lumine, pure argillaceous Earth, (Lat. argilla, Fr. argilte,) is a

substance which in a mixed state is well known, but pure unmixed

clay is one of the rarest substances in the mineral kingdom. This
earth is soft, smooth, and unctuous to the touch; it strongly absorbs
water; where it exists in the proportion of thirty per cent, it com
municates in some degree these properties: such rocks are called

argillaceous; they generally contain a notable portion of iron, which

appears to have a greater affinity for this earth than for any other*
Lime (Lat. caix, Fr. chaux) is a well-known earth combined with

carbonic acid, in which state it forms limestone, marble, and chalk:
these differ from each other only by different degrees of hardness or
of crystallization. Mountains composed of lime are denominated cal
careous. When lime is united with sulphuric acid, it forms the stone
called gypsum, which is softer than limestone, and does not, like it,
effervesce with acids. Calcareous earth, mixed with common clay,
forms marl.

Magnesia has, rarely, been found pure in a native state. It en
ters into the composition of some of the primary rocks, to which it

generally communicates a soapy feel, a striated or striped texture,
and sometimes, a greenish colour. It occurs, also, in various lime
stones in different proportions.

Iron appears to be more abundant than magnesian earth: itforms
a constituent part of numerous rocks and stones; to it they most fre

quently owe their colour: the earths, when pure, are white. Iron,
when in combination with the earths, is, like them, an oxide, or a
metal united with oxygen. To the presence of iron, the increase of

* Though alumine or pure clay communicates a soft quality to most stones of
which it forms a principal constituent part, a very remarkable exception to this
is offered in adamantine spar and the sapphire, which nearly equal the diamond
in hardness. Kiaproth, one of the most laborious and eminent chemists of the
present age, has analysed these stones: the former contains 90 parts in the 100 of

uii-e clay; the latter 95 parts in the same quantity. "What a high degree of co
hesive power (be observes) must nature corn mana, to he able to liansfli'm such a
common substance as clay(aluminous earth) into a body so eminently distinguished and ennobled as the. sapphire by its hardness, brilliancy, and its resistance to
the action of fire, of acids, or the effects of all-destroying time! "-Kl.aproth's Es-
51J.!S.
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specific gravity in all stones or earthy minerals if it much exceed
2'5, or approach 3 may be attributed: in other words, if they are

nearly three times heavier than an equal bulk of water. Gems and
the earths barytes and strontian are exceptions; but these never form
entire rocks. The presence of iron not only increases the weight,
and darkens the colour of numerous rocks and stones, but is one

principal means of their decomposition, for iron exists in stones in
two states of oxygenation, as the black or the red oxide; and when
the former is exposed to air and moisture, it absorbs a greater por
tion of oxygen, and is converted into a brown ochrey incrustation,
which peels off, and exposes a fresh surface of the stone to a similar

process.
.Manganese, in a state of oxide, occurs in a few rocks, to which it

generally communicates a dull reddish colour inclining to purple, and
a peculiarly dry and burnt-like appearance.

Sulphur, though found in considerable masses, cannot, by itself,
be regarded as a constituent part of rocks; but when it is combined
with oxygen, forming sulphuric acid, it unites with lime, and forms
the well-known mineral gypsum or plaster stone.

Carbon, or Charcoal, enters, as a constituent part, into many of
the slate rocks, to which, it generally, communicates a dark colour:
it forms also regular beds of considerable thickness, being the princi
pal constituent part of coal. Carbon, combined with oxygen, forms
carbonic acid or fixed air, which is combined and solidified in all
limestone rocks, in a proportion exceeding two fifths of the whole

weight. As carbon exists in such a large proportion even in the old
est limestones, we may regard it as a constituent element, and not
as a substance derived from the vegetable kingdom. For whence
did the vegetables themselves derive their carbon?

Potass and Soda.-These alkalies occur in minerals which com

pose parts both of primary and volcanic rocks; but the proportion
is so small, that they would scarcely deserve the attention of the ge
ologist, did not the latter alkali, soda, exist in such abundance in the
waters of the ocean and in rock salt. Pure sea salt, or rock salt,
contains nearly 53 parts of soda, 46- muriatic acid or chlorine.

,Muriaic add, combined with soda, is the only state in which this
acid forms a constituent part of any rocks we are yet acquainted
with; except in some volcanic rocks, where it may be regarded as
accidental.

Phosphoric ñcid, combined with calcareous earth, is a principal
constituent of animal bones: it occurs, also, in a few limestone beds,
which are supposed to have derived phosphoric acid from the decom

position of animal matter. This acid is of very rare occurrence in
the mineral kingdom.
The above elementary substances, either separately or combined,

form all the simple minerals of which rocks are composed. A knowl

edge of these minerals, and their different intermixtures and combi-
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nations, can be learned only by an examination of specimens: they
are, however, far from being numerous; and a short description of
each is necessary in an introductory treatise.
The most important simple minerals composing rocks are quartz,

feispar, mica, talc, chlorite, hornblende, serpentine, limestone, and
slate.

Quar¬ is one of the hardest minerals of which mountain masses
are composed: it gives plentiful sparks with steel; it breaks with a
smart stroke of the hammer; the surface of the fracture in crystal
lized quartz is conchoidal, in uncrystallized splintery: the lustre is
vitreous. Crystals of quartz, or rock crystals, as they are common

ly denominated, have different degrees of transparency: the blue
varieties are amethysts. The most common forms of the crystals
are six-sided prisms terminated by six-sided pyramids; or, two six
sided pyramids united, forming a dodecahedron, whose faces are isos
celes triangles. Uncrystallized quartz is seldom transparent, most

frequently translucent, but sometimes opaque. Its colours are vari
ous shades of white, grey, brown, yellow, red, and green. It yields
a phosphorescent light and a peculiar odour when rubbed. Quartz
is composed of siliceous earth, combined with a very small portion
of aluniine. It is infusible when unmixed, but with alkalies it melts

easily, and forms the well-known substance called glass. It is not
acted upon by any acid except the fluoric. Quartz exists in veins

intersecting mountains, and it sometimes forms large beds, and even
entire mountains, which are composed of this mineral in grains call
ed granular quartz, united without a cement. Fragments or crystals
of quartz are common in compound rocks. Grains of quartz form
a principal constituent part of most sandstones. The milkwhite peb
bles, in gravel, are composed of quartz. Flint, chert or hornstone,

opal, chalcedony, and agate, are different modifications of siliceous
earth, which, in their chemical composition, differ little from quartz.
Combined with a large portion of altimine and iron, quartz loses its

translucency and passes into jasper, which %rms beds in primitive
mountains, and is said to compose the substance of entire ranges of
mountains in Asia.

Feispar or feld-spar (a name received from the Germans) is a
constituent part of numerous rocks. It is hard, in a somewhat less

degree than quartz, and is more easily broken. It is laminar, or

composed of thin lamin or plates, by which it may be generally
distinguished from quartz. The crystals are, more commonly, four
sided or six-sided prisms, whose length is greater than the breadth.
It 1has a shining lustre. The colours are white, grey, milk-wlite,

yellowish or reddish white, sometimes inclining to green. The red

passes through various shades, from a pale to a deep red. Crystal
lized feispar is translucent. It may he melted without the admixture
of alkalies, and forms a glass more or less transparent, which quality
it derives from the lime or alkali that composes part of its constituent
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ingredients ; but different specimens of this mineral vary according
to the analyses of the same chemist.

Silex -----------------------------------------------------------------63-74
Alumine ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------17-14
Potash---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------13
Lime-------------------------------------------------------------------3-6
Oxide of iron ------------------------------------------------------1
Loss--------------------------------------------------------------------3- 6

Others give the proportion of silex 46, alumine 24, lime 6.
The existence of potash, or the vegetable alkali, in feispar, is a

fact deserving of particular attention.* it may be owing to this cir
cumstance, that felspar is so frequently observed in a soft or decom

posing state, although when undecayed its hardness is little inferior
to that of quartz. Those felspars which are durable are probably
free from potash. Feispar in a compact form, occurs in many rocks;
it constitutes the principal part of most porphyries, and of the lighter
coloured lavas. Compact felspar differs from horastone, the latter

being infusible without the addition of alkalies.
Mica derives its name from the Latin micans, glittering. It has

a splendid lustre and is known as the substance called Muscovy glass.
It consists of very thin leaves or laminae, which may be easily sepa
rated with a knife. The plates are elastic, by which it may be dis

tinguished from the mineral called talc. The thin plates are transpa
rent. The colours of the thick plates are yellow, grey, blackish

green, white, and brown. The surface may be scratched with a
knife: it melts into an enamel with the blowpipe: it is sometimes

crystallized in six-sided prisms.
Talc nearly resembles mica in appearance. The plates are flex

ible, but not elastic: it is much softer than mica, and is infusible; its
colours generally incline towards green, but it is sometimes of a silver
white: it has a soapy feel. Chlorite, which is nearly allied to talc,
derives its name from chloros, the Greek word signifying green. Talc
and chlorite pass, by insensible gradations, into each other, and in
this state, they supply the place of mica in most of the granitic rocks
that I have examined in the vicinity of Mont Blanc. Chlorite is of
a darkish dull green colour; it has a glistening lustre; its structure
is minutely foliated; it is soft, and rather unctuous. The constit
uents of these three minerals are,-

* It has recently been discovered, that, in some of the fe]spathic rocks, soda oc
cupies the place of potash, and gives a slight change to the crystalline form: some
mineralogists are desirous of making this variety a newspecies, and have proposedto give it the name of Cleavelaridite; but geology and mineralogy are already too
much burdened with unmeaning terms, and if a new name must be introduced, thatof lèlsparite would be more appropriate, and convey an idea of its approximationto feispar.
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Mica. Talc. Chlorite.
Silex--------------------------------------------50 - 62 - 41
Alurnine----------------------------------------35 - 2 - 6
Lime----------------------------------------------1 - - 1

Magnesia.---------------------------------------2 - 27 - 40
Oxide of iron---------------------------------6 -3 - 10
Water and loss-------------------------------6 - 6 - 2;

but these proportions vary in different specimens.
Hornblende, to which the French give the name of amphibole,

forms a constituent part of many rocks, and appears to connect the

primary with those which are of volcanic origin. It is of a black or
dark green colour: it is heavier, but less hard, than quartz or feispar:
it may be scratched with a knife, and the colour of the streak is a

light green: it yields a bitter smell when breathed upon and melts

easily into a black glass. Common horublende is often confusedly
crystallized: it sometimes forms entire mountains, or slaty beds in
mountains, and is very commonly met with in granular pieces as an

ingredient in compound rocks: when it becomes, more abundantly
and minutely, disseminated in them, it forms what are denominated

trap rocks, whose origin has greatly divided the opinions of geologists.
Hornblende and the rocks to which it is most nearly allied contain
as under :-




Hornblende.
Silex - - 42 -

Basalt
44

Obsidian, or volcanic glass.
- 72 -

Lava.
49

Alumine - 8 - 16 - 12 - 35

Magnesia - 16 - 2
Lime - - 9 - 9 - sometimes 4
Oxide of iron 23 - 20 - 2 with manganese. - 12
Soda - - - 4 - 6 with potash.
Manganese 1
Water and loss

Another mineral substance, called serpentine, from its spotted
colours, resembling the serpent's skin, will be afterwards described,
as forming entire rocks: it differs in composition from hornblende
by having a larger portion of magnesia and less iron; it may, per
haps, be regarded as an intimate combination of hornblende with
talc or chlorite. Its component parts, as given by different chemists,
are as under :-

Silex - - - - 45 -29-45
Alumine - - - 18 - 23
Magnesia - - - 23 - 34 - 33
Iron - - - - 3 - 4 - 14 with a trace of alumine.
Lime---- - -6
Water and loss - 11 - 10 - 8

From these analyses it is evident that the specimens vary in their
component parts; in some, the proportions are almost the same as in
hornblende: in others, they agree more nearly with talc and chlorite.
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The intimate connection between hornblende and serpentine is
now completely established; for hornblende is observed to be chang
èd into serpentine, by contact with limestone in various situations.

Serpentine, sometimes, occurs crystallized, and has received the

name of diailage.
Limestone (Carbonate of Lime), however various in external ap

pearance it may be, is, if pure, essentially composed of 57 parts of
lime, and 43 carbonic acid; but in some rocks the limestone is inter
mixed with magnesia, alumine, silex, or iron. The specific gravity
of limestone varies from 5O to 280. All limestones may be scra

ped with a knife. They are infusible; but, when impure by an in
termixture with a portion of other earths, they vitrify in burning. All
limestones effervesce, when a drop of strong acid is applied on the
surface; and they dissolve, entirely, in nitric or muriatic acid. The

specific gravity, hardness, and effervescence with acids, taken col

lectively, distinguish limestone from all other minerals.

Crystallized Carbonate of Lime (Calcareous Spar) occurs, crys
tallized, in a great variety of forms; the crystals break, easily, with
the stroke of a hammer, and the fragments are always rhomboidal.

Vast mountains and extensive strata of limestone cover a large
portion of many countries. The varieties of limestone will be des
cribed, as the rocks occur, in the primary or secondary series. The
different appearance of statuary marble and chalk is well known to

every one. They are only different modifications of limestone, and
are chemically the same. Magnesian limestone, sometimes called
Dolomite, possesses most of the physical characters of common
limestone, but contains various proportions of magnesia.

Gypsum, or Sulphate of Lime, is far less abundant than carbonate
of lime; but it forms, in some situations, beds of considerable thick
ness and extent. Gypsum is, generally, of a color inclining to white,
and is sometimes snow-white. Common Gypsum has a laminated
or granular structure, and is, sometimes, compact. It is much softer
than common limestone and may be scratched with the nail; it does
not effervesce with acids. Crystallized gypsum has the properties of
common gypsum; it is frequently called selenite. The constituent

parts of gypsum are lime 327, sulphuric acid 463, and water 21.
A variety of gypsum which has no water in its composition, and
hence called anhydrous, occurs in beds in the Savoy Alps; it is there
combined with siliceous earth. It is much harder than common

gypsum, and even than common limestone. The specific gravity of
common gypsum varies from 21G to 228; that of anhydrous gyp
sum is from 28° to 29O. Gypsum, under the name of plaster
stone, is a mineral generally known.

Slate, improperly called by some geologists clay-slate, and by the
old geologists argillaceous schistus, is well known,-at least the com
mon variety used as roofing slate, which may be regarded as the pu
rest form of this mineral.
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The prevailing colours of slate are bluish or greenish grey: it has
a silky lustre. Slate rocks, have, frequently, a distinct slaty structure
and may even be split in two directions, which have an acute angle
with each other; but some slate rocks have a compact structure, and
will not admit of splitting. Slate yields to the knife: it is fusible
into a black slag. The composition of slate is various: indeed, by
many geologists it is not regarded as an homogeneous rock. Its

composition has been given as under :-Silex 48, alumine 23, man

ganese 1-6, oxide of iron 11-3, oxide of manganese 05, potass 47,
carbon 03, water 7'6. The quantity of carbon increases in the up
per formations of slate, and it passes by a greater admixture of car
bon, into a soft, dark, slaty bed, denominated shale by the English
miners. Slate is a very extensive formation, composing entire moun
tains in many alpine districts.

Basalt and compact lavas are classed, by some mineralogists, with

simple minerals, but they are composed of three or more simple
minerals closely united :-they will be afterwards described.
Some of the minerals, here enumerated, compose entire rocks;

other rocks are composed of an intermixture of two or more simple
minerals, either cemented together by another mineral substance, or
the minerals are crystallized and united without a cement. The
different modes in which simple minerals are found, united together
in rocks, have given rise to the following terms :-
Granitic, composed of grains or crystals united without a cement, as

in granites, and some sand-stones.

Porp/iyritic, composed of a compact homogeneous rock, in which
distinct crystals or grains are imbedded. The compact stone
is called the base, and sometimes the paste. The base of some

porphyritic rocks is granitic; in this case, some of the crys
tals are much larger than the rest.

.mygdaloidal, containing rounded or kernel-shaped cavities, filled
with mineral matter of a different kind.

Breceia is composed of angular fragments of rocks, cemented to
gether.

Pudding-stone consists of rounded stones imbedded in a paste.*
Fragments of stone, broken from simple rocks, display the struc

ture of the internal parts. The face of the broken part is called the
fracture. This internal structure may be denominated the mineral
structure, and is either

Compact, without any distinguishable parts or divisions; or
Earthy, composed of minute parts resembling dried earth.
Granular, composed of grains.
Fibrous, composed of long and minute fibres.

* When fragments of stone, whether angular or
"
rounded, are large and are

imbedded in strata of indurated clay, sand or sandstone, they are called Cuiglonierates.
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Radiated, when the fibres are broader and flattish and diverging.
Lamellar or Foliated, composed of minute plates laid over each

other.
Porous, penetrated by pores.
Cellular, or Vesicular, when the pores swell into rounded cavities,

like bladders, as in some lavas.

Slaty, or Laminar, composed of straight, parallel, thin plates, or

lamin.
The structure of compound rocks, may also be Slaty.
The external structure of rocks en masse, or considered as moun

tain masses, is as distinct from their internal mineral structure, as the

shape of a building from that of the bricks or stones of which it is

composed; though this distinction has been generally overlooked.
The external structure of rocks, as forming mountain masses, may be

Stratified, or stratiform.
Tabular, or in large plates.
Columnar,
Globular, or in spherical masses.
.Massive, or indeterminate, which includes all unstratified rocks

that have no determinate shape.
Stratified mountains or rocks are those which are composed of

layers of stone, laid over each other, and divided by parallel seams
like the leaves of a closed book. In these seams or partings, which
divide the strata, there are frequently, thin lamin of soft earthy mat
ter; but, sometimes, the surfaces of the upper and lower stratum are
so closely joined, that it requires a considerable force to separate
them. These layers are denominated strata: they extend through
the whole mountain or mass, their length and breadth, being much

greater than their thickness. If the thickness of any stratum exceed
two or three yards, it is more usually denominated a bed; and if it
lie between two beds of stone of a different kind, it is said to be
imbedded. Strata, almost always, decline, or dip down to some

point of the horizon, and of course rise towards the opposite point.
A line drawn through these points is called the line of their dip:
another line drawn at right angles to this, marks the course along
which the strata stretch out to the greatest extent :-it is called the
line of bearing. If a book be raised in an inclined position, with
the back resting lengthwise upon the table, the leaves may be sup
posed to represent different strata; then, a line descending from the

upper edges to the table will be the line of dip, and their direction

lengthwise will be the line of bearing; and the angle they make with
the table will be the angle of inclination. Strata, are, however,
sometimes curved or bent in both directions, and are frequently bro
ken ; which makes it difficult to ascertain their true position.

Stratified rocks of sandstone, and beds of clay and marl, are gen
erally admitted to have been deposited by the turbid waters of the
sea, or of large rivers or lakes. These sedimentary depositions are
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arranged over each other in regular layers; the particles or frag
ments of which they are composed vary in size, and indicate
the different states of agitation or repose of the waters from which

they were deposited. It is proper to notice, that certain rocks
are disposed to divide in parallel seams, in a different direction from
that of the regular stratification: this results from the crystalline struc
ture of the rock. Some strata appear to have been formed by chem
ical precipitation; and, not unfrequently, chemical precipitation and

sedimentary deposition have taken place, at the same time, and pro
duced rocks of a mixed character.
The Tabular structure consists of parallel plates of rock, separa

ted by regular seams. This structure has, often, been confounded
with stratification: it appears to be the result of crystallization, and
is closely allied to the columnar structure.
The Columnaror Prismatic structure is peculiar to certain rocks, but

occurs chiefly in the basaltic and volcanic class. Thick beds are
divided into columns or prisms, which are, most generally, pentago
nal. They, sometimes, form vast ranges of natural columns, as at
Staffa, the Giants' Causeway in Ireland, and in many volcanic coun
tries. Sometimes, the prismatic structure may be observed forming
detached groups of columns and prisms, as represented in the group
of columns on Cader Idris. (Plate VII.) A group of basaltic col
umns of similar form, and equally perfect, was observed by the au
thor on the side of the volcanic mountain called Gravenaire, in Au
vergne, at a small distance from the crater.
The Globular structure consists of globular masses, either detach

ed or imbedded in rocks of the same kind; they are frequently com

posed of concentric layers.
The terms Massive, or indeterminate, may be applied to all un

stratified rocks that have no regular divisions. Many of the prima
ry rocks, such as granite, porphyry and serpentine, occur in masses
of enormous thickness, which are broken by irregular fissures in ev
ery direction. Thick currents of lava, which have filled up hollows
or valleys, are also indeterminate, as might be expected from their
mode of formation. Sometimes rocks of granite and porphyry, and
also of compact lava, present either a tabular or columnar structure;
but the structure is seldom so regular as in basaltic rocks.
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CHAPTER IV.

ON STRATIFICATION, AND THE REX4T1VE POSITION OF ROCKS.

Strata and Geological Formations explained.-Various,Appearances presented
by plane Strata..-Appearances presented by curved Strata, and Errors respect
ing them.-Distinction between Strata Seams and Natural Fissures or Cleava
ges.-On the conformable and uncon formable Positions of stratified and unstra
tified Rocks.-The Continuity of stratfiecl Rocks broken by Valleys.-Longitu
dinal Valleys.-Transverse Valleys,* Lnteral Valleys.-Denudations.-On the
Elevation of Mountains and Mountain Chaiji:_On the Direction of Mountain
Chains in the new and old Continents.-On vertical Beds in Mountains.-On
the apparent Devastation in Alpine Districts.-On the Passages'in the Alps call
ed Cols; and Observations respecting their Formation.-Different AgesofMoun
tarn Ranges.

WHEN we have ascertained what are the most common or pre

vailing rocks in a part of any country, and observed that any one

stratum or rock which attracts our attention is, in that part of the

country, invariably covered by a peculiar rock or stratum of a dif

ferent kind, or invariably covers any particular stratum; we hence

learn, that there is a certain order of su1erposition, and we natural

ly feel desirous to know whether the same order is observable in ev

ery country where similar rocks occur. Thus, in the vale of Thames

round London, there is, at the depth of a few feet under the sur
face, a dark-coloured clay, called London Clay, much intermixed,
in the lower part, with beds of sand. If we bore through this clay,
we shall find its average thickness to be nearly 300 feet. When
we have pierced through this, we invariably come to chalk;* and
were we to continue to bore in the chalk, after piercing through
many hundred feet of that rock, we should come to a stratum of
sand or sandstone, filled with green particles, and hence called
Green Sand.
The observer, who had confined his researches to this part of the

country only, would form a very erroneous conclusion, were he to
infer that the outer crust of the globe was, invariably, composed of
London clay, chalk, and green sand. But, wherever similar beds
occur together, they lie over each other in the same order of super
position. Thus, the London clay is never found under the chalk or
the green sand.

But, it is not always necessary to bore through the upper beds to
ascertain this order; for, the different strata scarcely ever occur in a
flat or horizontal position: they, generally, rise in a certain direction,
and come to the surface, as represented in Plate I. fig. 1. Now,

* The lower clay is by some geologists denominated plastic clay. See Chap.
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by travelling over the strata from a to b, we come upon the outer

edges 1, 2, 3, and may trace their order of succession, as they rise
from under each other. In ravines and the escarpments of moun
tains, and in the cliffs on the sea-coast, we are also enabled to trace
the position and order of succession of rocks. But, to do this with
tolerable correctness, we must have an accurate knowledge of strati
fication in all its various possible forms. However simple the prin
ciples of stratification may, at first, appear, this knowledge, when ap

plied to practice, is not of such easy attainment as some may ima

gine; and for want of it, geologists of considerable eminence have
fallen into the most egregious errors. A knowledge of stratification

is, indeed, of far greater importance to the practical geologist, than

an acquaintance with the minutia! of mineralogy or conchology.
Though the word Stratum, in its original language, and by gener

al acceptation in speaking of rocks, denotes a bed, it is convenient

to restrict the term bed to a stratum of considerable thickness; for

such beds are often subdivided into several distinct minor strata, and

we cannot well describe a stratified stratum.
When a series of strata of a similar rock are arranged, with occa

sional strata of rocks of another kind intervening which recur in dif

ferent parts of the series, they are regarded as having been all form

ed, nearly at the same epoch, and under similar circumstances; and

such series are called, by geologists, Formations. Thus, the strata

of shale, sandstone, and ironstone that accompany beds of coal are

called the Coal formation. Strata of different kinds, in which a

gradation into each other is observed, and which contain similar spe
cies of organic remains, also constitute a geological Formation. The

chalk with flints, the lower chalk without flints, the chalk-marl and

the green sand under the chalk, are regarded as members of what

is denominate the Chalk formation. The student, however, must

be careful to distinguish the different meaning of a rockformation, as

here described, and the formation of a rock: the latter term implies
the mode of formation, or the agent by which the rock was formed

or consolidated; whether by igneous fusion, as beds of lava; by de

position from water, as beds of clay and sandstone; or by animal se

cretion, as beds of coral.
In order to obtain a distinct idea of stratification, in its simplest

form, let the young geologist take a piece of pasteboard or thin

wood, say 12 inches square: let him divide it in the middle into two

equal planes, each 12 inches in length and 6 in breadth. Place one

of these planes flat on a table with the ends facing the north and

south ; the sides will of course be at right angles, and face the east

and west. Now, if one of the sides he tilted up,-say the western
side,-we may suppose the pasteboard plane to represent a stratum,

rising to the west and dipping eastward. The lengthwise direction
of the plane is called the line of bearing; and the declining direc
tion is called the line of dip, which is at right angles to the line of
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bearing. The angle at which the stratum rises above the horizontal
line or level is called the inclination. Suppose the western edge of
the pasteboard plane is raised above the table, forming with it an an

gle of thirty degrees; then, we say the direction of the stratum is
north and south, its dip east, its rise of course west, and its angle of
inclination thirty degrees. Simple as this appears, geologists, of con
siderable eminence have made the most palpable mistakes, in defin

ing stratification. It has been said correctly, that, the line of dip be

ing, always, at right angles to the direction or line of bearing, when
the dip is given, the direction is known: but when it is further said,
that, if the direction is given, the line of dip is given also, the asser
tion is erroneous; for let the above plane of pasteboard be again laid
fiat upon the table in the same direction, due north and south; and
instead of tilting up the western edge, if we tilt up the eastern we
shall then have the same line of bearing as in the first instance, but
the dip will be west instead of east.

It sometimes happens that a stratum, without varying its direction,

nay be so bent as to dip two ways in the same mountain, like the

sloping sides of the roof of a church, or the letter V reversed( A).

(See Plate I. fig. 2. stratum 4. and 5.) Place the two planes of

pasteboard in a north and south direction, and raise them so as to
make the upper edges meet; we shall then have the line of bearing
north and south as before and the dip east on one side and west on
the other. The limestone strata at Dudley Castle Hill dip on each
side of the hill as above described. (See Plate III. fig. 4. B.)
When strata are bent on each side of a mountain, without being
broken at the top, they are called saddle-shaped. A line traced on
the surface of a country, to designate where the strata dip in oppo
site directions, has been called the anliclinal line, and should be in
troduced in all geological maps, when it can be conveniently ascer
tained.

Whatever may be the inclination of a stratum, its true thickness is
measured by a line perpendicular to the upper and under surface.

If we take a number of similar planes of pasteboard of different
colours, and lay the undermost a little inclined, and place another

plane upon it, with the upper edge about an inch or more distant
from that of the under stratum, and again lay the others in succes
sion in the same manner; the uncovered ends of the planes will
rise from under each other, like a number of slices of bread laid'
on a plate. These uncovered edges will represent the outcrop or
crop of the strata, and it will be perceived bow we may obtain a

knowledge of an under stratum without sinking or boring, merely by
crossing a country in the line of the rise or dip of the strata. When
strata are arranged in this manner, they are said to be in a conform
able position. (Plate I. fig. 1.) It will naturally be enquired wheth
er the strata absolutely terminate where we find their outcrop. In
some instances this is the case; but frequently the strata are bent or



44 PRINCIPLES OF STRATIFICATION.

broken in the line of their rise, and the same stratum may crop out
in one place, and appear again, farther on, in the line of its rise, as

represented Plate I. fig. 2. We must be particularly attentive to this
circumstance, otherwise we may commit the most egregious errors
in describing a country which we have travelled over, where there is
no opportunity of seeing a section of the strata. Thus, in fig. 2.,
after passing over the beds 1, 2, 3, 4, and having no easy method of

ascertaining the dip, we may, without great care, mistake the beds
4, 3, 2, 1, as different and lower beds in. the series. Ebel and ma

ny flying geologists have made this mistake. In some instances we
come suddenly to the termination of a whole series of strata, as in

descending the Cotswold Hills into the Vale of Severn; the lime
stone called Roe-stone, of which they are principally composed, is
not found on the other side of the valley, nor in any part of Eng-
land to the north-west of it. Has this limestone ever extended
far-therwestward? and if it has extended farther, by what cause has
it been removed? These enquiries will be adverted to in a following
chapter.
To return to our pasteboard planes, arranged as before described,

with the edges rising from under each other in the conformable posi
tion. If we take another series M planes, and lay them flat over the

outcropping edges of the conformable series, we shall then have the
unconformable position represented, Plate I. fig. 8. Now, the stra
ta that cover the lower stratified class in England occur in this posi
tion; and the following important inference may be drawn from it,

namely, that the under stratified rocks had been formed, and their
strata broken and raised up, at a period which must have preceded
the formation of the upper series, by a Considerable interval; for, the
lower series were evidently solidified, and, afterwards, in many in
stances broken, and the fractured edges of the strata levelled, before
the upper strata were deposited upon them.
The most common error which persons commencing the study of

geology are liable to make, is in mistaking the apparent for the real
inclination of the strata. Plate I. fig. 4. will render this more intel

ligible than any description. It represents a portion of a stratified
mountain, of which the strata have a considerable dip to the east.
If the escarpment or section be made in the line of bearing, C D,
the strata will appear to range from north to south, without any rise
or dip, and would be described by a young observer, as being hori
zontal. But if an opening or section be made, on the side parallel
to the line of dip, as at C C, the true inclination will be seen. Any
section, made in an oblique, direction to the line of dip, will cause
the inclination to appear less than the true one, and the line of dip
will appear to vary from the true dip. The chances, thercfbre, are
very great against the natural section made in a mountain prescutiug
the true dip and inclination of the strata. Another error which a

person who does not attend to the dip and direction of the strata may
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fall into is, mistaking an under for an upper stratum. Suppose a hill

to be covered with vegetable soil, and, that a quarry or pit being
made in it near the bottom, as at a, Plate I. fig. 1., the rock was dis

covered to be sandstone: if another pit were sunk, near the summit

at b, which cut into liemstone, it might be supposed, because the lime

stone is met with at a higher level, that it lies over the sandstone stra

tum, when it is in reality below it. The, young observer, who has

not a clear notion of this, may be said not yet to have passed the pons
asinorum of the geologist.

In calcareous mountains of vast magnitude, as those in the

Swiss and Savoy Alps, the enormous beds of limestone are often

intersected by regular seams, which cut through the whole bed, in a

direction nearly perpendicular to that of the true strata seams, or

make very oblique angles with them. These partings or seams are

sometimes nearly vertical, when the strata are almost horizontal. The.,
cliffs and escarpments of these mountains being lofty, and much ex

posed to the action of the atmosphere, the vertical seams enlarge, and

are, often, more conspicuous than the strata seams; hence, without

great attention the observer may describe the strata of a mountain as.

being perpendicular, when, in reality, they are nearly horizontal. To

add to the difficulty, it, very frequently, happens, that a calcareous

deposition, like a coat of plaster, covers the face of a rock: this has
been formed, by moisture running over the surface, and depositing
calcareous particles upon it. This deposition, sometimes, conceals

the partings or seams of the stratification, as completely as a coat of

plaster covers the rows of brick in a building. The vertical seams
or partings are also sometimes open, and sometimes form parallel
ridges, which efface the appearance of the strata seams in one part
of a rock, but not in the other; and in such instances we have a
mountain mass in which the strata are, apparently, partly horizontal
and partly vertical. See Plate I. fig. 5. Inattention to this circum
stance, I am convinced, has, sometimes, deceived the eye of M.
Saussure, one of the most diligent and accurate of observers.
The regular partings or cleavages in many slate rocks which inter

sect the beds, nearly at right angles to their dip or inclination (See
Plate III. fig. 1. dd), have, often, been mistaken for strata seams, and
have led geologists of some eminence to draw very erroneous infer
ences. The thick beds of transition or mountain limestone which

compose a great part of Ingleborough, and other adjacent mountains
in the district called Ci'avon, in Yorkshire, generally dip at a mode
rate inclination towards the south-east; the lower beds rest on coarso
slate, which has in reality the same inclination as the limestone, but
as the under part of the slate is often concealed, the vertical partings
are mistaken for strata seams. This limestone is described by Pro
fessor Mayfair as resting on vertical beds of slate; and he draws
several important conclusions respecting the elevation of the beds o!"
slate, and its action on the superincumbent beds of limestone; where-
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as a more extended survey of the district would have shown him,

that the slate rocks rest on other beds, which have the same inclina

tion as the limestone above them, and that the slate and limestone are

conformable.
The modes of stratification which we have been considering are

those of plane strata; but, in many situations, particularly in the Alps
and the Jura chain, the strata are curved and bent round the moun

tains, encircling them like a mantle. The ravines and escarpments,

according to the position in which the sections have been made, pre
sent the most varied forms of stratification in the same mountain. In

one part, the strata will seem to rise almost vertically; in another, to

be nearly horizontal; and in a third, to be deeply curved: and this
will depend, much, on the relative position of the observer, whether

lie be placed on one side, or in the face of the escarpment. Sup

pose a transverse section to be made through a mountain in the direc

tion a b, (Plate I. fig. 6.) it would show the true position of the

arched strata: but if we suppose a section to be made only on the

side c d, an observer would see the face or escarpment on that side,
with the edges of the strata lying horizontally, and might describe

them as horizontally stratified, were he to view no other part of the
mountain. In some situations, the fracture made in the arched stra

tification is much broken, and we have, on the side of the same
mountain, the appearance both of horizontal and greatly inclined stra
tification. An instance of this occurs near the Lake of Bourget in

Savoy. Plate II. fig. 1. represents the appearance of strata on the
side of a mountain, which has the arched stratification before descri
bed; but the outermost strata, instead of enfolding the whole moun
tain, only cover the southern side, and are broken off at the summit
in a line nearly parallel with it, and their edges present the appear
ance of horizontal strata, a a. Lower down the mountain, part of
the under strata have fallen off in a sloping direction, and their pro
jecting edges present, at a distance, the appearance of highly incli
ned strata. This may be further illustrated by taking a half cylinder,
or, for want of that, a thick book, and opening it a little ; place it
with the edges upon the table, and the back uppermost; cover the
book or half cylinder with a number of folds of paper of different
colours,-these will represent arched strata. Cut across the outer
most folds along the back, and take away the other half'; the edges
of the paper will represent those of the upper strata, and their posi
tion will appear to be horizontal. Cut away the corners of the un
der sheets a little behind each other, so that the edges of each col
oured sheet may be visible, and these will represent the appearance
of highly inclined strata, and they have frequently been mistaken for
such. The young geologist may greatly facilitate the study of stra
tification, by laying coloured planes of any soft and yielding sub
stance over each other, and inclining them in various positions; then
let him make sections in different directions with a knife, and also
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carve out hollows representing valleys, cutting through inclined strata
at various angles with the line of dip and line of bearing: by this
means, he may gain a more correct idea of the varied phenomena of
stratification, both in mountains and valleys, than the most elaborate

descriptions can convey.
The appearance of contorted stratification, in the calcareous moun

tains of the Alps, is frequently, an optical illusion. Strata, which
have originally enfolded a mountain like the coats of an onion, have
fallen off in curved lines, leaving waving edges, overlapping each oth
er, as represented Plate II. fig. 5. Suppose indented sections were
made in the side of an onion, the edges of the different indented rinds
would present similar contortions.

Inequalities, in the general curvature of the beds may have occa-
sioned them to break off in this manner. The Montagne de Tuille,
near Montmelian, in Savoy, of which a plate is given in the third vol
ume of Saussure's Voyages dans les dlps, offers an instance of this

apparent contortion, which Saussure considers as almost inexplica
ble. I examined this mountain from various stations with much at
tention, and am convinced that the contortions are only illusory, and
are not like the real contortions, which the lower beds of transition
limestone, in this country, frequently present on a small scale. In
certain situations in the Alps, however, the strata have evidently
been raised by some violent convulsion, and have been bent by the
resistance which they have offered to the moving cause. Of this a
remarkable instance may be seen in the Baltenberg mountain, at the
head of the lake of Brientz, of which I have given a description and

drawing in the second volume of my Travels in the Tarentaise.
The strata of secondary rocks belonging to the same formation,

frequently preserve nearly the same thickness for a considerable ex
tent, and are arranged conformably over each other, except in situa
tions where their regularity has been disturbed by rents or fractures.
In these secondary conformable strata, the order in which they suc
ceed each other indicates their relative ages; but this rule cannot be
extended to all classes of rocks.
No inference can at first appear more legitimate than this:-" The

rock which supports another must be older than that which rests up
on it, if their original position has not been changed." But this con
clusion, when examined with attention, will fairly admit of doubt,
with respect to those rocks which are crystalline like the primary.
These were either formed by chemical affinity from a state of solu
tion, or by crystallization from a state of fusion :-If by the latter
mode, all the different beds may have been arranged at the same
time, and the upper and lower rocks may have a cotemporaneous
origin. If a mass of melted matter, from a furnace, cool slowly, the
internal and external parts will vary, both in their physical and chem
ical properties; but it cannot, on this account, be said that the lower

part is older than the upper. But, strata deposited by water were,
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evidently, formed after the rocks on which they rest. Even were
we to admit the subsequent fusion of granite, it obviously, preexist
ed, in another form, as a substratum of the upper rocks, as these
must always have had a foundation. It has been before observed,
that those rocks which contain different species of organic remains,

separated by strata in which no such remains occur, must have been
formed, in succession, over each other, and probably at very distant
intervals of time. This inference appears conclusive, nor can it be
invalidated, by the crystalline arrangement and cleavage of some of
those rocks.*

Rocks, of the primary class, frequently cover each other in an or
der, which, viewed on a grand scale, may be said to be conforma
ble; but, the different rocks in each class are generally of such vast
and irregular thickness, that their order of succession is often, not

easy to trace: besides, some of these rocks pass, by a change of
structure, into each other, and their line of junction or separation
can, seldom, be observed. Viewed, however, as composing moun
tain chains, the more general arrangement is represented Plate Ill.

fig. 1. Granite, or the foundation rock, a; gneiss, b; mica slate,
C; common slate (called clay slate) ; d d. The transition series,
e e. The lower strata with coal, F F. A bed of limestone, or any
other rock, in a slate mountain, is represented, x x: in this position
it is said to be imbedded; and if a number of these beds occur, at
different intervals, they are said to be subordinate. A bed of con

glomerate, composed of bowiders and fragments of the lower rocks,
as at G is frequently interposed, between slate rocks and transition
limestone.
The unconformable position of unstratified rocks is represented

Plate Ill, fig. 2., where a mass of porphyry A, ranging from c to c,
covers the rocks 1, 2, 3, without any conformity to the inclination or
form of the lower beds. The lower beds are, however, cut through
by veins of porphyry, which indicate that the porphyry had been
erupted, in a melted state, through these veins, and poured over the
surface of the lower rocks. A similar arrangement of porphyry,
which occurs in Norway, will be described in Chap. IX.

Basalt, either massive or columnar, frequently, covers rocks in an
unconformable position. See Plate III. fig. 2. B, d, and b.
The superincumbent rocks, in this situation, are evidently, of

more recent origin than those which they cover: the lower must
have been hard and unyielding, when the upper were thrown upon

* We have reason to believe that many rocks which present no indications of
stratification, were, originally, arranged in regular strata. In some limestone
rocks, where the stratification is extremely well defined by distinct partings, there
occur spaces in which different strata are blended into one mass. These masses
are called by the quarrymen, knobs, and are more hard and difficult to work than
the stratified limestone, but are equally good in quality.
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them. If a thick stream of lava, as frequently happens, were to flow
over a range of conformable rocks, filling up the cavities and inequal
ities of the surface,-when it became hard by cooling, it would form
a bed of superincumbent unconformable rock. Such instances are
common in volcanic countries. Very extensive ranges of rocks and
mountains occur, in this position, in various parts of the world, not

only covering the primary, but the secondary rocks. These will be
hereafter described, under the name of porphyry, sienite, and ba
salt. They, frequently, assume the columnar structure, and, sorbe
times, form vast ranges of natural pillars; as at Staffa, one of the He
brides, on the north coast of Ireland, in Iceland, Sicily, and many
volcanic countries.

Having described the position of both stratified and unstratified
unconformable rocks, it may be proper to state, that the latter rocks
occur, covering primary, transition, secondary, and tertiary strata:

many of those which cover the secondary and tertiary seem, evident

ly, to have been the products of subterranean fire; and even those
which cover the primary and transition rocks bear a close affinity to
volcanic rocks. If we admit, that our loftiest ranges of mouutains
were elevated by the expansive force of central fires, this power,
acting upon an extensive portion of the globe, might be, ages, in up
heaving the incumbent surface, which would continue to rise, until
vast fissures were made, through which the subterranean melted
matter would be thrown over the mountains and plains then existing,
and form the superincumbent rocks of basalt, porphyry, and sien
he, that seem to be so nearly allied to volcanic products. While
one part of the surface was rising, another part would sink, and
form a new bed, into which the waters of the ocean would gradual
ly retire.

According to Humboldt, the extraordinary eruptions by which
new islands have been formed since the period of authentic history,
have been preceded by a swelling of the softened crust of the globe.
At Kamenoi, the new island made its appearance above the sea,

twenty-six days before the smoke was visible. "Every thing, indi
cates that the physical changes of which tradition has preserved the
remembrance, exhibit but a feeble image of those gigantic catastro

phes which have given mountains their present form, changed the

position of the rocky strata, and buried sea-shells on the summit of
the higher Alps. It was undoubtedly in those remote times which

preceded the existence of the human race, that the raised crust of
the globe produced those domes of trappean porphyry, those hills of
isolated basalt in vast elevated plains, those solid nuclei covered with
the modern lavas of the Peak of Teneriffe, of Etna, and Cotopaxi."
-Humboldt.
To these great catastrophes, and to vast inundations, and, in some

cases, to submarine currents, must we ascribe many inequalities of the
earth's surface, the fracture of strata, and the transport of the brok-
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en masses and fragments into distant countries. The formation of

valleys constitutes an important subject of geological research: it
will be reserved for a subsequent part of the volume; but it may
be useful to state to the geological student, that all stratified moun
tains are only parts of extended strata, with which they were once
united.

This will be more distinctly understood, by consulting Plate IV.

fig. 1., which is intended to represent the general rise of the strata
from Sheffield in Yorkshire to Castleton in Derbyshire, intersected

by the valley through which the river Derwent flows.
The town of Sheffield, fig. 1., is built over coal strata, which rise

towards the west, and disappear in that direction about five miles
from Sheffield (2). Here, the under rock makes it appearance (3),
which is a bed of coarse gritstone, more than one hundred and twen

ty yards in thickness, forming the summits of all the mountains as

you advance to the vale of Derwent (4). The grit-rock rests upon
a thicker bed, of a different kind, composed chiefly of slaty sand
stone, represented (5). On the western side of the valley, the grit
rock (3) exists only as a cap or covering on Whin-Hill, a lofty moun
tain, marked (6). Two miles farther west, the grit-rock disappears,
and the slaty sandstone, which is the base of Whin-Hill, forms the
summit of the celebrated Mam Tor, or the Shivering Mountain.
The mountain limestone (7) here makes its appearance as the base
of Mam Tor, and, farther west, the same limestone forms entire
mountains. The difference observable in the rocks east and west of
the Derwent, is owing to the general rise of the strata in the latter
direction.

It is here obvious, that Whin-Hill, though it appears an isolated
mountain, is only a portion of the thick beds of gritstone, and slaty
sandstone, on the other side of the valley.

It deserves notice, that isolated caps, like that on the top of Whin
Hill, fig. 1., (6.) often occur where we can trace no similar rocks in the

vicinity: they are, sometimes, the only remaining relics of a stratum
that has been destroyed, and removed by some of the great catas

trophes that have changed the surface of the globe.
When valleys take the same direction as that of a range of moun

tains, they are called longitudinal valleys; when they cut through a

range of mountains, they are called transversal valleys: in the lat
ter case, the strata on each side of the valley are genreally the
same.
The small valleys which open into a larger valley, nearly at right

angles to it, are called lateral valleys. In some rare instances, a val

ley is formed by the bending of the strata, which make a trough as

represented Plate I. Fig. 2. c.
When considerable tracts of the upper strata are wanting, as be

tween A, B, Plate I. Fig. 2., it is supposed that the lower strata have
been laid bare, by some convulsion that has torn off and carried away
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the strata by which they were once covered: this constitutes what is
called a denudation. Instances of such denudations are of frequent
occurrence.

Mountains, except those formed by volcanoes, are seldom, isola
ted masses rising from a plain, but they form groups, or are arranged
together in a certain direction, and compose long and lofty ridges, de
nominated mountain chains. Lower ranges of mountains, running
in the same direction as the principal range, and separated by valleys
of greater or less width, may be observed accompanying almost all

very lofty mountain chains. This fact appears to indicate the opera
tion of a powerful elevating force, acting in one direction along a cer
tain line, and decreasing in intensity as the distance from each side
of this line increases; but, this action does not appear to extend with

equal force on both sides of the line, for the smaller chains parallel
to the great chain are seldom so numerous on one side of it as on the
other. The principal mountain chain, if very large, has its sides fur
rowed by small lateral valleys, and has been, not unaptly, compared
to a back bone or spine, with diverging ribs.
The shape of many countries and islands is, evidently determined

by the direction of the grand mountain chains that run through them.
The principal mountains in Europe and Asia, when viewed on a

large scale, may be considered as forming a mountain chain compo
sed of numerous mountain groups and extending, in an easterly di
rection, from Cape Finisterre in Spain, to the most eastern extremi

ty of Asia. Various parts of this chain receive different denomina
tions in the different countries through which they pass. The Py
renees, the Alps, Mount Taurus, Mount Caucasus, the Altaic and
the Himmaleh mountains, and the Yabblonnoy mountains of Tartary,
which extend nearly to Behring's Straits, may be regarded as form

ing, together, one immense mountain chain, and dividing the north
ern from the southern dry land, both in Europe and Asia.

In North and South America, one unbroken chain of mountains, runs
in a northerly and southerly direction, for eight thousand miles, near
the western side of that vast continent, and with some minor diverg
ing chains, has evidently determined the general outline of both coun
tries.
A remarkable similarity occurs in the position of the escarpments,

or steep sides of mountains, in the same mountain range. Various

opinions have been formed respecting the law which the position of
the escarpments appears to follow, but, 1 believe the rule I submitted
to the attention of geologists in the first edition of this work, will be
found to approximate to the truth.

Mountain chains or ranges present the steepest declivities on the
sides nearest to the sea. This is remarkably the case in the long
chain of the Alleghany mountains on the eastern side of America,
which are steep towards the Atlantic. On the contrary, the Rocky
Mountains, which run neat' the northwest coast, and the Andes, near
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the southern Pacific Ocean, are steepest on their western side. In

ranges of mountains that form the boundaries of lakes or of extensive
vales, through which large rivers flow, the mountains nearest to the
rivers have the steepest declivities. The largest rivers have their ori

gin from the sides of mountains which are most inclined to the hori
zon, and most remote from the sea.
The beds or strata of very lofty mountains are, generally, much

inclined, and are sometimes nearly vertical. Among these highly
inclined beds, we, not unfreqently, observe beds of limestone con

taining marine shells, which must have been originally deposited at
the bottom of the ocean. In some instances we meet with vertical
strata containing rounded pebbles and water-worn fragments of other
rocks; these must also have been originally deposited on a surface

nearly horizontal: we are therefore certain, that the present vertical

position of these strata is not their original one, and we hence also,
learn, that all the strata associated with them in the same mountain,
and having the same inclination, were raised together. We have
further proof that, before the epoch when this great revolution was
effected, all these beds were covered by the seas then existing, and
it was under the ocean that the change of position took place.
No person who reflects on the appearances presented in a moun

tainous district can believe that the broken and elevated beds, the

peaked summits, the impending cliffs, and the immense fragments of
rock scattered in the valleys and adjacent countries, were, originally,
created and placed as we now observe them.
The traveller, who, in crossing an extended desert, should meet

with the remains of some unknown temple, could not for a moment
doubt that the broken and prostrate columns, the mutilated arches,
the scattered capitals and inscriptions, had been removed, by some

devastating cause, from their original position; nor, is the proof less
certain, that the rocky pavement of our globe has been broken, and
its parts, which were once united, widely separated from each other.
Some of the phenomena, observed in mountains, were produced by
the disturbing force which first elevated them; others were subse

quently effected, either by vast inundations, or by torrents, that have
torn away considerable portions of the softer beds, or by the more

gradual decomposition and disintegration produced by atmospheric
influence; by the latter cause, the lofty and exposed peaks and es

carpments of rocks are, constantly, wearing down.

During the two summers I passed in the Alps, I was much struck
with the circumstance that all the great openings or passages over
these mountains, called Cols, were made by excavations in beds of
soft slate; and the fact I think athnits of an easy explanation, but IL
do not know that it has been before remarked by geologists.

If we suppose a portion of the Alps to be represented, Plate H.

Fig. 2. the dotted lines above the present surface will mark the sup
posed original prolongation of the different beds, at the period when
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they were raised. As the ocean from which these beds were raised,
must have been agitated with inconceivable violence, the retiring wa
ters would scoop out deep excavations in the softer beds of schist,
and also tear off many of the vertical plates of the hardest rocks, and
form the rudiments of those pyramidal peaks and aiguilles, which
rise like the spires of a Gothic cathedral. Mountain torrents, cau
sed by thunder storms or the sudden melting of alpine snow, may
have subsequently torn away large portions both of the harder and
softer beds: the disintegration of the granitic aiguilles, which are ex

posed to the influence of atmospheric agency, is daily taking place,
and their ruins are,. every day, falling on the surface of the glaciers,
and are carried down into the valleys: their peculiar forms are deri
ved from their laminated structure, which disposes them to split in a
vertical direction.*

It is important to observe, that different groups and ranges of moun
tains have been elevated, at different and remote epochs, and the birth
of different parts of the same continent was not coeval: the more lofty
parts constituted separate islands, before the whole surface emerged
from the ocean. Satisfactory evidence of this will be adduced in a

subsequent part of this work: it is sufficient to the present purpose
to state, that the ocean has covered all that is now dry land, but not
at the same epoch.

* Plate IL Fig. . represents the general position of the beds near the Col de
Balme and Mont Blanc; a aa, ahernatingbeds ofsandstone and limestone; b b, ele
vated beds of puddingstone, containing rounded stones and fragments of the low
er rocks; e c, soft slate, in which a passage or col is formed; d dd, vertical grail
iLic beds rising in pyramidal forms, called Aiguilles or Needles.
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CHAPTER V.

ON ROCKS DENOMINATED PRIMARY, AND THE CHANGES TO WHICH
THEY HAVE BEEN SUBJECTED.

The Origin of Rocks called Primary, believed by many Geologists to be igne
ous.-A Classification founded on this View.-A Classification independent of
Theory.-Constituent Minerals of Granite.-Varieties of Granite.-Structure
and Appearance of Granitic Mountains.-Mont Blanc, and the Aiguiles in its
Vicinity.-Localities of Granite.-Granite Veins.-Passage of Granite into
Porphyry and Sienite.-Minerals found in Granite.-On Granite as the Foun
dation Rock on which other Rocks are laid.-The relative Antiquity of differ
ent Granitic Mountain Ranges.-Granite pierced through by Porphyry and
Currents of Lava.-Granite sometimes protruded among the upper Strata.

In describing the different classes of rock, we may either commence
with the lowest or most ancient, or with the uppermost or most recent;
but 1 am persuaded that the student willfind it most convenient to be

gin with the lowest and proceed in an ascending series to the upper
most. The rocks called primary have distinctly marked mineral cha
racters, and contain few, f any, organic remains. s the student

proceeds, he may trace thefirst indications of organic existence, and
in ascending to the upper rocks, he will observe the gradual increase

of genera and species that have left their remains in the different
beds; in some cases indicating great changes in the condition of parts
of the globe, as from sea to land, orfrom salt water tofresh, orfrom
deep to shallow sea. If the student begin with the more recent or

uppermost strata, lie willfind ?hem difficult to recognise by fixed
mineral chqracteis, and 118 will b¬ confrsed by the variety of organ
ic species presented to his notice, but from which he can derive little
instruction until he is able to compare them with the fossil remains in
the lower strata, in the geological description of a particular coun

try or district, it may, often, be more convenient to commence with the
beds nearest the surface, and proceed in a descending series, but
then the reader is supposed to be already acquainted with the sci
ence.

IF any rocks can with propriety be denominated primary or prim-
itive, they are those which are most widely spread over the globe in
the lowest relative situation, and which contain no remains of organic
existence. Primary rocks are supposed by geologists to constitute
the foundation on which rocks of all the other classes are laid ; and
if we take an enlarged view of the structure of the globe, we may
admit this to be the fact,-but the admission requires certain limita
tions. The same causes that have produced granite and the other
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primary rocks, in immense masses below all other rocks, have in

some situations, reproduced them in smaller masses, covering rocks

belonging to the transition or secondary classes.

Granite, for instance, which has been regarded as the most an

cient of all known rocks, has been sometimes found covering secon

dary rocks, and sometimes obtruded between them. Facts of this

kind are rare, and can be explained only by admitting that granite,
like volcanic rocks, has once been in a state of fusion, and was pro
truded in this state through the upper rocks. Similar facts are ob
served with respect to other primary rocks, which are believed to be
of igneous formation.

Indeed, if the science were sufficiently advanced to enable us to

pronounce, with absolute certainty, on the agents by which rocks
were formed, a more intelligible arrangement might be substituted,
than one founded on their relative ages; it might be comprised in

three great divisions.

CLASS I. Rocks of igneous Formation.
CLASS II. Rocks of aqueous Formation.
CLASS III. Conglomerates, and mechanical Formations.

These would admit of distinct subdivisions :-

CLASS I. a. Rocks that have been fused and consolidated with
out ever having flowed as lavas.

ii. Rocks that have been fused and protruded through
the solid covering of the globe.

c. Rocks that have been greatly modified by heat, but
which were originally aqueous depositions.

CLASS IL a. Marine formations.
6. Freshwater formations.

CLASS HI. a. Ancient conglomerates.
6. Recent conglomerates.

Each of these divisions would comprise rocks of different relative
ages; that of rocks of the first class would be determined by their
position; those of the second and third classes by their order of suc
cession, and the organic remains in each.*

* Such an arrangement might be objected to, as resting too much on theory;and the fate of the Wernerian system ought to caution us against founding systems of classification on theoretical views respecting the formation of rocks. The
following rocks, according to the evidence at present obtained, might be referredto the different divisions of the first class; and it may be useful to bear this inmind, without yielding implicit assent to the theory that they are all igneous formations; yet it must be allowed, that such a mode of formation will satisfactorilyaccount for many positions in which these rocks occur, that appear inexplicable
by any other theory.

Supposed igneous Rocks.-All varieties of granite, gneiss, and mica slate;-allvarieties of porphyry and feispar rocks;-all varieties of hornblende rocks and
serpentine;-all basaltic or trap rocks;-all ancient and recent lavas.
In subdivision c, slate rocks, clay-slate, and crystalline limestone, imbedded in

igneous rocks.
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I shall now proceed to describe the rocks denominated primary,
without any reference to theory; and shall propose an arrangement
of them that will, I trust, be found conformable to the present state of
the science.

Primary rocks are composed chiefly of the hard minerals, quartz,
feispar, and hornblende ; the minerals, mica and talc, are dissemina
ted in smaller proportions, and limestone and serpentine occur in
beds or masses, but less frequently than the above-named minerals.
If we refer the slate rocks to the transition class, the few simple min
erals here enumerated constitute nearly the whole of the mountains
denominated primary.
The structure of primary rocks is crystalline; they form the cen

tral parts of the most elevated mountains chains, and they occur also
at the lowest depths that have yet been explored, and ate, hence,
believed to be the most ancient of rock formations.

Werner has enumerated fourteen primary rocks; but as some of
these have hitherto been found in only one place, it appears improp
er to consider them as distinct orders, unless we arrange every varie

ty of rock in the same manner, and increase the number of orders

indefinitely.
The following arrangement of primary rocks includes only three

principal rocks as primary-granite, gneiss, and mica slate, which
are nearly, allied to-granite, and form an incrustation over it: these
never contain organic remains, and they have, rarely, been observed

lying over other rocks in which such remains are found. It com

prises also the rocks which are sometimes found imbedded in gran
ite, gneiss, and mica slate, and are regarded as subordinate formations.

CLASS. I.

Principal Rocks denominated Primary.

1. Granite, comprising all the varieties of this rock, and small

grained granite passing into porphyry, the Eurite of the
French geologists, primitive porphyry of the Germans.

2. Gneiss or slaty granite.
3. Mica slate.

Subordinate Rocks which occur among Primary.

Hornblende rock.

Serpentine.
Crystalline limestone.
Quartz rock.

Some of these subordinate rocks occur also among rocks of the
transition class.
The three principal rocks of the primary class,-granite, gneiss,

and mica slate,-might, with propriety, be regarded as belonging to
one formation. They are, composed essentially, of the same mm-
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erals, varying in different proportions, and are rather modes of the
same rock than different species. They pass by gradation into each
other, as one or other of their constituent minerals becomes, more
or less, abundant; they alternate with each other in various situa
tions, and may be regarded as contemporaneous. It may, howev
er, for the convenience of description, be proper to treat of each

separately.




Rocks of the first Class.

Granite is considered as the foundation rock, on which slate rocks
and all secondary rocks are laid. From its great relative depth,
granite is not frequently met with, except in alpine situations, where
it appears to have been forced through the more superficial covering
of the globe. Where granite rises above the surface, the beds of
other rocks in the same district generally rise towards it, and their

angles of elevation increase as they approach nearer to it.* Granite
is composed of the three minerals described in the third chapter,
quartz, feispar, and mica,-which are more or less perfectly crystal
lized, and closely united together.
The three minerals of which granite is composed vary, much, in

their proportions in different granitic rocks, and often, in specimens
from the same rock, the crystals are large, or small, or equally inter
mixed, in one part, and in another part, quartz or felspar greatly pre
dominates. Some granites are composed of small grains, and have

large crystals of feispar interspersed; these are denominated porphy
ritic granites. Stones of this kind are common in the foot-pavements
of London.f -

Feispar constitutes by far the largest part of granite: the more
common colours are white and red; it is sometimes in a soft or de

composing state, and appears earthy. In some granites, the crys
tals of feispar are distinctly formed. Quartz, generally, occurs in
small irregular shaped grains, which have a vitreous lustre. The
mica, in granite, occurs, most commonly, in small shining scales,
which are, generally, either black, or whitish and silvery. It, some
times, occurs in large hexagonal plates; but this is, more common
ly, the case in the granite that forms veins in granitic mountains; such
veins, with large plates of mica, are frequent near Aberdeen, in

* Some writers derive the name from geraniIcs, a word used by Pliny to de
note a particular kind of stone; others, with more probability, suppose that the
name originated from its granular structure, or the grains of which it is com
posed.
t Specimens of Cornish and Scotch granites are not difficult to procure in Lon

don, as they are commonly used for paving-stones. In the former, the felspar is
white; the mica appears like glistening scales, which have a tarnished semi-me.
tallic lustre. The quartz has a vitreous appearance, and is of a light grey colour.
In Scotch granite, the felspar has more commonly a reddish-brown colour. The
mica is, not unfrequently, black and splendent, and maybe divided into thin scales
by the point of a penknife: this distinguishes it from hornblende, which is sometimes intermixed with this granite.
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Scotland. Mica, readily, separates or divides into thin transparent
larnirne; and where the plates are very large, as in the Siberian

granite, it is used instead of glass for windows. This variety is im

properly called Muscovy talc. Talc resembles mica, but is much

softer. When the grains of felspar and other minerals are very mi

nute in granite, it can scarcely be distinguished from sandstone.

Beside the three minerals, quartz, feispar, and mica, which were

formerly considered as the essential constituent parts of all true gran
ite, whoever has attentively examined various granitic districts, must

have frequently observed, that other minerals occupy the place of

mica, either in part or entirely. Thus, near the summit of Mont

Blanc, the granite is composed of feispar, quartz, and talc or chlo

rite, the latter mineral supplying the place of mica. To this variety
of granite the name of protogene has improperly been given, where

as talcy or chloritic granite would at once convey a distinct idea of

its nature. In some instances, hornblende supplies the place of mi
ca, or is intermixed with it. To this rock, the name of, sienite was

given, because a granitic rock of this kind from Sienna, in Upper
Egypt, was much used by the ancients for obelisks.
The following varieties of granite are often associated in the same

granitic mountains, and may be regarded as contemporaneous with
it, being, essentially, the same rock, accidentally modified, by an ad
mixture with other simple minerals.

Common Granite.-The feispar, white or red, composed of quartz,
feispar, and mica.

Porphyritic Granite, in which large crystals of felspar occur in a

small-grained granite. The granite near Shap, in Westmoreland, of
fers an excellent type of this.

Sienite or Sien.itic Granite, in which hornblende, either wholly or
in part, supplies the place of mica. The granite of Malvern, and of
the Charawood Forest hills affords specimens of this granite.

Talc7,l or ¬Thloritic Granite.-Quartz, feispar, and talc or chlo
rite. Many of the granitic mountains, in Savoy, are composed of
this granite; and loose blocks of it are scattered over the valleys and
on the sides and summits of the calcareous mountains, in the coun
tries to the north and north-west of the Alps. This granite is by
some writers called protogene.

Felspatftic Granite, in which the felspar is the principal ingredi
ent, and the quartz, and particularly the mica, very rare; larger
crystals of felspar occur in it. It is, frequently, nearly white. To
this variety, Werner has given the name of white stone, and the
French, eurite. It occurs in beds, in common granite, in Cornwall.
In its most compact form, it becomes a porphyry, and in Auvergne,
is closely allied to volcanic rocks, indeed I observed the common
granite of Auvergne to be composed chiefly of felspar and quartz
without mica; in some parts, the mica was replaced, by the mineral
called pmite.
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Granite occurs in masses of vast thickness, which are commonly,
divided, by fissures, into blocks, that approach to rhomboidal or pret
ty regular polyhedral forms. Sometimes a columnar structure may
be observed in granitic mountains; in other instances, where the

quantity of mica is considerable, granite divides into parallel layers
or plates, that have been mistaken for strata. Granite is, occasion

ally, found in globular masses, which are composed of concentric

spherical layers, separated by granite of a less compact kind, and en

closing a hard or central nucleus. These globular masses are, often
three or four yards, or more, in diameter, and are either detached or
imbedded in granite of a softer kind; this structure is not peculiar to

granite.
The aspect of granitic mountains is extremely various: where the

beds are nearly horizontal, or where the granite is soft and disintegra
ting, the summits are rounded, heavy and unpicturesque. Where
hard and soft granite are intermixed in the same mountain, the softer

granite is disintegrated and falls away, and the harder blocks remain

piled in confusion on each other, like an immense mass of ruins.
Where the granite is hard, and the beds are nearly vertical, and have
a laminar structure, it forms lofty pyramidal peaks or aiguilles, that
rise in enormous spires; such are the aiguilles in the vicinity of Mont
Blanc, which are far more interesting, both to the picturesque travel
ler or the geologist, than Mont Blanc itself. The Aiguille de Dru is

perhaps, the most remarkable granitic mountain at present known;
the upper part or spire, rises above its base nearly to a point in one
solid shaft more than four thousand feet; the summit is eleven thou
sand feet above the level of the sea.

It has been observed in so many situations, that it may perhaps be
regarded as a general law,-wherever granite rises high above
the surface of the earth, the strata of limestone or other rocks
in its vicinity rise towards it. Numerous instances of this occur
in the Swiss Alps. In the higher part of the valley of Lauter
brun, in the Canton of Berne, I have seen a bed of limestone in im
mediate junction with granite, in a perfectly vertical position, like a
wall built up against it; but both rocks were cemented together with
out any perceptible line of parting. The limestone was extremely
bard, but the parts in immediate contact with the granite did not dif
fer in appearance from the other parts of the bed.

In many of the highest mountains in the northern or Swiss Alps,
granite is seen only near their bases; the summits are composed of
immense beds of limestone, and secondary stratified rocks. In the
southern chain, or the Savoy Alps, the highest summits are granite;
indeed, the highest known point at which granite has been observed,
in any part of the world, is Mont Blanc in Savoy, the loftiest moun-

* A short description of this mountain, with a plate, is given in the 2nd Vol. of
Travels," by the author.
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Lain in Europe, rising fifteen thousand six hundred and eighty feet
above the level of the sea, or nearly five times higher than any moun
tain in England or Wales. It was first ascended by Dr. Pacard, in
1786, and afterwards, by Saussure, who has published a very inte

resting account of his ascent. Several persons have since ascended
this mountain, but Saussure is the only traveller who has given us

any information respecting its structure. I shall, therefore insert a
brief account of his observations; they are highly interesting. He
set out from the priory of Chamouni, the distance from which to the
summit of the mountain, in a direct line, is not more than two French

leagues and a quarter: but, owing to the difficulty of the ascent, it

requires eighteen hours continued labor, exclusively of the time ne

cessary for repose and refreshment. The first day's journey was

comparatively easy, the route being over soil covered with vegetation,
or bare rocks. The ascent, on the second day, was over snow and
ice, and more difficult: at four o'clock in the afternoon of the same

day, Saussure and his attendants pitched their tent on the second of
the three great plains of snow which they had to traverse. Here,

they passed the night, fourteen hundred and fifty five toises (or three
thousand one hundred yards) above the level of the sea, und ninety
toises higher than the Peak of Teneriffe. The barometer stood at
seventeen inches. The next morning, they proceeded with much

difficulty and fatigue, arising, principally, from the extreme rarity of
the atmosphere, which affected their respiration. The upper parts
of Mont Blanc are above the limits of perpetual snow, and it is only
on the sides of the nearly perpendicular peaks and escarpments that
the bare rock is visible. They gained the summit by eleven o'clock
A. M. "From this elevated observatory," says Saussure, "I could
take in at one view, without changing my place, the whole of the

grand phnomenon of these mountains; namely, the position and

arrangement of the beds of which they are composed. Wherever
I turned my eyes, the beds of rock in the chains of secondary moun
tains, and even in the primary mountains of the second order, rise to
ward Mont Blanc and the lofty summits in its neighborhood: the es

carpments of these beds of rock were all facing Mont Blanc, but,

beyond these chains, were others, whose escarpments were turned in
a contrary direction. Notwithstanding the irregularity in the forms
and distribution of the great masses that surround Mont Blanc, and
those which constitute the mountain itself, I could trace some fea
tures of resemblance not less certain than important. All the mass
es which I could see were composed of vertical plates (feuillets,)
and the greater part of these plates were ranged in the same direc
tion, from north-east to south-west. I had particular pleasure in ob
serving the same structure in the lofty peak of granite called the
Col du Midi, which I had formerly endeavored, but in vain, to ap
proach, being prevented by inaccessible walls of granite. After the
second day's ascent, this lofty pinnacle was beneath me; and I fully
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convinced myself that it is composed entirely of maguificent plates
(lames) of granite, perpendicular to the horizon, and ranging from
east to west. I had, formerly, been induced to believe, that these

plates were folded round the peak, like the leaves of an artichoke,
but this was an optical illusion, when seen imperfectly from below:
here, where the eye could as it were, dart down into the interior struc
ture of the mountain, the plates of rock appeared regularly parallel
in a direct line." " I was also," says Saussure, " particularly desirous
of ascertaining, whether the vertical beds were composed of the same
substances at their summits as at their bases, where 1had so frequently
inspected them; and, I am perfectly satisfied, from actual exami
nation, that they preserve the same nature through their whole ex
tent, and are the same at the summit as below.* Voyages dans

leslpes, tome iv.
The inference drawn by Saussure, respecting the vertical position

of the beds of granite that compose a principal part of Mont Blanc
and the adjoining mountains, is, that they were originally horizontal,
and have been subsequently elevated by some tremendous convul
sion of nature. The summit of Mont Blanc, he says, must, at one
time, have been more than two leagues under the surface. To the
same convulsion he attributes also, the position of the escarpments or

steep sides of the rocks which for a considerable extent, face Mont
Blanc, and then turn from it in an opposite direction. This would
be the case, had the surface of the globe been broken and elevated
in the manner he supposes. There is a circumstance stated by
Saussure, which tends strongly to confirm, if not absolutely to prove
the truth of his hypothesis. Some of the vertical beds of rock, ad

jacent to the granite contain round pebbles, boulders, and water worn

pieces of the lower rocks. See observations on these beds, Chap.
1V. It is impossible to conceive that those rounded fragments could
have been placed in a vertical position; for, if they be really pebbles
and boulders, the beds on which they occur must, originally, have
been nearly horizontal. Now as these beds are, at present, placed
between others which are also vertical, and in the same range, it fol
lows, that the whole have been overturned and thrown up, at a period
subsequent to their formation.j-
The Himmaleh Mountains in the centre of Asia, rise ten thou

sand feet higher than any mountains in the Alps, but, where their

* The extreme fatigue and exhaustion which Saussure experienced during the
ascent of Mont Blanc, is supposed to have abridged the life of this active and in
telligent philosopher. It may amuse the reader to be told, that Saussure, during
his excursions in the Alps, wore a full dressed scarlet coat and gold laced hai..
He informs us, that when he was seated on Mont Breven, the lace of his hat at
tracted the electric fluid from a passing cloud, and occasioned a hissing sound.
Tempo ra m'utantur, et iios, 4c.
t Saussure says expressly, that the boulders in the rocks near Mont Blanc, are

precisely similar to the boulders on the shores of the lake of Geneva.
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summits are uncovered by snow, they are believed to be composed
of secondary strata.

Many of the mountains in the extensive range of the Andes iii
South America: also rise much higher than Mont Blanc; but, gran
ite has not been found there in a greater elevation than eleven thou
sand five hundred feet, an elevation exceeded by many of the gran
ite mountains in Europe. The range of the Andes is the seat of active
volcanic fires, which appear to have covered the primary mountains
with an immense mass of matter, ejected by. ancient and recent erup
tions. In Mexico and New Spain also, the granite appears to be

nearly covered by basalt, porphyry and lava, ejected from the nume
rous volcanoes which now exist, or have existed in those countries.
To this accumulation of volcanic matter, the mountains in South

America, owe their superior elevation. Chimborasso and Cayambo,
are nearly the highest mountains in the Andes,-the former rises

twenty one thousand four hundred and forty feet,-but their summits
are vast cones, composed of volcanic productions covered with snow.
Chimborasso is one mile and one hundred and sixty yards higher
than Mont Blanc. The general arrangement of the Andes consists

according to Humboldt, of granite, gneiss, mica and clay slate, as in
the Alps; but, on these, are frequently laid porphyry, and basalt,

"arranged in the form of regular and immense columns, which strike
the eye of the traveller like the ruins of enormous castles lifted into
the sky."

In the eastern parts of the United States, and in Canada, granite
is seen, near the surface, uncovered by other rocks, and does not
rise to any great elevation. The constant occurrence of granite, at
a lower level in America than in Europe, is a remarkable geological
fact. In Europe, the central part of the principal mountain ranges
are granite; as in Scandavia, the Alps, the Pyrenees, and the Car

pathian mountains. In Asia, granite forms a considerable part of the
Uralian and Altaic range of mountains, and it appears to compose
the principal mountains that have been examined in Africa.
The parts of England and Wales where granite and granitic rocks

occur, are Cornwall, Devonshire, North Wales, Anglesea, the Mal
vern Hills in Worcestershire, Charnwood Forest in Leicestershire,
and in Cumberland and Westmoreland. Granite rises near the bot
tom of Skiddaw in Cumberland. The granite near Shap in West
moreland is porphyritic, containing large crystals of red feispar.
There are rolled masses of granite on the banks of Ulswater, resem

bling the granite of some parts of Cornwall and of the Wicklow
Mountains in Ireland, but more highly crystalline than the latter.
The felspar is in large white and reddish-white crystals. The mica
is a blackish green, and on the outer parts, decomposed. I am in
clined to believe, that the same formation of granite, which just
makes its appearance on the western side of England and Wales, is
continued under the Irish Channel; or, if broken there that it rises
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again in the Isle of Man, and in the counties of Dublin and Wicklow
in Ireland. Blocks of granite are found in the beds of some of the
rivers in the northwest part of Yorkshire, and in clay pits in Lanca
shire and Cheshire, at a great distance from any granite mountains.
Most of the granitic rocks on Charnwood Forest are of that kind de
nominated sienite.* Among the English localities of granite, I have

recently ascertained, that both granite and imperfect gneiss rise to the
surface near Bedworth in Warwickshire, evidently a continuation of
the Cliarnwood granite.

Granite sometimes forms veins, shooting up into the superincum
bent rocks. This is a fact of some geological importance, as it seems
to indicate, either that the granite has been in a state of fusion, the
beat of which has softened and rent the upper rocks, and forced up
the granite, in a melted state, into these fissures; or else, that the

granite and the rocks resting immediately upon it were both in a flu
id state at the same time, and are contemporaneous. A remarka
ble instance of granitic veins in argillaceous schistus at Mousehole
in Cornwall is described in Dr. Thomson's Annals of Philosophy,
May, 18 14. "The schistus is of a greyish colour, rather hard, but
breaks in large fragments in the direction of the strata. The gran
ite is of a fine grail], and the feispar is of a light flesh colour, and
contains but a small portion of mica. At the junction, numerous
veins of granite may be traced, from the rock of granite into the
schist. Some of these veins may be observed upwards of fifty yards,
till they are lost in the sea, and in point of size, vary from a foot and
a half to less than an inch. It may deserve notice, that, as the fel

spar is of a flesh colour, it is impossible for any observer to consid
er them as quartz veins: one of these large veins is dislocated, and
heaved several feet by a cross course. Quartz and fragments of
schistus, having the appearance of veins, are found in the granite
veins. At one place there is a very curious and satisfactory ph
nomenon. One of these veins of granite, after proceeding, vertical

ly, some distance, suddenly forms an angle, and continues in a di
rection nearly horizontal for several feet, with schistus both above
and below it. This appearance most completely destroys one of the
theories suggested for the explanation of similar veins at St. Michael's
Mount, viz. that a ridge of projecting granite had been left, and schis
tus deposited afterwards on its sides."

In 1816 I visited the place, which is close by the sea-side, at low
water, and observed some appearances which I believe have not hith-

* According to Brogiiart, granite, siente and porphyry, are frequently, observ
ed, graduating into each other in some parts of France; and he forms this conclu
sion: "En ètudiant les granites d'un grand nombre de pays pour tâcher de disting
ncr clairment les anciens granites des nouveaux, on trouve presque peu de pays
granitiques, qu'on puisse rapporter avec certitude a cette ancienne et primitive
lormation des granites." Journal ies Mines, Mars, 1814.
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erto been noticed. The junction of the granite rock and the schist

may be distinctly seen: they form together a sloping beach uncov
ered by any fragments: the line of junction is waving from the coast
into the sea, as represented Plate H. fig. 3., i. the Granite, s. the
Schist.

It is truly worthy of notice, that the veins of granite may be dis

tinctly seen penetrating both the schist and the granite; for the gran
ite, in the veins, is finer-grained than the granite rock, and may as

easily be distinguished in the granite, as in the schist. The granite
rock itself is smaller-grained near the line of junction of the two

rocks, than it is a little distance from it, where it contains large white

crystals of feispar in a smaller-grained reddish granite. -What is
further remarkable, the largest granite vein, in passing into the schist,
cuts through a vein of quartz thicker than itself; and, a few yards
nearer the sea, a small quartz vein cuts through the same granite
vein: see Plate II. fig. 3. What is called the schist or killas in
Cornwall, in the places where I have observed it in immediate junc
tion with granite, is highly indurated and of a dark colour, and ap
pears to have been changed by the junction: it has no appearance
of slate ;-indeed the change, in the size of the grain of granite, as
the latter approaches the killas at Mousehole, would indicate that
the two rocks were passing into each other. Perhaps the best de

signation of the killas rock on this situation is, that of a- minuty
grained and highly indurated gneiss, that had lost its schistose char
acter.*

Granite veins, of large size, traverse rocks of small-grained gran
ite and gneiss in the vicinity of Aberdeen: in these veins, both the

feispar and mica occur in crystalline plates and ]amin of consider
able magnitude, accompanied with tourmaline. At Glentik in Scot
land, a singular intermixture of granite, in veins and amorphous
masses, occurs with slate and limestone, and has been described by
Dr. MacCulloch in the Geological Transactions, vol. i. page 145.
It seems impossible to conceive how masses of granite could be in
termixed with, or imbedded in limestone, without admitting that the
two substances have been both, in a fluid or semi-fluid state at the
same time; and we are not acquainted with any cause except heat
combined with pressure, which could effect a simultaneous fusion of
both rocks.
Some geologists describe the granite under gneiss and the granite

over gneiss as different formations; but, as gneiss is itself a schistose

granite, it would be more correct to state, that the massive and schis
tose granites sometimes occur, alternating with each other. When
the mica becomes abundant, the granite passes to the state of gneiss

* In the Phil. Mag. March, 1829, there is a full description of the granite veins
in killas, by two German geologists, but no new or important facts are commUZil
cated.
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when the felspar and quartz predominate, it becomes again massive
or common granite.
What has been said respecting the alternation of gneiss and gran

ite, will apply to the alternation of granite and mica-slate. In the
latter,, the feispar is wanting; but if it re-appear, it becomes either

granite or gneiss. Mica-slate also passes, by such insensible grada
tions, into slate, that the occasional occurrence of granite in some
ancient slate-rocks, may admit of a similar explanation. We shall
thus sweep away the secondary granites, which have so much be
wildered the systems of many geologists: indeed nothing can ap
pear more puerile 'and trifling than the labour of making distinctions,
where nature has made none. Of this we have an instance in the
distinctive characters which have been given of primary and second

ary granite.

Primary Grnnitc. Secondary Granite.
1. Sometimes red. 1. Felspar, commonly a deep red.
2. Contains garnets. 2. Contains garnets.
3. Is, sometimes, porphyritic. 3. Not porphyritic; but, according

to Professor Jameson, is some
times porpliyritic.

Again, M. D'Aubuisson tells us, that the colour of primary granite is
almost always white.
What has been advanced may be sufficient to prove, that the at

tempts to distinguish. primary from secondary granite by their miner
al characters, are worse than useless; as they waste the time of the
learner, and tend to disgust him with a science already too heavily.
burdened with unmeaning terms and frivolous distinctions.

There is a particular form of granite, in which the constituent parts
are so minute and so intimately mixed, that it appears very minutely
granular or even compact: to this variety the French geologists have
given the name of Eurite; it has generally been described by Eng
lish geologists as Compact feispar, into which it passes by insensible
gradations. This rock frequently, contains imbedded crystals of fel
spar, and forms what has been denominated feispar-porphyry. In
Cornwall, it occurs in beds in common granite; but, instead of be
ing regarded -as a different rock, it may be more properly classed
by the geologist with granite, being only a variety, in which feispar
greatly predominates. This rock occurs, also, in an unconformable
position, and is, generally, described as porphyry, and appears to
form a connecting link between common granite and the compact
varieties of volcanic porphyry-, with a base of feispar called by the
French Trachyte.

Sienitic granite, in which the mica is, partly or entirely, replaced
by hornblende, occurs in some situations in the same bed with com
mon granite, and, therefore, must be regarded as a variety of gran
ite. I have frequently observed instances of this change from gran.
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he to sienite in the same rock, in the granite of Charnwood Forest.

The same change may be noticed also in the granite of the Malvern

Hills. That able and accurate observer Dr. MacCulloch maintains

the identity of granite and sienite, from their frequent. passage into

each other in the same rocks in Scotland. When the hornblende

becomes abundant, and is closely intermixed with felspar, it forms a

dark finely granular rock, which has been denominated trap or green
stone: it nearly resembles basalt. In the Charnwood Forest hills,
and at Shap in Westmoreland, well defined granite may be seen

passing into a dark coloured trap-rock nearly compact. I have even

broken off hand specimens, in which one part was granite and the

other trap, and the passage from one to the oilier might be distinctly
observed.
The crystallized earthy minerals which occur most frequently in

granite, are schorl or tourmaline, and pinite, a mineral nearly allied
to mica,-the emerald, corindon, axinite, and topaz, are also found

occasionally in granite. Sometimes, the tourmaline is so abundantly
disseminated, as to form a constituent part of the rock.
Common granite, or massive granite, contains few beds of any oth

er rock, nor is it rich in metallic ores. Tin ore, however, occurs

chiefly in granite, either in veins accompanying quartz, or dissemina
ted through the rock at a distance from the veins. Ores of other
metals, as copper, iron, wolfram, bismuth, and silver, are also found

occasionally in granite.
Granite supplies durable materials for architecture, but it varies

much in hardness, and care is required in its selection. I was told,
when in Cornwall, that granite, got from a considerable depth in the

quarry, is so soft when it is first raised, that it can be easily sawed
into blocks, but it soon acquires great hardness by exposure to the
air. In the mountains of Auvergne, the granite is extremely soft,
and the feispar appears earthy; this is probably the original state of
the stone. I believe it is the soft earthy granite from this district,
which supplies the kaolin used in the porcelain manufacture at Sev
res. Mons. Brongniart, who obligingly accompanied me through the
works, showed me a specimen of their best kaolin: it. contained crys
tals of pinite. I had recently arrived from Auvergne, and I thought
1 recognised its locality.

Granite is regarded as the foundation rock on which all oilier rock
formations rest, and has hence been called the most ancient forma
tion; but if the age of a rock is to be dated from the period in which
it became consolidated, the inference respecting its relative antiquity
would not be conclusive. According to the Huttonian theory, gran
ite is made of the melted crust of a former world, and the fusion may
have taken place after this ancient crust was covered with the upper
rocks; but, admitting that it has been fused under pressure, the mat
ter that now constitutes granite must have existed in some mode or
other, and have served as the foundation for the rocks that are upon
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it. If we date the age of granite from the period of the eles7ation of

granite mountains, we must admit that some granite mountains are

comparatively recent, for they have been elevated since the deposi
tion of the secondary strata. In my Travels in the Tarentaise, &c.

published in 1823, [have shown this to be the case with the gran
ite of the Bernese and Savoy Alps. In the third edition of the pres
ent work in 1828, 1 have also shown, by a description and sections,
that the elevation of the granite of Savoy is more recent than that
of the central part of England.. M. Elie de Beaumont has, since,

adopted the same views, and has extended them to other mountain

ranges. Prof. Sedgwick and Mr. Murchison have further, proved,
that a great part of the Tyrolean and Bavarian Alps was elevated
since the deposition of tertiary strata; for these strata are lifted up
with them to the height of several thousand feet.

Here, however, we must also admit that the material which form
ed granite is more ancient than the strata that rest upon it.
Whether granite ever formed at one time the stony pavement of

the whole globe, or whether it was elevated in a solid state bodily,
or whether different parts of the. surface were fused at different

epochs are legitimate objects of geological enquiry, and may perhaps
admit of a satisfactory solution by extended series of observations.
In whatever state granite forms, or has formed, the ancient crust of
the globe, it has been, since, pierced through, by ancient and re
cent igneous rocks. Thus, porphyry cuts through, and in some parts
covers granite, on the west side of Scotland from Inverary to Ben
Nevis. Volcanic rocks, and streams of lava, of a recent geological
epoch, pierce through and have poured over the granite of Auvergne,
and a large part of central France.
Some of the currents of lava appear as fresh as the recent cur

rents from Etna or Vesuvius. In other parts of Auvergne, the gra
nite appears to have been acted upon by subterranean fire in situ,
and in some mountains, as in the Puy de Chopine near Riom, gran
ite and volcanic rocks are intermixed, one part being true granite and
the other volcanic porphyry (tracbyte.)*

These volcanoes have long been dormant; and the only remain

ing proofs of the existence of subterranean fires under that district,
are the hot springs that rise in the vicinity of the ancient volcanoes.

According to Humboldt, in the Canary islands, as well as in the An
des of Quito, in Greece, and various parts of the world, subterra
nean fires have pierced through the primary rocks; and he adduces
the great number of warm springs which he has seen issuing from

granite, gneiss and mica-slate, as a proof of this opinion. Indeed,
in the Andes, numerous volcanoes are in present activity, from Cape
Horn, to Mexico, and it is probable that those mountains owe their

* Sce " Travc1 it the T.ueni'isc and Auvrie1" vol. ii. p. 37.



05 SUBTERRANEAN FIRE BENEATH GRANITE.

elevation to subterranean fire: for, we have a recent instance of the

mighty power of this agent to upheave the crust of the globe. Du

ring the earthquake in Chili, in November 1822, the whole line of

coast, running north and south from Valparaiso, to the distance of one

hundred miles, was raised above its former level, the bottom of the
sea was laid dry, and shells were discovered sticking to the rocks,
some of which were not before known in those seas. It is stated by
an observer, that the whole country, from the coast to the feet of the
Andes, and even far out to sea, was permanently raised by the earth

quake: the greatest rise was about two miles from the shore. The

granite which forms the foundation rock was rent in parallel fissures.
The earthquake is estimated to have extended over an area of one
hundred thousand miles. The average rise of the land upon the

coast was from two to five feet; at the distance of a mile from the
shore inland the elevation was seven feet.

During my residence in Savoy and Switzerland in the years 1820,
1821, and 1822,1 was desirous to ascertain whether there were any
vestiges of the action of the subterranean fires in the Alps. In the

part of the great southern chain, extending from near the source of
the Rhone to the Little St. Bernard, there do not occur, in the nu
merous situations which I examined, or, from which I have seen spe
cimens, any minerals of a volcanic character, with the doubtful ex

ception of some rocks in the valley of Saass and in the Valorsine.

Thóughl could observe no indications of volcanic fire in the rocks
themselves, I was greatly surprised with a circumstance that, as far
as I know, had escaped the attention of geologists. Along the whole
line of Alps before mentioned, which extends for one hundred and

twenty miles, numerous hot springs are gushing out at the feet of the

primary mountains, near the junction of the lowest secondary lime
stone with schistose rocks passing into mica and talcous slate. It
was known, that a few thermal waters existed in the Valois and in

Savoy, but they were regarded as isolated phnomena, and their

geological position had not been attended to. Since Saussure visit
ed the Alps, thermal waters have been discovered in various situa
tions; and since I left Savoy, another considerable warm spring has
been opened in the vicinity of the village of Chamouni, near the
foot of a glacier.
There is, also, further reason to believe, that thermal waters would

be found in all the deep valleys of the Alps, near the junction of the

primary and secondary rocks, were they not covered by é&ouleinents
under heaps of loose stones (as was the case with the varm baths in
the valley of Bagnes in the Bas Valois;) or were not the tempera
ture of the warm springs reduced, by admixture with torrents from
the glaciers.

In vol. i ch. 8. of my "Travels in Savoy," 1 have described the
geological position of nine of the principal known thermal waters of
the Alps; their temperature varies from 940 to 126° Fahrenheit.
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The quantity of water which issues from these springs is very consid
erable; and the thawing of the bottom of the glaciers during intense
frost may, I believe be attributed to the action of thermal waters.
On the Italian side of the same range of Alps, particularly at St.
Didier, near the steep southern escarpment of Mont Blanc, there are
several thermal waters; and further west than the hot springs at Aix,
in Savoy, other hot springs have been recently discovered near Gre
noble. It thus seems probable that there still exists, under this range
of the Alps,, one common source of heat, to the agency of which in
remote ages, the mountains originally owed their elevation; for we
can scarcely doubt, that the hot springs in the Alps, like those in

Auvergne, in Italy, or Iceland, derive their great temperature from
subterranean fire. This inference is farther supported by the well
authenticated fact, that the districts in which the hot springs are situ
ated have been subject to great and frequent convulsions. In the

year 1755, the ground in the vicinity of the hot springs of Leuk and
Naters, in the Upper Valois, was agitated with earthquakes, every
day from the 1st of November to the 27th of February. Churches
were thrown down, the springs were dried up, and the waters of the
Rhone were observed to boil, in several places. The mountain above
the warm spring at Naters is said to have opened and discharged a

quantity of hot water.
The hot springs at the feet of the Pyrenees probably derive their

temperature from the same source as those of the Pennine Alps.
Hot springs also occur in Dauphiny and Provence, which have prob
ably a similar source of beat.
What has been here advanced may be sufficient to show the high

probability that the elevation of the vertical beds in the Alps has
been effected by subterranean heat,-an agent which we have direct

proof has, in our own times, elevated considerable portions of the
crust of the globe; and it were contrary to the rules of sound philos
ophy to seek for other causes than those which are now existing,
when such causes are adequate to the production of the phanornena
we observe.
Two cases are mentioned by M. Elie de Beaumont, in the "Me

moires de Ia SociétC d'Histoire Naturelle," torn. v., of granite cut

ting through and covering secondary rocks; such cases, however,
demand the strictest scrutiny before the fact can be regarded as well
established. In the" Bulletin de la SoclCtC GCo]ogique de France,"
torn. ii., a section is given of the Jungfrau Mountain, in the canton
of Berne, representing two cone-shaped masses of limestone pene
trating the granite near the summit. I spent some weeks almost
close to the mountain, and studied its structure with particular at
tention, and I have no hesitation in expressing a decided opinion
that the section is fallacious. The part represented as penetra
ted by the limestone is concealed by a covering of eternal snow.
The granite, which the author improperly calls gneiss, is small
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grained: near the foot of the Jungfrau, in the upper part of the val

ley of Lauterbrun, I observed a vertical junction wlimestone and
granite. If cone-shaped, protruding masses of limestone are ob
served in any part of the mountain, they are, I am persuaded, mere

spurs from the limestone on the north side, and cover the granite,
but do not penetrate into it. The penetration of granite into lime
stone represented in 6g. 2. of the same plate, is far more probable
and intelligible,
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CHAPTER VI.

ON GNEISS AND MICA-SLATES AND THE ROCKS WHICH ARE ASSO
CIATED WITH THEM.

On the Passage of Granite into Gneiss.-Gneiss and Granit veiné.-Mica-Slate.
Formation of Gneiss and Mica-Slate.-Talcous Slate, and Chlorite Slate.
Crystalline Limestone denominated Primary, occurs both in Primary and Sec
ondary Mountains.-Formation ofLimestone and Coral Islands by Animal Se
cretion.-Dolomite, or Alpine Magnesian Limestone.-Serpentine and Ollite,
or Potstoue.-Euphotide or Saussurite the hardest and heaviestof Rocks.-Trap
Rocks changed to Serpentine.-Eurite or White Stone.-Primary Porphyry a
Mode of Granite.-Recurrence of the same Rocks in Rock Formations of dif
ferent Epochs.

THE principal primary rocks, enumerated with granite in the pre
ceding chapter, were Gneiss and Mica-slate. With these, certain
rocks are frequently associated, and are therefore regarded as pri
mary; for, where one rock occurs imbedded in another, it is evi
dent that the enclosed rock must be as ancient as the rock which en
folds it, unless the imbedded rock has been subsequently protruded
within more ancient rocks, as is the case with some volcanic or trap
rocks.

Gneiss received its name from the German miners; according to
Mr. Jameson, the decomposed stone on the sides of some metallic
veins was first so called; but Werner designated by this term a
schistose or slaty granite, abounding in mica. Granite frequently
passes into gneiss by an almost imperceptible gradation : where the

quantity of feispar decreases, and the crystals or grains become smal
ler, if the mica increases in quantity, and is arranged in layers, the
rock loses the massive structure, and becomes schistose; we have
then a true gneiss. By the reverse of this process, if the quantity
of felspar increases, and the mica diminishes, the rock loses the
schistose structure and becomes massive, and we have granite again.
Some geologists call this secondary granite; but the upper and low
er granite, and the gneiss, are in this instance, but different modes of
the same rock.
The granite of the Alps, which Saussure calls granit veiné, is

properly an incipient state of gneiss: the mica is arranged in thin

parallel lamine varying in distance from each other; when they ap
proach very near, they form what in hand specimens is called true

gneiss. When the parallel layers of mica are at some distance from
each other, they give a striped appearance to the rock. Lamin of

quartz, of considerable thickness, sometimes separate the feispar
from the mica, and occasionally, masses of quartz are imbedded in

gneiss. When the mica becomes very abundant, and the other con
stituent parts are small in size and quantity, gneiss passes into mica-
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slate ;-.gneiss has often a waved form. This rock has been repre
sented as stratified, I conceive, by a mistake, in confounding the strat
ified with the slaty structure: the latter is occasioned by the quantity
of mica, and sometimes of talc which it contains, and is the effect
of crystallization.*
Beds of crystalline limestone, and of hornblende rock, occur in

gneiss. It contains most of the metallic ores, both in veins and beds.

Crystals or garnets are frequently interspersed in gneiss, but are more
common in micaceous schist, which is nearly allied to this rock.

In many parts of the world, the declivities of granite mountains
are covered by rocks of gneiss. Gneiss constitutes the principal rock
formation in a considerable part of Sweden. It occurs in Scotland
and Ireland, but is scarcely known in any part of England or Wales.

Very well characterised gneiss occurs in the vicinity of Aberdeen.
An imperfectly formed gneiss is found on the Malvern Hills. I have
also seen gneiss, brought from the lower part of Skiddaw in Cum
berland. Mountains of gneiss, are not so steep and broken as those
of granite, and the summits are generally rounded.

Mica-slate, or .]I'licaceous Sc/tistis, is frequently incumbent on

gneiss, or granite, and covered by common slate: it passes, by gra
dation, into both these rocks-the coarser grained resembling gneiss,
and the finer kind, by insensible transition, becoming clay slate.
Mica slate is composed essentially, of mica and quartz, intimately

combined; the felspar, which is a principal constituent part of gran
ite and gneiss, occurs, only occasionally, in irregular masses in this
rock. The colour of mica slate is, generally, a silvery or pearly
white, inclining to a bluish grey or a light green; it is sometimes

nearly black, and when weathered, is generally yellow. I have a

specimen of mica slate from North America, which has the purple
colour of the amethyst; but such deviations from the common col
ours are rare.

Crystals of garnet are frequently disseminated in mica-slate: it
contains, occasionally, crystals of other minerals. It has a slaty
structure, and is, often waved and contorted, and divided by thin
lamiu of quartz. It, sometimes, contains beds and lamin of crys
talline limestone, or is intermixed with serpentine. Frequently also
mica slate, contains beds and veins of metallic ores. The gradation
of mica slate into gneiss and clay slate, and the transition from gran
ite to mica-slate, may be seen distinctly in some of the rocks near
Bray, m the county of Wicklow in Ireland, where I observed that
the beds of mica-slate adjoining the granite, are traversed by nume-

* The partings or divisions in rocks, which may be properly denominated rents
are distinct from those which are the effect of crystallization, and may be distin
guished by their irregularity and roughness, and the indeterminate manner in
which they intersect the stone. Some partings have evidently been the result of
mechanical causes.



MICA SLATE. 73

rous and large seams of quartz, running paralll with the slaty struc
ture of the rock, and increasing in size, as they approach the granite.
The quartz has a greasyaspect, and is evidently, of cotemporaneous
formation with the mica-slate and granite.

Mica-slate has a near affinity to clay slate; and, as I have arranged
the latter with rocks of the second class, it may perhaps be doubted
whether mica-slate should not also have been transferred to the same
class. No well characterised rocks of mica-slate of any extent oc
cur in England. I noticed a micaceous rock, which may be consid
ered as an imperfect kind of mica-slate, near the granitic rocks of
Mount Soar Hill; but it was covered by wood, which concealed its

junction with other rocks. On the western side of Anglesea, near

Holyhead, there are numerous rocks, of an intermediate kind, be
tween mica-slate and talcous slate. The larnine are separated by
very thin seams of quartz; and I observed some of them bent and
contorted in various directions, as is not iinfrequently the case with
mica-slate in other districts.
The mica-slate on the opposite coast of Ireland, near Bray, I am

inclined to consider as of the same formation with that in Anglesea.
Probably, this rock stretches under the Irish Channel, of which in
that parallel of latitude it may form the bed. The structure of both
rocks is the same, presenting the same divisions, by thin lamin of

quartz, but the mica of Anglesea is more combined with talc. Mica
slate abounds in the Highlands of Scotland, and in many alpine dis
tricts in Europe, particularly in the Pennine Alps.

Gneiss and mica-slate are nearly allied to each other and to gran
ite. Circumstances, attending the formation of granite, appear to
have produced a different arrangement of the component ingredients.
This is the more probable, as both gneiss and mica slate, sometimes,
graduate into granite, and have, at other times, a porphyritic struc
ture. In some situations, the causes which change granite into gneiss
or mica-slate have not operated; and we find neither of these sub
stances separating granite from the rocks of the next class.
An opinion has been advanced by Dr. Macculloch, that gneiss

and mica-slate have been deposited by water, though he admits the
igneous formation of granite: but granite is known, as before stated,
to vary much in the proportion and size of its constituent minerals
even in the same rock. Now, wherever the felspar was deficient,
and the mica and quartz abundant, or where the feispar was more
granular and the mica abundant the same process that formed gran
ite in one part of a rock, would form gneiss or mica slate in another.
Every one who has examined the grunit veiné of the Alps, in. situ,
will admit, that it had the same origin as common granite; and again
they could scarcely hesitate to say, that gneiss and granit veiné are
only mere varieties of the same rock, and must have had one com
mon origin. The mica, in gneiss, is as much an igneous formation as
that in granite, or in some volcanic rocks.
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Gneiss and' mica-slate, being neatly similar in their constituent

parts and geological position, most of the metallic ores and minerals
found in one rock, occur also in the other. Crystalline limestone,
hornblende, talc, and serpentine, more frequently, form beds in mica
slate than in gneiss. The waved structure is very common in mica
slate, and the beds are, often, most singularly bent and contorted.

Talcous Slate and Chlorite Slate appear to be different modifica
tions of the same mineral substances: in the former the structure is
laminated, in the latter it is minutely laminated or granular; the pre
vailing colour of both inclines to green. These rocks are soft and sa

ponaceous to the touch, and sectile. Mica-slate appears to graduate
into talcous slate, particularly in the vicinity of Mont Blanc. in Cum
berland and Scotland, talcous and chlorite slate pass into common roof
slate, and alternate with it: the change appears to be owing to a great
er mixture of magnesian earth in talc slate, than in common slate.
Some varieties of chlorite slate are harder and darker, and approach
nearly to hornblende' slate. The passage from talcous slate to ser

pentine forms potstone. In primary mountains, talcous slate frequent
ly occupies the place of rnica-slate, and is, sometimes, confounded
with it; the two minerals, talc and mica, nearly resembling each oth
er. See Chap. III. The large plates of mica, which are made to

supply the place of glass in some lanterns and in the slides for micro

scopes, are always miscalled talc. Sometimes, mica-slate, from an
intermixture with talc, forms an intermediate rock, which partakes of
the characters of both rocks: such mica-slate has, generally, a green
ish colour, and is softer than common mica-slate.

Crystalline or Primary Limestone, of which statuary marble is a

variety, occurs, principally, forming beds in primary mountains.
Beds of this mineral occur rarely, in granite, more frequently, in

gneiss, but are most common in mica-slate, with which rock it is often
much intermixed, and often alternates with it. It is observed, that
the primary limestone in granite and gneiss, is coarser grained than
that in mica-slate or common slate. Primary limestone is, often
much intermixed with serpentine. When beds of primary limestone
occur of considerable thickness, they sometimes contain veins of me
tallic ores.

Crystalline or primary limestone, when pure, is composed of cal
careous earth, which scarcely exists, as a component part of granite,
gneiss or mica-slate. In primary mountains no organic remains are
found in the crystalline limestone; the structure is granular; the white
variety, known as statuary marble, resembles fine loaf-sugar, and is

imperfectly translucent; hence, it has been called by the French
ciLaux carbonatée .caccaroide. The color of primary limestone is,
sometimes, yellowish, greenish or inclining to red. From a mixture
of mica, it has, often, a slaty fracture and divides in plates. It may
be further deserving of notice, that primary limestone or statuary
marble, frequently, contains a considerable quantity of siliceous earth,
to which it owes its hardness and durability.
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Neither in England nor Wales, have any rocks of limestone been

found, which possess the crystalline translucent qualities of statuary
marble, though very beautiful marbles occur which will receive a

high polish; these belong to the limestone which will be described
in the following chapter. White marble is procured from Italy,
Switzerland and the Grecian Archipelago.

Imperfectly white crystalline limestone occurs in different parts of

Scotland, intermixed with serpentine and mica slate. Crystalline
limestone is found also in the Hebrides, particularly, in the Isle of

Sky; but, it well deserves attention that this limestone, in the latter

island, evidently appears to be secondary limestone (has,) changed
in its character, by its contiguity to trap rocks, which were, in all

probability, in a state of igneous fusion. In other alpine districts,

the limestones called primary, appear, also, to have derived their

crystalline character from the action of igneous rocks in their vicinity,
and hence, ought not to be classed with primary formations. I have

seen in the Alps, many beds of extremely hard white limestone, which

have all the characters of primary limestone, with the exception of

being somewhat less granular. These beds occur over other beds,

containing the fossils found in green sand, and may, therefore, be
classed with chalk. That the highly crystalline limestone which oc
curs near primary mountains has been in a state of fusion, is rendered

probable by the crystals of garnet and siliceous minerals which are
often imbedded in it. These minerals could not have been deposi
ted from an aqueous solution.

It was once supposed, that all calcareous rocks and strata were

composed of the shells of marine animals, and it cannot be doubted,
that many of them are entirely formed of these organic remains:
but, in the beds of primary limestone, and even in some of the sec

ondary limestones, no vestiges of such remains occur. It may be
said, that the process by which primary limestone was crystallized,
destroyed all traces of organization; and though it would be impos
sible to disprove this, yet there is no reason to belive that lime may
not exist as an elementary earth, like silex or alumine, independent
of the operations of animal life. It does so exist, as a component
part of many minerals, and it may have existed in sufficient quantity
to form the mountains of primary limestone.

It is, however, a curious but undoubted fact, that no inconsidera-,
ble portion of the earth's surface has been formed by organic secre
tion; and the process is still going on, extensively, in the Pacific and
Indian seas, where multitudes of coral islands emerge above the
waves, and coral shoals and reefs occur, at small depths beneath the
water, in which, according to the observations of MM. Quoi and
Gaimard, the animals may be seen. "Some spread out into fans,
or ramify into trees; some are round like balls; their varied and

elegant forms mingle and blend together, and reflect the varied hues
of red, blue and yellow." As one generation dies and leaves its
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calcareous remains, another succeeds, until the mass of coral is rais
ed to the surface, when the formation ceases. Fragments of coral
are afterwards broken off by the waves, during storms, together with
shells, weeds, arid sand, and are driven upon the other parts of the
island, and continue to elevate it until it is above the reach of their
action. From the accounts of the above naturalists, and the more
recent observations of Captain Beecby, it appears, that the species
of polypi that, chiefly, form coral islands, do not exist at greater
depths than a few fathoms below the surface ;* therefore, the deep
soundings, taken near these islands prove, that coral forms the crests
of steep submarine mountains, which were probably volcanic, as these
crests have frequently a circular shape, but are open on one side,

leaving a passage to a circular lagoon or lake within, which is shal
low, and supposed to fill the crater of a submarine volcano. Though
the beds of coral that form islands are not of the vast thickness which
had been supposed, yet they rival, in extent and magnitude, some of
the large calcareous formations of our present continents.t Beds of

oyster shells, many miles in length, are also known to occur in Euro

pean seas; thus, millions of small marine animals are preparing fu
ture abodes for other classes of animals of larger size, and living in
another element. Whence do these innumerable zoophytes and
molluscous animals procure the lime which, mixed with a small por
tion of animal matter, forms the solid covering by which they are

protected? Have they the power of separating it from other sub
stances, or the still more extraordinary faeiilty of producing it, from

simple elements? The latter I consider as more probable; for, the

polypi which accumulate rocks of coral have no power of locomo
tion; their growth is rapid, and the quantity of calcareous matter

they produce, in a short space of time, can scarcely be supposed to
exist in the waters of the ocean to which they have access, as sea
water contains but a minute portion of lime.-

It is now ascertained, that lime and the other earths are com

pounds of oxygen united with metallic bases; and the brilliant dis
coveries of Sir H. Davy respecting the metallic nature of ammonia,
would lead to the conclusion, that the metallic bases of all the alka
lies and alkaline earths, which have many properties in common,

may, like ammonia, be compounds of hydrogen and azote, but dif

ferently combined. Now it is well known, that hydrogen and azote,
which exist as elementary constituent parts of almost all animal sub
stances, may be derived from water and the atmosphere; and should
the compound nature of the metallic bases of the earths be ascer
tained, the formation of lime by animal secretion will admit of an

easy explanation.

* Some species of coral were brought up by soundings, from the depth of one
hundred=or more.

f Some of these islands are considerably elevated above the level of the sea; J1
all probability they have been upheaved by volcanic agency.
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Dolomite, so called in honor of the French geologist Dolomieu, is

a variety or modification of limestone; it contains 48 parts of mag
nesian earth, combined with 52 parts of calcareous earth. Dolomite

is found in rocks of different classes; that which occurs at St. Go

thard, and other parts of the Alps, closely resembles white primary
limestone: it is minutely granular, and the grains are easily separa
ted by the finger; but some varieties are harder. Dolomite and the

magnesian liniestones in the secondary strata, dissolve with more

difficulty in acids than common limestone. Dolomite forms vast

beds in the western Alps; it occurs also in various parts of the Ap

pennines; in Carinthia there are entire mountains of Dolomite. The

beds of Alpine Dolomite are often much broken, apparently by the

protrusion of beds and masses of porphyry. The eminent geologist
Von Buch maintains, that limestone has been converted into Dolo

mite by its proximity to porphyry in fusion, and that the magnesia
has been transferred from magnesian minerals in the porphyry to the

limestone; the magnesia being reduced to vapor or gas. Great diffi

culties attend this theory; I shall hereafter notice situations in Eng
land, where the theory might be subjected to the test of direct ex

periment. For the present, it may be sufficient to notice, that many
strata of magnesian limestone appear far removed from the possible
influence of igneous rocks. Magnesia is found in many earthy min

erals, and may be regarded as a constituent element of the globe.

Serpentine, derives its name from its variegated colors and spots,

supposed to resemble the serpent's skin : its chemical composition
has been before described. The colors are, most generally, various

shades of light and dark green, which are intermixed in spots and

clouds; some varieties are red. When fresh broken, it has some

degree of lustre, and a slightly unctuous feel; when pounded, the

powder feels soapy. it is harder than limestone, but yields to the

point of a knife, and will receive a very high polish. When serpen
tine is found intermixed with patches of crystalline white marble, it.
constitutes a stone, denominated verde-antique, which is highly val
ued for ornamental sculpture. Some varieties of serpentine are trans

lucent, in others, there is an appearance of crystallization, forming a

mineral called diallage or schiller spar. The minerals associated with

serpentine are generally those allied to talc. Compound rocks in
which talc and hornblende are predominating ingredients, pass into

serpentine. Magnesia enters, largely, into the composition of these
rocks. A late analysis of one kind of serpentine, gave forty eight.
per cent. of this earth. Serpentine, commonly occurs in gneiss and
mica-slate, in beds, which are sometimes so thick as to Compose
mountain masses of considerable height. Serpentine, sometimes,
becomes magnetic, from an intermixture with minute particles of

magnetic ironstone. Many of the alpine districts in Europe contain

rocks and beds of serpentine; but, according to Patrin, there is no

serpentine in northern Asia, nor was it seen by Humboldt in the Au-
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des: it is not uncommon in the United States of North America,
In the Alps, it is observed that the rocks of serpentine lie principally
on that side which faces Italy, and the coast of Genoa. There is a

soft kind of serpentine, sufficiently tenacious to be turned in a lathe

into vessels of any shape, which resist the action of fire: hence they
are used for culinary and other purposes in some parts of Switzer
land, in Lombardy, and even in Higher Egypt. The use of this
stone is of great antiquity, being distinctly mentioned by Pliny; it is
called lapis ollaris, or potstone.

In Cornwall, serpentine occurs with a micaceous rock lying over

granite, and forms part of the promontory called the Lizard point.
It occurs also near Liskeard, in the same county. It is not met with
in any other part of England that I know of; but I have observed
rocks approaching the nature of serpentine in Charnwood Forest,
and in the county of Radnor, in Wales.

Beautiful varieties of red and green serpentine occur in the Isle of

Anglesea, about six miles from the Paris copper-mine. It is found
in beds of great thickness, associated with the common slate-rocks of
the district, which approach in their nature to talcous slate: asbestus
lies in considerable quantities in the partings between the beds of

serpentine.
Some of the specimens of this serpentine have the characters of

the precious or noble serpentine; the colours are principally dark

green, intermixed with spots and clouds of lighter green, and shining
lamina of schiller spar, or crystallized serpentine. The fracture is
conchoidal, and it is translucent at the edges. It resists the point of
a copper or brass tool, and breaks with great difficulty. Some varie
ties contain crystalline limestone, but in smaller patches than in the
Italian verde-antique; occasional stripes and spots of steatite, asbest,
and quartz, occur in it. The red is sometimes intermixed with a

great variety of other rich colours in the same stone, as black, white,

greenish white, and dark green. It may be considered as a valuable
stone for purposes of ornamental architecture, for in beauty and du
i'ability it is not exceeded by the costly marbles of Greece or Italy.
By a mixture of serpentine with talc or steatite, serpentine be

comes soft and sectile, and forms the mineral called potstone, before
mentioned. A different combination of crystallized serpentine (dial
lage) with jade, or felspar, forms one of the hardest and heaviest of
known rocks. It was first noticed by Saussure in rounded pieces
and loose blocks, scattered over several parts of the valley, near the
Lake of Geneva: to this mineral the name of Saussurite has been
given, it is much harder than quartz, and its specific gravity is 3'35:
it is the hardest and heaviest of known rocks, composed only of

earthy minerals: the colour is, generally, greenish. Some varie
ties of saussurite, as 'Well as of serpentine, by exposure to the action
of water, acquire an external polisb, like a coat of varnish : this may
be observed in the pebbles of bright green saussurite near Mont St.
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Gotharci, and in the serpentine at the Lizard in Cornwall. For a
considerable time, it was unknown where saussurite occurred in situ;
it has since, been discovered in immense beds, associated with ser

pentine, in the valley of Sass, in the Haut Valois. Near Nyon, on
the Lake of Geneva, one hundred and twenty miles distant, there is
a field, over which are scattered large blocks of the same stone, and
on account of their unconquerable hardness, the proprietor has been
unable to remove them by blasting. Beds of saussurite occur on

the southern side of the Alps, and in the Appennines. A very inter

esting description of the saussurite and serpentine of the Appennines
has been published by M. Brongniart, entitled Sur le Gisement ou
Position relative des Ophiolites, Euphotides, et Jaspes, dans quel
ques Parties des ppennine8.* in these mountains, the serpentine
rests upon saussurite, the saussurite on strata of jasper, and the latter
on secondary limestone. This position is remarkable, for geologists
had long supposed that all serpentines were more ancient than the

secondary rocks. It has, however, been recently discovered, that
some trap-rocks which are in contact with beds of limestone, or cut

through beds of limestone, are changed into serpentine, apparently
by intermixture with calcareous earth. This discovery throws much

light on the true nature of serpentine: we can no longer be surprised
at ending these rocks in formations of different epochs. Though
serpentine may, in many instances, be considered as a rock whose

quality has been changed as before stated, yet it would be contrary
to sound induction to maintain that serpentine may not, in other in
stances, be an original rock formation. Wherever the earths that

compose serpentine have occurred together in due proportions, the
same causes which have produced other mineral combinations, may
have formed serpentine : it is rendered almost certain that this has
been the case, as many rocks containing chlorite and hornblende,

appear to pass by gradation into serpentine.
.Hornblende-Rock and Hornblende-Slate.-This mineral has been

described Chap. III. When it forms the principal parts of rocks,
the colour is commonly a greenish black. Massive hornblende, in
rocks, is generally coarsely granular and lamellar; in hornblende
slate, it is frequently radiated or fibrous, and when the fibres are

very minute it has a velvet-like lustre. Hornblende-slate occurs in
beds in granite, gneiss, and mica-slate, and occasionally in common
slate: it appears to pass by gradation into serpentine: the change is
effected by an increase of magnesia, which forms one of the con
stituent parts of hornblende.

Hornblende in large lamellar grains intermixed with feispar, forms
sienite, which it was remarked in the last chapter is not unfrequent-

* It is to be regretted that so excellent an observer and mineralogist as
Brongniart, who is so justly eminent for his scientific labours, should have thought
it necessary to burden Geology with two additional new names. Serpentine he
has denominated ophioiitc and saussurite cip/wtidc.
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ly associated with granite: the passage of one rock into the other

by the increase or decrease of feispar, may frequently be observed

in the same mountain. When hornblende and feispar are more ih

tirnately blended, they form the rock called by the Germans Green

stone, by the French Diabase; and with other rocks of similar corn

position, are frequently described as trap-rocks, and by the French

as roches amphiboliques: these will be more properly noticed in the

subsequent chapters. When the hornblende and feispar are so close

ly and minutely intermixed that the rock appears homogeneous, the

trap has all the external character of a rock (hereafter to be more

fully described) called Basalt.* In examining the geological speci
mens of Saussure in the museum at Geneva, I observed, that the

rocks which be so frequently mentions under the name of Cornéenne,

are mixtures of horoblende and feispar, in which the former min

eral predominates.
Hornblende intermixed with feispar, forming sienite and green

stone, occurs at the Malvern Hills, in Worcestershire; at the Charn
wood Forest hills in Leicestershire; and in Cornwall, Cumberland,
and North and South Wales. Very little well characterized horn

blende-slate is found in any -part of England, but, it occurs abund

antly in the alpine parts of Scotland, and in most of the principal
mountain ranges in Europe. The various intermixtures of horn
blende and feispar, to which the name of trap-rocks is frequently
given, way more properly be classed with transition rocks.t

Porphyry derives its name from a Greek word denoting purple;
the rock to which it was at first applied had a purple colour. In the
modern acceptation of the term, any rock which is compact or fine

ly granular, and contains distinct imbedded crystals, is called Porphy
ry, whatever be its colour. The base or paste of most porphyritic rocks
is feispar; and the imbedded crystals are also feispar, though there

may be also small grains or crystals of quartz or other minerals, it

* The rock to which the French give the name of Diabase, the compact tra
of Werner, resembles basalt (which the French call Dolerite) so closely, hot
in composition and physical characters, that the division into two species seems to
have been made principally to serve the purpose of theory. Diaba.se is composed
of feispar and horublende, and dolerite of feispar and augite intimately com
bined. But, as hornblende and augite do not differ more in chemical composi
tion1 than one species of hornblende differs from another, and as these two mm
erals are to be distinguished only by their crystallization; when they occur un
crystallized, may they not be regarded as identical? It is true, ang-ite occurs
abundantly m rocks of undoubted igneous oflgin, and in the lavas of' recent vol
canoes; hornblende occurs also in basaltic lavas, but more frequently, in rocks
of which the igneous origin is not, so generally admitted: yet it may be fairly
doubted, whether the distinction between compact diabase, and compact dole
rite, has not been made in order to form gratuitous conclusions respecting the dil
('erent origin of' roels, which are, in chniica1 composition and exteruaf charac
ters, essentially the same,

f Dr. Maccufloch states an instance in Shetland, where slate 'clay-sIate) ap
pears to be converted into hornblende-slate by approximating to granite; but no
inference can be fairly drawn from a solitary instance of' this kind, as there is no
evidence to prove that the hornblende-schist is not an original rock.
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has been stated, in the preceding chapter, that granite by becoming
finer graincd, frequently passes to the state of porphyry. The eurite
of the French geologists, and the weiss-stein or while-stone of Wer
ner, is a granite in which the feispar is the principal constituent part,
and is either finely granular or nearly compact. To this variety Eng
lish geologists give the name of compact felspar: the white elvan of
the Cornish miners is a porphyritic eurite.

Geologists have described four formations of porphyry, but it is

generally agreed that there is much uncertainty with respect to the
situation of these formations. The porphyry which occurs regularly
imbedded in granite, or which appears to be formed by a mere change
of structure in that rock, may properly be classed with primary rocks:
it is not considered to be an extensive formation; the white elvan of
Cornwall, and probably the porphyry associated with mica-slate in

Argyleshire, belong to this formation. Porphyry also occurs in enor
mous masses, sometimes intersecting and sometimes covering prima
ry mountains. The granite of Ben Nevis in Scotland is intersected

by veins of porphyry; and at the head of Glen Ptarmagan, a cliff
of porphyry 1500 feet high, shaped like an oblique truncated pyra
mid, passes through granite.* Porphyry, imbedded in transition
rocks, or associated with trap or volcanic rocks, must, generally, be

regarded as cotemporaneous with the formations in which it occurs.

Porphyry, is in some instances, an undoubted volcanic formation,
and presents a connecting gradation between granitic primary rocks,
and those of a more recent igneous origin. Wherever porphyry
occurs unconformably, covering other rocks, it is evidently, more re
cent than the rocks on which it rests, and must be classed with ba
saltic or trap-rocks; this porphyry will be described with them in a
subsequent chapter.

Before taking leave of the rocks classed as Primary, it may be
proper to notice that some of the rocks associated with granite, gneiss,
and mica-slate, occur also in the transition class, and even in the
lower secondary strata. The same causes by which they were form
ed among primary rocks have also operated at a later period: indeed,
one of the well known rocks, limestone, has been deposited or form
ed in all the different classes of rocks except the volcanic, and must
therefore receive its name from the class with which it is associated;
as primary limestone, transition limestone, &c. In some instances,
the mineral characters, or the fossils, serve to distinguish rocks of the
same kind, that occur in the different classes or formations: thus, the
rocks associated with primary rocks are generally harder and more
crystalline than the same species of rock which occurs in the second
ary class; but this is not invariably the case.

Phil. Mag.
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CHAPTER VII.

ON INTERMEDIATE OR TRANSITION ROCKS.

Characters and Classification of Transition Rocks.-Slate or Clay-Slate.-Pecul
iarities of Structure.-Varieties of Slate.-Flinty Slate.-Greywacke and Grey
wacke-Slate; its Passage into Red Sandstone and Gritstone.-Errors of Geolo
gists respecting the old Red Sandstone.-Lower Transition-Limestone: re
markable Position of its Beds.-Upper Transition or Mountain Limestone.
Magnesian Limestone, in Mountain Limestone.-Peculiarities in the Strati&
cation of Clouds Hill.-Errors respecting the Mountain Limestone of Derby
shire.-Remarkable Structure of Crich Cliff.-Quartz Rock.-Jasper Green
stone..-Coal Strata in England separate the Upper Transition Rocks from the
Secondary.-Observations on the Transition Rocks of distant Countries.-Er
rors of Geologists respecting them.

TRANSITION or intermediate rocks cover rocks of the primary class,
and are distinguished as the lowest rocks in which the fossil remains
of animals or vegetables are found; they may be regarded as the
most ancient records of our globe, imprinted with the natural history
of its earliest inhabitants.

Transition rocks are the principal repositories of metallic ores,
which occur (both in veins and beds) more abundantly in many of
the rocks of this class than in primary rocks. Metallic veins very
rarely occur in the secondary strata.

Geologists have often been perplexed, in their attempts to draw a
well-marked line of distinction between primary and transition rocks:
the difficulty has arisen, chiefly, from their arranging slate with the

primary class; and hence the disciples of Werner have been obli

ged to introduce the theoretical terms of newer and older primary
slate, and newer and older transition slate, &c. If the occurrence
of organic remains in rocks be the characteristic distinction between
the primary and transition class, slate must certainly be classed with
the latter; for it is among the slate rocks that the fossilized remains
of animals and vegetables first appear, in every country that has yet
been examined. One of the disciples of Werner, M. D'Aubuisson,
admits that there is no where any extensive formation of primary
slate. M. Bonnard, another disciple of the same school, in his dp
perpu Géognostique des Terrains, after enumerating various prima
ry slate rocks, candidly acknowledges, that it is doubtful whether pri
mary slate can any where be found. It is true, that mica-slate pass
es, by almost imperceptible gradations, into common slate; but here,
as in other instances, we only find that Nature is not limited by the
artificial arrangements of the geologist: yet, so long as it may be

proper to class rocks containing organic remains with transition rocks,
we must place slate among them. Nor can this be invalidated by
the fact, that in some slate rocks no vestiges of animal or vegetable



ERRORS RESPECTING THE CLASSIFICATION OF TRANSITION ROCKS. 83

remains occur; for, among the secondary strata, abounding in such

remains, we often meet with alternating beds, in which they are nev

er found; but we do not, on that account, class them with primary
rocks. In arranging transition rocks, I most decidedly, place the

English mountain limestones among them, as I have done in the

former editions of this work. I know no circumstance in Geology
that evinces more strongly the tenacity with which errors are cher
ished, when they have been some time entertained, than the deter
mination of English geologists to separate mountain limestone from
transition limestone,-in opposition to analogy, and to the universal

opinion of geologists on the Continent.. This separation, as a mere
matter of classification, would be in itself of little importance; but,
it has tended, more than any other circumstance, to perplex both

foreign and English geologists, in their attempts to assimilate the rock
formations of England, with those on the continent of Europe.
When a general attention was first excited, in this country, to the

study of Geology, access to the Continent was extremely difficult,
and we were left to explore, as well as we could, the geology of our
own island, enlightened only by the dark-lantern of German Geog
nosy. Many characters were given of transition rocks, or flcetz or

parallel rocks, founded on local observations in' Germany, which did
not apply to the rocks in other countries: it was found that the char
acters of our metalliferous limestone did not agree very well with
either, and therefore English geologists have retained the name of
mountain limestone; and the appellation of transition limestone was
restricted to a lower bed, small in extent, and comparatively unim

portant. When I first visited the Continent, and examined the cab
inets of some eminent geologists, I was particularly struck with find

ing the analogues of our principal beds of mountain limestone, ex
hibited as types of true transition limestone. On my return to Paris
the following year, I took specimens of our mountain limestone from

Derbyshire, Westmoreland, Somersetshire, and Wales; and also of
the lower limestones from Shropshire and Devonshire; and present
ed them to MM. Brongniart and Brochant. The whole of the spe
cimens they recognised as transition lirnestones, and selected the en
crinal and dark madrepore mountain limestones, as the true types,
par excellence, des Calcaires de Transition.
The following arrangement of transition rocks comprises the low

est rocks in which organic remains occur, and those which are me
talliferous or are associated with metalliferous rocks :-

TRANSITION CLASS (conformable).

1. Slate, including flinty slate and other varieties.
2. Greywacke and greywacke-slate, passing into old red sand

stone.
.3. Transition limestone. Mountain limestone.
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Rocks covering Transition Rocks (unconformably).

4. Porphyry, passing into trap or green-stone.
5. Clink-stone, passing into basalt.
6. Basalt.

Strata covering Transition Rocks (conformably).

7. The coal measures*

Slate-of which roof-slate is a well known variety-is called by
the Germans T/ton-sc/zeffer or clay-slate; by ancient English geolo
gists, argillaceous schistus; by the modern French, Phyliade. The
term slate is perhaps the most proper that can be used to designate
this rock: as the best variety of it, Roof-slate, is well known. Clay
slate is a name given from an erroneous opinion respecting its con
stituent parts; and the term is liable to create much confusion, as
the softer kind of slate in the coal strata is called slate-clay. I shall,
therefore, throughout the present volume substitute the term slate
for clay-slate, and for slate-clay the more intelligible English term
shale.

Slate rocks abound in most alpine districts, resting either on gran
ite, gneiss, or mica slate. That slate which lies nearest the primary
rocks has a more shining lustre than the other, and partakes more
of the crystalline quality of mica-slate. As this rock recedes from
the primary, its texture is generally more earthy. Its colours are
various shades of gray, inclining to blue, green, purple, and red.
Some kinds of slate split into thin lamina, which are well known as

forming roof-slates. Slate rocks are commonly divided into beds of
various degrees of thickness, which generally are much elevated,
and from the natural divisions of the rock, they often form peaked
and serrated mountains.

Slate has been described by former geologists as distinctly strati
fied, because it splits easily into thin 1aniin, and the direction of the
lamirne is asserted to be in the direction of the beds; but, in oppo
sition to the authority of many eminent geologists, I maintain that
slate, unless it be of a soft or coarse kind, approaching to shale or

greywacke, invariably, splits in a transverse direction to that of the
beds, making with that direction an angle of about sixty degrees;
it has frequently two distinct cleavages.
Few persons, perhaps, have examined more slate rocks, or Con

sulted more workers in slate quarries than I have; and the fact re

specting its cleavage is invariably what is here stated, except in very
coarse greywacke-slate, and soft slate or shale.

* The regular coal strata or coal measures, whore they occur in England, se-PR-
Cite the transition from the secondary rocks. If they are classed with either, it
should be with the former.
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Slate rocks vary much in quality in the same mountain; those
which contain a great quantity of siliceous earth pass into flinty slate.
When magnesia enters largely into the composition of slate rocks,

they are distinguished by their green colour, and pass into chlorite
or talcy slate,-a rock before mentioned as occurring also in prima
ry mountains. Whetstone-slate, or hone, is a variety of talcy slate,

containing particles of quartz: when these particles are extremely
minute, and the slate has a uniform consistence and requisite degrees
of hardness, it forms hones of the best quality. Carbonaceous mat
ter is first discovered in slate rocks, and increases in quantity as they
approach the secondary strata. Drawing-slate i said to contain 1 1

per cent of carbon; where the carbon is very abundant, the slate
has a dark colour, and is generally soft. Impressions of vegetables
are found in some slate rocks that were formerly regarded as prima
ry; the slate rocks in the vicinity of Mont Blanc, and Mont Cenis,
contain impressions of ferns. Slate contains occasionally impressions
of fad, or sea weed.

That fine variety of slate which is used for roof-slate, seldom
forms entire mountains, but is generally imbedded in slate rocks of
a coarser kind: the beds of roof-slate are sometimes of considerable
thickness, and generally rise at an elevated angle. If geologists had
not been induced, by an attachment to theory, pertinaciously to ad
here to opinions once received, they could not have failed to recog
nise the effect of crystallization in the cleavage of slate, as evidently
as in the laminar divisions of feispar.

Those varieties of roof-slate are preferred for the covering of

buildings, that are the least absorbent of water, and have the smooth
est surface, and split into the thinnest plates; they are, however,
frequently made too thin to be durable, and too light to resist the
force of the wind, during storms.

Quarries of slate are worked extensively in Westmoreland, York
shire, Leicestershire, North Wales, Cornwall, and Devonshire. The
foreign localities of slate are so numerous, that it would be superflu
ous to name them.

Mountains of slate are seldom so precipitous as those of granite,
but have often a sharp serrated outline. They are covered with
verdure on their declivities, as they contain less silex, and a more
equal admixture of the earths favourable to vegetation.

Flinty slate, as before observed, differs from common slate by
containing a greater quantity of siliceous earth; and, as its name
implies, it partakes of the nature of flint. Slate and flinty slate not
only pass into each other, but frequently alternate. When the latter
ceases to have the slaty structure, it becomes hornstone, or what the
French denominate petrosilex. If it contains crystals of felspar, it
becomes hornstone porphyry: all these varieties may be observed
alternating with each other in the same rocks in Charnwood Forest,
and in North Wales and in Cumberland.
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Slate is regarded as one of the most metalliferous rocks: nearly,
all the principal metallic ores have been found in slate, either in veins

or beds; but it is remarkable that flinty slate seldom contains any

repositories of. metallic matter. Lead and copper are the principal
metals found in the slate rocks of England and Wales: they are not

so rich in lead as the mountain limestone, but the lead ore in slate

rocks contains a larger portion of silver. The killas of Cornwall, so

remarkably metalliferous, is a variety of slate.

Gre3lwacke and Greywacice-Slate; German Grauwacké.-This

dissonant term, which we have borrowed from the German, the

French geologists have exchanged for a name not more harmonious,

though more expressive, Traymate, from the Greek Tlirausma, a

fragment.
Greywacke, in its most common form, maybe described as a

coarse slate containing particles or fragments of other rocks or min

erals, varying in size from two or more inches to the smallest grain
that can be perceived by the eye. When the imbedded particles
become extremely minute, greywacke passes into common clay-slate.
When the particles and fragments are numerous, and the slate in

which they are cemented can scarcely be perceived, greywacke be

comes coarse sandstone or gritstone. When the fragments are larger
and angular, greywacke might be described as a breccia with a paste
of slate. When the fragments are rounded, it might not improperly
be called an ancient conglomerate. When rocks of greywacke have

a slaty structure, they form greywacke-slate.

Greywacke has by some of the French geologists been described

as a transition sandstone, with a cement either of siliceous earth, or

of slate. This definition agrees with the gritstones associated with

the upper transition or mountain limestone. Where the paste is hard
and siliceous, as I have observed in the greywacke of Savoy, that

separates the primary from the secondary rocks, many of the sili
ceous particles may have been original concretions formed at the
same time as the paste; and where these concretions are all com

posed of quartz, we may infer that such has been their mode of for
mation. In other instances, the fragments are evidently the debris
of more ancient rocks, that have been broken down by some great
catastrophe, and mixed with more recent beds at the period when

they were forming. This mode of formation implies, that a consid
erable period elapsed between the formation of the primary and se

condary rocks. The fragments are always those of lower rocks,
and never of the upper strata. In some situations, immense beds
of loose conglomerate, composed of large fragments and boulders
of the lower rocks, separate the slate rocks from the calcareous for
mations: such conglomerates may be regarded as occupying the geo
logical place of greywacke, and belonging to the greywacke for
mation.
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The old red sandstone, about which so much has been written and
so little understood, is a greywacke, colored red by the accidental
admixture of oxide of iron. In Monmouthshire, the relations of
red sandstone with greywacke, and the passage of one rock into the
other, may be distinctly observed; the connection also with the
lower gritstone, under the mountain limestone, may be plainly traced.
Here, then, we have the mountain limestone with its alternating beds
of grit, the red sandstone and the greywacke, evidently members of
the same formation; and to make the connection more complete,
the red sandstone contains beds of limestone, which form the link
between the lower transition and the upper transition limestones.
This limestone is imperfect, being intermixed with siliceous parti
cles; it is of a greenish color, and hence called Gooseberry lime
stone. The red sandstone also passes into claystone, which is as
well characterised as that of the Pentland Hills.*
The old red sandstone possesses all the mineral characters of

greywacke, except the color, which is a quality that can never be
considered of importance, being chiefly derived from local or acci
dental causes. The old red sandstone also occupies the geological
position of greywacke, and greywacke-slate, into which it passes
merely by a change of color. The principal reason why it has not
been generally recognised as belonging to the greywacke formation is,
that it has been frequently confounded with the red sandstone above
the coal formation: some of the beds greatly resemble each other;
and it is not yet clearly ascertained, whether the red sandstone in
some parts of England and Scotland be the old red sandstone or the
new. Until English geologists shall renounce their prejudices, and
place the old red sandstone and mountain limestone in the Transi
tion Class, as greywacke, and transition limestone, every attempt
will be vain to identify this part of the geology of England with that
of the Continent: particularly as the Alpine limestone of foreign
geologists, is a very different formation from the transition limestone,
comprising the several formations of limestone above the coal strata,
and new red sandstone, or what the French call Gras bigarré.

Transition Limestone.-This is one of the most important of the
transition rocks: its mineral characters vary considerably, accord
ing to the nature of the rocks with which it is associated; it has gen
erally a subcrystalline texture, and is more or less translucent on the
edges. From the degree of hardness which it possesses, it will take
a good polish: most of the colored marbles are transition limestone.
The prevailing color is bluish grey, but it is sometimes red, brown,
or black: the lower beds of this limestone are often beautifully Va-

* From the quantity of oxide of iron and of red marie in some beds of the old
red sandstone, and from its passage into claystone, I am inclined to believe that
the red sandstone of Monmouthshire has been part]y formed by the decompositionof an ancient basaltic formation, which has become intermixed with gzeywacke.
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negated, veined, and spotted. It may be stated generally, that tran
sition limestones are seldom so perfectly crystalline as primary lime
stones, and they have rarely the compact and earthy texture of se

condary limestones.
Transition limestone occurs in beds alternating with slate, grey

wacke, greywacke-slate, and coarse gritstone. Some of these beds
are of considerable thickness, and form mountain masses. The
lowest beds alternate with slate; they contain few organic remains.
The variegated limestone of Devonshire is of this kind. Sometimes
numerous thin strata of slate and transition limestone alternate, and
are much bent and contorted. A very remarkable instance of this
occurs at Drewsteignton, near Moreton, in Devonshire, where a se
ries of thin strata of dark limestone alternate with strata of indurated
slate, and are bent and folded in various directions. Were we to
take a number of alternating sheets of black and brown paper, and
fold them nearly round a wine decanter, and then bend them back
over the lower folds, we should have a not unapt representation of
the singular contortions of the strata in this place, where they are ex

posed to view by extensive quarries cut in the rock.
The remarkable contortions of the beds of transition limestone and

slate, imply the operation of a cause that could not only bend but
soften the strata; and were we to admit that granite has once been
in a state of fusion, and been protruded through the outer crust of
the globe, the immediate contiguity of these bended strata to the

granite of Dartmoor, might indicate the agent by which the effects
were produced. Near Dudley, in Staffordshire, we have another
remarkable instance of the bending of beds of transition limestone;
but this is in the vicinity of basaltic rocks, which are now admitted
to be of igneous origin.
The limestone at Wren's Nest, near Dudley, consists of two beds

-one ten, and the other fourteen yards thick, resting upon beds of
soft and imperfect limestone and shale, called wild measures. The
two beds of limestone are separated by similar strata of wild meas
ures, thirty-eight yards in thickness; they are raised up together in a

position approaching to vertical, are folded round the hill, and en
close a space of about fifty acres, with a double wall of limestone

rising above the country, like an oval tower widening at the lower

part.
If two sheets of pasteboard were separated by a quire of blue pa

per and laid flat, and a blunt metallic rod were thrust through the
whole from beneath, it would force the lower sheet of pasteboard
through the upper sheets, and represent the present position of the

strata at Wren's Nest Hill. At Dudley Castle Hill, about a mile dis

tant, the beds of limestone are bent, and dip on each side-of the

bill. (See a section of this hill, Plate IlL fig. 4.)
A, Wren's Nest Hill; a a, b 6, the two beds of limestone enfold

the bill, as represented in the small compartment E, above the sec-
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tion. The dotted line and open spaces show where the limestone

has been quarried away: 1, 2, are deep galleries over each other,

along which the limestone is also quarried; the lower is near the

level of a canal which penetrates the hill to convey the limestone

away: c, represents the outcrop of the thirty feet bed of Stafford

shire coal, which comes to the surface near Wren's Nest Hill; B5

represents the arrangement of the limestone strata at Dudley Castle

Hill, similar to that at Wren's Nest Hill; and n, a hill capped with

rudely columnar basalt in the vicinity. In this section the proportion
of distance has been disregarded, in order to comprise the different

objects in one view: the distance between Dudley Castle Hill and
Wren's Nest Hill, is about two miles. The strata at Dudley Castle
are what is called saddle shaped, declining on each side of the hill.
The transition limestone of Dudley is not covered by any beds of

the upper-transition or mountain limestone, but by strata about sev

enty-six yards in total thickness, composed of imperfect limestone
and sandstone, which separate it from the lowest coal measures. It
is therefore to be particularly noticed, that the coal strata, which in
most of the coal districts in England rest upon the upper transition
or mountain limestone, in this part of Staffordshire, rest upon the
lower transition limestone. The remarkable fossil, the trilobite, call
ed the Dudley fossil, occurs principally if not entirely, in a stratum
under the first limestone. There are shells in what are called the
wild measures, but they are in a soft and decomposing state.
The lower transition limestone in England and Wales, is not a

very extensive formation: it skirts the granite of Dartmoor, and

part of the Malvern Hills; it extends in a narrow belt from Wen
lock, in Shropshire, to Caermartben, in Wales, and is generally oc

companied with soft greenish schistose strata, called dye earth, which
contain numerous impressions of shells. A few patches of this lime.
stone occur in various parts of the slate districts in Wales, and Cum
berland. This part of the transition limestone series is remarkable

chiefly for its organic remains; it is rarely metalliferous.
The upper transition or mountain limestone is, as 1 have before

stated, the limestone to which the French geologists gave, par excel-
lence, the name of Calcaire de transition. It is by many English
geologists considered as a distinct formation from the lower, or what

they call the true transition limestone; and it is said to be "separated
from it by the important formation of the old red sandstone :" but
the latter is only a variety of greywacke, and is acknowledged, even
by those who make it a distinct formation, to graduate into grey
wacke, and to possess all the general characters of that rock, except
that it is colored red. The old red sandstone contains, in some sit
uations, beds of imperfect limestone, which may be said to connect
the lower transition and mountain limestones in one formation, to
gether with the associated beds of greywacke, red sandstone, and
gritstoiie.
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Mountain limestone is one of the most important calcareous rocks
in England and Wales, both from its extent, the thickness and num
ber of its beds, the quantity and variety of its organic remains, and

its richness in metallic ores, particularly of lead. In Derbyshire,
where the different beds of limestone have been pierced through by
the miners, the average thickness of the three uppermost is about
160 yards; the beds are separated by beds of trap or basalt, resem

bling ancient lavas. The lowest limestone has not been pierced
through. In the northern part of Yorkshire, and in Westmoreland
and Cumberland, the beds of mountain limestone alternate with beds
of greywacke-slate, and of coarse sandstone. In North Wales, and
in Somersetshire, mountain limestone forms entire mountain masses,
of vast thickness, distinctly stratified ; the strata often varying in col

our, and sometimes in the nature of their organic remains.
The beds of mountain limestone in England and Wales vary much

in colour and quality. The colour is most commonly light grey, but
it is sometimes black and sometimes a reddish brown, or is varie-

gated. The limestone is generally sufficiently hard to receive a high
polish, and forms what is denominated marble, of considerable beau

ty. The texture is more or less crystalline.-The prevailing char
acteristic organic fossils are ericrinites and madrepores. The upper
beds of mountain limestone in Derbyshire appear to be composed al
most entirely of encrinites. A bed of black limestone with madre

pores occurs in Westmoreland; it is more rare in Derbyshire, but is
found in the lower part of the mountain limestone in North Wales,

and Shropshire, and also in Devonshire. It takes a beautiful polish,
and is much used for chimney-pieces. The black colour appears to

be derived from bitumen, for it is injured by heat, and is entirely ex

pelled by burning. Mountain limestone is generally a nearly pure
carbonate of lime; but some beds, and even entire hills of this lime
stone, contain a large portion of magnesia, like the dolomite of the

Alps. The mountain magnesian limestone of England is generally
harder than the common limestone, and has frequently a reddish brown
colour. Bredon FL!!, in Leicestershire, and Cloud's Full, in its vi

cinity, are composed entirely of magnesian limestone; there are
several beds of similar limestone which form low hills in the adjacent
country: they may all be regarded as an extension of the Derby
shire mountain limestone, ranging southward towards Charnwood
Forest, and terminating at Grace Dicu, where the limestone is nearly
in contact with the granitic and porphyritic rocks. I say these may
be regarded as an extension of the Derbyshire mountain limestone,

though the continuity is partly concealed by a covering of the red
marie, and by coal measures: the limestone contains the same char
acteristic fossils as the Derbyshire limestone, particularly encrinltes

(screw stones), and the euompha]us; but these are not abundant.
The strata of Bredon Hill and Cloud's Full are much exposed, hav

ing been extensively quarried for lime during a long period; they
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tise southerly from 450 to 600. When I visited these hills in 1811,
1 was forcibly struck with the appearance and elevation of the strata,
and I was disposed to attribute their position to the disturbing force
which had elevated the granitic range of Charnwood; but such opin.
ions were at that time much discouraged by English geologists. I
visited these quarries again in 1830, after having repeatedly observed
similar effects produced in the proximity of granite, and I was con
firmed in my former views.
The theory of Von Buch respecting the conversion of common

limestone into magnesian limestone by the proximity to porphyry
(see Chap. XI.), may be considered as deriving some support from
the near approach of this magnesian limestone to the porphyry and

porphyritic sienite of Charnwood. I shall refer to the subject else
where. The reason for entering more into detail, respecting the

magnesian limestone of Bredon and Cloud's Hill than may appear
consistent with an introductory work, is, that the strata of the latter
hill present an anomalous appearance, which I have not observed
elsewhere, and which is connected with the enquiry respecting the
character of stratified rocks. At Cloud's Hill, the face of the rock
which is worked, rises to the height of about 300 feet. The strati
fication is most distinctly marked by regular strata seams, or partings,
which show the elevation of the strata to be about 60°. In the
midst of these strata there are masses in which all traces of stratifi
cation are obliterated; these masses are not separated by any part
ings or divisions whatever from the strata which surround them; the
masses and strata are precisely of the same quality, and similar in
appearance. The masses are more difficult to work because they
have no regular partings; these masses are, on this account, called,
by the quarrymen, knobs. The annexed cut represents one of these
masses-

Instances of unstratified beds and masses of one kind of rock, in
terposed between regular strata of another kind, are not uncommon;
and in the midst of primary rocks, divided by regular cleavages, parts
may be frequently seen, in which the cleavages or divisions are ob
literated; but, in both these cases, the solution of the cause of this
obliteration may be found iu igneous fusion, combined with refrigera-

a a, strata of limestone; b an unstratified knob.







92 MOUNTAIN LIVESTONE.

tion. If the unstratified masses at Cloud's Hill owe their form to the

action of heat, it is difficult, if not impossible, to conceive how this

heat could have changed internal portions of the limestone, without

affecting the surrounding strata. In Devonshire, and elsewhere, bills

of mountain limestone may be seen in which the stratification of the

entire mass is obliterated or nearly so; but there can be no difficulty
in this case,-indeed, it may be said that we do not know that the

limestone was ever stratified, though the probabilities are greatly in

favour of its having been so.
Remarkable sudden changes may be sometimes observed in the

quality of the same beds of mountain limestone. At Llanymynah,
in Shropshire, (a bill composed of this limestone,) the quality of the

limestone, on one side of the hill, is considered by the lime-burners

of the very best kind; while, at a little distance, the same strata are

so impure, from an intermixture with sand and clay, that they cannot

be used with advantage: but what is more remarkable, I have seen,
in this hill, a stratum of the best limestone, lying regularly between
other strata, suddenly terminate, and a whitish calcareous marie oc

cupy its place, preserving the same degree of thickness, and the
same direction. As these strata contain marine organic remains,
and were deposited at the bottom of the ocean, we may suppose that
a submarine current had prevented the limestone from extending
further, and supplied its place by a deposition of clay, before the stra
tum above was deposited. In the former case, where the strata of

good limestone become, in some parts, calcareous and impure, we

may suppose that submarine currents, carrying away particles of sand,
had intermixed them with the calcareous depositions in one part, but
not in another. Indeed, this sudden change in the quality of the
limestone is so common in that part of Wales, that the workmen
have given to it the expressive name of Balkstone. When I was
first informed of the balkstone, and saw that it impeded the opera
tions of the quarrymen, I expected to have found a dyke of basalt,
and was surprised to observe a mass of stratified limestone, of an

impure quality, cutting through the best limestone like a thick wall
and left standing, the good limestone being worked away on each side
of it. This wall of limestone is of a darker colour than the rest; it
contained the remains of the encrinites. It is owing, I conceive, to
the irregularities in the deposition of the strata, from causes attend
ing their original formation, that soft and irregular beds or masses of

clay occur in mountain limestone, which have subsequently been
washed out by subterranean currents of water, and formed excava
tions and caverns of considerable magnitude. Many instances might
be cited of large streams, and even rivers, engulfed in mountain
limestone, and rising again at the distance of several miles. In the
northern counties these Openings are called Swallow Holes. Mr.
Farey has enumerated t%vcnty-eigln swallow holes in the mountain
limestone of Derbyshire.
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It is in the lower beds of mountain limestone that enormous natu
ral caverns frequently occur: such are the well-known cavern near
Castleton, and Pool's-hole, near Buxton in Derbyshire; and Yordas
Cave, under Wheroside, in Craven. Gordal Scar and Weathercotø
Cave, in the same district, cannot properly be called caverns, as they
are open to the day; but the latter was probably once a cavern, of
which the roof has fallen in. In all these caverns, and others that
I have observed in this limestone, there is a stream of running water,
which is more or less copious in rainy or dry seasons. I am inclined
to believe that the caverns have been formed by the agency of water,

percolating through natural fissures, and in the lapse of ages exca

vating the softer or more broken parts of the rock. The prodigious
force with which these subterranean streams rush through the Qpen
ings of some of these caverns, after continued rains, suggests the

probability of this mode of formation. The whole of that enormous
mass of limestone in Craven, from Ingleborough and Whernside to
Gordal, is intersected by perpendicular fissures, which are narrow at
the top, and become wider as they descend, through which the water

may be heard to run at a vast depth below. These unseen but ever
active streams are slowly but progressively wearing down the internal

parts of these calcareous mountains, and depositing them in the sea.
The mountain limestone of Derbyshire demands particular atten

tion from the interesting geological phenomena which it presents;
though it has been much visited and frequently described, I believe
the accounts hitherto given have been in some respects erroneous.
I revisited the country round Matlock soon after my return from the
Continent, and was then convinced that the structure of the calcareous
mountains had been mistaken, but the state of my health did not per
mit me to pursue the enquiry. Since the publication of the third
edition of this work, I have examined this part of the country care

fully, and shall briefly state the result of my observations. Mr.
Whitehurst has the merit of being the first observer who discovered
some of the leading features of the geology of this district: he bold

ly pronounced that the beds of trap and amygdaloid, provincially
called Toadstone, which are interposed in the limestone, were vol
canic lava, or at least had an igneous origin. This opinion was much

opposed at the time; it is now confirmed by such a weight of evidence,
as to leave little doubt respecting its correctness, (See Chap. IX.)
though the facts and arguments by which Mr. Whiteburst's views

were then supported were in some respects fallacious.
Mr. Farey, who followed Mr. Whitehurst, adopted the same views

of the general structure of the country, though his opinions respec

ting the formation of the toadstorie were entirely different; he con

sidered it to be an aqueous deposition, forming regular strata, like

those of sandstone in the coal measures.

Mr. Whitehurst and Mr. Farey describe three beds of toadstone,

and four of limestone, in a descending series.
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1. The first limestone 150 feet, with much white chert.

2. The first toadstone 48 feet, vesicular and amygdaloidal.
3. The second limestone 150 feet, contains beds of magriesian

limestone.
4. The second toadstone 128 feet, more compact than the first

toadstone
5. The third limestone iSO feet, contains black madrepore beds.
6. The third toadstone 6 feet, uncertain.
7. The fourth limestone not pierced through, uncertain.

This may be an approximation to the thickness of: the five upper
beds near Matlock Bath, but is by no means an accurate statement of
the succession and thickness of the beds in other parts of the coun

ty, it may be proper to remark also, that :the limestone is distinctly
stratified, and the strata of limestone are often divided by strata of

clay, provincially called way-boards, and also by strata or rather
seams of siliceous stone called chert, resembling flint, but less splin
tery in the fracture, and fusible; which latter property is doubtless

owing to an admixture of calcareous earth. These strata of chert
occur most frequently in the upper limestones; they contain, like the
lirnestones, remains of shells and encrinites. As loose blocks of
chert with encrinites are sometimes ploughed up in the fields, Mr.

Farey supposed that these blocks have been converted from lime
stone into chert by some unknown process,-an opinion for which
there is not the slightest foundation. The chert blocks are the re

mains of hard strata, which have resisted decomposition or destruc
tion, in the same manner as nodules of dint in the upper chalk.

Large bivalve shells (Productus) are found both in the limestone and
chert. The thick beds of toadstone that divide the upper from the
lower limestones, were supposed by Mr. Whiteburst to have been

protruded between them in a state of fusion: this opinion will be
examined subsequently. Admitting its truth, it would sufficiently
account for the great irregularity in the thickness and succession of
these beds, which is known to prevail throughout the Peak of Der

byshire. All the miners that I have examined on the subject, agree
that the warm springs which abound in the vicinity of Matlock, rise
from under the second toadstone, and that when this bed is first pier
ced through, the water has often a higher temperature than the Mat
lock Bath water, but its heat is reduced by admixture with COO!

springs in the upper beds.
I have now-to observe that the descending series of limestone and

toadstone to No. 5., or the third limestone, may all be found in the

vicinity of Matlock, and many other parts of the mining district;
but the beds of toadsione are of variable and uncertain thickness.
With respect to the third toadstone, its occurrence as a regular bed
is extremely doubtful. In some situations there are eruptions

of
toadstone intervening in the third limestone, which is of vast thick
ness, but these beds of toadstoue are in general extremely irregular:
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where they occur, they of course divide the third limestone into two
beds. The irregularity of these beds of toadstone, and the distur
bance of the regular strata which they have caused, compelled Mr.

Farey to call them chance beds, to avoid the admission of their igne
ous origin. In the same manner he explained the protrusion of the

granitic range of rocks in Charnwood Forest; be described them as
chance beds in the red marie; it was surely an extraordinary chance,
which produced rocks that extend tinder every other rock formation
in the midland counties of England. There are, however, circum
stances attending the stratification of the mountain limestone of Der

byshire, that have not been noticed by any of the authors I am ac

quainted with, who have described this country. There are evident
indications of an upheaving force acting on several parts, and bending
the strata into arches, the segments of large curves as represented
Plate II. fig. 1. and fig. 6. These curves are sometimes complete
in the same hill, but frequently their continuity is broken. The stra
ta of Matlock high Tor have been described by former writers as

plain, and when seen in face of the rock they appear to be nearly
so, but they are in reality curved, as shown Plate I. fig. 6. They
enfold the back part of the hill, and are continued into the oppo
site bill, Masson, which they also enfold. The continuity of the stra
ta is broken by the vale of the Derwent, which makes their true form
more difficult to trace: but the arched stratification of the lower part
of the same beds is distinctly displayed westward, and may be seen
from the road near Matlock toll bar, where a section is made by the
Derwent.
A very remarkable instance of the arched stratification, complete

ly formed in one situation, may be seen four miles east of Matlock,
in the isolated mountain called Crich Cliff; which rises about nine
hundred feet above the Derwent. The strata rise all round, and en
fold it, forming nearly spherical segments, as represented in the an
nexed cut. This section, through the hill, represents the arrange
ment of the beds of limestone which clip all round the hill cc c, but
are somewhat flattened at the top; the shale and gritstone surround

ing the lower part of the hill are represented a b. The true structure
of the hill has been discovered by recent mining operations; several
valuable metallic veins have been explored in it, and a gallery has
been driven into it, as represented in the figuref. It is obvious that
this arched structure can be formed only by protrusion, whereas the
elevation or inclination of plane strata may have been produced by
subsidence. Now, when we consider their near proximity to beds
of toadstone of igneous formation, we can have little difficulty in as

signing a cause for this protrusion; but, fortunately, we are not here

obliged to have recourse to conjecture: in driving the gallery towards
the centre of the hill, a mass of toadstone was met with (E E,) which
was not cut through when I visited the place in 1830. The same
toadstoue was found by sinking a shaft upon it, as represented in the
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cut at S. In this instance we have the effects of protrusion, and the
cause, displayed in the same hill. It is true, the black compact
toadstone had not been reached in 1830, but a great mass of indura
ted green earth, which always accompanies it, and is regarded by
the miners as toadstone, and is called by the same name, had been

penetrated many yards. It was so hard as to require blasting. On
one side of this bill is what is called a pipe vein or opening between
the strata, filled with metallic ore. This is represented in the cut at

d; the workings in this vein, have been continued nearly round the
hill. Near the top of the bill there are quarries worked, which dis

play the strata rising towards the summit on each side. Having
shown that the mountain limestone of Derbyshire assumes, in many
parts, the arched stratification, it may easily be conceived bow per
sons, not aware of the circumstance, may have fallen into great mis
takes in attempting to describe the succession of beds along a certain
line; for the same beds, if arched, may rise near the surface, or
above it repeatedly, in the same country. (See Plate I. fig. 2.)

Other effects of the proximity of trap or toadsione on limestone
will be noticed in Chap. IX.

I cannot omit, before leaving the mountain limestone of Derby
shire, to cite an instance of the influence which erroneous observa
tions, combined with false theories, may have in retarding the pro
gress of geology. Some years since, when it was the prevailing de
sire of many English geologists to make the different rocks agree with
Werner's arrangement, and they were perplexed how to dispose of
the mountain limestone-whether to place it in the transition class, or
what were called the flwtz rocks (or flat rocks,) in which class were
included the upper secondary strata-an eminent chemist from the
North country, who affected a profound knowledge of geology, went
into Derbyshire to decide the question, and observing the strata op
posite Matlock Bath to appear horizontal, he published an oracular

opinion that the limestone of Derbyshire, was fltz; and this opin
ion continued for some time to mislead the followers of Werner in
this country. Now, bad this observer taken the pains to obtain a true
section of the strata, he might have discovered, that instead of being
fiat, they were inclined at an angle of thirty or forty degrees. (In
Plate I. fig. 6.) The strata, seen in the line of bearing do ap
pear horizontal, whereas the section in the line of clip shows their
true elevation. Nothing, however, can be more puerile than to form
a classffication of rocks, on a circumstance so variable as the position
of the beds; and the name flcetz is now banished from geology.*

* We are not, however, free from the effects of this erroneous classification.
Some English geologists, finding that the characters of mountain limestone agreedwith that of transition limestone, but in awe of the decision which pronounced it
to he hitz, invented a new name, CrIin'iftriits limes/one, which is singularly in
appropriate
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The upper transition or mountain limestone in England is particu
larly nietalliferous; the principal ores are those of lead and zinc;

they occur commonly in veins. Nearly all the lead obtained from
the English mines is found in the mountain limestone. Ores of cop
per sometimes occur in this limestone.

Many of the fossil organic remains, both in the upper and lower
transition rocks, are of genera that are not found in the secondary lime
stones. Some of the upper beds seem almost entirely composed of
encrinites: madrepores and corallites occur abundantly in the middle

part of this formation.

Quartz Rock-Rocks composed entirely of crystalline grains of

quartz, sometimes occur among primary and transition mountains.
Certain causes appear to have operated locally, and separated the

quartz and felspar of granite into masses of considerable size. The

quartz rock in the county of Wicklow I observed to be formed of
what is called greasy quartz, similar to that in numerous veins in the
mica slate, near its junction with granite in the adjacent mountains,
and is probably cotemporaneous with the veins. According to Dr.
Mac Culloch, the quartz rock in many parts of the Highlands, pre
sents evident indications of being composed of fragments and round
ed pieces again united, and is in fact a quartzose greywacke or grit.
Part of the Lickey Hill, near Bromsgrove, is composed of granular
quartz; and similar beds occur near the village of Hartshill, in War
wickshire, between Atherstone and Nuneaton. Quartz rock, as dis

tinguished from quartzose gritstone, is an inconsiderable formation,
and may with more propriety be referred to the Transition, than to
the Primary Class.

Jasper.-This mineral is of rare occurrence as a constituent part
of beds, or of mountain masses; it differs little from a siliceous flinty
slate, but is generally coloured red, brown, or yellow, and is opaque.
It contains a large portion of the oxide of iron in its composition.
The beds of shale in coal mines that have taken fire, are sometimes
converted into a substance in every respect resembling jasper. There
are beds of jasper of considerable magnitude in some parts of the

Appennines, covered by rocks of serpentine. In some situations, beds
of slaty jasper alternate with slate, to which rock they appear to
bear the same relation as flinty slate. Lydian stone, which is a black
siliceous flint slate, is by some geologists called black Jasper. The

only bed of Jasper that I have seen among the English rocks, occurs
associated with beds of manganese ore, at Dodscombleigh in Devon
shire. Jasper sometimes occurs in veins, and forms nodules in basal
tic rocks. There can be little doubt that jasper has been, in many
instances, formed by subterranean heat, acting with great intensity on
beds of argillaceous shale containing iron.

Hornblende Rock and Greenston.e.-Hornblende rock has been
described as associated with primary rocks, it also occurs in the low
er transition rocks. Transition hornblende presents no variety of
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character by which it can be distinguished from Primary. Green

stone composed of feispar and hornblende, in which the feispar is

white, and sienitic greenstone, in which the feispar is red, sometimes

occur in beds among transition rocks, particularly of slate. But

more frequently rocks of greenstone, sometimes called Trap, occur

in an unconformable position, covering rocks both of the transition

and secondary class, and will be described in the chapter on Uncon

formable Rocks; after the description of coal strata, called by the
minors Coal measures.

OBSERVATIONS ON CONFORMABLE TRANSITION ROCKS.

The order of succession in conformable transition rocks is extremely
variable, and the thickness of the same beds differs greatly in differ
ent situations. In one district we find a whole uninterrupted series
of calcareous strata, forming entire mountains; and in an adjacent
district, the same series are widely separated by intervening beds of
slate, greywacke, or sandstone; and many of the strata which occur
in one place, will often be wanting in another. We have before ob
served, that calcareous transition strata are subject to sudden varia
tions of quality in the same mountain: we cannot therefore be sur

prised, that in distant districts a great diversity should exist, both in
the number and thickness of calcareous strata of the same formation;
no single stratum can be regarded as an universal formation. In
whatever manner the strata were deposited, the deposition has been
interrupted by causes to us unknown, which have accumulated thick
masses in one situation, and prevented their formation in other parts.
With respect to beds composed chiefly of the fragments of older
rocks, it is evident that the contiguity to rocks which were most easily
disintegrated, would produce thicker beds of fragments in certain sit
uations than in others, and that their formation must be local.
The organic remains found in transition rocks, belong almost ex

clusively to genera no longer existing, and which do not occur in
the upper secondary strata. Vegetable remains are rare in transition
rocks; they occur sometimes in slate rocks. The trilobite is peculiar
to transition rocks: the gigantic species occurs in slate, and the
smaller species in limestone. The orthoceratite is chiefly found in
transition limestone; univalve shells rarely occur in it. The prevail
ing fossils in this class are madrepores, corallites, and encrinites. The
remains of vertebrated animals are rarely, if ever, found in transition,
rocks. Many instances cited by foreign geologists of vertebratecl an
imals found in this class of rocks are erroneous; the rocks in which
they occur belong to the secondary strata; and it should be noticed,
that some English concliologists have described fossil remains from
specimens collected in particular counties, without knowing precisely
their true localities, or whether they were found in situ or in diluvjal
deposits. In the near vicinity of the transition limestone in Derby
shire, I have collected gryphuLe and nummulites, and even the fossils of
the chalk formation, but they had no relation to the ancient lime
stone; they were found in beds of gravel.
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Conformable transition rocks cover the primary, and sometimes
alternate with them; they are also associated with the lowest beds of
the coal formation, so that no well marked division can be traced be.
Iwecu them: but there is one character, independent of all artificial

arrangements, which serves to distinguish transition rocks from the

upper secondary strata, in countries where the regular coal formation
is found. All rocks under the coal formation, belong either to the
transition or primary class; and all the strata above the coal forma
tion belong either to the secondary or the tertiary class. The geo
logical position of the regular coal formation thus serves as a simple
and intelligible key to the geology of all countries, wherever it occurs.
But where the coal strata are absent, the difficulty of determining the
class to which certain rock formations belong, is often very great. Of
this we have a striking instance in the perplexed attempts of foreign
geologists to classify the vast calcareous formations of the Jura, and
the outer range of the Alps; and the perplexity is further increased,
by the mistakes which are made in referring to the English mountain
limestone, by confounding it with the colcaire alpin, or alpine lime
stone. The alpine limestone, according to some geologists, is a trans
ition limestone; but according to other geologists it is analogous to
the magnesian limestone under the new red sandstone, and also com
prises the has limestones and the oolites. Indeed, I am convinced
that in the vicinity of the Alps, rocks analogous to the chalk forma.
tion have not unfrequently been classed with transition lituestoucs.
These mistakes have arisen from a desire to make observations agree
with preconceived theories, and with the artificial arrangements which
Werner had invented. Thus it was taken for granted, that the gran
itic mountains of the Alps being primary, the calcareous mountains
must be primary also; and when organic remains were first discov
ered in them, the geologists in France were greatly surprised, and
seemed unwilling to admit the fact: at length, by a painful and re
luctant effort, they removed all these mountains from the primary to
the transition class.. A more Herculean labor remains to be performed,-that of removng many of these mountains still higher, to the up
per secondary class. In the vicinity of Moutiers, in the Tarcntaise,
where 1W. Brochant first observed some organic remains supposed to
belong to transition rocks, I discovered the Patella and other fossils,
peculiar to the upper secondary strata.
In parts of France at a distance from the Alps and the Jura, the

mineral character of the secondary strata might alone serve to identifythem with the English has, oolites, and chalk; but in the range of the
Jura and the outer ranges of the Alps, the calcareous formations are
of such immense magnitude, and the beds are often so highly indura
ted and crystalline, that it is only from their relative position and im
bedded fossils, that we can truce their analogy to the English strata,
or to the secondary strata in the north of France.
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CHAPTER VIII.

ON THE LOWER OR GREAT COAL FORMATION.

The Geological Position and Structure of Coal Districts, called Coal-Fields.
Dislocation and Disturbances of Coal Strata by Faiths and Dykes.-Mineral
Coal, Anthracite, Plumbago, Wood-Coal or Lignite.-Iron-Stone accompany
ing Coal Strata.-On Carbon as an original Constituent Part of the Globe,
On the Origin of Coal Strata, and their Deposition in Fresh-Water Lakes or
Marshes.-Numerous Repetitions of the same Series of Beds in the same Coal
Field.-Precautions necessary in the Establishment of Iron Furnaces.-On the
Mode of searching for Coal.-Hints to landed Proprietors on the Probability of
finding Coal in Districts where it has not yet been discovered.-On the Forma
tion of Coal-Beds in Fresh-Water Lakes-On the Conversion of Vegetable
Matter into Coal.-Imperfect Coal Formations.-Salt Springs in Coal Strata.
Coal Mines in France and North America.-Observations on the Consumption
of Coal in England, and the Period when the Coal-Beds will be exhausted.

IN the transition rocks covering the primary, described in the pre
ceding chapter, we very rarely, indeed, discover any remains of ve

getables, either terrestrial or marine. Carbon, which is the principal
constituent element of all plants, is seldom found as a mineral sub
stance in these rocks; for, with a very few exceptions, all the ves
tiges of organic forms which they contain, are of marine animals.
Hence we are led to infer, that there were but few islands, or tracts
of dry land, rising above the ancient ocean, in which these marine
calcareous beds were formed or deposited. The attention of the
geological student is now required to contemplate a most important
and extensive change in the condition of the globe,-at least, of that

part of it which forms the subject of the present chapter. Over the
marine rock formations before described, we find a series of strata,
two thousand feet or more in aggregate depth, in which remains of
marine animals are extremely rare, but which contain, almost exclu
sively, the remains of terrestrial plants, or such as have grown either
on dry land or in marshes. Carbon, in the form of coal, constitutes
also numerous beds in the series, varying in thickness from a few in
ches to thirty feet or more, and alternating with beds of sandstone,
indurated clay, and shale or schistose clay. The remains of vegeta
bles are distributed in greater or less abundance throughout the
whole series, which, taken together, are called by miners, in the
north, coal-measures. The coal strata were, doubtless, deposited in
the vicinity of extensive tracts of dry land, containing rivers, marsh
es, fresh-water lakes, and mountains: the marine beds which ae
the foundation of the series of coal strata, and also surround them,
must, therefore, have been raised from the iiottotn of the ancient
deep, before the vast accumulation of vegetable matter could be
formed. To whatever cause we attribute this change in the condi
tion of the globe, it appears to have been attended with another re-.
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markable effect: after this period, metallic veins have been rarely
formed, for they seldom rise into the coal strata. The vegetable re

.mains that are. in the coal strata, appear principally to belong to plants
that abound chiefly in tropical climates, as will be subsequently no

iiced. In no country have coal-measures been more extensively
worked than in England, or the relations of the strata to the rocks

above or below them been more fully examined.

Every coal district has its peculiar series of strata, unconnected

with any other: there is a general resemblance in the nature of the

different beds in each. A district, with its peculiar series of strata,

is called a coal-field. The foundation rock on which the coal-fields

of Derbyshire, Northumberland, Durham, Shropshire, and North

and South Wales immediately rest, is the mountain and transition

limestone, described in Chapter VII. In Nottinghamshire, York

shire, and Lancashire, the foundation rock has not been sunk to, nor

does it rise to the surface; but we have every reason to believe, that

it is formed by a continuation of the same limestone, though this is

by no means essential to a coal-field. In some parts of France, I

have observed the coal strata resting upon granite; being separated
from it only by a thick bed of conglomerate. A general view of the

arrangement of the Derbyshire coal-field may be taken as affording
a type of the whole English coal-fields, with certain exceptions,
which will be noticed.
The thick beds of mountain limestone (see Chap. VII.) which

form entire mountains, decline in height towards the eastern side of
the county, and are covered by the coal-measures. The lowest bed
of these measures, or, to speak more correctly, the bed which sepa
rates the coal-measures from the limestone, partakes of a mixed
character, varying from soft argillaceous shale to hard sandstone;

the prevailing color is a dark reddish or blackish brown. This bed
bas been called limestone-shale: its total thickness varies from five
1o six hundred feet, but in some situations is much less.
The harder strata of which this great bed is composed, are sepa

rated by soft beds that easily disintegrate and fall down; they form
the exposed face of Mam Tor, or the shivering mountain, near Cas
tieton. The peculiar circumstance which renders this bed remark
able is, that though it contains chiefly vegetable remains, it contains
also occasional patches or limited strata of dark bituminous lime
stone, with beds and nodules of ironstone, and thin seams of coal,
which, however interesting they may be to the geological enquirer,
are too inconsiderable to be worked. The next large bed, which is
in some situations from three to four hundred feet in thickness, is

composed chiefly of strata of hard siliceous sandstone, which is in
some places coarse, containing angular fragments of quartz; in other

parts it is a fine grained and very durable stone. Some of the strata
of this bed were formerly worked for millstones ; from which cir
cumstance it received the name of Millstone Grit, It contains, a
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far as I have examined, the remains of vegetables exclusively, but

no beds of workable coal occur in it Where the strata crop or

basset out, this rock forms abrupt and picturesque cliffs. Above the

grit, are laid the regular series of coal-measures or strata, comprising
sandstone of various qualities, indurated clay called clunch, ironstone,

softer argillaceous beds called bind, and schistose argillaceous beds,

called shale. There are also two argillaceous strata containing nu

merous shells allied to fresh-water muscles, and hence called Mus

cle-bind.
A gentleman extensively engaged in the working of coal mines in

this district, had an approximate measure taken of the thickness of

the different beds, which he sent me, and it was published in the first

edition of this work; from which "it appears, that the total depth
taken on the level line of the measure of the whole Derbyshire strata,

including part of Nottinghamshire, is thirteen hundred and ten yards,
in which are thirty different beds of coal, varying in thickness from

six inches to eleven feet, making the total thickness of coal twenty
six yards: of course the above estimate can be regarded only as an

approximation to truth, since the thickness of the strata was taken

upon a level line, and not perpendicular to the line of their inclina

tion or dip." Making an allowance for excess in the above measure
ment, the true thickness of the strata may fairly be estimated at about

two thousand five hundred feet.
/

What is particularly deserving of notice in the bed of limestone
shale before mentioned, below the coal-measures, and above the
mountain limestone, is, that this bed presents a transition from marine
calcareous strata with animal remains, to fresh-water strata with ter
restrial vegetables: as both occur in different parts of the bed, it
would imply, that the subjacent limestone had been gradually but

unequally raised above the sea, and during its elevation some parts
remained immersed in the ocean, while other parts were covered
with vegetable depositions. In the western side of Durham and
Northumberland, the alternations of coal of inferior quality, with beds
of mountain limestone, are more distinct, and the transition from ma
rine to fresh-water formations on a larger scale: both prove that the
elevation of the beds above the sea was effected by the operation of
an elevating force acting slowly, or at distant intervals,-a subject
which it is proposed to advert to in another part of the volume.

Coal-fields, as before stated, are of limited extent, and the strata

frequently dip to a common centre, being often arranged in basin

shaped concavities, which appear to have been originally detached
lakes, that were gradually filled by repeated depositions of carbon
aceous and mineral matter. In some of the larger coal-fields, the

original form of the lake cannot be traced, but in the smaller ones
it is distinctly preserved.
The different strata under a bed of coal are frequently similar to

the strata over it; and the same series is again repeated, in some
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mines several times, under different beds of coal, with a perfect simi

larity both in the succession and thickness of each. In some instan

ces, a single bed of stone of vast thickness separates two beds of coal.

In other instances, only a very thin stratum of shale or clay lies be

tween coal beds.

Though numerous beds or seams of coal occur in one coal-field,

very rarely more than three of these are worked. The thickness

of the coal strata in the same coal-field, often varies from a few in
ches to several yards; but each stratum generally preserves nearly
the same thickness throughout its whole extent. Instances to the

contrary sometimes occur, in which the same bed will become nar

rower or wider, and sometimes be divided by a stratum of incombus

tible earthy matter, in different parts of its course. Few beds of

coal are worked at a great depth, which are less than two feet in
thickness. The stratum lying over a bed of coal is called its roof,
and the stratum under it the floor. The facility of getting coal de

pends very much on the compactness of the stone which forms the
roof, not only on account of the security from falling, but for keep
ing out the upper water, and preserving the pit in a dry state. The

great expense incurred in supporting the roof when it is loose, fre

quently, prevents a valuable bed of coal from being worked, or ab

sorbs all the profit. In some situations, the roof is indurated clay,

impregnated with bitumen and pyrites. When this falls down, and
is intermixed with water and smallcoal at the bottom, it takes fire

spontaneously; on which account the miners close up the space with
common clay, where the coal has been worked, to prevent the access

of air to the combustible matter. This kind of combustible clay is
called tow; it is common in the Ashby-de-la-Zouch coal-field, and
in Staffordshire. The door or stratum on which the coal lies, con
sists of clay in various degrees of induration, and is almost always of
that kind which will resist the action of fire, called fire-clay, suited
for furnace bricks and crucibles.

It has been before observed that coal strata are frequently bent
in concavities, resembling a trough or basin, dipping down on one
side of the field and rising on the other. In Plate IV. fig. 2. the
section of a coal-field is represented, in which the coal strata c c c,
D Dare inclined in this manner, but partially dislocated by a fracture
or fault at F. The extremities of the lowest stratum c c, are sever
al miles distant in some coal-fields, in others not more than one mile.

In the great coal-field in South Wales, which is rather a long
trough than a basin, the strata are arranged in this manner over an
extent of nearly a hundred miles in length, and a variable breadth of
from five to twenty miles. It is partly broken into by Caermariben

Bay, but it forms an extent of surface exceeding twelve hundred

square miles. It contains twenty-three beds of workable coal, which
are said by Mr. Martin to make together ninety-five feet in thickness
of this valuable mineral; this will yield sixty-four million tons of coal
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per square mile. The thickest bed of coal is nine feet; in some

parts there are sixteen seams of ironstone. The strata of this vast
coal-field are deeply cut through by valleys, and are much broken

by faults, and the quality of the coal varies greatly in different parts
of the field.
At the Clee Hills in Shropshire, the breadth of some of the coal

fields is not a mile. At Ashby Wolds in Leicestershire, in the central

part of the field at e, Plate IV. fig. 2., the main bed of coal is work
ed at the depth of two hundred and forty yards; but by the bend

ing and rise of the strata, the same bed comes to the surface at b,
about three miles distant. The depth of coal strata, from the incli
nation or bending of the strata, differs much in the same district, as
will be evident from what has been stated, and from an inspection of
the last-mentioned figure. Some coal-fields extend in a waving
form over a district.
On the eastern side of England, the strata generally decline, or,

in the miner's language, dip, to the south-east point: on the western
side of the strata they are more frequently thrown into different and

opposite directions, by what are called faults and dykes.
A fault is a break or intersection of strata, by which they are com

monly raised or thrown down; so that, in working a bed of coal, the
men come suddenly to its apparent termination. A dyke is a wall
of mineral matter, cutting through the strata in a position nearly ver
tical. (See Plate IV. fig. 2. and 3.) The name dy/ce is originally
derived from our Northern neighbors: it signifies a wall. The
thickness of dykes varies from a few inches to twenty or thirty feet,
and even yards. The dykes which intersect coal strata are compo
sed of indurated clay, or more frequently of basalt, and will be par
ticularly described in the following chapter. In some coal-fields the
strata are raised or thrown down on one side of a dyke one hundred
and fifty yards or more; and the miner, after penetrating through it
(see Plate 1V. fig. 3.), instead of finding the same coal again, meets
with beds of stone or clay on the other side at e: hence be is fre
quently at a loss how to proceed in searching for the coal which is
thus cut off. If the stratum of stone e be the same as any of the
strata which were sunk through in making the pit or shaft g g, it
proves that the bed of coal on the other side of the fault is thrown
down, and lie can determine the exact distance between that stratum,
and the coal he is in search of. But if the stone is of a different
kind to any which was above the coal he is working, he may be cer
tain that the strata on the other side of the fault are thrown up, but
to what distance, if the under strata have not been previously per
-forated, can be ascertained only by trial. It frequently happens,
however, that two or more strata of stone or shale, at different depths,
are so similar in their quality and appearance, that it is impossible to
distinguish them : in such cases, it is necessary to perforate the stra
tum, to ascertain its thickness, and e.--amine the quality of the strata
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above or below it, by which its identity with any known stratum may

generally be ascertained. The manner in which the strata are in
dined towards the fault, will also determine whether they are thrown

tip or down, provided they are not shattered where they come in
contact with it, which is frequently the case,* Each bed of coal in
a 'coal-field has certain characters by which it may generally be
known to be the same. Its thickness, and the quality of the roof
and floor, with that of the upper and under strata, generally serve to

identify it, though it may be much deeper in one place than another.
The dykes which intersect coal strata are generally impervious to

water; and it not unfrequently happens, that where the strata decline

to them, they hold up the water, and occasion springs at the surface,

or keep the coal works on that side of the fault under water, when

the coal works on the other side are dry. This will be better un

derstood by referring to Plate IV. fig. 2" and 3., where the coal strata

on the right hand decline or dip to the fault or dyke; and the water

which passes through or between the strata will be stopped at the

faults and dammed up; in which case the coal beds to the right of

the dyke will be under water, and those on the other side dry. Now,

should a perforation be incautiously made through the dyke, all the

water will be thrown upon the works on the left, that were before

dry. Where the coal on each side of a fault belongs to different

proprietors, a few strokes with a pickaxe may thus do incalculable
mischief to those on the one side, and render great service to the

other, by laying their pits dry.
The deepest coal mines in England are those in Northumberland

and in the county of Durham, some of which are worked nearly
three hundred yards below the surface. The thickest bed of En

glish coal of any considerable extent is the main coal in Stafford

shire, which is thirty feet. The upper, lower, and middle parts of

the bed differ in quality. Mr. Keir, who has written an interesting
account of the mineralogy of the south of Staffordshire, says that
thirteen different kinds of coal occur over each other in this bed;
the uppermost, which is compact, serves as a roof in getting the un
der coal. At the Wood Mill-hill colliery in this county, the coal is
said to be forty-five feet thick; and three beds of coal, from three to
four feet in thickness, have been found under it, since Mr. Kier's ac
count was published. The first is only two yards under the thick
coal. The main bed of coal in the Ashby-de-la-Zouch coal-field is
thirteen feet thick; the upper and lower seams of this bed also vary
in quality; and the top serves as the roof; being more compact than
the stratum over the coal. Few beds of coal in other parts of Eng-

* If the dyke make an acute angle with the upper surface of the strata, they
are thrown up on that side; but if it make an obtuse angle, they are thrown down.
See Plate IV. fig. 2. n; and fig. 3. d.
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land or In Wales exceed from six to nine feet in thickness; but a

difference in the quality may generally be observed in the upper,
lower, and middle parts of the same bed.

A curious fact is stated by Mr. Keir respecting the main coal of

Staffordshire. In one situation the upper part of the bed separates
from the lower, and rises to the surface, or crops out. It is at first

divided by indurated clay called bind or clunch; but as the distance

becomes wider, the intervening stone grows harder, and will strike

fire with flint. Similar separations sometimes take place in the beds

of coal in the mines of Northumberland and Durham. The largest
known bed of coal in the west riding of Yorkshire is near Barnsley:
it is ten feet thick, and is supposed to be formed by the meeting of

two or more seams, which soon separate again. The miners have

not been able to trace the same bed in situations where it might have

been found, had it preserved the same thickness, in other parts of its

course.
Coal strata, beside the more common dislocations by faults, pre

sent remarkable contortions, which it would be difficult to explain,

except by admitting a lateral force, which has compressed them into

a zigzag form. To the same cause, or perhaps to a partial sinking
of the earth, we may attribute the origin of what is called faulty

ground, which frequently occurs in coal-fields. In this, no actual

dyke appears to have been formed; but the beds of coal, with all

the accompanying strata, are so broken and shattered, that no work

ings can be carried on, till the miner has got through them into regu
lar strata. These broken parts of the strata, called troubles and

faulty ground, occasion much more difficulty to the miner than com

mon faults or dykes, and are sometimes of great extent.

In some coal fields one part of a stratum is inclined, and the other

part vertical. A curious fact of this kind may be seen in a small coal

field near the town of Manchester.*
The position of coal strata in many coal fields may be represented

by a series of fresh water muscle shells, decreasing in size, laid with

in each other but separated by a thin paste of clay. If one side of

the shell be raised, it will represent the general rise of the strata in

that direction; and if the whole series be dislocated by partial cracks

rising one part a little and depressing the other, to represent faults in

the coal, it will give a better idea of the coal field than any descrip
tion can convey. We are here to suppose that each shell represents
a stratum of coal, and the partitions of clay the earthy strata by
which they are separated. The outer shell represents the lowest

bed of coal, which may be many miles in extent. Now, if a much

larger shell be filled with sand, and the lowest shell be pressed into it

we may consider the large shell to represent limestone, and the sand

* I have given a short account of this coal field in the second volume of the.
Transactions of the Geological Society.
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gritstone; we shall then have a model of the coal strata in many

parts of England, and their situation over the metalliferous lime,

with the beds of sandstone, by which they are separated from it.

From the inclination or bending of coal strata, they always rise
near to the surface in some parts of their course, and would be visi
ble if not covered by soil or gravel. In the intersections formed

by rivulets, or by accidental fractures on the sides of hills in a distriot,
the nature of the strata may often be determined, and should be as
certained before any expense be incurred in boring or sinking for
coal. When this is done, a proper station should be chosen; which

requires great judgment; otherwise it is possible to bore or sink to

great depths, and miss a bed of coal which exists very near the place.
This will be evident from the inspection of the two stations, a and b,
Plate IV. fig. 2.; in the latter it would be impossible to meet with the
bed of coal, c, because the search is made beyond the line where
it rises to the surface, or, in the miner's language, crops out. At a,
coal would be found after sinking only a few yards* In most situa

tions, it is better to search for coal, as deep as can be done without

expensive machinery, by sinking a well in preference to boring. By
sinking, a decisive knowledge of the nature and thickness of the strata
can be ascertained as far as you descend, which can be only imper
fectly known by boring; for the latter mode is liable to great uncer

tainty, of result, from bendings or slips of the strata. If, for instance,
the borer be worked in the situation a, Plate IV. fig. 2., it will pass
through a great depth of coal, which in reality may not be more than
a few inches in thickness. Besides the uncertainty of the results,
the grossest impositions are sometimes practised to answer interested

purposes, and induce proprietors to continue the search, where there
is no reasonable probability of success. Where coal strata come to
the surface, they are generally in a soft decomposed state, and inter
mixed with earthy matter. They frequently present no appearance
of coal, but the soil may be observed of a darker colour. The real

quality of the coal cannot be ascertained until it is found below, in
its natural undecomposed state, lying between two regular strata of
stone or indurated clay. In general it is observed, that the same
bed improves in quality, as it sinks deeper into the earth. Coal
strata are generally split or divisible into rhomboidal blocks, by ver
tical joints: these are called slines; the oblique shorter joints are
called cutters.
From what will be stated in the subsequent chapter, it will appear

that there is more than one third of England in which all search for
valuable coal is useless: the knowledge of a negative fact becomes

* In 1811, 1 saw in Radnorshire, a fruitless search for caal of this kind a lied
of coal of a bad quality rose nerir the surface) and the altewpts to obtain. it were
uade beyond the outcrop of the bed.
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important, when it saves us from loss of time, expense, and disappoint
ment.
Common coal is a mineral too well known to require a particular

description. Mineralogists divide coal into two species,-Brown
coal, and Black coal; the former, sometimes called wood coal, is

chiefly found in alluvial or diluvial ground. It contains, besides
charcoal and bitumen, various vegetable principles, and the branches
or trunks of trees partially decomposed, which mark the origin of
this kind of coal.

Black coal or common coal, is composed of charcoal, bitumen and

earthy matter. The latter forms the ashes which remain after com
bustion: these vary in proportion in different coals, from two to near

twenty per cent. The proportion of bitumen varies from twenty to

forty per cent., and the charcoal from forty to more than eighty
e~.'
r

cent.

Mineralogists have enumerated many different kinds of black coal
several of these pass by gradation into each other in the same mine.
The most important varieties in an economical view are the hard coal
like that of Staffordshire, and bituminous or caking coal, called in
London Sea-coal.

Anthracite is a mineral approaching to the state of plumbago; it
consists nearly of pure carbon, is extremely hard and difficult to ignite,
and has often a semi-metallic lustre. It occurs in rocks which have

generally been regarded as belonging to the transition class, but is
sometimes found in small quantities in regular coal strata. The coal
in the extensive coal formation of Pennsylvania is called anthracite,
because it emits but little smoke in burning, but is only a variety of
common coal, containing but little bitumen.

Coal strata are frequently accompanied by thin strata of ironstone.
This stone has a dark brown or gray color, it has an earthy appear
ance and fracture, and is about three times heavier than an equal
bulk of water. Some kinds have the specific gravity of 3'6.
Though modern mineralogists call this mineral clay-ironstone, after
Werner, from its resemblance to argillaceous stones, on analysis it is
found to contain but a very minute portion of alumine or pure clay,
sometimes not more than two per cent. It is composed principally
of iron combined with oxygen, carbonic acid and water, and a small
quantity of silex, and in some instances with calcareous earth. If it
be of a good quality, it yields more than thirty per cent. of iron. In
some of the beds of clay over coal, detached nodules of ironstone
occur, which are also smelted for iron.

The vast extent and importance of our iron works are well known
but their establishment is of recent date. Formerly our furnaces
were on a diminutive scale, and wood or charcoal was the only fuel
employed, but in the present cultivated stale of the country, wood
could not be procured in requisite quantity. The application of coal
or coke to the smelting of iron is among the most useful of modern
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improvements; but it is only some kinds of coal that are proper for

the purpose. Inattention to this circumstance has frequently led

landed proprietors to great unprofitable expense. Finding ironstone

and coal in abundance upon their estates, they have constructed fur

naces and other works at a considerable cost, and have discovered

too late that the coal, however suitable for domestic or other uses,

was unfit to make iron of a marketable quality. To make good iron

from the best ironstone, it is necessary that the coal should be as free

as possible from every substance with which sulphur is combined.

It should possess the property of forming a hard coke or cinder; and

if it have the quality of cementing or caking, it is the more valuable,

as the small coal can then be used for the purpose of coking, which

is frequently wasted where it does not possess this quality.
Different opinions have been formed respecting the origin of coal.

In the primary and transition mountains, a particular species of coal

occurs in small quantities, as before stated, which is extremely hard

and splendent, and burns without smoke or flame, and is called an

thracite.; it resembles and appears to pass into, the mineral called

plurnbago or graphite. Common coal also sometimes graduates into

plumbago. Plumbago and anthracite are so completely mineralized

as to present no indications of a vegetable origin; but the slate, in

which anthracite is imbedded, sometimes contains impressions of

ferns, and the strata over common coal, abound in vegetable impres
sions: the cortical part of the vegetable is frequently seen converted

into mineral coal. It is not often that vegetable impressions are

found in the coal itself; but some of the regular coal beds in the

Dudley coal-field, of which I have specimens of considerable size

and thickness, are composed of distinct layers of vegetables, convert

ed into true mineral coal; but, when separated, preserving the dis

tinct cortical impressions of plants throughout the whole thickness of

the coal. It is reasonable to believe, that all the coal beds in the

same field are also formed of vegetable matter, though the impres
sions may be effaced. I have also a specimen of common coal from

Derbyshire, with different cortical impressions. Granting that com
mon coal is originally derived from the decomposition of vegetables,
it may be fairly asked,-from whence did the vegetable tribes origin
ally derive the carbon, of which their solid parts are principally com

posed? Carbon either previously existed in nature, or trees and

plants had the power of forming it from more sihple elements.
Neither of these opinions is improbable, nor are they at variance
with each other. If carbon be a compound substance, of which

hydrogen is a constituent part, it may be formed by the process of

vegetation, or it may exist also in the mineral kingdom, independent
of organic productions. That carbon is an original constituent ele

mentary part of the globe, can scarcely be doubted, when we con
sider that, united with oxygen, it is an important constituent part of
all limestone mountains, composing nearly one half, by weight, of
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their substance, or 44 of carbonic acid to 56 of lime. Now, the

quantity of carbon, when separated from the oxygen, would be equal
to one eighth of the whole mass of limestone; and, as all the an

cient limestone formations were deposited under the ocean, we can

not suppose that this carbon was derived from the vegetable king
dom. Could the carbon be separated from the limestone in the

great calcareous ranges of the Jura and the Alps, it would form a

bed of pure carbon, nearly a thousand feet in thickness, through the

vast extent of these mountains: and were we forced to admit that

Ihis carbon was derived from organic secretion, we should rather

look to the animal than the vegetable kingdom for its origin; as no

small portion of many calcareous mountains is composed of ani

mal remains, and calcareous beds are forming in our present seas, of

great extent and thickness, by the accumulation of shells and coral.

M. Adoiphe Brongniart, in a recent work on vegetable fossils, has

ingeniously suggested another origin for vegetable carbon: he ad

mits, as I have done, that carbon is an original element in the compo
sition of the globe, and its atmosphere. He supposes that the at

mosphere of the ancient world, might contain more carbonic acid
than at present. This would be highly favorable to the rapid growth
of plants; and, in proportion as the plants absorbed the excess of
carbonic acid (fixed air), they would render the atmosphere more

pure, and fit it for the future respiration of animals.
Bitumen, which is composed of carbon and hydrogen, is known

to exude from the lava of recent volcanoes; and the volcanic tufa in

Auvergne, which covers a vast extent of surface, is, almost every
where, intermixed with bitumen. In hot weather I have seen it

trickling out of the tufa in considerable quantities, resembling melted

pitch. As the ancient volcanoes of that district broke out from be
neath the granite, we may fairly infer, that the bitumen which abounds
in the volcanic tufa is as much a mineral substance as the sulphur
which accompanies volcanic eruptions, or which is sublimed from the

vapors of quiescent volcanoes.

Though the carbon that exists as a constituent part in some pri
mary rocks may be derived from the mineral kingdom, there can

scarcely remain a doubt, that wood-coal and common coal are of

vegetable origin. Wood-coal, or brown coal, is found in low situa
tions, and appears to have been formed of heaps of trees buried by
itmndations under beds of clay, sand, or gravel. The woody parts
have probably undergone a certain degree of vegetable fermentation,
under ihe pressure of the incumbent earthy matter, by which they
have been carbonized and consolidated. In some specimens of this
coal, the vegetable fibre or grain is perceptible in one part, and the
other part is reduced to coal. The vegetable principles which this
coal contains, united with bitumen and charcoal, have been already
stated. In black or common coal, the vegetable extract and resin
are destroyed, and the charcoal and bitumen alone remain; but
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wood-coal and common coal bear in other respects too close a resem-
blance, to allow us to ascribe to them a different origin, though they
were probably formed from different tribes in the vegetable kingdom,
and under different circumstances.

Wood_coal* is found in considerable quantities at Bovey Heath
field, Dear Exeter. Several beds of coal are separated by strata of

clay and gravel: the lowest is seventeen feet thick, and rests on a
bed of clay, under which is sand resembling sea. sand. The coal in
contact with the clay has a brown colour, and appears intermixed
with earth. In other parts the lamin of the coal undulate, and re
semble the roots of trees: in the middle of the lowest stratum the
coal is more compact, and is of a black colour, and nearly as heavy
as common coal.
A great repository of this kind of coal exists near Cologne: it

extends for many leagues: it is fifty feet in thickness, and is covered
with a bed of gravel, from twelve to twenty feet deep. Trunks of
trees deprived of their branches are imbedded in this coal; which

proves that they have been transported from a distance. Nuts
which are indigenous to Hindostan and China, and a fragrant resinous
substance, are also found in it. A similar resinous substance occurs
in the Bovey coal, and was also discovered with fossil wood, in cut

ting through Highgate Hill. Mr. Hatchett, by whom it was analyzed,
has given it the name of retinasphalturn.

In wood-coal we almost seize nature in the act of making coal,
before the process is completed. These formations of coal are of
far more recent date than that of common coal, though their origin
must be referred to a former condition of the globe, when the veg
etable productions of tropical climates flourished in northern latitudes.
The vegetable origin of common mineral coal, appears to be estab
lished by its association with strata abounding in vegetable impres
sions; by its close similarity to wood-coal (which is undoubtedly a

vegetable product) ; and, lastly, by the decisive fact, that some min
eral coal in the Dudley coal-field is composed entirely of layers of
mineralized plants.
But though the vegetable origin of mineral coal may be satisfacto

rily established, there is considerable difficulty in conceiving by what
process so many beds and seams of coal have been regularly ar
ranged over each other in the same coal-field, and separated by strata
of sandstone, shale, and indurated clay. It will tend to simplify the
enquiry, if we examine a coal-field of very limited extent; such as
those which occur in small coal-basins called swilleys on the lulls in
the West Riding of Yorkshire, and which are not more than one

* The description of wood-coal ought. to be given in the urcount of the tertiarystrata and thiuvia, but it offers inay cil'cumstanccs which tend to elucidate the
tbrmaion of mineral coal.
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Mile n length and breadth. It seems evident that these basins have
once been small lakes or marshes, and that the strata have been de-

posited on the bottom and sides, taking the concave form which de

positions under such circumstances must assume: and it is deserving
of notice, that the stratum of coal, which in one of these coal-basins
at Hudswell is a yard thick in the lowest part, gradually diminishes
as it approaches the edges, and then entirely vanishes. This fact

proves that the present basin-shaped position of the strata was their

original one; and that the basin, at the period when the coal strata
were formed, was a detached lake or marsh, and not part of the bed
of the sea.

It has been supposed that coal strata were deposited on the bed of
the ocean; but this is not probable, for the vegetable remains, so abund
ant in the coal strata, belong to families of terrestrial or marsh plants,
ferns, gigantic equiseturns (horsetail), with jointed and striated stems
like reeds, hence called calamites, and lycopodia allied to ferns:
these compose the greater part of the fossil plants accompanying
coal. In some instances, the coal is decidedly formed of such

plants; and, from the plants being sometimes found erect, we may
infer that they grew near the place where they occur. There is a
stratum of indurated shale and imperfect ironstone in the Yorkshire
and Derbyshire coal-fields, called muscle-bind; it is filled with shells:

they resemble freshwater muscles; and though there may, be shells

closely allied to them in form, in some of the marine limestones, it
deserves notice, that the substance of the shells in the coal shale, at
least wherever I have seen them in the Northern coal-fields, has that
cretaceous or chalky appearance and consistence, which I have ob
served to be peculiar to shells in what are regarded as undoubted
freshwater formations.

If, the basins in which the coal strata are deposited were originally
freshwater lakes or marshes, did any of the plants whose remains

compose coal grow where the coal is now found? or, were they
carried by rivers or inundations into the lakes, and gradually depos
ited as the water evaporated? The former is perhaps the most prob
able hypothesis; and the occurrence of the same peculiar kind of
fire clay under each bed of coal, favors the opinion, that this was the
soil proper for the production of those plants from which coal has
been formed. If we suppose that these lakes were periodically laid
dry, and again filled by sudden inundations, we shall have the con
ditions required for the succession of carbonaceous and earthy strata
that take place in a coal-field: a repetition of such inundations would
fill up the lake or basin. Nor can such a supposition appear im
probable; for, as the species of vegetables in the coal strata are
analogous to what at present grow in tropical climates, we may infer
that they were subjected to such atmospheric influences as promote
the rapid growth and decay of vegetation in hot countries, accom
panied with great periodical inundations.
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The terrestrial and marsh plants that accompany coal, and of
which it was probably formed, might flourish between these succes
sive inundations, their growth being sufficiently rapid to form a thick
bed of vegetable matter in a short period; for, as they had not the

ligneous structure of wood, their decomposition by vegetable fermen
tation might speedily be effected. Should it be objected, that some
of the coal beds are from nine to thirty feet in thickness, and that a
mass of vegetable matter, sufficient to form such beds, could not be
collected in one season, it is sufficient to reply, that we know not the
duration of the periods during which vegetation might proceed with
out interruption; and it deserves particular notice, in relation to this

subject, that all thick beds of coal are divided into several minor
strata, and have frequently thin strata of shale, clay, or sandstone
between them, but they are called by the miners one bed, as the coal
can be all got at the same level. The Staffordshire coal stratum,
which is thirty feet thick, is divided into thirteen minor strata by
seams of clay, &c.; and the thirteen feet bed of coal at Ashby
Wolds is composed of several seams of different qualities.
Very thin seams of coal sometimes alternate with the shale lying

between two large beds of coal. 1 have on the table before me, a
mass from the Dudley coal-field, in which part of two beds of coal
are separated by a stratum of indurated clay or shale, about two
inches in thickness; this stratum of shale contains more than twenty
seams of coal, none of which exceed the thickness of a wafer, but

they are distinctly separated from each other by seams of shale.
These thin seams of coal and shale, were probably formed by alter
nate depositions of leaves or minute aquatic plants, and of earthy
particles forming layers of clay or sand. These are circumstances
which appear to me to prove, that the formation of the coal strata
was effected more rapidly than those geologists have hitherto been

willing to admit, who have only examined coal mines, seated in an

easy chair in their studies. I will first advert to the state in which
fossil vegetables are found in coal mines, and shall give a section of
a coal mine, which I examined in 1811, belonging to the late Mar

quis of Hastings. It is remarkable for the frequent repetition of the
same series of strata, of precisely the -same quality and thickness;
proving a periodical recurrence of the conditions under which they
were formed.

Vertical stems not unfrequently occur in coal-fields; but, from
the mode of working or sinking for coal, it is seldom that they can
be seen in that position. Where a stone quarry is open to-day in
coal strata, and uncovers a considerable face of rock, there we may
sometimes meet with fossil plants in their original position. In 1819,
I had an opportunity of examining Burntwood quarry, at Aithouse,
near Wakefield, in Yorkshire, at which time there were numerous
vertical stems in strata of sandstone. One stem which I measured
in the quarry was nine feet in length, arid ten inches in diameter;
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but, what is remarkable, this stem passed through three strata of
sandstone, parted by regular strata seams. It had, therefore, evi

dently grown in the situation where it stood; for it is difficult to be
lieve that any vegetable stern could pierce through three strata of
sandstone, the lower of which at least must have been partly con
solidated. When we consider that these were the stems of hollow
tubular plants, equisetums, without any woody support, it is impossi
ble to believe, that they could have remained erect in a warm tem

perature, even for a very limited time, without speedy destruction
or decomposition. We are therefore certain, that they were speed
ily encased in the strata that now surround them, or, in other words,
that three strata of sandstone nine feet in thickness were rapidly de

posited.
The coal mines at St. Etienne, in France, present similar appear

ances; the vertical stems are numerous, and ten or twelve feet in

length. From a drawing and description of them given me by M.
Alexandre Brougniart, it appears, that they were large equisetums,
and the hollow tube is filled with sandstone. The circumstances, and
the inferences from them, agree with those before stated of Burnt
wood quarry.

In the section of the Ashby-de-la-Zouch coal, given below, it will
be seen, that there are no less than sixteen strata of blue-bind, ex

actly of the same thickness, and alternating with sixteen strata of
ironstone, of which the six upper are only one inch in thickness, and
the lower two inches. If we should suppose each stratum of bind
and ironstone to have been deposited in different parts of one year,
we should have a speedy formation of these thin beds. We know
nothing, however, certain, respecting the formation of ironstone; but
it appears to have been deposited in fresh water, as it occurs in fresh
water strata in the regular coal formation, and in the coal strata of
the oolites in Yorkshire,. and among the clay and sandstone strata, in
the wealds of Kent. Few geologists have attempted to explain the
formation of ironstone. It may have been a deposition from cha
lybeate waters, or was, perhaps, the produce of decomposed vegeta
tion, as bog or peat iron is supposed to have been.
Some geologists are of opinion, that coal was formed from peat;

but the fossil vegetables in coal strata, and in the coal itself, are not
what compose the peat of the present day. However, if northern
latitudes had the temperature of tropical climates during the geolo
gical epoch when the vegetables flourished that are found in the
coal strata, the peat of that period would partake of a different char
acter from recent peat beds, and might be produced by the rapid
decomposition of the large terrestrial and marsh plants, before re
ferred to. A bed of modern peat, seven feet in thickness, is said
to have been formed in thirty years; but the primitive vegetation of
the world, flourishing and decaying under a high degree of temper
ature, and a moist atmosphere, might form thick beds of peat in a
much shorter period.
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It is truly deserving of attention, that the vegetable fossils found
in distant parts of the world, and under very different latitudes, are
nearly identical with those in European coal-fields. The plants in
the coal-fields of North America, and even the specimens from
Greenland, are analogous to those in the English coal-fields; and
the few specimens that have been obtained from the tropical regions
in America, from New Holland, and from India, belong to the same
families as those which we find in the coal strata of Europe. Now,
if we admit these distant beds of coal to be of contemporaneous
formation, we must admit also, that the temperature of the whole

globe was, at that epoch, nearly the same, in very different latitudes;
or were we to suppose that these coal-fields were formed in different
epochs, we must still grant, that northern latitudes have once enjoyed
the same temperature, as countries now do under the equator.

Before concluding these observations, I may be permitted to re
mark, that, however ancient the formation of coal and ironstone
may have been, the frequent occurrence of these minerals together,
both destined in future time to give to man an extensive empire over
the elements, and to contribute largely to his means of civilization
and comfort, cannot fail to impress the reflecting mind with evidence
of prospective designing intelligence.*

* I here subjoin a section of the Ashby-de-la-Zouch coal-field; if ever we arrive
at just conclusions respecting the origin of coal and ironstone, it must be by an ac-
curate examination of the strata in which they occur, and the relation of these
strata to each other; an investigation hitherto much neglected by geologists.

SECTION OF A COAL MINE, ASUBY WOLDS, LEICESTERSHIRE.
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The aggregate depth of the Ashby-de-la-Zouch coal-field exceeds
two hundred and twenty yards in this part of the coal-field. though,
from the basin-shaped form of the beds, the lowest, or main coal,
rises to the surface at about three miles distance from this pit. In

this series we find about one hundred and thirty distinct strata, com

prising ten beds of coal, of which eight, at least, would be consider
ed workable in some countries, and about twenty eight seams of

ironstone, and strata containing ironstone. The lowest, or great coal

bed, contains coal of different qualities, divided by small partings of

clay. Near the middle of the great bed, there is a stratum of coal

so hard as to form a firm roof, which enables the miners to work out
the lower coal with great advantage: this lower coal is about six feet
in thickness. A bed of coal of this thickness, with a strong sound

water-tight roof, can be worked with greater ease and less expense
than any other, as the men can stand upright, and much less timber
is required to support the roof or walls, than in very deep coal beds,
like the main Staffordshire coal. When the lower coal is worked
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outs the props or supports of the roof will be removed, the whole

upper strata will then sink down, and the upper coal may be safely
worked. There is scarcely any water in this mine, and what is found
there, is a salt brine, containing common salt nearly pure: it issues
from the fissures in the coal with a hissing noise, being accompanied
with carburetted hydrogen, (fire-damp.) All the beds of coal rest

upon what is called bind, which is an argillaceous shale, more or less
indurated, sometimes coloured black by bitumen, and sometimes in
termixed with sand resembling sandstone, but generally, on exposure
to the atmosphere, decomposing into a clayey soil, like the blue and
black binds.

It seems extremely probable that these beds, called bind, which
lie immediately under the coal, were once the soil on which flourish
ed the different vegetables that form coal, When I examined the
mine, in IS ii, the vegetable remains appeared to me the same as
those found in other coal-fields; but at that time they did not attract

my attention, except one which is a nearly globular mass, composed
of a series of cones within each other, and diverging from a common
centre. These have been called "cone within cone" by the miners,
but their nature is not well understood. Adoiphe Brongniart, in
his excellent work on vegetable fossils supposes they may be the seed
vessels of a gigantic species of lycopodium.
The recurrence of frequent alternations of seams of ironstone with

thin beds of blue bind, each alternation preserving the same thickness,
is a circumstance well deserving attention, as it indicates a periodical
succession of causes, probably dependent on the seasons.
There are a few beds called rubly, or rumilly, by the miners; they

consist of loose materials and fragments, which indicate that they
were deposited during an agitated state of the water. Many of the
other beds have evidently been deposited by tranquil water in a lake,
which occasional' became dry land. I have dwelt longer on this

subject, than is perhaps consistent with an introductory work, but I
was desirous to ciirect the attention of geologists to an enquiry which
has hitherto been disregarded.
The conversion of vegetable matter into true mineral coal has been

admirably elucidated by the experiments of Dr. Macculloch on wood
in different states of bituminization, from submerged wood to peat,
brown coal, sucturbrand, and lastly to jet, in which the traces of or

ganization are nearly destroyed. These substances, which have been

subjected to the action of water only, all yield bitumen by gentle dis
tillation; but they differ from mineral coal, by yielding also a large
portion of acetic acid, which marks the remains of undecayed vege
table substances. Common coal was formerly regarded, as a com
bination of charcoal with bitumen; but, as bitumen is itself a com
bination of carbon with hydrogen, Dr. MaccuBoch says, it will be
more proper to consider coal as a bitumen, varying in its compo
sition from the fattest Newcastle coal to the driest Kilkeimy coal,
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and owing its compactness to the peculiar circumstances under which

it has been formed, the changes it may have subsequently undergone,
and the substances intermixed with it. The power of yielding naph
tha by distillation, is the distinction between one end of the series

and the other. The last link (anthracite) contains only carbon; so

the last result of the distillation of asphaltum is also carbon.
To convert wood-coal or jet into true coal, some further process

than long submersion in water seems necessary. The latter sub

stance, jet, was reduced to powder by Dr. M., put into a gun-barrel,
and covered with Stourbridge clay; it was then exposed to a mode

rate red heat. By this process, it was converted into a substance

having all the external characters and chemical properties of true

mineral coal, and the clay was converted into coal shale. But though,
in the laboratory of the chemist, the last stage of the formation of

coal requires artificial fire, yet in the great laboratory of Nature, ve

getable fermentation and compression may evolve sufficient heat, for

the ultimate formation of mineral coal. It may however deserve

notice, that most great repositories of coal are intersected by beds

and dykes of basalt, which is now admitted to be of igneous origin.*
Pressure and time may be alone sufficient to produce the destruc

tion of vegetable organization, and the perfect consolidation of beds
of coal, as is proved by the complete consolidation of loose materials
left in coal mines, when the supports arc removed, and the upper
strata sink down. In a few years, scarcely a trace of former ope
rations remains. In contemplating natural causes, we are too apt to
measure their power by the results of artificial processes, and by ob
servations continued for a short portion of human life. The substan
ces found in the neglected vessels of the chemist, often prove to us
that changes in the physical properties of bodies are effected by time,
which it would be difficult to imitate in common experiments.
The great regular coal formation appears to be confined to the

lower secondary strata, generally resting on transition limestone. In
some situations the under transition rocks are wanting, and the series
of coal strata rests on granite, with the intervention of a thick bed of

conglomerate.
No mineral coal, both good in quality and abundant in quantity, has

ever been found either in the primary or in the lower transition rocks
or in the upper secondary or the tertiary strata. It is true, that in
the oo?ite of the upper secondary strata, two series of coal strata oc
cur on the eastern moorlands of Yorkshire, which are thought of
sufficient importance to be worked; but the coal is very indifferent,
and is used chiefly by the lime burners. This coal formation will be

* At Meisner, in Hess; a thick bed of wood-coal or lignite is covered by an
enormous mass of basalt, and is separated from it only by a thin bed of clay.
The upper parts of the lignite are converted into anthmite, and even into tine
bit inuinous coal, while the lower parts are funned ci catty and lil,rou. weocI-coil.
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noticed in a subsequent chapter. The Kimmericige clay in the oolites

also contains beds of shale impregnated with bitumen, which is used

as fuel in a country where coal is extremely dear.

The wood-coal of Bovey Fleathfield has been already noticed.

I may state in addition that I visited the mine in 1615: it is worked

like an open quarry; it had been for some years previously under

water, but was then laid dry by pumps. There are several irregu
lar beds of lignite or wood coal alternating with what is called dead

coal, which is less inflammable, and resembles a bituminous shale;

the beds wedge out narrow as they descend. The whole mass is
more or less bituminized; but the upper part, which preserves the

woody structure more perfectly, seems to be composed principally of

clay. Sulphate and carbonate of iron occur in some part of the

beds, and rounded pieces of maitha. Wood-coal occurs chiefly in
diluvial deposits. Where wood-coal is covered with basalt, it is con

verted into a substance nearly resembling mineral coal. This coal

occurs in Iceland, in the north of Ireland, and in many basaltic dis
tricts on the Continent.

Before concluding this brief account of imperfect coal formations,
out of the limits of the regular coal formation, I would direct the
attention of geologists to two situations, in which coal is found, that
are well deserving of notice. The first is the mine of Entreveines,
situated in a mountain valley about 2000 feet above the lake of An

necy, and at least 3500 feet above the level of the sea. The bed of
coal consists of three minor beds, separated by thin seams of clay
varying in thickness, yielding about four feet of good coal, which
has the character and fracture of mineral coal; it is shining, does not
soil the fingers, and is highly bituminous, being used exclusively for
the gas lights in the cotton mills at Annecy. The total thickness of
the sandstone, shale, and coal strata, which compose the coal forma
tion in this place, is about one hundred and fifty yards; they are pla
ced between thick beds of limestone, and dip together at an angle of
about seventy, degrees.* It is worthy of observation, that the lime
stone beds above and below the coal formation, have the hardness,
fracture, translucency, and appearance of the transition limestone at
Plymouth ; yet in another part of the mountain, the same limestone
is associated with a bed of dark clay, in which I found grypbites, and
belemnites, clearly indicating that the bed was analogous to our has
or clunch clay; and that the limestone associated with it, notwith
standing its mineral character, belonged to the upper secondary stra
ta; and hence that the coal, in geological position, agreed with the
imperfect coal formations in.the English oolites. Here, then, we
have a further proof of what has before been stated, that in the cal-

* A particular description of this singular coal mine, with a cut, illustratingthe position of the beds, is given in Vol. 1. of my Travels in the Tareutaise,' &C.
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careous formations of the Alps, the upper secondary strata lose the

soft and earthy character which distinguish the oolites and chalk in

England, and are converted into marble. The coal also, which is

very imperfectly formed in the English oolite, has, in the same lime

stone formation in the Alps, the character of true mineral coal.

A still more remarkable coal formation occurs at Alpuach, near the
lake of Lucerne in Switzerland, where a bed of coal is found at the

depth of two hundred and eighty feet, from the surface. Over the

coal, there is a stratum of bituminous limestone containing fluviatile

shells, and bones and teeth of the large mammalia, particularly the

teeth of a species of mastodon. The specimens which were shown
me by Professor Meissner of Berne, on my return from the Swiss

Alps, made me regret exceedingly not having visited Alpnach.

Notwithstanding the occurrence of the bones of large land quadru

peds in the stratum over the coal, the coal approaches in character

nearly to mineral coal, and the strata of micaceous sandstone and
shale above it, have a close resemblance to those in our English
coal-fields. Though, from the organic remains, we are compelled
to place the coal of Alpnach among the tertiary strata, or to admit

the occurrence of an anomalous formation like the one at Stones6eld,
still I believe the true geological position of the coal of Alpnach is

problematical; and it deserves the particular attention of some Eng
lish geologist, well acquainted with the different coal-fields in his own

country, and the lignite formations in various parts of Europe.
It will be seen by a reference to the Geological Map and the

Chapter containing an Outline of the Geology of England, that there
is a considerable part of South Britain where coal has not been
found. Two important questions may be asked ;-Do the coal stra
ta extend under the parts where coal has not yet been discovered?
And if they do extend beyond their present known limits,-what

practicable means can be employed to obtain the coal? With respect
to the first question-it is well ascertained by boring, that the coal
strata do, in some places, extend under the magnesian limestone, by
which they are in some of the northern counties immediately cover
ed, though it was formerly supposed that the coal terminated before
it reached the magnesian limestone, or was there cut off by a fault.
In a considerable part of England, the coal-fields are immediately
covered by what is called the red marie or new red sandstone; but
there are but few situations where the red marie and sandstone have
been sunk through for coal. I am, however, decidedly of opinion,
that under the red marie adjacent to the coal districts in my native

county, Nottinghamshire, the regular coal strata will be found; and
that there is a high degree of probability that rock salt or brine

springs will be found in the red marie itself, particularly in those parts
of the county where beds of massive gypsum occur. The same re
mark might be extended to the red marie and sandstone districts ad-.
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joining coal strata in Derbyshire, Leicestershire and Warwickshire.*
In confirmation of the opinion here advanced, a saline spring, has

very recently been discovered, about four miles north west of Not

tingham; and coal has been lately found under the red marie and
sandstone on the south side of Charnwood Forest, where it had not
before been suspected to exist. It may, however be proper to say,
that no search of this kind by boring should be undertaken by any
one, to whom the expense, in case of failure, would be a serious in
convenience.
The dip and direction of the strata in the coal-fields nearest to the

estate where the search is to be made, should be well known. If
the strata dip towards the estate, it is probable the coal may extend
under it: if they dip from it, the search should not be undertaken.
To make this intelligible, see Plate III. fig. 3., a. a. a. are a series
of coal strata, or, as they are provincially called, coal measures, dip
ping toward the side n. c. c. c. are strata of red marie or sandstone,

lying unconformably over the coal strata. Now, according to this

arrangement, a search for coal might be successful, though the bed

might be at too great a depth to be worked. Whereas, on an estate
at D, as the coal strata dip fróni it, were we to bore to the center of
the earth, we could never find the beds 1. 2. 3. 4. If the estate B
is situated a considerable distance from a known coal-field, the strata
of coal may bend as represented Plate IV. fig. 2. and crop out at a,
before they reach the station 6, where the trial is made; and if the

outcrop be covered by the red sandstone, this cannot be known but

by trial.
Rock salt or brine springs are most likely to be found by boring

in the vicinity of massive gypsum, without rcgarding the
stratifica-tion.As for the districts where the upper secondary strata of has,
oTite, and chalk occur, all search for the regular coal strata must
there be fruitless; as the vast thickness of these calcareous forma
tions precludes the hope of success.

'Coal mines, it is well known, are subject to fatal explosions of what
is called the fire-damp, or carburetted hydrogen gas. This gas ap
pears to be generated by the decomposition of iron pyrites in coal,
and ma often be heard issuing from the fissures in coal-beds with a

bubbling noise, as it forces the water out along with it. The choke

damp, as it is called, is either carbonic acid gas, (fixed air,) or the

unrespfrable residue of air left after explosions, when a!! the oXygea
is consumed. (See Appendix.)
The regular or great coal formation has never been discovered at

a very considerable elevation above 'the level of the sea: it is gener
ally found towards the feet of great mountain chains, or in the val

leys near to lofty mountain ranges. The geology of large portions

Since the third edition of llii work was published, coal has been found under
the red nrnrle and sandstone near MLIuchestcI'.
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of the globe is still unknown; but it appears from those parts with
which we are acquainted, that coal is found principally in temperate
regions, between thirty five and sixty five degrees of latitude. In

Europe,-Great Britain, France, Flanders, and Germany, (particu
larly Silesia, Saxony, Bohemia, and Thuringia,) contain large coal
formations; but in the southern and more northern parts of Europe,
coal is of rare occurrence. In North America, coal is found in great
abundance on the western side of the Alleghany mountains; it has
also been discovered in Pennsylvania, extending westward towards

Pittsburgh, over a space of three hundred miles. Coal occurs also
near Richmond, in Virginia, and in Missouri. American coal* is
said to be found in quartz rock, which I apprehend to be merely
siliceous grit, composed of nearly pure granul3r silex, such as
abounds in the lower part of the Yorkshire coal-fields. The coal,

in a great part of the United States, contains little bitumen, and
hence is called anthracite: it is not, however, the true anthracite of

mineralogists, but far more valuable for fuel. The discovery of this
immense repository of coal, accompanied with ironstone, must prove
of the highest importance to a nation so industrious, intelligent, and

enterprising, as the inhabitants of the United States. In the vicinity
of Pittsburgh, I am informed, that the strata of coal are nearly hori
zontal, and that in one situation, the same stratum of coal forms the
bed of a river for several miles. Coal has been discovered in New
Holland. The only great coal formations in Asia that we know of,
are in China, where coal is described as existing in large quantities,
and as being extensively used for fuel in that vast empire.

As France will probably continue to be, for many centuries, our

great manufacturing rival, it is interesting to know what are her re
sources, for the supply of an article found so essential to almost all
the principal manufactures of Great Britain. Before the late peace,
forty seven of the departments contained coal districts, and the annual

consumption was stated to be about five millions of tons; but a great
part of the rich and extensive coal-field extending from Valenciermes
to Aix-la-Chapelle, is comprised in that part of Flanders, which was

separated from 'ance at the peace. There are, however, extensive
coal districts in the north-eastern, the western, the middle, and the
southern parts of France. Two miles from Lyons there are coal
mines; the coal of St. Etienne and the ironstone beds accompanying
it, about twenty miles north-west of Lyons, are of the very best
qual-ity.In the year IS2, when I passed through that country, many
English workmen were employed in the iron-works, which were rap
idly increasing. It cannot be doubted, that, from its soil, its climate,
and its mineral resources, France possesses every advantage which a

great manufacturing nation can require.

* For an account of American coal, the reader is referred to the conclusion of
this volume, whcie will he found more full and precise statements.



124 EXHAUSTION Or, COAL IN ENGLAND.

OBSERVATIONS ON THE PERIOD WHEN THE COAL MINES IN

ENGLAND WILL BE EXHAUSTED.

Coal was known, and partially used, at a very early period of our

history. I was informed by the late Marquis of Hastings, that stone
hammers and stone tools were found in some of the old workings in
his mines at Ashby Wolds; and his lordship informed me also, that
similar stone tools had been discovered in the old workings in the coal
mines in the north of Ireland. Hence we may infer, that these coal
mines were worked at a very remote period, when the use of metallic
tools was not general. The burning of coal was prohibited in London
in the year 1308, by the royal proclamation of Edward the First. In
the reign of Queen Elizabeth, the burning of coal was again prohibited
in London during the sitting of parliament, lest the health of the

knights of the shire should suffer injury during their abode in the me

tropolis. In the year 1643, the use of coal had become so general,
and the price being then very high, many of the poor are said to have

perished for want of fuel. At the present day, when the consumption
of coal, in our iron furnaces and manufactories, and for domestic use,
is immense, we cannot but regard the exhaustion of our coal beds as

involving the destruction of a great portion of our private comfort and
natiohal prosperity. Nor is the period very remote when the coal
districts, which at present supply the metropolis with fuel, will cease
to yield any more. The annual quantity of coal shipped in the rivers

Tyne and Wear, according to Mr. Balky, exceeds three millions of
tons. A cubic yard of coal weighs nearly one ton; and the number
of tons contained in a bed of coal one square mile in extent, and one

yard in thickness, is about four millions. The number and extent of
all the principal coal-beds in Northumberland and Durham are known;
and from these data it has been calculated, that the coal in these coun
ties will last 360 years. Mr. Bailey, in his Survey of Durham, states,
that one third of the coal being already got, the coal districts will be
exhausted in 200 years. It is probable that many beds of inferior
coal, which are now neglected, may in future be worked; but. the con

sumption of coal being greatly increased since Mr. Bailey published
his Survey of Durham, we may admit his calculation to be an approxi
mation to the truth, and that the coal of Northumberland and Durham
will be exhausted in a period not greatly exceeding 200 years. Dr.
Thomson, in the Annals of Philosophy, has calculated that the coal of
these districts, at the present rate of consumption, will last 1000 years;
but his calculations are founded on data manifestly erroneous, and at
a variance with his own statements; for lie assumes the annual con
sumption of coal to be only two million eight hundred thousand tons,
and the waste to he one third more,-making three million seven hun
dred thousand tons, equal to as many square yards; whereas, he has

just before informed us, that. two million chaidrons of coal, of two
tons and a quarter each chahiron, are exported, making four million
five hundred thousand tons, beside inland consumption, and waste in



EXHAUSTION O' COAL IN ENGLAND. 125

the working.* According to Mr. Winch, three million five hundred
thousand tons of coal are consumed annually from these districts; to
whc'h if we add the waste of small coal at the pit's mouth, and the
waste in the mines, it will make the total yearly destruction of coal,

nearly double the quantity assigned by Dr. Thomson. Dr. Thomson
has also greatly overrated the quantity of the coal in these districts,
as he.has calculated the extent of the principal beds from that of the
lowest, which is erroneous; for many of the principal beds crop out,
before they reach the western termination of the coal-fields. With
due allowance for these errors, and for the quantity of coal already
worked out, (which, according to Mr. Bailey, is about one third,) the
1000 years of Dr. Thomson will not greatly exceed the period assign
ed by Mr. Bailey for the complete exhaustion of coal in these coun
ties, and may be stated at 350 years.

It cannot be deemed uninteresting to enquire, what are the reposi
tories of coal that can supply the metropolis and the southern coun
ties, when no more can be obtained from the Tyne and the Wear.
The only coal-fields of any extent on the eastern side of England,
between London and Durham, are those of Derbyshire, and those n
the West Riding of Yorkshire. The Derbyshire coal-field is not of
sufficient magnitude to supply, for any long period, more than is re

quired for home consumption, and that of the adjacent counties.
There are many valuable beds of coal in the western part of the West

Riding of Yorkshire which are yet unwrought; but the time is not

very distant when they must be put in requisition, to supply the vast
demand of that populous manufacturing county, which at present
consumes nearly all the produce of its own coal mines. In the mid
land counties, Staffordshire possesses the nearest coal district to the

metropolis, of any great extent; but such is the immense daily con

sumption of coal in the iron furnaces and founderies, that it is gener
ally believed, this will be the first of our own coal-fields that will be
exhausted. The thirty-feet bed of coal in Dudley coal-field is of lim
ited extent; and in the present mode of working it, more than two
thirds of the coal is wasted and left in the mine.

If we look to Whitehaven or Lancashire, or to any of the minor
coal-fields in the west of England, we can derive little hope of their
being able to supply London and the southern counties with coal, af
ter the import of coal fails from Northumberland and Durham. We
may thus anticipate a period not very remote, when all the English
mines of coal and ironstone will be exhausted: and were we disposed
to indulge in gloomy forebodings, like the ingenious authoress of the
"Last Man," we might draw a melancholy picture of our starving
and declining population, and describe some manufacturing patriarch,

* The waste of coal at the pit's mouth may be stated at one sixth ofthe quantity
sold, and that in the mines at one third. Mr. Holmes, in his Treatise on Coat
Mines, states the waste of small coal at the pit's mouth to be one fourth of the
whole.
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like the late venrable Richard Reynolds, travelling to see the last ex
piring English furnace, before he emigrated to distant regions.*

Fortunately, however, we have in South Wales, adjoining the Bris
tol Channel, an almost exhaustless supply of coal and ironstone, which
are yet nearly unwrought. It has been stated in the present chapter,
that this coal-field extends over about twelve hundred square miles,
and that there are twenty three beds of workable coal, the total aver
age thickness of which is 95 feet, and the quantity contained in each
acre is 100,000 tons, or 65,000,000 tons per square mile. If from
this we deduct one half for waste, and for the minor extent of the
upper beds, we shall have a clear supply of coal, equal to 32,000,000
tons per square mile. Now, if we admit that the five millions of tons
of coal from the Northumberland and Durham mines is equal to nearly
one third of the total consumption of coal in England, each square
mile of the Welsh coal-field would yield coal for two years' consump
tion; and as there are from one thousand to twelve hundred square
miles in this coal-field, it would supply England with fuel for two
thousand years, after all our English coal mines are worked out.

,It is true, that a considerable part of the coal-in South Wales is of
an inferior quality, and is not at present burned for domestic use; but
in proportion as coal becomes scarce, improved methods of burning
it will assuredly be discovered, to prevent any sulphurous fumes from
entering apartments, and also to economize the consumption of fuel
in all our manufacturing processes.

N. B. These observations are taken from one of the author's geo
logical lectures, which he has occasionally delivered in some of the
principal mining districts in England: considering the great national
importance of our coal mines, he trusts he shall be excused for insert
ing them in the present volume.

* The late Richard Reynolds, Esq. of Bristol, so distinguished for his unbound
ed benevolence, was the original proprietor of the great iron-works in Colebrook
Dale, Shropshire. Owing, I believe, partly to the exhaustion of the best worka
ble beds of coal and ironstone, and partly to the superior advantages possessed bythe iron-founders in South Wales, the works at Colebrook Dale were finally re
linquished, a short time before the death of Mr. Reynolds. With a natural at
tachment to the scenes where be had passed his early years, and to the pursuits bywhich he had honorably acquired his great wealth, he travelled from Bristol into
Shropshire, to be present when the last of his furnaces was extinguished, in a val
ley where they had been continually burning, for more than half a century.
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CHAPTER IX.

ON UNCONFORMABLE TRAP ROCKS AND BASALTIC DYKES.

Different Positions of Trap Rocks, as overlying, imbedded in, or intersecting oth
er Rocks.-Varieties of Trap Rocks.-Porphyry, Porphyritic Trap, Sienite,
Greenstone, Clinkstone, Basalt, Amygdaloid, and Wacke.-Passage by Grada
tion into each other, nd into Volcanic and Granitic Rocks.-Remarkable In
stance of this Passage at Christiania in Norway.-Mountains of Porphyritie
Trap and Clinkstone with deep Craters.-High Stile, Cumberland, Cader Idri,
Monmouthshire.-Basaltic Dykes: Extent of the Cleveland Basalt Dyke.-Iso
lated Caps of Basalt.-On interstratificd Basalt.-Remarks of Professor Sedg
wick on the Protrusion of Basalt between regular Strata.-On columnar Ranges
of Basalt.-Organic. Remains enveloped in Basalt.-Remarkable Basaltic Dis
tricts in Europe and America.-Experiments on Basalt.-Theory of Werner.
On the relative Age of Trap Rocks.

The class of rocks about to be described in the present chapter, are

extremely interesting to the geologist, as they present him with de

cided indications of their origin and mode of formation. They not

only "reveal the secret of their birth," but, from their close alliance
to many of the most ancient primary rocks, they disclose the opera
tions by which a large portion of the earth's surface was consolidated,
in the most remote geological epochs. Many of the trap rocks are
so .imilar in structure and composition to the products of active vol
canoes, and to &eds of lava erupted in our own times, that we may be
said to see the very cause in operation, by which they were formed.
Many of the trap rocks are also so similar in structure and compo
sition to some of the most ancient primary rocks, that we can scarcely
doubt respecting their having had the same origin, though they may
have been consolidated under different degrees of heat or pressure,
and with different attendant conditions. 'The name Trap is derived

from the Swedish word trappa, a stair, and has been given to rocks,

of this class, because many of them divide into regular forms resem

bling the steps of stairs. Whether the term, in its literal sense, is
well chosen as a generic name, may be doubted; but, taken metaphor
ically, it is extremely appropriate, as these rocks offer a series of
gradations or steps, over which the geologist may safely travel in his

speculations, from the lava of Etna, to the granite of the sips.

To obtain correct knowledge of trap rocks, the student should
first acquire a clear idea of their position. When primary and trans
ition rocks form distinct beds, they are generally arranged conforma
bly, or, in other words, the upper beds are moulded upon the lower,
and have the same elevations and depressions, as represented Plate
III. fig. 1.
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Trap rocks, on the contrary, are found on the surface in overly
ing, unconformable masses, or.are imbedded in other rocks, or inter
sect them, rising like a wall,, and breaking the continuity of the strata.
Such walls are called dykes. Trap rocks that are imbedded, sel
dom preserve the form of regular strata for any great extent, but are

extremely variable in their thickness; in many instances, they appear
to have been laterally protruded between regular strata. These dif
ferent positions of trap rocks are represented Plate III. fig. 2. It
is obvious, that these unconformable rocks were formed at a period
subsequent to that of the rocks which they cover or intersect.

As the mineral composition of trap rocks is nearly the same as
that of rocks whose igneous origin is now undisputed, we can have
little difficulty in admitting, that the overlying masses of trap have
been poured over the surface of the conformable rocks in a state of
fusion, like streams of lava from recent volcanoes; with this differ
ence, that they were not erupted from one opening or crater, but
from fissures of great width and many miles or leagues in extent,
and that they were formed under the ocean. I say we can have lit
tle difficulty in admitting this, particularly as such rents or fissures,
filled with similar mattért to that of the overlying unconformable
masses, are often discovered in their vicinity.
Trap rocks, however, are not unfrequently observed imbedded be

tween strata of aqueous formation: here their origin appears more
obscure. In many of these instances we may, without difficulty, ad
mit, that these traps rocks were formed by submarine volcanoes,
which have poured beds of lava over the limestone; another bed of
limestone may have been subsequently formed over the lava, and this
limestone may also have been covered by the lava of a later erup
tion. In this manner the alternation of beds of basalt, or basaltic

amygdaloid, with limestone in Derbyshire, may admit of a probable
explanation. See Plate IV fig. 5. e. c. beds of trap between beds
of mountain limestone a. a.
On the southern side of Etna there are several beds of undoubted

lava alternating with limestone, as will be more fully stated hereafter.
In some instances, however, the basalt or trap has, evidently, been

protruded between the strata, after the period when the latter were

deposited.
Before we proceed, it may be proper to remark, that there are

certain porphyritic rocks bearing the general character of trap rooks,
which are associated with slate rocks, and appear to pass by grada
tion into them. We cannot suppose that they have been erupted
like lava, or protruded into slate: they have probably been softened
by subterranean heat with the slate in, situ; but from difference of

composition, or different degrees of temperature, these beds may
have had a greater facility in acquiring a porphyritic texture. A re
markable instance of the passage of slate into porphyry will be no
ticed hereafter.
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If we sufficiently keep in view that th& crust of the globe with
which we are acquainted, does not exceed, in comparative thickness,
that of a wafer to an artificial globe three feet in diameter; and that
a very large portion of the globe is now or has in ancient times been
rent and pierced through by active volcanoes, and that these volca
canoes are not the seat of subterranean fire, but merely its chimneys,
we shall have no difficulty in admitting, that extensive parts of the
crust of the globe, far distant from any present volcanoes, may have
been softened by internal heat, and the more fusible beds partly crys
tallized in situ, under the pressure of the ocean.

With respect to the overlying formations which pass by gradation
into primary rocks (as some porphyries allied to volcanic rocks pass
into granite), this fact, so far from proving that the porphyry was not
of igneous origin, tends strongly to confirm the hypothesis, which at
tributes an igneous formation to granite itself.* It is granted by the
best observers, that a regular gr.adation may be traced between gran
ite and the more ancient volcanic rocks, and that there is likewise a

gradation between the products of ancient and recent volcanoes, of
which we shall afterwards treat more fully. It will be proper, before
we proceed, to state the mineral composition of trap rocks. Fel

spar and hornblende, (see Chap. III.,) constitute the principal ingre
dients of trap; in many trap rocks the mineral. called augite is inter
mixed with feispar: indeed, hornblende and augite resemble each
other so much in chemical composition, and, when uncrystallized,
in external character also, that they have till recently been confound
ed together, and they often occur together in the same rock. These

compounds of feispar and hornbleude, and feispar and augite, chiefly
form the different rocks called greenstone, sienitic greenstone, basalt,
clinkstone, pitchstone, wacke, and amygdaloid; and also trap-por
phyry, and pitchstone-porphyry. All these rocks may be regarded
as different modes and combinations of felspar with hornblende or
augite, differing chiefly in their internal structure.
When hornblende and feispar are intermixed, and have a granitic

structure, they form what is generally called greenstone; and if the
feispar be red, sienitic greenstone. When hornblende and feispar,

* However highly and justly distinguished many of the natural philosophers in
France may be, it cannot be denied that they adhere more closely to theories once
formed, and have a greater dread of thinking for themselves, than the philosophersof other countries. In confirmation of this, I shall translate an extract from M.
Bonuard's Aperçu Gogmos/iquc ties Terraims. It is truly amusing to see the alarm
which he evinces, lest he should be compelled by stubborn facts to relinquish his
cherished theories. "Another species of difficulty should prevent every, prudent man (esprit sage) from attempting to explain the Ihrmation of these rocks of
trachyte by any hypothesis founded on volcanic action; namely, the alarming cxtentof the consequences which may follow such an explication, relative to other
rock formations, hitherto regarded as having a very dilTercnt origin." With great
respect for M. Bonnard, I would say, Let every cspri/. sac yield to the evidence
which Nature presents, and leave consequences and theories to take care of them
selves.
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or augite and felspar, are intimately combined and finely granular,

they form basalt. The French geologists make
a distinction between

the basalt in which augite prevaik, and that which is composed of

felspar and hornblende; but it is admitted that where the structure

is finely granular, or nearly compact, it is difficult, if not impossible,
to distinguish them.

Basalt has a greenish or brownish black colour, is difficult to break,

and possesses a considerable degree of hardness ; it will, however,

yield to, the point of a knife. On examination with a lens, even the

more compact varieties of basalt are seen to be composed of minute

crystalline grains; it frequently contains yellowish grains of a min

eral called olivine; it contains also grains of iron-sand, and a con

siderable portion of the black oxide of iron. Basalt is fusible into a

black glass, and is magnetic. The iron which it contains passes into

a further state of oxygenation when exposed to the air: hence ba

saltic rocks are generally covered with a reddish brown incrustation.

Very black basalts are chiefly composed of augite.
Soft earthy basalt, intermixed with green earth, forms the rock call

ed wacice; it has frequently a greenish colour. When basalt or
wacke contains rounded cavities, filled with zeolites, chalcedony, or
calcareous spar, it forms amyga1oid.* When the feispar greatly
prevails, and the texture become-, nearly compact, basalt passes into
the rock called phonolite or clinkstone, from its yielding a metallic
sound when struck: the prevailing colour is gray and greenish gray;
it is fusible. Clinkstone, when it has a more earthy texture, passes
into the rock called by English geologists claystone. Clinkstone of
ten contains imbedded crystals of felspar, and then becomes a trap
porphyry, which varies in colour according to the prevailing ingredi
ents of its base. Between felspar-porphyry and trap-porphyry there
is an almost imperceptible transition ; in the former, the base or paste
is feispar, nearly pure. Some felspar porphyries pass, gradually,
into granite, by an intermixture with quartz and mica.

Pitchstone has a blackish green, or a nearly black colour; it is a
semivitreous substance, having the lustre and appearance of pitch,
and does, in fact, contain a portion of bitumen; its other constituent
parts are the same as those of basalt; it approaches nearly to the
black volcanic glass called obsidian, which is a lava suddenly refrig
erated and perfectly vitrified. Pitchstone and obsidian are, some
times, porphyritic. Hence, we have, on the one hand, a series of
rocks, (varying only in the increase of felspar, and state of indura
tion,) from granular basalt to clinkstone and claystone, from clink
stone to trap-porphyry, from trap-porphyry to trachyte and feispar
porphyry, and from felspar-porphyry, with the further admixture of

* The names Porphyry and Amvgdaloid rather represent modes than substances,and convey no precise ideas, Unless the nature ui the base be specified.
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mica and quartz, to granitic porphyry and granite. On the other

hand, from granitic greenstone there is a transition to sienite, and

from sienite to true granite. Again: In the volcanic districts of Au

vergne, we see scoriaceous lava become more compact, and at length,
pass into well characterized black basalt, with the columnar structure.
In other situations, currents of lava form obsidian or volcanic glass;
and between basalt, phonolite, and pitchstone, there is an almost im

perceptible gradation.
Thus it may be seen, that the whole family of trap rocks have, on

'the one hand, a close alliance with volcanic rocks; and on the other,
with the more ancient rocks of porphyry and granite.
The gradation of trap rock, having in some parts a volcanic charac

ter, into true granite, has been described by Messrs. Hausrnann and
Von Buch as distinctly observable, and well marked, in a mountain

near Christiania in Norway. The lower rocks are gneiss; over this
occurs dark slate; and in the slate are several beds of blackish lime
stone, containing trilobites, and also orthoceratites several feet in

length, with other marine organic remains. In some parts, a bed of

gritstone or greywacke rests on the slate. The whole of these beds
are covered by an enormous mass of porphyry varying in thickness
from 1600 to 2000 feet. The porphyry is of a smoke gray colour,
but is reddish in some parts; it is compact, and moderately hard,
and contains large crystals of white feispar, and crystals of quartz,
epidote, bornblende, iron pyrites, and magnetic iron ore. In the
lower part of the bed, the porphyry becomes vesicular, and changes
into an amygdaloidal basalt, containing crystals of augite. Near the
sea, vast dykes of this porphyry, more than thirty yards in width,
are seen cutting through the slate and beds of limestone. In anoth
er part of the country, at Holmstrand, the same mass of porphyry,
covering beds of sandstone, is seen to pass in the lower part, by
almost insensible gradations, into a hard finegrained black basalt,

containing brilliant crystals of augite: in the upper part of the bed,
the porphyry passes into a sienite of singular beauty, containing
crystals of zircon; and above this the sienite passes into common

granite. The dykes of porphyry cutting through the slate rocks,
indicate the mode of formation of this porphyry, in a manner not
to be mistaken by those who are acquainted with the basaltic

dykes in the northern parts of Great Britain. These dykes were
doubties the fissures through which this vast mass of porphyry had
been poured out over the slate rocks, though Messrs. Hausmarm
and Von Bach described them as veins descending from the porphyry.
The reader may form a more distinct idea of the position of this

porphyry and its relation to the subjacent rocks, which are intersec
ted by dykes of the same porphyry, from Plate III. fig. 2. a.
Had M. Vou Buch seen this remarkable mass of porphyry at

Christiania, after his visit to the basaltic districts in England, he would
I am persuaded, have at once recognised the agency of subterranean
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fire in its formation. I saw this eminent geologist soon after his re-
turn from Cumberland and Westmoreland; and if I recollect dis
tinctly his opinion respecting the mountains of porphyritic trap and
clinkstone intermixed with slate in these counties, it was, that they
bore a striking resemblance to some of the most ancient volcanic
mountains in Auvergne, and that, like them, they had been softened
in situ, and elevated by subterranean heat. The operation of igneous
agency in these mountains is much less evident than in the porphyry
of Norway, if the description given of it be correct. The only por
phyry occurring in unconformable beds that I have seen in Cumber
land or Westmoreland, covers part of a mountain of coarse slate, on
the right-hand side of the road going from Kendal to the granite
mountain of Shap. It forms a nearly horizontal bed composed of
red feispar, which has an earthy texture, and contains crystals or
grains of.quartz ; it is what the French would denominate a red

trachyte. Considerable fragments of the same rock are scattered
in the adjacent valleys, proving that at a former period, this porphyry
was more extensively spread over that district. A red porphyritic
feispar, nearly similar in composition and appearance, forms the top
of the mountain called Red Pike above the lake Buttermere in Cum
berland. Closely adjacent to Red Pike, and forming part of the
same ridge, is the mountain called High Stile. Between the sum
mits of these mountains is a deep crater with a small lake or tarn at
the bottom of it; the sides of this crater are very steep; it is partly
surrounded by rude columns of clinkstone on one side; the porphy
ritic flspar of Red Pike forms the other side. The clinkstone has
a smooth conchoidal fracture and a greenish grey colour; it contains
small crystals of lelspar, and is slightly translucent on the edges and

very fusible; it is highly sonorous when struck with a hammer. The

height of High Stile is 2100 feet above the level of the sea; the

depth of the crater is about 500 feet; the side nearest the lake of
Buttermere, by which alone it can be entered, is partly open. Situ
ated as it is on the summit of a very narrow steep mountain range,
that divides the valley of Buuermere from Ennerdale, no conceiva
ble operation of water could have scooped out the crater, and the
bed of the lake within it.

Though the rocks which surround this crater are closely allied to
volcanic rocks, and have probably been subjected to the agency of
subterranean fire, yet the crater is not composed of lava and scorns,
like that of modern volcanoes. Cader Idris, in Merionethshire, is
similar in composition and structure to High Stile; it has also a deep
crater, with a small lake at the bottom. The opinion of Von Buch,
that some volcanic mountains have been upheaved bodily in a solid
mass, would, if admitted, elucidate the formation of these mountains:
the craters may not have eiected lava, but may have served for vents
to the elastic fluids or steam that, combined with heat, were the agents
by which the mountains were upheaved; or we may suppose the
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craters to be formed by a partial sinking down of the summits, whet
the mountains were still softened by heat. It may, however, deserve
the future enquiry of geologists, whether the red feispathic trachyte ott
one side of the crater of High Stile, which forms Red Pike, and
extends over the mountain, may not at once have flowed as lava.
Many mountains in Cumberland and Westmoreland are composed

of porphyritic trap, passing into clinkstone. In a deep ravine of
Swarthldll in Cumberland, opposite the seat of J. Marshall, Esq.
the mountain, which is here composed of clinkstone, presents the
columnar structure on a magnificent scale; the columns are slightly,
bent and inclined.

Porphyry, from an intermixture with bornblende, frequently pass
es into sienite; when this is the case, the latter rock generally forms
the upper part of the mass. Porphyry and basalt, in enormous
masses, often cover the primary mountains in the Andes. According
to Humboldt, "they are arranged in regular columns, which strike
the eye of the traveller like immense castles lifted into the sky."
Some geologists describe four formations of porphyry; but this divis
ion is purely theoretical, as those who admit it, agree that the diffe
rent formations of porphyry frequently pass into each other; and,
from the evident connection of porphyry and basaltic with igneous
rocks, it naturally follows, that such transitions must take place.
Many porphyritic rocks may be regarded as more ancient than ba
saltic rocks, as porphyry frequently occurs intermixed with, or cov

ering, transition rocks, and basalt is most commonly associated with
the secondary strata. 1 am informed by Professor Sedgwick, that
the porphyry of the Cheviot Hills has produced frequent and great
dislocations of the beds in its vicinity. We have few instances, be
side, that I am acquainted with, in England or Wales, of eruptions
of well defined porphyry: they are not uncommon in Scotland and
in the Alps. We shall proceed to describe the phenomena present
ed by trap rocks, of which there are numerous striking examples in
Great Britain and Ireland.

In describing the phenomena presented by any of the trap rocks,
we describe those peculiar to every member of the trap family.
Were it allowed to express a geological fact in familiar terms, it might
be said, that all the members of this family give indications of a fiery
character, and of having been troublesome neighbors to the adjacent
rocks, disturbing them, and even changing their nature, when they
are closely associated. Beside occurring in overlying unconform
able masses, all trap rocks, with porphyry, which may be placed at
their head, are occasionally found intersecting other rocks like verti
cal walls. It has been before stated, that these vertical walls are
called dykes,-the term dyke and wall being synol1ymous in North
Britain. The substance which most commonly occurs in dykes is
basalt; and as these basaltic dykes are well known, from their fre
quently intersecting coal strata, we shall now give a description of
basaltic dykes, and their effects on the adjacent rocks or strata.
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The thickness of dykes varies from a few inches to twenty or

thirty feet or yards; in some instances they exceed three hundred

feet. The extent to which they stretch across a country has seldom

been explored beyond the mining districts, where a knowledge of

them is important, on account of the disturbances which they occasion

in the strata.
The intersection of coal strata by dykes is represented Plate P.1.

5g. 2. and 3. C. C. and D. D. Dykes generally decline a little from

a vertical position; and, as before stated, the depth to which they
descend is unknown.
The strata are almost always thrown down on one side of a dyke,

and elevated on the other; but the dislocation is not proportioned to

its breadth. There is a fault extending from Whitly, in Northum

berland, to Greenside and Sandgate in Durham, which has thrown

down the strata on the north side one hundred and eighty yards; this

is a comparatively narrow fissure filled with clay. A great basaltic

dyke in the same county, which is seventeen yards wide, has only

produced a dislocation of twelve yards.
The whole series of strata which have been raised above the sur

face on one side of a fault, have sometimes entirely disappeared,
and the ground on each side of it is on the same level. See Plate

IV. g. 2,3.

Trap dykes, and basalt dykes are generally harder than the rocks

that they intersect; and when the latter are partly decomposed, often

remain, forming vast walls of stone, that rise above the surface of

the ground. There are walls of this kind in the counties of North

umberland and Durham, running along the country several miles.

Dykes also extend into the sea, and form reefs of rocks; and when

they cross the beds of rivers they form fords, and sometimes hold.

up the water and occasion cascades, of which there are numerous
instances on the river Tees. In the interior of North America, ba
saltic walls of great extent were discovered by Messrs. Lewis and

Clark; the walls were composed of columns of basalt arranged hori

zontally, and were at first supposed to be artificial constructions.
Where basaltic dykes are of considerable thickness, the hardness of
the stone varies in different parts; sometimes the inner parts are
harder, and sometimes softer than the outer, the substance in the

dyke being divided by seams or partings. This may be distinctly
seen at Coaly Hill near Newcastle-upon-Tyne, where a large basalt
or whin dyke cuts through the coal strata, and rises to the surface.
The stone, being hard, is quarried for the roads along a line of sev
eral hundred yards, forming a deep trench, sufficiently wide to admit
a cart road through the quarry, between the sides of the dyke.
The basalt of the dyke is intersected by fissures, and divided into

variously shaped masses. In one part of the dyke, it appears to

graduate into an indurated ferruginous clay, which is in some places
divided into minute, well defined pentagonal prisms. The dyke had
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charred the coal on each side of it, and rendered it soft and sooty;
to use the language of a quarry man, who was working in the dyke
when I visited the place in 1813, "it had burned the coal wherever

it had touched it." The same dyke extends from the sea to the

western side of the county of Northumberland; its termination in

that. direction is unknown.
The longest mineral dyke that has been traced in England may be

called the Cleveland Basalt Dyke: it extends from the western side

of Durham to Barwick in Yorkshire; it crosses the river Tees, at

this place, and proceeds in a waving line through the Cleveland Hills

in the east riding of Yorkshire, to the sea between Scarborough and

Whitby. It rises to the surface, and is quarried, in many parts of its

course, for stone to lay upon the roads. From Barwick-on-the-Tees

it may be traced in an easterly direction, near the villages of Stanton,

Newby, Nunthorp and Ayton. At Langbath-ridge a quarry is work

ed in it; it passes south of the remarkable hill called Roseberry

Toppin, near Stokesly, and from thence by Lansdale to Kildale;

it may be seen on the surface nearly all the way in the above track.

From Kildale it passes to Denbigh Dale end, and through the village
of Egton-bridge, and hence over Leace ridge through Gotbiand,

crossing the turnpike road from Whitby to Pickering near the seven

mile stone, at a place called Sillow Cross on a high moor. I exam

ined it at this place, where it is quarried for the roads, and is about

ten yards wide. From hence it may be traced to Blea Hill near

Harwood Dale, in a line towards the sea, near which it is covered

with alluvial soil; but there can be little doubt that it extends into the
German Ocean. It is a dark greyish brown basalt which turns brown
on exposure to the atmosphere; it is the principal material for mend

ing the roads in the district called Cleveland. I am indebted to Mr.
Bird of Whitby for an account of the situations where it may be seen
on the surface. He has traced it through Yorkshire and Durham;
in the latter county it cuts through the coal strata. Professor Sedg
wicic, in a valuable paper on the Trap Dykes of Yorkshire and Dur
ham, published since this account of the Cleveland Basalt Dyke was

originally written, says that the continuity of this dyke with others
west of the Tees, is not fully ascertained : he thinks the length of
the dyke may be estimated at from fifty to sixty miles. The course
of this dyke is marked in the Geological Map of England, Plate 1V.

By consulting the large maps of England, the course may be distinct

ly traced; drawing a line in the direction from Cock6eid in the coun

ty of Durham to Barvick-on-the-Tees, and extending the line east
and west, it will pass near all the places above mentioned. In some
situations where the angle in which this dyke cuts the strata can be
ascertained, it is about eighty degrees.
A circumstance attending this and other extensive dykes, which

has not, 1 believe, been hitherto regarded by geologists, completely
invalidates the theory, that dykes were originally open fissures form-
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ed by the drying or shrinking in of the rocks. This dyke in is
course intersects very different formations, viz. the transition or me
talliferous limestone, the coal district, and the upper secondary strata
of has and oohite. The different organic remains in these formations,
as well as their position, prove that they were consolidated at distant

periods of time. Indeed, the geologists who maintain that dykes
were formed as before described, are ready to admit the distant eras
of these formations. The transition or metalliferous limestone, and
the lower strata must have been completely consolidated, long before
the upper secondary strata were deposited; and the causes which

might dispose the upper strata to shrink in, cannot be supposed to
act on the lower rocks. It is also to be remarked, that in the lower
rocks, situated to the west, the breadth of this dyke is more than

twenty yards; but at Sillow Cross, where I measured it, it is not
more than ten yards: this dyke must, therefore, become wider as it
descends. It must also have been filled with basalt at the time of its
formation, otherwise it would have contained numerous fragments of
the rocks which it intersects.
The effects of this basaltic dyke on the different rocks through

which it passes are truly deserving notice. When it comes in con
tact with limestone, the limestone is often found granular and crys
talline, a fact the geological importance of which will be subsequently
adverted to. Where it crosses the coal strata, and comes in contact
with the, seams of coal, the substance of the coal is for several feet
converted into soot. At a greater distance from the basalt, the coal
is reduced to a coke or cinder, which burns without smoke, and with
a clear and durable heat. At the distance of fifty feet from the

dyke, the coal is found in its natural unaltered state. It is particu
larly remarkable that the roof immediately over the coal is lined 'with

bright crystals of sulphur. In some situations in the same county,
the shale, in contiguity with basaltic dykes, is converted into flinty
slate or jasper, and the sandstone is changed to a brick colour. There
is another great basaltic dyke in the same district, which crosses the
western extremity of Durham from Allenbeads to Burtre.eford on the
river Tees, hence called the Burtreeford Dyke. It throws down the
strata on the west side of it, one hundred and sixty yards.

Dykes, being generally impervious to water, they obstruct its pas
sage along the porous strata, and occasion it to rise; hence it fre

quently happens that numerous springs make their appearance along
the course of a dyke, by which it may be detected, when there is
no other indication of it visible on the surface.

Basaltic dykes intersect both primary and secondary rocks, but

they every where present indications of their action on the adjacent
rocks. At Nigg, near Aberdeen, I examined a basaltic dyke on the
coast, which intersects a rock composed of gneiss; the dyke is
about thirty feet in width. Where the basalt is in contact with the
gneiss, it becomes nearly compact, and approaches to the character
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of hornstone, and the gneiss has a red and burnt appearance, ap
proaching in its nature to porphyry. It is probable that the action

of the basalt on the sides of the gneiss rock had softened it and ren

dered it more liable to disintegrate than the other parts; for the sea

has here made an indentation inland, forming a deep narrow ravine

or bay, with a lofty wall of basalt running through it. The wall of
basalt completely divides the bay, and the sea enters on both sides of

the basalt. It has been before observed, that when basaltic dykes
extend into the sea, they form reefs of rocks, and small islands.

These basaltic walls, whether rising above the surface of the country,
or extending into the sea, serve to mark the destruction of the land;
for we are certain, that these walls of mineral matter, were at one

period supported on each side by rocks or strata which they have

intersected, but which are now worn away. The Cleveland basalt

dyke, it has been stated, cuts through the transition limestone; the

coal strata, and the upper secondary strata, comprising a part of the

oolite formation. On the northern coast of Ireland, Messrs. Buck

land and Conybeare discovered a considerable basaltic dyke, pass
ing through the chalk rocks. In the immediate contiguity of basalt,
the chalk on each side of the dyke was rendered highly indurated
and crystalline, this effect decreasing as the distance from the dyke
increased.
The constant occurrence of dykes in basaltic districts, gives a high

degree of probability to the opinion, that overlying unconformable

trap rocks have been erupted through these dykes in a melted state
like lava, and have been poured over the surface of the ground.
Where extensive beds of basalt occur in low situations, there can be
little difficulty in admitting this mode of formation; but the frequent
occurrence of beds of basalt, forming isolated caps on distant moun
tains, was for a long time considered as opposing completely the hy
pothesis of the igneous origin of basaltic rocks. A more attentive
examination of basaltic districts has however established the fact,
that these isolated caps of basalt are parts of extensive continuous
beds, which have in remote ages been excavated and intersected by
valleys, in the same manner as the beds of other rocks which fre

quently form isolated caps on detached mountains. Isolated caps of
basalt are also, in some situations, formed like caps of modern lava,
which extend to no great distance from the summit of a volcano.
Professor Sedgwick of Cambridge, in an interesting description of
11 The Phenomena connected with some Trap Dykes in Yorkshire
and Durham," given in the Transactions of the Cambridge Philoso

phical Society, states, that "In the quarries now excavating near Bo
him, the vertical dyke is unusually contracted in its dimensions; but,
on reaching the surface, it undergoes a great lateral extension, espe
cially on the south-west side, so that the works are conducted, in a

perpendicular face of columnar trap, more than two hundred feet
wide." The annexed cut (copied from that of Professor Sedg-
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There can be no more doubt respecting the cap or expansion of
basalt having been erupted through the dyke, than there can be of the

origin of a bed of lava, which may be traced to the mouth of an ad

jacent volcano.
Beds of trap or basalt, interstratified with other rocks, have given

rise to much speculation respecting their origin : that such beds are
not unfrequent. in the coal measures, is a fact well known to miners in
the North of England. From the great hardness of trap beds (pro
vincially called beds of whinstone) they increase the difficulty and

expense of sinking shafts. These interstratilied masses have been

frequently described, as regular measures or strata. There is a
thick bed of trap in some of the coal-fields in Durham, called the
Great Whinstone Sill; the word sill being used for stratum by Mr.

Westgarth Forster, in his section of these strata published in 1809.
This bed or mass of whinstone, though described by Mr. Forster as
a regular stratum with the series of strata in which it is found, is ad
mined to vary in thickness from twelve to sixty yards. it is found
at a great depth in some mines; in other situations it rises to the sur
face. Upon the supposition that this bed is of igneous origin, the

question has been proposed, in what manner did it become interstrat
ified with beds that are evidently aqueous depositions ? Those who
first raised this objection could scarcely have kept in mind, that every
bed in the whole series of the coal measures was once the upper sur
face of the solid ground, whether that surface was covered with wa
ter, or was dry. An eruption of lava might therefore flow over any
particular bed in the whole series, and this lava might become cov
ered by subsequent aqueous depositions. But there is another mode
in which the lava might be introduced among the strata at a later

wick) will give a distinct idea of this mode of formation. It may
be proper to observe, that the dyke is a continuation of the Cleveland
basalt dyke, which I have before described. The horizontal meas
ures through which it passes are coal measures.
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period; it might be protruded, laterally, between them. That such
lateral protrusions have actually taken place in some instances, is

proved by Dr. MacCullocli's observations on the coast of Scotland,
where trap may be seen forming beds between strata of sandstone,
then suddenly cutting through the upper strata and forming other
beds above. See Plate 111. 6g. 3. where strata of sandstone are in
tersected, vertically, by a dyke of basalt, and laterally by nearly ho
rizontal beds of the same basalt. Professor Sedgwick has bestowed
much labor in investigating the true position of the Great Whinstone
Sill, and its relations to the different strata in its vicinity, and has

given a very luminous and satisfactory description of the remarkable

phenomena which it presents, proving unanswerably the igneous ori

gin of this rock.
It would be doing great injustice to this valuable paper, to attempt

an abridgment of the detail of interesting facts and arguments which
it contains: I shall briefly recapitulate some of the observations.
The whin sill is not a regular bed interposed between the same strata
in different parts of its range, but it cuts through or overlies very dif
ferent strata. It has had an extraordinary effect in converting beds
of shale, on which it lies, into a porous slag; and where the whin sill
comes in contact with limestone, the limestone is converted into a
dull white granular and crystalline mass. (Query Dolomite?)
This conversion takes place not only in the subjacent limestone,

but sometimes on the limstone which covers the whin sill,-a fact
deserving particular attention, as it indicates that the whin sill was

protruded between the beds of limestone, otherwise it could scarcely
have produced any chemical or mechanical change on the upper bed
of limestone. In some parts, beds of limestone are seen bent up
wards and imbedded in the whin sill.

Indeed Professor Sedgwick thinks it probable, that the whin sill
was produced by a lateral injection of volcanic matter, in a state of
igneous fusion.
The beds of trap or toadstone, imbedded in the mountahi lime-

stone of Derbyshire, were supposed by Mr. Whitehurst to have been
protruded or driven, in a melted state, between the strata: this opin
ion was founded chiefly on the supposed fact, that the metallic veins,
which cut through the limestone, 1.2. 3. do not pass into the toad
stone, (see Plate IV. fig. 5.) and were therefore supposed to have
been broken through when the latter beds were protruded. It has,
however, since been discovered, that the veins do often pass into the
toadstone, though they seldom bear ore in this rock; hence the con
clusion of Mr. Wbitehurst was deprived of its main support. Sub
sequently, Mr. Farey, in his survey of Derbyshire, misled by an at
tachment to theory, described the beds of toadstone as regular strata,
preserving their thickness and continuity through the Peak of Derby
shire. This is by no means the case; the beds of toadstone are ex
tremely variable in their thickness and order of succession, and the
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intermixture of green-earth, toadstone, and limestone, near the junc
tion of toadstone with the limestone beds, certainly favors Mr. White
burst's original theory of protrusion; but this protrusion took place
before the formation of metallic veins, and might be the cause of
those fissures in which the veins were formed. It is not improbable
that some of the more regular beds of toadstone may have flowed
as lava. Professor Sedgwick justly observes, "that our reluctance
to admit the theory of protrusion arises from the difficulty of con

ceiving any powers in nature adequate to produce such an effect.
But all the phenomena of Geology show, that the great disturbing
forces by which the crust of the globe has been modified, acted in
former times with incomparably more energy than they do at present.
Volcanic forces are now employed in lifting a column of melted lava
to the lip of a crater. The same kind of forces, acting with more

energy and through a wider region, may in the early history of the

globe have been employed in hung islands and even continents from
the bottom of the ocean. During an operation like this, the elastic
forces, actin from below, may often have driven masses of fluid lava

among the superincumbent strata; and, in every case, the lava would

naturally be propelled through those portions which were most easily
penetrated-the lateral must, at every point, have been equal to the
vertical pressure. The expansive forces may not at any point have
been able to drive a column of lava through all the solid unbroken
beds, but the lateral forces may have driven a portion of the fluid
between the partings of two horizontal beds; and when a penetra
tion of this kind was once effected, the lava like a wedge, would act,
to mechanical advantage, and rush, in an horizontal stream, to a dis
tance proportioned to the elastic forces which were in action."
The formation of basaltic dykes is sufficiently explained by what

takes place in the vicinity of volcanoes. Before the con fined vapour
that afterwards issues through the crater, finds a vent there, the stir
face of the ground in the vicinity of the volcano is frequently up
heaved, and fissures of great extent are made, into which melted
lava is sometimes forced, which on cooling forms a wall or dyke, in

every respect similar to a basaltic dyke. During an eruption of Ve
suvius that took place in 1794, a rent of this kind was formed near
the bottom of the mountain, 2375 feet in length and 237 feet in
breadth, which became filled with compact lava. Rents or fissures
of some miles in length have been opened on the sides of Etna.
There is abundant evidence to prove, that most basaltic rocks were

erupted under the pressure of the ocean, and it is probably owing to
circumstances attending their refrigeration, that they have frequently
a columnar structure.
The occurrence of thick beds of basalt, divided into regular pen-

tagonal or hexagonal columns, and disposed in ranges of vast extent
and height, could not fail to arrest the attention of the most careless
observer, and give rise to speculations respecting their origin and for-
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mation. Basaltic columns are frequently seen in countries that are

the seat of volcanic fires, but they occur also in countries very re

mote from any known volcanoes. The theories respecting their for

mation will be subsequently adverted to.

Few countries in the world present more magnificent basaltic co

lumnar ranges than the north part of Ireland, and some of the He

brides: probably these are connected under the ocean, and have had

the same origin.
The Giant's Causeway constitutes a small part of a vast basaltic

range, along the north coast of Ireland, in the county of Antrim.

The promontory of Fairhead and Borgue, in the same range, are

situated eight miles from each other: these capes consist of various

ranges of pillars and horizontal strata, which rise from the sea to the

height of five hundred feet: from their abruptness they are very con

spicuous, and form a pile of natural architecture, in which the regu

larity and symmetry of art are united with the wild grandeur and

magnificence of nature. Many of the columns in the ranges at

Fairhead are one hundred and fifty feet in height, and five feet in
breadth. At the base along the shore is a wild waste of rocky frag
ments, which have fallen from the cliffs. Immense masses that have

withstood the force of the shock lie in groups, resembling the ruins
of enormous castles. At the Giant's Causeway, the columns rarely
exceed one foot in breadth, and thirty feet in height: they are sharp
ly defined, and the columns are divided into smaller blocks, or prisms
of one foot or more in length, which fit neatly into each other, like
a ball and socket. The basalt is close grained, but the upper joint
is cellular. The columns are most frequently formed with five or
six sides; but some have seven or eight, and others not more than
three. Beds of basalt that are not columnar, in some situations lie
over and also under the columns. The basalt in these beds is cellu
lar, and contains zeolites in its cavities. The columns at Fairhead
are not articulated like those at the Giant's Causeway; but the blocks
which are of great length in each column, lie flat on each other.
Basalt appears to extend on the coast and inland about forty miles in

length and twenty in breadth.
A full and perspicuous account of the geology of this part of Ire

land is given by Messrs. Buckland and Conybeare, in the fourth vol
ume of the Geological Transactions. It appears that this basaltic

range rests upon has limestone containing marine shells and ammon
ites ; the basalt also enters chalk-rocks, which arc much broken by
it and in one part a considerable mass of chalk is completely envel

oped in basalt. The effect of a basaltic dyke, in crystallizing the
chalk on each side of it, has already been mentioned. Former ob
servers, unacquainted with the nature of the rock on which the ba
saltic ranges of the Giant's Causeway rest, have mistaken it for ba
salt; it is a dark coloured highly indurated limestone, and as it con
tins shells and other organic remains, these remains were erroneous
ly supposed to prove the marine origin of basalt.
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The basaltic columns of the Island of Staffa are too well known to

require a description; but, according to Dr. MacCulloch, the columns
which form the lofty promontory called the Scuire of Egg, another of
the Hebrides, exceed in grandeur and in picturesque effect those of
Staffa: they are formed of black pitchstone, containing crystals of glos

sy feispar. "The promontory rests on a bed of compact grey lime

stone, approaching to a stone marIe. This bed, which is three or four
feet thick rests on a still lower bed of hard reddish stone. Masses of

bituminized wood, penetrated with carbonate of lime, are found in the

marie stratum not at all flattened. Portions of trunks of trees, retain

ing their original shape, but petrified (silicified,) are found in the same

stratum; the rifts are filled with chalcedony, approaching in aspect
to semi-opal. The columns on this island are both perpendicular and
inclined, and some of them are bent or curved."

In various parts of Scotland and the Hebrides, the tendency to a
columnar arrangement in the basaltic rocks may be distinctly seen:
it is obscurely developed in the basalt of Arthur's Seat near Edin

burgh. The basalt of this bill appears identical with some of the
volcanic mountains I examined in Auvergne, particularly near the
summit of Montadoux, a mountain near Cleremont.

In England the columnar structure of some of the basaltic and

trap rocks is observable in the northern counties, particularly on the
banks of the river Tees, and at Swartbfell Dear Ulswater. In some
of the basaltic hills near Dudley, the columnar structure is developed
but the columns are not separated and well defined. Prismatic
blocks of sienite, are scattered over a bill of sienite called Markfield
Know), at Charnwood Forest in Leicestershire.
Columns of porphyritic trap or greenstone occur in groups, on

the northern side of Cader Idris in Merionethshire. One of these
columnar groups is represented Plate V. 6g. 1.; the outline of the
columns was taken with a camera lucida by Henry Strutt, Esq. of
Derby, and cannot fail to be correct; the figure is introduced, to
show the relative magnitude of the columns. Rocks of trap and ba
salt, both in solid beds, and also arranged in columns like those of
Staffa, were observed by Sir G. Mackenzie, on the coast of Iceland
and also in the interior; the lower parts of the beds and columns
contained scorie and slags, and empty cavities. A successive range
of beds of basalt was also observed alternating with beds of tufa, the
lower parts of which presented the same appearance of the action
of fire.
From the situation of these rocks, and from the existence of sub

marine volcanoes near Iceland, Sir G. Mackenzie conceives that
these beds of basalt were formed under the sea by the ejection of
lava, which, flowing over the moist submarine ground, would confine
a portion of water beneath the melted mass: this water would be
converted into elastic vapour, or steam, which would endeavor to ex
pand: but where the superincumbent pressure of the ocean, or the
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tenacity of the lava, prevented its escape, it would be compressed,
and form cavities, or air bubbles, at the bottom of the melted mass.

In other instances, where the fluidity of the lava permitted the steam
from below to escape through it, the mass would be compact and
form solid basalt, or greenstone. It might sometimes happen that

water would be enclosed in the cavities of the mass, which is found
to be the case in some basalt rocks.

Thus, according to the different circumstances of pressure from

the depth of the ocean, and from the tenacity of the melted mass,

Sir G. Mackenzie, supposes that porous and vesicular lava, or com

pact basalt, might be formed from the same eruption ;" or the mass

might be porous below and compact above.
As Iceland is at present the seat of active volcanoes, and as sub

marine volcanoes are forming rocks near the shores of that island,

Sir George Mackenzie's explanation of the causes which have pro
duced the various appearances in the basaltic ranges of that island,

seems highly probable. In Sicily, the connection of basaltic with
volcanic rocks has been clearly established by Ferrara, Professor of
Natural Philosophy at Catania.

In the vicinity of Clerinont Ferrand in Auvergne, a thick bed of
basalt has once covered an extensive tract of country; it rests upon
a bed of volcanic tufa, and the latter frequently covers beds of fresh
water limestone. This bed of basalt, and the subjacent tufa and
limestone, have evidently been furrowed and excavated by the same
causes, which have excavated valleys in other parts of the world;
hence the basalt occurs, forming isolated caps on many of the moun
tains. In some parts a gradation may be traced in the same bed
from a compact basalt, similar to that of Arthur's Seat near Edin

burgh, to porous basalt, approaching more or less to the state of sco
riaceous lava. But the basalt of Auvergne belongs evidently to vol
canic products, and will be described in the chapter on volcanoes.
It may be proper to remark, that as the basalt of Auvergne covers
beds of fresh water limestone, which belongs to the tertiary strata,
its age is evidently posterior to that formation of limestone, which is

regarded as the most recent.
Basalt sometimes presents a globular structure, globes of hard ba

salt being imbedded in a mass of basalt of a softer kind.
Wacke or earthy basalt has frequently a greenish or reddish brown

colour; it often contains cavities which are generally filled with nod
ules of agate, or with zeolite or calcareous spar. The agates are

composed of concentric layers, and have apparently been formed by
siliceous iu6ltration, depositing successive coats within each other,
until the cavity is filled up. Basaltic rocks of this kind are called

amygdaloids. The Hill of Kinnoul, in the vicinity of Perth, is form
ed of basaltic amygdaloid, containing agate nodules in great abun
dance, of various dimensions and beautifully striped. At Woodford

Bridge, in Gloucestershire, there is a low rock of arnygdaloidal
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wacke, which is much intermixed with green earth, and has in some

parts a saponaceous feel; the agates which it contains are decompo

sing, and the inner concentric layers are separated from each other,

and present the appearance of edges of folded paper, with small in

terstices between each. I examined this singular rock in 1816; it
was then quarried for stone to mend the roads. In some parts of

the rocks, I found masses of corallite of considerable size, enveloped
in the basaltic amygdaIoid. I found also, in this rock, well defined

groups of prehnite, which was not then known to be an English min

eral : it has since been discovered in the basalt of Staffordshire.

The occurrence of organic remains enveloped in basalt, of which

there are various instances, may admit of an easy explanation, if we

allow that basalt has once flowed like lava at the bottom of the ocean.

Modern lavas often envelope bones and other substances that they
meet with in their course.

Having before stated the phenomena presented by imbedded trap,
which indicate that, in some instances, it has been protruded between

regular strata laterally, it will be useful to cite an instructive exam

pie of beds of trap alternating with limestone, by successive deposi
tion, which is stated by Dr. Daubeny, the present chemical professor
at Oxford, in an interesting sketch of the Geology of Sicily. The
facts seem clearly to ascertain, that beds of amygdaloidal trap, alter

nating with beds of limestone, have, in that island at least, been
formed by successive currents of lava flowing over the bed of the
sea, at intervals of time so distant, as to allow the deposition or for
mation of a bed of limestone, over each current of lava. A consid
erable district near Lentini, on the southern side of Mount Etna, and
also a part of the island near Cape Passero, are composed of alter

nating beds of lava, with tertiary limestone abounding with organic
remains of madreporites, nummulites, cerithea, and the remarkable
fossil called the Hippurite. Santa Venera, the loftiest mountain in
the south of the island, is capped with cellular lava; beneath it is a
bed of limestone with minute shells; at a lower level, towards Len
tini, there is a second bed of volcanic matter similar to the first; and
two other similar alternations of beds of limestone and lava occur
still lower down. Dr. Daubeny says that the cellular and semi
vitreous aspect of many of the volcanic beds associated with the beds
of limestone, precludes all doubt respecting the manner of their
formation: the character of other portions presents strong analogies
to rocks of the trap family; "they are compact, and have a stony
fracture; they contain crystals of olivine, and the cavities are filled
with calcareous spar or zeolites, like the amygdaloids of more an
cient strata. In some of the beds, a tendency to a columnar ar

rangement is discernible."
This account of Dr. Daubeny's, affords additional proof of the

close connection of ancient volcanic rocks with trap rocks,-may
we not add, of their perfect identity? It is beside highly illustrative



1N1'ERSTRATIF!ED BASALT. 145

of the alternation of the beds of basaltic amygdaloid, with beds of

limestone in other situations. But in both instances, we must admit

that the beds were formed under the ocean, before the present islands

and continents had emerged from the watery abyss. With respect
to Etna, the alternation of lava and limestone affords decisive evi

dence, that this mountain was upheaved from the ocean, though its

height may have been greatly augmented by eruptions of lava, since

the period of its first elevation. Before concluding the account of

interstratified basalt, it may be proper to mention, that Mr. William

Hutton, in a paper lately read to the Geological Society of London,

maintains, that the great bed of basalt in Northumberland, called the

whinstone sill, was deposited over the limestone beds on which it

rests, and not protruded laterally between them: though he admits,

with Professor Sedgwick, that the basaltic beds in Teesdale were

protruded in the manner before described, in some cases, it may
be extremely difficult to determine whether a bed of basalt has

flowed like lava, or been protruded laterally, because two strata of

hard limestone, for example, are often separated by seams of soft

clay, which would dispose the beds to yield to a lateral pressure in

the direction of the strata, and the injected basalt would take the

form of a regular stratum.
Mr. Hutton admits, that in some instances, the limestone over the

basalt had suffered the same effects of igneous action as the lime

stone below it. These instances, I think, afford satisfactory evidence,

that the basalt was protruded between the beds of limestone.

The disturbances and contortions of some of the lower beds of

transition limestone, in the vicinity of trap rocks, were mentioned in

Chap. VII. In such instances, though frequently no visible connec

tion between the rocks of trap aqd limestone can be traced on the

surface, there can be little doubt that such connection exists. The

singularly bent limestone beds at Wren's Nest Hill near Dudley are
at a considerable distance from the nearest basaltic bill; but I ob
served in the town of Dudley, where a well was sinking, that the

stone thrown out was granular basalt, intermixed with calcareous spar.
Some species of trap rocks, and particularly the softer kinds of

basalt, decompose rapidly, and form productive soils and marie. I

am inclined to believe, that some of the most fertile soils in England
were formed, by an intermixture with decomposed basaltic rocks.
What has been called basaltic tufa, is a volcanic substance, and will
be described among volcanic products. Some of the trap rocks,

particularly the porphyritic traps, are metalliferous; but it is rarely
the case with any of the British trap rocks, and it has before been
stated, that the veins of lead ore in Derbyshire, are either cut off

by beds of basalt, or generally cease to yield ore, when passing
through basalt.

Having described the principal phenomena attending trap rocks,
whether occurring in dykes, in unconformable masses, or interstrati-
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fled with other rocks, it may be proper to mention certain experi
ments that have been made, to elucidate the formation of basaltic
rocks. All trap rocks are fusible, and most of them, after melting,
form a blackish-green glass: hence it was inferred, that trap rocks
had never been in a state of fusion; for if they bad, they would
have been rendered vitreous. Sir James Hall, however, reflecting
on the long period of refrigeration that vast masses of melted rock
would necessarily require, before they were cooled to the common

temperature of the earth, was induced to make experiments on lava
and basalt; from which it was ascertained, that if a small portion of

liquid lava were suddenly cooled, it formed a black glass, as was
well known to be the case with basalt, but if the process of cooling
were slow, both melted lava, and basalt became stone. When the

glass which had been formed by sudden cooling was melted again,
and suffered to cool very gradually, it lost its vitreous character, and
was converted into a substance resembling basalt. Mr. Gregory
Watt made, in one of his father's furnaces, some experiments on
the fusion and refrigeration of basalt, which throws much additional

light on the formation of the globular and columnar structure of ba
saltic rocks. He fused seven hundred weight of the Dudley basalt
called Rowley ragg, and kept it in the furnace several days after the
fire was reduced. It melted into a dark-coloured glass, with less
heat than was necessary to melt the same quantity of pig-iron. In
this glass, small globules were formed, which afterwards disappeared;
and as the cooling proceeded, the mass was changed from a vitreous
to a stony substance: other globes were again formed within the

stony mass, which continued to enlarge until their sides touched and

pressed against each other, by which pressure the globes formed

polygonal prisms. If part of the mass were cooled before the glob
ular structure was destroyed, these globes were harder than the sur

rounding stone, and broke in concentric layers. In this manner, the
balls of basalt and porphyry which fall out of decomposing rocks
were probably formed; they derived their superior hardness from
the crystalline arrangement of the particles, when in a melted state.
When these globes were enlarged by a continuation of the same pro
cess, they might press on each other, and form prisms. The upper
prisms pressing by their weight upon the lower, might form concavi
ties or sockets, into which they would sink, and remain joined to

gether or articulated. Such is frequently the structure of basaltic
columns.

Another experiment, made by Sir James Hall, on the crystalliza
tion of common limestone by heat, and its conversion into marble,
tends to elucidate the effects produced by basaltic rocks, oil lime
stone and chalk before mentioned. Dr. Hutton had advanced the

opinion, that beds of limestone were formed of the shells and exuvia
of marine animals, which had been melted by central fire, and crys
tallized. The first part of this theory respecting the entire forma-
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tion of calcareous rocks from animal remains, it is not necessary to
discuss at present: that a considerable portion of many limestone
rocks was so formed, cannot be denied. It was however objected
to this theory, that the well known action of fire on limestone rocks
would expel the fixed air, and render them soft and pulverulent.
To this objection it was replied, that as the action of central heat on
beds of marine shells took place under the ocean, the pressure of
the water would prevent the escape of the fixed air, and would prob
ably render the calcareous earth more fusible. This answer was

regarded as a mere hypothesis far some time, but Sir James Hall
determined to try its validity by experiments. Having calculated
the resistance which a column of water fifteen hundred feet, or any
given depth, would present to the escape of fixed air, he enclosed a

quantity of powdered chalk in a gun barrel, and confined it in such
a manner as to present an equal degree of resistance. He subjected
the powdered chalk thus confined, to the action of a furnace; after
some time it was drawn out and cooled, and was found convert
ed into crystalline limestone or marble; and in one instance, where
the chalk enclosed a shell, the shell had acquired a crystalline tex
ture, without losing its form. Hence, in situations where chalk or

earthy limestone are found to have a crystalline texture, when in con

tiguity with trap rocks, we may with a high degree of probability in
fer, that the limestone had been fused by the trap.
A recapitulation of the facts and experiments which prove the ig

neous origin of trap rocks, would afford a mass of evidence which

might convince the most sceptical enquirer; but such a recapitula
tion is needless, as in many situations undoubted currents of lava
pass into trap rocks, and we have ocular demonstration of the fact.
" The reason why geologists were so long opposed to the igneous
origin of basaltic rocks, may be explained partly by the attachment
to received theories, and partly by the reluctance to admit a condi
tion of our planet, so remote from present experience. It was thought
an ample claim on our credulity, when we were required to believe,
that all the habitable parts of the globe had been for ages submerged
in the ocean, without requiring the further belief, that countries now
remote from active volcanoes, had been repeatedly subject to the
agency of subterranean fire. Yet, both these positions must be
granted, if we will allow a legitimate induction from established facts.
The advocates of the aqueous origin of basaltic rocks, while they

advanced theories, which made claims upon our faith, equally un
supported by present experience, failed entirely, in their attempts to
explain, in a satisfactory manner, the causes of existing phenomena.
The theory of Werner was, for some time, zealously supported, and
particularly the least tenable part of it,-the formation of basaltic
rocks by a second rising of the ocean, which deposited them on the
summits of elevated Mountains. It may be proper to give a brief
account of this part of the Weruerian system, before it sinks into
entire oblivion.
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According to the theory of Werner, all the superficial parts of the

globe were once in a state of aqueous solution, from which the ma

terials were, at first, separated by chemical deposition in a crystalline
state, and formed a thick mass of granite round the globe. Upon
granite, the primary rocks were successively deposited, forming lay
ers over each other like the coats of an onion. Over these again
were laid the transition rocks; and next, the earthy stratified rocks.
Each of these layers was supposed to encircle the globe, or to be an

universal formation. While this process was going on, the waters

were gradually retiring, and became turbid: hence the materials

which they deposited, to form the upper strata, were more earthy
than those of the primary rocks; they were also intermixed with

fragments of the rocks previously formed. According to this sys
tem, mountains and valleys were caused by the original inequality of

the nucleus of the earth. So far, the parts of Werner's theory are

consistent; and we have a world ready made, in which every thing
might be supposed to remain quiet; but-non sic Fata sinvnt;

Neptune, ashamed of his late retreat, and indignant at his confine
ment in such narrow limits, calls the infernal deities to his assistance,
and rising in his might, once more takes possession of the globe. He
covers it with the depurgations of his turbid waves: but, again be is

compelled slowly and reluctantly to retire from the field, leaving be
hind him the basaltic rocks, the monuments of his triumph and his
shame. Such is, in substance, the theory of Werner respecting the

origin of all the superincumbent rocks of basalt and trap. They
are, also, according to this theory, universal formations. It is scarce

ly possible for the human mind to invent a system more repugnant
to existing facts. Were basaltic rocks deposited from a solution
which covered the globe after the formation of secondary strata, as
Werner supposes, every part of the dry land and every valley must
have been incrusted or filled with basalt,-it would be the prevailing
rock of every district. On the contrary, basalt eists, only in par
ticular situations, forming dykes, and overlying masses or beds of
limited extent: nor do fragments of basalt occur, in any quantity, to
warrant the belief that it was ever formed universally over the globe:
and what is here said of basalt, applies equally to all unconformable
rocks of porphpry, and the other trap rocks. Nothing but the ob
scure language in which this doctrine of Werner was advanced,
could have prevented its absurdity from being instantly perceived
and acknowledged.

With respect to the relative age of trap rocks, it is evident, that if

they are of igneous origin, they may have been formed at any period.
We have certain indications that basaltic rocks were formed at differ
ent epochs; some of the basaltic dykes which cut through the coal
strata in the northern counties, do not enter the magnesian limestone
that covers the coal strata. Hence it is clear, that such basaltic

dykes were formed before the magnesian limestone was deposited:
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while the Cleveland basalt dyke passes through many of the upper
secondary strata, above the magnesian limestone, and is therefore of

posterior formation to that rock.

Among the localities of columnar basalt given in a preceding part
of the present chapter, I omitted to state that there are very exten
sive ranges of columnar trap in some of the northern United States
in America. Professor Silliman, in the seventeenth volume of the
American Journal of Science, has given a very clear description of
the basaltic range which divides the states of Connecticut and Mas
sachusetts, extending one hundred and twenty miles in length, and
from three to twenty miles in breadth. It was believed a few years
since in England, that there were no basaltic rocks in the United
States. Messrs. C. T. Jackson and Francis Alger of Boston in
New England have recently published "Remarks on the Mineralogy
and Geology of Nova Scotia," with coloured plates, representing the
immense ranges of basaltic rocks on the shores of that peninsula.
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CHAPTER X.

A RETROSPECTIVE VIEW OF CERTAIN GEOLOGICAL FACTS AND IN
FERENCES.-RELATIVE AGES OF MOUNTAIN RANGES.-PRELIM-
INARY OBSERVATIONS ON THE SECONDARY STRATA.

BEFORE we proceed to the Upper Secondary Rocks, it may be
useful to review some of the leading facts stated in the preceding
chapters, and to notice certain enquiries, which may naturally present
themselves to the mind of the geological student. It appears from
an examination of the crust of the globe, wherever it has been sci

entifically explored, that there is an order of succession or superposi
tion in the rocks of every country, which may often be traced over
a considerable extent; and that in countries very remote from each
other, an approximation to a similar order is observable, except in
one class of rocks which are obtruded irregularly, and cover other
rocks without any determinate order of succession, as described in
the last chapter. The succession of the several classes of rock,
the primary, transition, secondary, and tertiary,-may be regarded
as certain, where they occur together. Nor is the universality of
this succession affected by accidental disturbances, which, in a few
instances, have overturned beds of primary rocks, and thrown them

upon secondary strata. In such cases, the latter are thrown out of
their natural position, as much as when a block of granite is carried

by inundations, upon rocks of recent formations. The few cases in
which granite is described as rising through and covering secondary
strata require critical examination; and geologists should be particu
larly upon their guard, to avoid being misled by erroneous or fabu
lous sections of foreign localities. See p. 65.
The succession of the different members of any one class of rocks,

is by no means so definite as that of the classes themselves. Many
beds common in one country cannot be discovered in another, and
hence it may be difficult to determine what part of a series they
occupy.

It is easy to conceive, that the cause or causes, whatever they may
be, which have formed certain rocks, have been limited in the extent
of their action, as we know to be frequently the case on a smaller
scale, where a stratum of sandstone, &c., after preserving its regular
thickness for several miles, becomes gradually narrower, till at length,
in the language of the miner, it wedges out, and the strata above and
beneath, come into immediate contact. In other instances, the rock
which is interposed between two well known and identical rocks, in
distant districts, is not the same in both : this may be frequently ob
served among the secondary strata, which will next be described.
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In such cases, the different rocks that occur in the same geological
position, have been called equivalents of each other. An instance,
mentioned in a preceding chapter, may serve to explain what is meant
by a geological equivalent. In the beds of transition limestone at
Llanymynah, which are very regularly stratified, one stratum of the
best limestone suddenly terminates, and its place is supplied by a
bed of marie of equal thickness; in the same manner as we might
suppose part of a course of bricks to be taken out of a wall, and its
place tilled up with clay; the clay would be the equivalent of the
course of bricks.

In many of the lower conformable rocks, there is a tendency to
reproduction in the upper parts of the series: thus, though the regu
lar order of snccession may be granite, gneiss, mica-slate, and slate

(the clay-slate of Werner), we often find beds of granite among
gneiss and mica-slate, and sometimes even in slate. When, however,
we consider, that the chemical composition of all these rocks is very
nearly the same; that silex forms on the average three fourths of
their constituent parts, and alumine about one sixth or one eighth,
the proportions of the remaining parts cannot greatly affect the condi
tion of the mass; and it is to the circumstances (whatever they may
be) which have occasioned a more or less rapid consolidation of the

parts, that we ought, probably, to attribute the formation of granite in
one part of a mountain, and of gneiss, mica-slate, or slate in another,
and the re-appearance of granite above the latter rocks. An enquiry
naturally suggests itself, on observing that the order of succession in
rocks is not invariably the same in distant countries. Are the simi
lar rock formations in distant parts of the world contemporaneous?
or were rocks of different classes forming at the same period? Is the

granite of England, for instance, more or less ancient than the gran
ite of the Alps? Or, are the secondary strata of one country as old
as the primitive rocks of another?
Were it not for the organic remains in different rocks, we could

not (as Cuvier has well observed) be certain that all rock formations
were not contemporaneous. With respect to those rocks which con
tain no organic remains, and under which there are no other beds

containing organic remains, we cannot ascertain whether they were

contemporaneous, or formed at different and distant epochs. The
beds of granite which are nearly vertical in mountain ranges, must
have acquired a considerable degree of solidity, before the period
when the beds were raised: but if we date their age from the epoch
of their elevation, we shall be obliged to admit the different ages of

granite mountains, and that the granite of Charnwood Forest is more
ancient than that of the Alps. Of this we have as direct proof as
we could possibly require. In the Alps, the beds of the upper se

condary strata, analogous to our magnesian limestone, has, and oohite,
where they approach the central granitic range, are raised into nearly
a vertical position conformable to that of the beds of granite, and
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they must all have been elevated at the same time.-See Plate II.
fig. 2., where the relative situation of the beds of upper secondary
limestone is represented, a, a*
At Charnwood Forest, in Leicestershire, very highly inclined beds

of granitic and slate rocks are covered with horizontal beds of the

upper secondary strata, analogous to those in the Alps.-See Plate
II. fig. 4. a. a. Now it is evident that the beds of granitic and slate
rocks were raised before the horizontal strata were deposited upon
them. Hence we attain the knowledge of an interesting fact in the
natural history of our island: its beds of primitive and transition
rocks were raised before the beds in the mountains of Savoy and
Switzerland, nor can this conclusion be invalidated, unless we admit,
what would be contrary to analogy, that secondary strata, possessing
the same geological relations and the same organic remains, were
formed at different epochs. I have cited the Charnwood Forest
hills, because there the proof is more direct and palpable than at the
Malvern Hills or elsewhere, for the horizontal upper secondary strata

may be seen resting immediately on highly inclined beds of granitic
and schistose rocks.
The horizontal beds resting on the Cbarnwood Forest granite and

slate, are composed of sandstone (a part of the red marie and sand
stone formatiQn), and, at a little distance, the sandstone is covered by
strata of has limestone, e, which determine its relative age. In some

parts, the sandstone strata also cover the coal strata; the latter, d, d,
rise, very abruptly as they approach the granite in the north. At the

Vosges mountains in France, the same red marie and sandstone, as
sociated with has, covers the granite and coal strata unconformably.

V.-Ken M. Daubuisson published his Trait dc Geognosie in 1819,
he asserted, that the beds of granite in the Alps were raised into their

present vertical or highly inclined position, soon after their original
formation. I visited the Alps in the two following years, and the

appearances presented by the secondary strata compelled me to draw
a very different inference respecting the period when the beds of

granite were e}ev.ted, which I stated in the second volume of my
Travels, published in 1823.
"One important fact may be deduced from these elevated beds of

pudding-stone, sandstone, and other strata, comparatively modern,

ranging conformably with beds of granite and gneiss; namely, that
the beds of granite did not acquire their elevated position till after
the formation of the secondary strata. In England, the elevation of
the beds of granite was anterior to the deposition of the upper strata,

consisting of magnesian limestone, has limestone, oohite, chalk, and

* The calcareous mountains in the outer ranges of the Alps, removed from the
central granite, are often bent into arches as represented in Plate H. fig. 2. x, y, Z.
Such beds, of course, cannot be conformable to those nearer the granite.
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the intervening sandstones; for all these strata lie nearly flat over

the edges of the inclined under strata. On the contrary, in Savoy,
strata of similar formations occur nearly vertical, and frequently con

formable to the range and dip of the granitic formations. These

facts would prove, that the causes which have elevated granite, have

acted at different epochs, on various parts of the globe, unless we are

prepared to admit, that similar calcareous formations, containing sim

ilar organic remains, were not cotemporaneous in different countries."

In the latter part of the same volume I further stated, that as some

of the strata on the Diableret mountains in the Vallais contain, at the

height of seven thousand feet, fossils similar to those of the tertiary
strata in the Paris Basin, it was more reasonable to believe, that they
had been raised since their deposition, than that fresh-water forma

tions had covered any part of the earth at such a vast elevation;

and hence we may infer, that the epoch when the granite of the

Alps was raised, is comparatively recent.*
When M. Daubuisson published his Geognosie, both he and almost

all the French geologists adopted the theory of Werner, respecting
the formation of granite prior to all other rocks: if, therefore, the

elevation of its beds took place soon alter its original formation, this
elevation preceded the deposition of the secondary strata by many

geological ages, and could have had no effect on the position of beds

which did not then exist. My views with respect to the different

ages of granitic ranges, and the discovery of the true secondary
character of the calcareous mountains in the Tarentaise, have since

been brought forward by some French geologists, as their original
discoveries. My observations were made in the year 1820, at which

time they would have been warmly opposed in France; and the an

swer to them would have been, "Have we not had an Ecole de Mines
at Moutiers in the centre of the Tarentaise, where some of our first
chemists and geologists resided for a long time? we must therefore
know the true character of the country better than any occasional
visiter."

It is not however certain, that the elevation of beds of granite or

other primary rocks might not take place deep under the ocean, and
a far more extensive elevating power may, at a later period, have
been required to raise them above the waves, until they formed is
lands and continents. Indeed such must have been the case, where

primary rocks are covered with nearly horizontal strata of marine or

aqueous formation. Even the nearly horizontal beds of red marl,
that cover the elevated beds of granite on Charnwood Forest, must
have been formed or deposited under water: the whole, therefore,

* Since the author published his opinion, in 183, respecting the recent elevation
of the Alps, founded on an attentive examination of the structure of the Pennine
and Bernese Alps, M. Von Buch, M. L. Elie de Beaumont, and M. Andre de Lu;
of Geneva, have advanced similar opinions, and stated that the elevation of those
mountains took place after the formation of the tertiary strata.
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have been raised together, when that part of England emerged from

the ocean; unless the red marl was formed in a medterranean lake
or sea, surrounded by distant high ground. Adopting this view of the

subject, though we may be certain that the beds of granite in England
were elevated before those of the Alps, it does no follow that Eng
land must necessarily have been dry land, before the Alps of Savoy.
Since, therefore, the elevation of the beds in mountain ranges, may
have preceded their final emergence above the ocean, this consider
ation deprives the investigation into the relative antiquity of the eleva
tion of the beds in mountain ranges of much of its value.

Before proceeding to describe the secondary and tertiary forma
tions, I shall offer some preliminary observations, connected with the

enquiry respecting the relative age of the different beds. Where a

similarity of mineral character, and a similar association with other
beds is observed in different districts, we may sometimes infer that
their origin was cotemporaneous; but when the organic remains are
also the same in both, we attain a full conviction of the fact.

It will not be denied that the chalk and oolite in Yorkshire, were

cotemporaneous with certain parts of the chalk and oolite formations
in the southern and western counties. In the same manner, we may
admit, that the chalk, and oolite, and has, on the opposite side of
the Channel, in France, are cotemporaneous with similar formations
in England, with which they preserve an identity of mineralogical
and zoological characters. Having once traced these formations to
the north of France, we may admit their identity with similar forma
tions, preserving the same identity of character through many of the
inland departments of France, and to the Salins at the foot of the Jura

range. Over so large an extent of country we may. expect to find,
as we do in distant districts in England, that certain parts of a series
which occur in a certain formation in one place, are wanting in
another. In France, some beds occur, under the has, for instance,
which have not hitherto been found in Great Britain : but making al
lowance for such partial variations, we cannot hesitate to admit the.

identity of the formations in both countries, and also their identity of
age. When we enter the Jura, or the great calcareous ranges of the
Alps, the enormous thickness of the beds, which are frequently inac
cessible, and the indurated and subc.rystalline texture which they of
ten assume, present considerable difficulties, if we attempt to identify
them with well known formations. Much confusion and contrariety
may be observed in the classification of these rocks by different geolo
gists; but this has arisen partly from the observers not being thoroughly
acquainted with the formations with which they were to make the
comparison, and partly from the vague and contradictory use of the
terms Alpine limestone (calcfiire /1ipin) and Jura limestone (calcairee ura.) There is, however, in some parts of these mountains,
both an identity of mineral and of zoological characters, with some
of the formations in the upper secondary strata in England. A thick
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bed of blue has filled with the Gryplza3a arcuata, in the mountains
on the lake of Annecy, and fragments of oolite, like that of Glou
cestershire, from the top of Mont Grenier, near Chamberry, left me
no doubt of the identity of the formations of England, France and

Savoy; and no reason can be assigned, which might lead us to infer,
that the similar formations in each country were not cotemporaneous.
With respect to very remote countries, or the countries in. opposite
hemispheres, we have, as yet, few data to determine whether there
be a similarity of fossil remains, which can identify formations that

may appear analogous, or even whether such a similarity could iden

tify them, when they occur in very different latitudes and under very
different degrees of temperature.
There is another circumstance, independent of climate or remote

distance, that may have occasioned a change in the genera, and even
in the orders and classes of animals, whose remains are found in sim
ilar strata. The ocean may have been much deeper in one part,
than in another not very remote, and the deepest bed of the ocean

might support genera of pelagiari animals;* while a more shallow

adjacent part might be tenanted by different genera, and even diffe
rent orders and classes of animals, whose organization fitted them
for moving near the surface of the water. The transition strata were

probably formed under a great depth of the sea: and few of the ani
mals, whose remains are found in these strata, possessed in an emi
nent degree the power of locomotion. The animals possessing this

power, were, chiefly, chambered univalve Mollusca; their shells are
divided, and have a tube or siphunculus passing through each cell,

by which they were enabled to exhaust the water, and rise to the
surface from immense depths. The shells of these animals did not
form an outer covering, but were partly enveloped in their bodies,
and appear to have performed the function of an air bladder. They
had heads surrounded by feelers and large eyes; their beaks were
like those of the pirrot.t The feelers which surrounded their heads
served them for seizing their prey, and for swimming and walking at
the bottom of the sea; they swain with their heads behind them;
and when they walked, their heads were downward. There are

only two known genera of chambered animals of this class inhabit

ing the present seas; the Nautilus, and the Spirula,-their shells are

spiral: the greatest number of chambered fossil shells found in the

upper secondary strata are also spiral, and are well known as Ammo-

* Pelagian animals, so called by naturalists, because they live in deep seas.
t The animals of this Order, to which Cuvier has given the name of Cepha.la

podes, from their [elers, which serve as feet, being attached to their heads, com
prise several genera, as the cutile-fish, the calamar, &c. but the latter animals have
no shells. The Argonauta, common in the. Mediterranean, has an open uncham
bered shell. There are numerous minute microscopic chambered shells 1und in
the present seas, but according to Cucier the living animal has never yet been oh
served.-Règnc Animal, tome ii. p. 367.
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nites and Nautilites. It is probable that the animals that had straight
chambered shells possessed greater facility of rising to the surface

than the spiral ones, and accordingly we find them chiefly in the old

est and lowest formations. The animals of this class having heads

and various senses seem to rank high in the scale of sentient organ
ic beings; but they are not numerous, till we rise in the secondary
strata, above the coal formation.

Very few spiral unchanibered shells occur in the transition rocks*;

for these animals crawl on their bellies like the snail, and do not

seem fitted to live in deep water, unless, like the Helix Janthina,

which uearly resembles the snail and lives in the Southern Ocean,

they had little appendages like bladders, which enabled them to rise

to the surface. Univalve unchambered spiral shells, become nume

rous in the upper strata, probably from the circumstance that these

strata were deposited under shallower seas.

With respect to that class of the testaceous Mollusca which did

not enjoy the privilege of having heads and eyes, their motives for

travelling, whether for pleasure or necessity, must have been few in

deed ; and they may be supposed to enjoy life as well in the deepest
recesses of the ocean, as nearer its surface. The tenants of bivalve
shells, called by Cuvier, .cepIiaiesf, have, however, a power of lo

comotion which they effect, some by thrusting out a membrane called
a foot, and with it they also attach themselves to rocks or other bo
dies, by a number of filaments called the Byssus, which they can
remove at pleasure: others have two tubes, with which they force out
water with considerable violence, and impel themselves in an oppo
site direction; and others again, by a strong muscular action in open
ing and shutting their shells, can jump twelve inches at one leap.

All these modes of motion, however, though sufficient for the
wants of the animal, are very limited in their operation, and are

equally adapted for animals in deep or shallow seas, in rivers or
lakes: accordingly, we find numerous testaceous Mollusca of this
class, not only in the transition, the secondary, and the tertiary strata
but at various depths in our present seas and lakes.

* All unchambered spirals shells were occupied by animals which had an or
gan of motion placed under the body, as in snails: they had heads, and are called
by Cuvier, Gat.eropodes.
t Aeephales-having no heads.
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CHAPTER XL

TABULAR ARRANGEMENT OF SECONDARY STRATA.-RED SANDSTONE..
MAGNESIAN LIMESTONE.-ROCK SALT AND GYPSUM.

Relative GeolOgical Position of the Secondary Class of Rocks.-Their Mineral
an Zoological Characters-Tabular Arrangement.-New Red Sandstone and
Red Marl.-Upper, Middle, and Lower Beds, formed chiefly of the Fragments
of more ancient Rocks, broken by some great Convulsion-Lowest Red Sand
sione, or Rothe-todte-Liegende of the German Geologists.-Separated from the
Mddk Beds, by Beds of Magnesian Limestone.-Middle and Upper Beds of
Red Sandstone and Marl; their Accordance with those of France and Ger-
many.-Muschel-Kalk wanting in England, but probably exists in Ireland,. as
he Lily Encrinite has recently been discovered there.-Magnesian Limestone
of the Northern Counties.-English Red Marl and Sandstone formed of more
ancient Rocks, particularly of Porphyry and Trap.-Gypsum accompanying
Rock Sail, originally Anhydrous.-Rock Salt Deposits, in different Formations.

SECONDARY rock formations, comprise all the regular strata that
cover the transition rocks and coal measures, and terminate with
chalk. Their mineral characters may be briefly described, as they
occur in England, France, and part of Germany, They consist of
vast depositions of sandstone and conglomerate beds, and of numer
ous calcareous beds, separated by beds of clay and sand. The lime
stones are less crystalline, and more soft and earthy, than transition or
mountain limestone. They abound in remains of testaceous animals,
which are chiefly marine shells; but remains of fresh-water animals
occur in some of the secondary beds; and parts of fossil terrestrial

vegetables are also sometimes found, proving the existence of dry
land, at the period when the strata were deposited. Secondary strata
cover a large portion of the habitable globe, and are the immediate
sub-soil of the most fertile districts in England, and of various parts
of Europe. No beds of good mineral coal are found in any part of
the secondary series of strata, above the regular coal measures in

England; but some beds of imperfect coal, and wood coal, occur
in the secondary formations: and this is also the case in similar for

mations on the Continent. Neither metallic veins nor metallic beds

deserving notice (except of iron ores) occur in this class of rocks;

nor do they afford any of the rare species of crystallized minerals.
Rock-salt and gypsum are the most valuable minerals found in the

secondary strata; and it is from them that all the important salt

springs issue. Some of the rocks in this class yield useful materials
for architecture; but the stone is, generally, soft and perishable.
To the rocks of this class, Werner gave the name of fltz or flat

rocks, because, in the northern parts of Europe, they are generally
arranged in nearly horizontal strata; but, this character is altogether
inapplicable to the upper secondary strata in the outer ranges of the

Alps, and in the Jura chain, where they may be observed, bent in

every possible direction, and sometimes nearly vertical. In these
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mountain ranges, the mineral characters of the upper secondary
limestones also frequently undergo a considerable change, and be
come indurated and crystalline, like transition liniestones.

It has been stated in the preceding chapters, that the coal strata,
which are interposed between the transition rocks and the secondary
strata, contain, almost exclusively, the organic remains of terrestrial
and lacustrine or marsh plants, while the fossils in the lower or transi
tion class, belong, almost exclusively, to marine animals. Another

great change appears to have taken place in the condition of our

planet, after the deposition of the coal strata, for the upper seconda

ry strata contain, principally, the remains of marine animals. It is
in the strata belonging to this class, that the bones and entire skele
tons of enormous reptiles are first discovered. It is, however, truly
remarkable, that throughout the whole series of the upper secondary
strata, no bones of mammiferous land quadrupeds have yet been
found; the strata at Stonesfield alone present a solitary exception.

In England, the order of succession of the upper secondary rocks

may be more distinctly ascertained, than in any other country that
hs yet been examined. I shall therefore describe them as they oc
cur in our own country, with references to foreign localities, where
the same beds or formations are well identified with the English
strata. Geologists on the Continent, and particularly in France, had,
till very recently, no accurate knowledge respecting several of these
formations; and their classifications of them were vague and contra

dictory. More attention, however, has, very lately, been directed
to this part of the geology of France; and the clear accounts which
have been published, by M. Elie de Beaumont in particular, of some
of these formations, remove much of the obscurity which prevailed
respecting them, and prove, in a satisfactory manner, the great simi

larity which may be observed, in the secondary formations of Eng
land and France.

In the following tabular arrangement of the secondary formations,
above the transition and coal formations, I have not thought it expe
dient to introduce all the minor subordinate beds in each formation:
those which possess any geological importance will be subsequently
noticed: It may be frequently observed, that particular beds which
occur in one part of a formation, and are considerably developed,
cannot be traced even into an adjacent district, or they vary so much
in thickness and mineral characters, as scarcely to be recognized.
If we take an extensive formation, like the oolites, as an example,
&t is not possible to assign any one part of the range, as affording a
correct type of all the series in distant or even in neighboring parts
of the range, though we may trace a general resemblance in all the
principal beds; and this I hold to be amply sufficient for every valu
able purpose in geology.*

" Those who know into how many mistakes even eminent geologists have fall
en, respecting the formations in their ow immediate vicinity, by attempting to
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SECONDARY FORMATIONS,

above the transition and regular coal formations, and terminating
with chalk.

1. RED SANDSTONE AND MARL WITH MAGNESIAN LIMESTONE.

a Lower beds of new red sand- a Grês rouge ancien et rothe-
stone.

6 Magnesian limestone.
c Upper red sandstone.

(Muschel-kalk wanting in Eng
land.)

d Red marl with fibrous gypsum.




todte-lijende.
b Zeckstein et ravchwacke.
c Gris bigarré et gras de3 Vos-

ges, muschel-kalk.

d Keuper, marnes irrisées.

2. Li&s LltEsToNE AND LIAS CLAY.

a White has and mjcaceous sand
stone.




}

Calcaires gryphites.6 Blue hias with maristone.
c Lias clay and shale.

3. Oorn' LIMESTONE AND BEDS OF CLAY AND SANDSTONE.

a Inferior and Bath oohites with
sandstone, Oxford or clunch

clay.
6 Middle oolites.
c Bituminous or Kimmeridge

clay.
d Upper or Portland oolite.




Calcaires oolitiçrues, and some
times calcaires de Jura, and
also calcaire ..slpin.

4. WEALDEN OR SUSSEX BEDS.

a Weald clay with sandstone. ) This may be regarded as a local
6 Sandstone, calcareous grit. ( formation of limited extent,
c Petworth and Purbeck lime- but extremely interesting on

stone. J account of its fossil remains.

5. GREEN SAND AND CHALK.

a Lower green sand and
sand.

6 Blue clay, called Gait.
c Upper green sand.
d Chalk marl.
e Chalk without flints.

f Upper or flinty chalk.




iron
'l




Gras vert et grês ferrugineux.

Craie tufeau.
Craie inférieure, et

5 Craie supérienre.

introduce numerous subdivisions of strata, and to identify them with those in other
situations, will be ready to acknowledge that such labours are too micrological,and that by endeavouring to mark divisions, where Nature has not established
them, we lose our time, and introduce needless perplexity into the science. A
reference to the two sections of the oolite formation, given at the end of the next
chapter, will serve to evince the truth of the above remark-s.



0 
2. Lower red sandstone and magnesian limestone, resting unconformably on transition rocks or coal strata, No. 1. 3 
3. Middle and upper red sandstone and marl, with rock salt and gypsum. 
4. Lias clay and lias limestone. 
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5. Oolite formation, and beds of clay. 4 

N. B. Where the wealden beds occur, they are placed between the oolite and green sand. 8 > 
6. Green sand and chalk. 
7. Tertiary strata, filling a depression in chalk. 8 
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New Red Sandstone is so called to distinguish it from a red sand.

stone found among transition rocks, (See Chap. VII.) The new red

sandstone is a very extensive and complex formation: its prevailing
mineral character is siliceous; but it sometimes comprises calcareous

beds of considerable magnitude and extent. The new red sandstone

may be conveniently divided into three series, or the upper, the mid

dle, and the lower beds; where the beds of limestone occur, they
serve to mark the divisions in the series with sufficient distinctness,

but where they are wanting, these divisions cannot always be observ

ed. A limestone containing magnesia, separates the lower from the

middle series, in the northern counties of England, but is wanting in

the midland and western counties.
In France, a calcareous bed, called rnusche]-kalk, separates the

middle series from the upper; but this has not been discovered in

England. The red sandstone in England covers the lower rocks Un-

conformably, which proves that the lower rocks were tilted up, be

fore the strata of red sandstone here were deposited: this upheaving
of the lower beds must have been attended with great convulsions,

which probably supplied the sand and fragments, of which many- of

the beds of red sandstone are composed. Indeed, it is highly prob
able, that this sandstone, and the conglomerate beds in differentparts
of it, were formed by the violent disintegration of the older rocks,

and of trap rocks, that were protruded at the era of some great con

vulsion, which broke down a large portion of the ancient crust of the

globe, and spread the debris, far and wide, over the bed of the ex

isting ocean. Fragments of the older rocks occur in the different

beds of this sandstone, and some of the beds are formed almost en

tirely of such fragments. This mode of formation, would sufficient

ly account for the great diversity, both in the nature and thickness of

the beds, in different districts. I an inclined to believe, that the dis

integrating causes which broke down part of the ancient rocks, and

spread their ruins over a great extent of surface, acted at successive

periods of comparatively short duration, succeeded by long intervals

of repose, during which the calcareous strata were deposited.
The lower red sandstone was not known as a member of the red

sandstone formation in England, before Professor Sedgwick ascer

tained, that it formed beds of considerable magnitude below the mag
nesian limestone in Durham and Yorkshire. It does not, however,

extend, as he supposed, to the southern termination of the magne
sian limestone in Nottinghamshire; for there I have found the lowest

beds of magnesian limestone resting immediately on the coal meas

ures, and a part of the upper red sandstone covering the limestone.

The lowest beds of red sandstone are, in some situations, conglom
erates; in others coarse, siliceous sandstone is often much intermix

ed with decomposing crystals of felspar. Sometimes, it is found

finer grained, and mixed with inicaceous shale and reddish marl.
The beds are, generally, more or less impregnated with the oxyd of
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iron, and coloured red or yellow. The thickness of the beds differs
much in different situations, as might be expected from its lying upon
the lower beds unconforinably, and therefore resting upon an uneven
surface. The lower new red sandstone in the western counties of

England, and in various parts of the Continent, contains fragments of
different rocks, cemented by ferruginous sand or marl, and masses
of imperfect porphyry, and abundance of feispar, both in a decompos
ed state and in perfect crystals. The rnagnesian limestone, over the
lower red sandstone, should here be described in the ascending se
ries; but the description would disconnect the account of the upper
and lower red sandstone, which are strictly but one formation. I
shall, therefore, defer the description of the magnestan limestone, un
til that of the red sandstone is gone through. In fact the magnesian
limestone does not always occur in the red sandstone.
New Red Sandsone and Marl above magnesian limestone. The

beds have generally the prevailing colour which the name implies,
but are often marked with irregular veins and spots, of a yellowish or
bluish colour, and the sandstone is sometimes yellow or grey, with
occasional spots of red.
The composition of different strata in this formation is extremely

various: in some parts, we find an argillaceous marl in different
states of induration, and, more or less, intermixed with calcareous
earth. In other parts, we meet with regular strata of siliceous sand
stone; and sometimes, we have a conglomerate sandstone, or a soft
sandstone, enclosing rounded pebbles of quartz and Lydian stone,
granite and porphyry, as in the rock on which Nottingham and the
Castle stand, in the lower part of this division, as welt as in that
beneath the magnesian limestone, the beds are porphyritic, and con
tain imperfect crystals of feispar; sometimes, they pass into arnyg
daloid and trap. The fine siliceous sandstones, when closely exam
ined, are often found to contain fragments of the neighbouring rocks:
thus, the sandstone in the vicinity of Charnwood Forest, as before
stated, contains fragments of slate and chlorite slate; and the con
glomerate beds on the northern side of that range of hills, are com
posed principally of fragments of granitic and slate rocks. No for
mation presents such a great variety of mineral characters as the red
marl and sandstone. In England, it has frequently been confound
ed with the red sandstone and conglomerate, that occur under the up
per transition limestone, called by English geologists the old red sand
stone. But the old red sandstone of foreign geologists, or rothe-todie
liegende,* the gris ancien of Daubuisson, covers the coal formation,
and therefore corresponds with the lowest beds of the English red
marl and sandstone.

* The name Rot he-torlte1jeg,nje or 'red dead her, was first applied to what the
English call the old red sn dWne, below the curti lurnialiun, heca use no coal Was
found wider it.
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Where the red marl and sandstone formation is fully developed,
it .may be arranged, as before stated, under three divisions: the low-
er, which corresponds with the rothe-todie- liegende, consisting of
frag-mentsof different rocks cemented by sand or marl, and of beds of

imperfect porphyry; this occurs below magriesian limestone: the
middle beds, consisting chiefly of sandstone, called by the French

gres rouge and grJs des Vosges: arid the upper, consisting of marl
and variegated sandstone, in which beds of rock-salt and gypsum oc
cur; this corresponds with the grês bigarré and marnes irrisées of
the French. In England the three divisions of this formation rarely
if ever, occur together, accompanied with magoesian limestone; but
it should appear, from the situation of these different beds on the
Continent, that the place of magnesian limestone is between the low
er and the middle division; for the magnesian limestone or zcchstein,
rests on the conglomerate beds of red sandstone.

In the third number of the .,qnnales des .Mines, 1827, there is a

very full account by M. Elie de Beaumont, of the different arenace
ous strata that separate the coal strata from has limestone, along the
feet of the Vosges mountains on the eastern side of France. This
account throws considerable light on a part of geology hitherto ob
scured by the conflicting opinions of former observers, and assimi
lates the red sandstone of France and Germany with the different
divisions of the same formation in England. The Vosges morintains
are composed of granite and transition rocks, and at their feet, there
are several coal-fields: the coal strata, and also the lower declivities
of the granite, are in part, covered uneon forinably, by nearly hori
zontal strata of red sandstone; and this is covered by has limestone.
We have here, on a larger scale, an exact correspondence with the

geology of the Charnwood Forest district, where the granite and slate
rocks are bordered by coal strata, and are both partly covered by
horizontal strata of red marl and sandstone; and this again is cov
ered by has limestone. The red sandstone of the Vosges is, however
more developed; the lowest part consists of conglomerate and por
phyroidal beds: these cover the coal strata; they agree in their min
eral characters, precisely, with the conglomerates in the English red
sandstone, particularly those of Devonshire, and are described by N.
Beaumont as being the true rothe-todle-liegende. Above this occurs
a considerable thickness of strata of red sandstone, which passes by
gradation into the conglomerate; this is the proper gras rouge : it is
designated by M. Beaumont gris des Vosges; it approaches in its
character nearer to the grès liigarré than to the lower beds. Th
variegated sandstone, or grés bigarré, covers the gras des Vosges;
but there appears to have been a considerable degradation of the
surface of the gras des Vosges, and also a disturbance of the beds by
subsidence or faults, before it was covered by the g'rês bigarré, or
variegated sandstone: nevertheless they are evidently members of the
same formation.
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In the beds of the grés bigarr there are found thin beds and con

cretions of magnesian limestone; and above this is a more extensive

formation of smoke grey limestone called inusclu i-/ca/Ic, abounding in

organic remains. In this limestone, the beautiful fossil, the lily encri

nite, is found. (See the cut.) The muschel-kalk occurs also in Ger

many, but is entirely wanting in England. In its mineral character it

bears a near resemblance to the limestone called has, but it is sep-

arated from the has of the Vosges by thick beds, corresponding with
the English red marl, but called by the French marnes irrisécs, from
their spotted and variegated colours. The fossils in the muschel
kalk bear a nearer relation to those in the Ihis than to the shells in
the magnesian limestone below it: but neither belemnites nor gry
phites occur in this limestone in the Vosges. Its chief fossils are the

lily encrinite, two species of ammonite, the terebratula subrotunda,
and a species of muscle. According to M. E. Beaumont, were it
not for the intervention of the muschel-kalk, there would be a com-
fete passage of the, red sandstone into the red mai-1, as occurs in

ngland. It deserves attention, that the lily encrinite has just been
discovered in limestone brought from Ireland to the Isle of Wight.
The drawing I have seen of it leaves no doubt of the fact; but
whether the limestone be mountain limestone, as it is called, or the
muschel-kalk, remains to be determined. Thick beds of red marl,
with fibrous gypsum, compose the upper part of the new red forma
tion in the midland counties of England: the red marl is, generally
spotted, and striped by greenish and yellow marl.
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The beds of red marl and sandstone of this formation, occupy a

considerable part of the midland counties in England, extending from

the eastern side of Yorkshire into Devonshire, and on the west, with

some interruption, from Cumberland to Gloucestershire. The beds

or strata never attain any considerable elevation in England; they
cover or enclose rocks of other formations: in Leicestershire and

Warwickshire they surround rocks of sienite, granite, porphyry slate,

greenstone, and quartz. The granite and greenstone of the Malvern

Hills, are covered, on the southern side, by the same red marl and

sandstone. In Devonshire, several rocks of greenstone and amyg
daloidal trap are also surrounded by it; and at Rouvray in France, on

the road to Dijon, I observed a low range of sienitic and granitic
rocks, rising from a similar red marl, which, like the English red

marl, was covered by blue has with gryphites. It was formerly main

tained by Mr. Fare.y, that the sienitic and granite rocks of Charn

wood Forest and Malvern, were merely anomalous masses in the red

marl; and though this opinion was deemed extravagant, and after

wards abandoned by Farey himself, I am inclined to believe, that

there is a greater connection between these different formations, than

has hitherto been admitted.
The red marl and sandstone of England, appear to me to have

been formed principally by the disintegration of rocks of trap, green
stone, sienite, and granular quartz: the iron in the decomposing trap
rocks, has probably given to this formation its red colour. I conceive

that the argillaceous marls have also been formed principally from

the trap rocks, and the siliceous sandstone from the granular quartz
rock. That rocks of sienite, trap, and quartz, were once extensively

spread over the districts now covered with red marl, might, I think,

be sufficiently ascertained, by tracing them through the red marl dis

tricts, where they just peep above the surface, or they might be dis

covered by sinking. The sienitic rocks of Charnwood Forest may
be distinctly traced into Warwickshire; from thence to the Malvern

Hills the connection may be followed; and from the Malvern Hills

to the trap rocks in Gloucestershire, Somersetshire, and Devonshire;

but every where accompanied by the red marl, or near to it. The

quartz rock at the Lickey, near Bromsgrove, is not, as has hitherto

been believed, the only rock of the kind in the midland counties; it

may be found near Atherstone in Warwickshire, and is, doubtless, as

sociated with the greenstone rocks in that neighborhood, as members

of the Charnwood Forest range of hills.*

* In the village of Flartshiu, near Atherstone, when the author was at school
there, the quartz rock was employed in mending the roads: it is granular without
cement, and breaks into sharp edged fragments: it has a light reddish colour.
When a handful of the fragments are taken from the roads, and thrown upon the
ground forcibly in the dark, they produce numerous scintillations like stars,-an
experiment which has often excited the surprise of the author and his schoolmates.
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I was informed by T. Johnston, Esq. of Exeter, that he had Ire-.

quently examined the red ground in the vicinity of the different trap
rocks in Devonshire, and that he invariably found it composed of
fragments of these rocks, increasing in size as he approached nearer
to them. The sand rock on which Nottingham and Nottingham
Castle are built, has, evidently, been formed of the ruins of more an
cient rocks in its vicinity; and the rounded pebbles of quartz and of

Lydian stone, granite, porphyry, jasper, and mica-slate, indicate that
they have come from rocks, formerly connected with the Charnwood
Forest range. Still nearer the Charuwood hills, the finest sandstone
contains fragments of slate, and the lower conglomerate is almost en

tirely composed of the fragments of the Charnwood rocks, as before
observed, in the Vosges, the red sandstone every where accompa
nies the granitic and transition rocks, of which also it contains frag
ments. It must be recollected that the rocks most disposed to de

compose or disintegrate, would be the soonest worn down. With the

exception of the Malvern range we have no rocks of soft granite, or
sienite in England, like those of Auvergne, or of the Forez moun
tains in France; and the reason why we have not, may be, that, from
their smaller magnitude, they were probably carried away by those
mighty inundations, that have swept over our present islands and
continents. The Malvern Hills, the Lickey, the Charnwood Forest
Hills, and the trap rocks in Gloucestershire, Somersetshire, and De
vonshire, are the remaining nuclei of much larger ranges, as the scat
tered fragments in the adjacent, as well as in distant districts attest.
If the red marl and sandstone in England, and in other countries,
were formed of decomposing rocks of trap, granular quartz, por
phyry, sienite, and granite, the frequent occurrence of porphyroidal
beds in this formation may admit of a probable explanation.

It is not intended to maintain, that every bed or stratum in this ex
tensive formation is composed principally of the fragments of transi
tion and trap rocks; but it may be safely affirmed, that there are few
strata, in which some of these fragments may not be discovered.
The red marl produces some of the most fertile soils in England,

which may be owing partly to its formation from soft trap rocks.
Some basaltic rocks decompose rapidly, and are known to form soil
favourable to vegetation; several basaltic rocks in Staffordshire de

compose into a reddish brown clay, moderately tenacious.
A very remarkable discovery has been recently made (1828), of

the foot-marks of some unknown quadruped in strata of new red
sandstone, at the Corn Cockle Muir, three miles from Lochmaben in
Dumfries-shire. They were found forty-five feet under the present
surface ; the strata are inclined thirty-seven degrees. This cii'cum
stance was communicated to the author by Air. Murray, jun. of Al
bemarle Street, who showed him at the same time a plaster cast, ta
ken from a slab of stone, in which the impressions were tolerably
distinct, and also part of a thin stratum of the stone itself; with indis-
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tinct impressions of a similar kind. There can b scarcely a doubt,
that they were the real foot-marks of a digitated animal having short
toes and claws, and the foot broad in proportion to its length. The
breadth of the foot is above one inch. The part of the sandstone in
11r. Murray's possession, appeared to be composed principally ofgran
ular fragments of reddish quartz rock and feispar, with spots of chlo
rite or hornblende. As remains of reptiles have been found in the
zetchstein or magnesian limestone on the Continent, which is as an
cient as the new red sandstone, may not this animal have been a rep
tile allied to the tortoise?

Since the publication of the third edition of this work, Professor
Buckland has, I believe, ascertained that the foot-marks are similar
to the foot-marks which some species of tortoise make in sand.

Before concluding the account of the red sandstone, it may be
proper to repeat, that in a formation of such complexity, it is often
difficult to determine to which part of the series any particular bed
belongs, unless its situation be indicated by some of the limestone
beds, which sometimes occur in different parts of it. Thus, in De
vonshire, the porphyritic beds and conglomerates may belong to the
lowest, or to the middle series of sandstones: their position, with
respect to the rocks on which they rest unconformably, does not as
sist in the discovery. In Yorkshire, the very lowest series rest on
coal measures, as stated by Professor Sedgwick, in his masterly and
luminous description of the geological relations of the magnesian
limestone, from Northumberland to Nottinghamshire. At Charn
wood Forest, the uppermost series rests on ancient granitic and slate
rocks, as represented in Plate III. fig. 4. a, a. In the lowest beds,
resting on the slate, I observed indications of their mode of forma
tion, which I intend afterwards to describe. Professor Sedgwick
first ascertained the true relations of the lower sandstone; but, twen
ty years before, in the first edition of this work, (1813, p. 270.) I
gave a brief account of the Pontefract sand rock, as the last of the
rock formations over coal, in a description of a section from the
Yorkshire to the Lancashire coast:-" The magnesian limestone is
succeeded by yellow siliceous sandstone, on which the town of Pon
tefract is built. We may consider this as the boundary of the low
calcareous district: proceeding in a direction to Wakefield, we soon
come upon the argillaceous coal strata of the middle district."

Professor Sedgwick arranges the red sandstone and magnesian
limestone in an ascending series.

1. Lower red sandstone, yellow and red.
2. Marl slate and compact limestone.
2 a. Compact and Shelly limestone, and variegated mans.
3. Yellow magnesian limestone.
4. Lower red marl and gypsum.
5. Upper thin bedded limestone.
6. Upper red sandstone.
7. Upper red marl and gypsum.
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It may deserve notice, that the red sandstone generally occupies
the depressions in the more ancient strata, or what were once deep
valleys, and also fills up hollows on the surface of ancient rocks, as

represented in Plate III. fig 4. a a. Now, as these depressions and
hollows were, originally, filled up when the surface was under the
ocean, and are now raised some hundred feet above its present level,
without any apparent disturbance, this fact proves, that there were
two elevating causes acting at different epochs,-the first violent and

transitory, which tilted up the lower beds; the second, more exten
sive, but more gradual in its operation, which upheaved the whole

country above the ocean, and formed islands and continents.

Magnesian Limestone.-The geological position of this rock is
over the lowest beds of new red sandstone; but where this is want

ing, it lies unconformably over the regular coal formation: see Chap.
Viii. It is covered by the middle and upper series of new red
sandstone.
The dolomite found in primitive and transition rocks has been be

fore described; it is commonly white, or light grey and granular.
That in the secondary strata has generally a dark brown or a yel
lowish-brown colour: it contains a variable proportion of magnesia,
sometimes more than fifty per cent.
The presence of magnesian earth, in the proportion of nearly one

half, in certain limestones, is a fact that strongly militates against the

theory, which ascribes the formation of all limestone rocks to animal
secretion; unless it shall be found that magnesian earth is contained
in the shells and exuvi of marine animals. I believe no analyses
of shells or coral have yet been made, in order to ascertain the pres
ence of magnesia as one of their constituent elements. Should mag
nesia be found in the exuvi of certain orders of marine animals,
and not in others, it would not only favour the opinion that limestone
was of animal origin, but might also explain the cause of the alterna
tion of beds of magnesian limestone with beds of common limestone,
in the same mountain. Or should some shells of one species con
tain magnesia, and others none, it would prove that, under different
circumstances, the same animal might form its shell of different con
stituent parts.

Professor Sedgwick is inclined to derive the magnesian limestone
from the debris of beds of mountain or transition limestone which
contain magnesia; but many beds of the magnesian limestone, above
the coal formation, have as much the character of original rocks as
the beds of transition limestone, and the difficulty is not removed by
this hypothesis; for it still remains to enquire, from whence did the
mountain or transition limestones derive their magnesia? Von Buch
ascribes the change of the common limestone into dolomite in the
Tyrol, to the action of volcanic rocks and volcanic vapours contain
ing magnesia; but this opinion is not likely to obtain many support
ers. Can the magnesia found in some of the chalk rocks in England
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or France be derived from volcanic rocks? Were the theory of Von
Buch true, we ought to expect all limestone rocks in the immediate

vicinity of basalt to be magnesian; but some experiments which I
made on the mountain limestone of Derbyshire, in near proximity to
the toadstone, proved that it did not contain so much magnesia, as
the beds that were much farther removed from the latter rock.
The magnesian limestone is distinctly stratified; the strata vary in

thickness from a few inches to several feet: in the northern counties,
of England they are nearly horizontal ; they border the great coal
formation, and cover it on the eastern side. This formation of lime
stone extends from the mouth of the Tyne to near Nottingham. The
colour of the limestone is generally a yellowish or reddish brown, va

rying in intensity from a fawn color to that of an overburnt brick.
Some of the lowest beds are bluish and slaty, and intermixed with
marl; but these beds seldom rise to the surface, and their nature is
little known. Some beds of magnesian limestone have a granular
sandy structure, others are imperfectly crystalline: they possess a
considerable degree of hardness. A cellular variety of this lime
stone occurs near Sunderland, which has received the name ofHon

eycomb limestone: it agrees in most of its characters with the
rauch wacke of Thuringia, which is part of the zechstein formation.

Many beds of niagnesian limestone yield a ftid smell when rub
bed. At Sunderland, the beds of magnesian limestone are more de

veloped than in any other part of England that I am acquainted with.
In an account which I published of the Geology of Durham, in the

Philosophical Magazine for 1815, I estimated the total thickness at
one hundred and fifty yards. This limestone has been bored into to
a considerable depth below the surface; it was, as before mention
ed, of a bluish colour. According to Mr. Farey,

" under the yellow
beds of magnesian limestone, there are several beds of compact blue
limestone, abounding with Anomia (Terebratula) and other shells;
some of these beds differ entirely from the yellow and red beds, and
are more useful for agricultural purposes, particularly on the yellow
limestone lands.* This is the marl slate of Professor Sedgwick.
The lower beds of this formation are, I believe, more fully developed
in many parts of the Continent than in this country, which occasions
some uncertainty in classing them. The limestone of Thuringia, it
is agreed by the most respectable geologists, is zechstein, corres

ponding with our niagnesian limestone; the lower part is a ilaty
marl, sometimes impregnated with bitumen, and sometimes with
sand. This bed contains impressions of fish, like the lower beds of
the slaty Sunderland rnagnesian limestone : it contains also a small

quantity of copper pyrites, and the ores of lead, cobalt, zinc, bis
muth, and arsenic, and is in some places worked by the miners for
its mineral treasures. Above this bed there occurs a blackish-grey

Survey of Derbyshire, p. 157.
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compact limestone, very hard and tenacious, and distinctly stratified;
over this is a cellular limestone; and above this, a blackish brown
limestone, which yields a ftid smell when struck with a hammer,
and is in some places more than one hundred feet in thickness. All
these different beds Humboldt comprise under the name of zech
stein, and agrees with other geologists in referring them to our mag
nesian limestone; the lowest bed rests on the red sandstone, and
sometimes alternates with it: but according to some geologists, the
connection between the two formations of red sandstone and zech
stein is such, that the latter may be regarded as a subordinate forma
tion to the former. The upper beds of what has been called zech
stein alternate in Switzerland with beds of gypsum, which is inter
mixed with rock-salt: some of the beds are argillaceous limestone,

containing ammonites and belemnites, and appeared to me to have a

greater resemblance to has, than to magnesian limestone.
In the lower part of the rnagnesian limestone in the West of Eng

land, there is a conglomerate limestone, which contains fragments of
transition limestone, varying in size from several inches in diameter,
to very minute grains.
The fossils in niagnesian limestone are not numerous, at least in

the upper beds. Fossil fish have been found in some of the lower
beds in the county of Durham. One or two species of univalves,
and about nine species of bivalves, occur in this limestone; but these
shells are extremely rare, except in one or two situations. Some of
the shells, the productu3 and spirf'er, nearly resemble those in the
mountain limestone, to which the magnesian limestone appears to
bear a greater analogy, than to any of the secondary strata above it.

Magnesian limestone furnishes the most durable building stone that
is any where found in the upper secondary strata.

I do not agree in opinion with those who regard the magnesiari
limestone districts as unfertile; and perhaps no parts of England are
more salubrious, than those which have a subsoil of this limestone.
A few small strings of lead ore have been found in the magnesian

limestone rocks near Sunderland. The limestone rocks on the coast
of Durham are wearing away by the violence of the ocean : they
have evidently extended much further to the east than at present.

It has already been stated, that beside rnagnesian limestone, gyp
sum and rock salt are associated with the new red marl and sand
stone. Neither of these minerals is however confined to this forma
tion. Salt springs rise in many of the coal strata, and gypsum and
rock-salt are found both in the upper, secondary, and the tertiary
beds ; but the repositories of these minerals are more characteristic
of the new red sandstone, and may therefore, with propriety, be de
scribed in the present chapter.

Gypsum, both fibrous and massive, occurs in the new red marl
and sandstone : the fibrous gypsum forms numerous alternating
seams in cliffs of red marl: the seams vary in thicknes, from one to
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three inches, and might be mistaken for strata, but they are irregular
and of limited extent. In Nottinghamshire, the fibrous gypsum on

the banks of the Trent is often beautifully white and translucent, and

is accompanied with scales of chlorite, exactly similar to what I have

observed in the beds of gypsum in the Valais, in Switzerland. The

white fibrous gypsum is employed by the paper-makers to whiten

writing-paper and add to its weight.
Massive gypsum is granular : it occurs in irregular beds and blocks,

in the red marl, and is evidently a local formation. Anhydrous gyp
sum is occasionally met with in Nottinghamshire. Gypsum is asso

ciated with rock-salt, wherever the latter mineral is found. It is now

discovered, that the gypsum in the Alps, when uncovered in its na

tive beds, is always anhydrous. Common gypsum contains 21 per
cent. of water. Anhydrous gypsum is entirely free from water, and

is much harder and heavier than common gypsum. Should it prove
a general fact, that the gypsum associated with rock-salt is always ori

ginally anhydrous, it might tend to elucidate the formation of both

minerals; a subject which will be referred to, after describing some

of the principal repositories of rock-salt.

Many repositories of rock-salt are situated near the feet of moun

tain ranges, and were probably deposited originally in salt-water

lakes: beds of rock-salt are now found at the bottom of some of the

salt lakes in Africa. But though many salt formations are in com

paratively low situations, there are others that occur at great alti

tudes, both in the Alps and the Cordilleras. In England, the prin

cipal beds of rock-salt are situated at a little distance from the west

ern side of the range of hills, which separate the rivers that flow into

the eastern and the western seas.
The rock-salt of Cheshire cannot properly be said to lie in or un

der the red sand rock before described, but is surrounded by it, and

probably rests upon it; but as the lowest bed of salt has not been sunk

through, this cannot be yet ascertained. The upper bed of rock

salt in that county is about forty-two yards below the surface : it is

twenty-six yards thick, and is separated from the lower bed of salt,

by a stratum of argillaceous stone ten yards thick. The lower salt

has been sunk into forty yards. The upper bed was discovered

about a hundred and forty years since, in searching for coal. Rock

salt at Northwich, extends, in a direction from N. E. to S. W., one

mile and a half; its further extent in this direction has not been as

certained : its breadth is about fourteen hundred yards. In another

part of Cheshire, three beds of rock-salt have been found. The up

permost is four feet, the second twelve feet, and the lowest has been
sunk into twenty-five yards, but is not cut through. Besides the

beds of rock-salt, numerous brine springs, containing more than 25

per cent. of salt, rise in that county. The transparent specimens of
rock-salt are nearly free from foreign impurities, and contain scarce

ly any water-of crystallization.
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In sea-water a large portion of muriate and sulphate ? magnesia
is found, which gives it that bitter nauseous taste, distinct from its
sahness. This difference in the composition of sea-water and of
rock-salt, might seem to indicate that rock-salt was not, as some sup
pose, produced by the evaporation of sea-water; but if it were
formed in detached lakes, it is possible that the waters of these
lakes did not contain precisely the same salts in solution, as those of
the sea. We know that the waters of some of the salt lakes, exist

ing at present, differ in their contents from sea-water. If, however,
the evaporation were very slow, the salt of the ocean would separate
from all its impurities by crystallization; these impurities, being more

deliquescent, might be washed away.
It may deserve notice, that few, if any, remains of marine or other

organized bodies are found in the beds accompanying the rock-salt
of Cheshire. In the Polish salt mines, bivalve shells and the claws
of crabs are met with in the upper strata of marl; and vegetable im

pressions in the bed covering the lower salt, at the depth of two hun
dred and twenty five yards from the surface. But some of these
mines are now believed to occur in tertiary formations.
The salt formation at Droitwich in Worcestershire, appears to be

surrounded by the same kind of red sand rock, and covered with
similar beds of gypsum and marl, to that of Cheshire. Here the
rock-salt, though its existence has been proved by boring, is no where
worked. The salt is procured by evaporating the water, which is

nearly saturated with it.
Salt springs rise in some of the coal strata, adjacent to the red marl

and sandstone : in all probability the brine is infiltered from that for
mation, into the basset edges of the strata overlying coal. There
are salt springs in some of the coal mines in Northumberland, Der

byshire, and Yorkshire; and a spring of brine rises in the river Wear,
in the county of Durham.

Brine springs, containing from five to six per cent. of salt, rise in
the coal mines near Ashby-de-la-Zouch in Leicestershire, at the

depth of two hundred and twenty five yards under the surface. A
weaker brine also rises in the upper strata: it springs through fissures
in the coal, attended with a hissing noise, occasioned by the emission
of hydrogen gas.

I examined these mines, belonging to the Earl of Moira, in the
summer of 1812: they are situated at Ashby Wolds, in the very
centre of England ;* and what may appear remarkable in this situ
ation, they are worked one hundred and forty yards below the level
of the sea, which is ascertained from the levels of the canal that
passes by the pits. Had this circumstance been known, before the
attention of geologists was directed to the structure of the earth's

* Baths and hotel.-; are now erected 1 here. for the accommodation of visiterS;
they are called the Muira Baths, near Ashby-de-la-Zouch.
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surface, it would have been inferred, that brine springs so far below

the level of the sea, had their source from the waters of the ocean,

percolating through fissures in the earth.
There are many salt springs in France, but no mines of rock-salt.

The salt spr-igs at Salins, in the department of the Jura, rise in the
red marl formation; and the gypsum with which they are associated
is exactly similar to the massive gypsum in the English red marl.
The strongest of these springs contains 15 per cent. of salt.

In Switzerland, the rock-salt and gypsum do not occur in the red
marl, but between calcareous beds, which are, I believe, analogous
to the English has, and will be again mentioned.

In Spain, there are several salt springs and beds of rock-salt: the

principal formation of rock-salt, at Cardona, in Catalonia, has been
described by Count Alexander Laborde, in his magnificent work,
entitled, Voyages Pittoresques thins I'Espagne.
"The salt district of Cardona comprehends the bill on which the

town is situated, and the environs of more than a league in circum
ference. The surface is, almost every where, covered with vegeta
ble soil to the depth of six inches or more, which renders it produc
tive. The place where the rock-salt is procured, is a valley forming
an oval, about one mile and a half in length, and half a mile in
breadth from east to west, extending from the Castle of Cardona to
the promontory of red salt at the other end. The last is the most
considerable of the salt rocks, and has not yet been worked: it is
six hundred and sixty three feet in height, and twelve hundred and

twenty feet in breadth at its base. This valley is also traversed by
a chain of hills of rock-salt: besides these, there are other rocks of
salt at the feet of the fortress, and upon the declivity of the mountain
which stretches to the fountain called Cancunillo. The mountain of
red salt is so called because that colour predominates; but the colours

vary with the altitude of the sun, and the greater or less quantity of
rain. At the foot of this mountain a spring of water issues, which
comes through a fissure on the summit. The rivulet runs all along
the valley from the east, but passes under ground in part of its course,

particularly under the hill where the rock-salt is mined : at a little
distance, it rises again to the surface, and, after running along the

plain, discharges itself into the river Cardona. This brook, in rainy
seasons, swells the wafers of the river, which then become salt, and

destroy the fish; but at three leagues lower, the water has no per
ceptible taste of salt. All these salt mountains are intersected by
crevices and chasms; and have also spacious grottoes, where are
found stalactites of salt, shaped like bunches of grapes, and of vari
ous colours."-" Nothing can compare with the magnificence of the

spectacle which the mountain of Cardona exhibits at sunrise. Be
sides the beautiful forms which it presents, it appeal's to rise above
the river like a mountain of precious gems, displaying the various
colours produced by the refraction of the solar rays through a prism."
Count Laborde.
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"Hungary and Poland afford the most numerous and extensive

repositories of rock-salt in Europe. The salt mines of Wieliczka

near Cracovia have been long celebrated and frequently described;

they are worked at the depth of 750 feet. The rock-salt is covered

by alternate beds of marl and conglomerate; blocks of salt occur

also in the marl. The beds of rock-salt are inclined at an angle of

40 degrees. It is remarkable, that in these mines of rock-salt, there

are springs" of fresh as well as of salt water. At Paraid in Transyl
vania, there is a valley the bottom and sides of which are pure rock

salt. The mine of Eperies is about 990 feet deep. Water is some

times enclosed in the blocks of rock-salt."-Brongnzctrt, .Mnéralogie.
There is an extensive formation of rock-salt, stretching on each

side of the Carpathian Mountains for six hundred miles, from Wie

liczka in Poland towards the north, to Rimnie in Moldavia on the

south. It has indeed been observed, that rock-salt and brine springs
most generally occur near the feet of extensive mountain ranges,
which adds probability to the opinion, that these ranges were once

the boundaries of extensive salt lakes.

In the lofty deserts of Caramania in Asia, according to Chardin,

rock-salt is so abundant, and the atmosphere so dry, that the inhab

itants use it as stone, for building their houses. This mineral is also

found on the whole elevated table-land of Great Tartary, Thibet, and

Indostan. Extensive plains in Persia are covered with a saline ef

florescence; and according to the account of travellers, the island of

Ormus, in the Persian Gulf, is one large mass of rock-salt.
In the elevated mountains of Peru, rock-salt is said to occur at the

height of 9000 feet above the level of the sea. In North America
there are various salt springs called Licks, because the herds of wild
cattle formerly repaired to them, to lick the soil impregnated with
salt. Near to these places, at a small depth below the surface, the
immense bones of the great Mastodon are frequently found. Ac

cording to the account of Hornemann, a mass of rock-salt, so vast,
that, in one direction, no eye can reach its termination, and whose
breadth he computed to be several miles, spreads over the mountains,
that, to the north, bound the desert of Lybia. Rock-salt has been
found also in New South Wales.

It would exceed the limits intended for the present volume, to
enumerate the different places in which this valuable mineral occurs.
I propose to note only the more remarkable situations, presenting
phenomena that may tend to illustrate the mode of its formation.

Among these should not be omitted the salt lakes on the borders of
Caifraria, east of the Cape of Good Hope, which contain, at their
bottom, thick beds of rock-salt variously coloured.

There is a remarkable formation of salt at Posa, near Burgos, in
Castile, placed in an immense crater of an extinct volcano, in which
are found pumice-stone and puzzolana. The volcanic mountain of

Calogero, near Sciacca, in Sicily, contains, in its beds, a considera-
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ble intermixture of common salt; and masses of rock-salt occur in

other parts of the island, imbedded in clay.* In these, and in some
other instances, it is probable that subterranean fire, by evaporating
the waters of salt lakes, or of countries recently emerged from the
ocean, may have been an active agent in the formation of rock-salt.
The rapid formation of rock-salt in Syria, during one of those

igneous eruptions which have, at times, overwhelmed certain portions
of the globe, is, perhaps, obscurely alluded to by the sacred writer,
who has narrated the early history of the human race. Gen. chap.
xix.f The salt lakes existing in that country are well known.
Whether all the repositories of rock-salt above enumerated occur

in the red marl, cannot, in the present state of our information, be

accurately ascertained. The great formation of rock-salt and gyp
sum near Bex in Switzerland, constitutes two large and extensive
beds. The lowest rests upon black limestone, argillaceous limestone
and sandstone; and between the lower gypsum and the upper, there
are thick beds of argillaceous limestone, and similar argillaceous
limestone forms caps over the upper gypsum. The gypsum in the

large beds is anhydrous, and contains particles of rock-salt and com
mon gypsum disseminated through it. The prevailing fossils are
ammonites and belernnites.-(Travels in. the Tarentaise.)
The mineral characters of the strata at Bex, and the imbedded

fossils, incline me rather to refer the argillaceous limestone, over
and under the gypsum and salt beds, to the English has, than to

magnesian limestone. Many beds of the has in England contains
much muriate of soda and sulphate of magnesia.
The sahiferous gypsum, in the Tarentaise, is anhydrous, and con

tains a considerable quantity of silex; it occurs interstratified with

limestone which bears a nearer resemblance to the magnesian lime
stone than to has. The tops of some of the mountains are covered
with beds of common gypsum, intermixed with native sulphur. In

one of the rocks associated with the gypsum formation, I discovered
a fossil Patella. Though a branch of the Ecole des 'lines, with
able instructors from Paris, had been for some years established at
Moutiers, close to the salt formations, a very erroneous opinion 'res

pecting the gypsum of the Tarentaise was maintained by the profes
sors; namely, that the gypsum merely formed an unconformable

covering over the adjacent mountains. I observed it in several parts
of the valley of the Doron near Moutiers, as distinctly interstratified
in the calcareous mountains, as the gypsum of Montmartre is inter

stratified between the tertiary formations near Paris. In one of the

* Travels in Sicily, by Lieut. Gen. Cockburn.
t Jerome, who resided in Syria, in the fourth century, informs us, that the rock

of salt was existing in his time; and fancifully relates certain peculiarities res
pecting it, which equal in absurdity the legends of the darkest ages of papal su
perstition.
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beds of gypsum, there was a thin stratum of carbonaceous matter,
which soiled the fingers like coal smut; this is the only instance of
carbonaceous matter found in gypsum that I am acquainted with.

Transparent, colourless rock-salt consists of muriate of soda, near

ly in the highest state of purity ; or, according to Sir. H. Davy, of
chlorine and sodium. It has so little water of crystallization, that it

scarcely decrepitates when thrown on burning coals, in which it dif
fers from salt prepared artificially by evaporation. Specimens of
rock-salt brought from the Polish mines, are less disposed to deli.

quesce, than those from Cheshire. The deep red colour, very com
mon to rock-'salt, is derived from the oxide of iron. Rock-salt in
detached masses frequently lies imbedded in clay or marl; the clay
is often much impregnated with salt, which is extracted from it by so
lution in water. The almost constant occurrence of sulphate of lime

(gypsum) with rock-salt, is also a fact of considerable intererest. It
is curious to observe the two most powerful acids, the sulphuric and
muriatic, so nearly associated in the same place. This fact, in a
more advanced state of science, may elucidate the chemical changes
which have effected the formation of these minerals.
The most natural hypothesis respecting the formation of rock-salt,

at least in some situations, is that before stated, which attributes it to
the gradual evaporation of lakes and pools of salt water, which re
mained, when the ocean retired from the present continents. This
mineral, by slow evaporation, would be separated from the impure
salts that exist in sea water; and as these salts are more deliquescent
than rock-salt, they might be washed away, before the beds of rock
salt were covered with earthy strata.
The occurrence of anhydrous gypsum with rock-salt, which is

also anhydrous, would, however, indicate the action of heat, in the
formation of these minerals, for it is scarcely possible to conceive

any mode of aqueous deposition, that could form anhydrous gypsum:
but common gypsum might be fused by heat, and its water of crys
tallization expelled; it would then be converted into anhydrous gyp
sum. From the observations of M. Carpentier at Bex, it appears,
that the great beds of gypsum associated with rock-salt, when they
are laid open to the atmosphere, are always found to be anhydrous,
but they soon absorb water, and are converted into common gypsum.
The saliferous gypsum in other parts of the Alps, is also anhydrous;
and if it should appear that the beds of gypsum associated with rock
salt in other countries are anhydrous, where they have not been ex

posed to the action of moisture, it would add much probability to the

opinion, that the consolidation of rock-salt and gypsum had been ef
fected by heat.

Before concluding the account of the red marl and sandstone for
mation, it may be proper to state, that foreign geologists contend for
the existence of a red sandstone over coal, which is laid conformably
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with the coal strata, and is a part of that formation.* If such a red
sandstone, distinct from the new red sandstone, exist any where in Eng
land, it is near Oldham and Rochdale in Lancashire. The sandstone
ofLancashire is coloured in Mr. Greenough's Geological Map of Eng
land, as the new red sandstone, and in Mr. Smith's Geological Map,
as the old red sandstone; but I am inclined to believe, that the true

position (gisement) of this sandstone in many parts of Lancashire,
is not yet ascertained : its relations with the coal strata are different
from those of the new red sandstone in other-parts of England.-!
propose to revert to this subject in a subsequent chapter.

Professor Sedgwick, in a paper recently read at the Geological
Society of London, but not yet published, has described the red
sandstone formation on the north-western side of England, which had
not before been sufficiently examined. The formation agrees with
that on the eastern side of England in its leading features. First,
there rest unconformably over coal measures of Whitehaven,

1. Coarse sandstone of great thickness, or the lower red sandstone.
2. Magnesian conglomerate beds of considerable thickness.
3. Magnesian limestone.
4. Lower red marl and gypsum.
5. Red and variegated sandstone.

The sandstone No. 2. and also other beds of red sandstone, some
times approach to a position nearly conformable to that of the coal
measures. Too much importance appears to me to be attached to
this circumstance; for whenever the coal strata take nearly an hori
zontal position, the upper unconformable strata will take the same po
sition, and may therefore be conformable in such situations, and un

conformable in others where the subjacent strata are more inclined.

* Le Grès, masse principale de terrain houiller, prende souvent une grand ex
tension, en abandonnant an moms en majenre partie la houille avec l'argile schis
teuse qui l'enve]lope.-DaublLissan, Trait de Gognosie, tome 2.
M. H. Bonnard, in his Appcrcn Géognostiqne des Terrains, p. 144., describes

the red sandstone as the upper part of the coal formation.
A. Humboldt, in his Essai Gêognsique sur ic Gisc'ment des RociLes, p. 199.,

mentions a red sandstone passing into porphyry, as the upper part of the coal for
mation in Germany.

Messrs. Daubuisson, and Bonnard, appears to have mistaken the lowest part of
the red marl and sandstone, for a portion of the regular coal strata. M. Hum
boldt, makes a distinction between the unconformable red sandstone and the por
phyritic red sandstone, which he cites as a part of the regular coal formation.
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CHAPTER XII.

ON THE LIAS AND OOLITIC SERIES.

Geological Position of Lias Clay and Limestone,-Their mineral Characters.
Alum-Slate in Lias.-Remarkable Organic Remains and Characteristic Fos
sils.-Extent of the Lias Formation in England.-Interesting Junctions of Lia
and Reã Marl,-Lias of France and the Alps.-Oolite or Roestone, the Jura
Limestone of Foreign Geologists.-Mineral Characters, and remarkable or-

Ee
Remains.-Lower Oolite.-Oxiord or Clunch Clay.-Middle Oolites,

inimeridge CJa7...-Upper or Portland Oolites.-Stonesfield Slate with Or
ganic Remains of Insects, Birds, Flying Reptiles, and small Land Quadrupeds.
-Extent of the Oolite Formation in England, and its abrupt Termination,
Sections of the Oolitic Series of Beds in Yorkshire and the West of England,
compared with a Section of the Secondary Strata in Germany.

THE great bed of dark grey argillaceous limestone, divided into

thin strata (and associated with beds of clay) called Lias, is the best

characterized of all the secondary strata (except chalk), both by its
mineral characters and the fossil remains imbedded in it; and it pre
sents the same characters through a considerable part of France and

Germany.
The geologist who has taken a comprehensive view of different

rock formations, and has compared the resemblance as well as the

diversity they present, must frequently have observed a tendency in
nature to reproduce similar strata in distant parts of a series of strata,
and even in different formations. In the chapter on the Coal Meas
ures, I have given examples of the repeated recurrence of similar
strata at different depths, implying a recurrence of the same condi
tions under which each had been formed.

In the lowest part of the magnesian limestone in the northern coun
ties, there are thin strata of many limestone, called by. Professor

Sedgwick Marl-slate, which may be regarded as the first approach to
a formation, resembling has in many of its characters. Again, over
the middle beds of the sandstone there occurs a considerable thick
ness of strata, in many respects resembling has, called the Muschel
kalk; it may, perhaps, when viewed on a large scale, be considered
as a lower formation of hias, separated from it by the variegated mans
of the upper red sandstone. This bed, as before stated, has not been
discovered in England. The has, therefore, cannot be mistaken for

any of the lower strata ; it serves as a key to the geology of the se

condary formations in England ; and the first enquiry which the stu
dent should make, when lie is in doubt respecting the position of any
of the secondary beds, should be, Does it occur above or below the
has?
The name Lias was probably given to this formation by the pro

vincial pronunciation of the word layers, as the strata of has limestone
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tve generally very regular arid lint, and can be easily raised in slabs
from the quarry. When the Has beds, with their associated beds of

clay, are fully developed, they form a mass of stratified limestone
and clay, several hundred feet in thickness, which rests upon the red
marl described in the preceding chapter.
The regularly stratified has limestone occupies the lower part of

the bed, and the has clay the upper. The lower beds of the lime
stone have often a yellowish white colour, and are called white has.
The blue has limestone has, generally, a dark smoke-grey colour, a

dull earthy texture, and an imperfectly conchoidal fracture: the

ptwest beds contain from 80 to 90 per cent, of carbonate of lime,

combined with bitumen, alumine, and iron. If iron enter largely
into the composition of this limestone, it forms a lime, which when

burned, has the property of setting under water.
The finer kinds of white Has will receive a polish, and may be

used for lithographic drawings. Between the lower ]ias limestone

and the Has clay, there occur, in some situations, beds of sandy has,

with layers of ironstone in nodules: this part of the Has formation

has been called marl-stone in some of the midland counties.
The has clay frequently occurs in the form of soft slate or shale,

which divides into very thin lamime. This shale is often much im

pregnated with bitumen and with iron pyrites, and will continue to

burn slowly when laid in heaps with faggots, and once ignited: du

ring this slow combustion, the iron pyrites are decomposed, the sul

phur combines with the oxygen of the atmosphere to form sulphuric
acid, and this combines with a portion of the alumine in the shale,

and forms sulphate of alumine or alum. The alum shale of Whitby
in Yorkshire is of this kind; it has rather a soapy feel, and a slight

silky lustre. When the Has clay or alum shale falls, in large masses,

from the cliffs upon the sea shore, and becomes moistened by sea

water, it ignites spontaneously and continues burning a considerable

time. About the middle of the last century, the cliffs of has clay
near Lyme, in Dorsetshire, took fire after heavy rains, and continued

burning for several months: at the present time, a hill near Weymouth
is ignited by a similar cause; it is composed of bituminous clay with

pyrites, but it is an upper bed in the oohite formation called Kininier

idge clay.
Lias clay is impregnated with a considerable portion of muriate of

soda, and sulphate of magnesia and soda. The mineral springs of

Cheltenham and Gloucester rise in this clay; but the mineral quali
ties decrease after the springs have been opened some time, which

proves that the saline matter is derived from parts of the bed adjacent
to the springs, and is therefore soon exhausted.
The beds of has clay aiid limestone are particularly distinguished

by the number and variety of the organic remains which they con
tain. Twenty different kinds of ammonites have been discovered in
has, and also nautilites, belemnites, and other species of chambered
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shells. Univalve uncbambered shells are not numerous in this for- 
mation, but a great variety of bivalve shells occur in it. The gry. 
phite ( GryphtEa incurva), a deeply incurved bivalve shell, abounds so 
much in some of the beds of lias, that in France it has received the 
name of Cd& ti  gryphltes.5 Pentacrinites also abound in the 
upper part of the lias ; and in conjunction with gryphites, and the 
ammonites that have a ridge between two furrows round the back of 
the shell, are characteristic of the lias formation. The pentacrinite 
and encrinite were zoophytes with long articulated stems and branch- 
es : in the encrinite the stem is round, in the pentacrinite pentagonal. 
The annexed . cut - represents part of the branches or arms of the Bri- 

The most remarkable organic remains are, howerer, certain ape- 
cies of fish, and veriebrated animals allied to the order of lizards: 
the fossil fish are generally found in die middle of flattened balls of 
limestone, in which (lie form or the body and [lie scales is often well 
preserved. The saurian or lizard-shaped animals have left no trace 
of the form of ibeir bodies, except what can be ascertained from (he 
remaining skeletons. To the Rev. W. D. Conybeare we are indebted 
for having determined the forms of two genera of these animals. The 
ichthyosaurus, or fish-lizard, had a head resembling a dolphin more 
than a lizard, and numerous conical teeth ; the orbit of the eye is 
uncommonly large. Some idea may be formed of the magnitude of 
iliese animals, when I mention that die orbit of the eye in a head be- 
longing to Mr. Johnson of Bristol, which I measured, was ten inches 
long and seven broad : tlio orbit in another head, belonging to the 
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it to bend its tail with great facility, and assisted the motion of its

paddles, in propelling the body with great velocity through water.
The skeleton of the ichihyosaurus, as arranged by Mr. Conybeare,
is represented in the annexed cut. Of the ichihyosarus, several spe
cies have been discovered. The plesiosaurus resembles the former

genus in many important parts of its osteology; but its vertebre have
a closer approximation to those of the crocodile; they are only slight
ly concave: its neck was longer than its body, and was composed of

thirty vertebrae, which exceeds the number of the cervical vertebra of
the swan. (See the annexed cut.) Five species of plesiosaurius have

been determined; some of them were 20 feet in length. The bones of
both animals are found very commonly in the cliffs of Has at Lyme
in Dorseisbire, and on the southern bank of the Severn. The organic
remains in has are chiefly, but not exclusively, marine. Bones of
the turtle and crocodile have been discovered in has; the fossilized
remains of terrestrial plants also occur in it. This proves that dry
land must have existed in its vicinity, at the period of its deposition.
The has formation extends, in a waving line, through England, from

near Whitby in Yorkshire to Lyme in Dorsetshire; at both its ex
tremities it is fully developed, and presents similar features, namely,
dark cliffs of blackish clay or alum shale, with a nearly flat floor of
has limestone extending into the sea, forming a natural pavement,
00 which the observer may walk secure, treading at almost every
step on the organic remains of the inhabitants of a former world,

disseminated through the rock. These animal remains are, gener-

* Mr Johnson of Bristol has during many years, devoted much time and labour,
and has liberally expended considerable sums of money, in collecting organic re
mains of these saurian animals; and it is to the collection of these remains, in his
private museum, that we are principally indebted for the discoveries which have
been made respecting them.

same gentleman, measured nine inches in breadth.* The vertdbro
of the ichthyosaurus nearly resemble those of a shark, which enabled
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ally, surrounded by stone harder than the other part of the stratum,

and project above the surface. At Sandsend, near Whitby, the alum

shale has been perforated near the sea, o the depth of one hundred

and thirty yards, without penetrating into the subjacent rock; to

which if we add the height of the cliffs above, it will make a total

thickness of has exceeding two hundred and twenty yards: the up

per parts are more productive of alum than the lower.* In Dorset

shire, the whole thickness of the has formation may be seen in succes

sion: a few miles west of Bridport, the uppermost bed rises above
hip lpui1 nf the s find three miles west of Lvnie it terminates.

and the white has (the lowest part of this formation) may be obser

ved at low water resting on red marl.

The has formation is extensively developed on the eastern side of

France. In passing by Rouvray to Dijon, in the year 1820, 1 was

exceedingly struck with the complete resemblance of the geology of

the country, with that of Leicestershire and Worcestershire. Be

fore arriving at Rouvray, we pass over red marl; after leaving that

town, the road traverses a very low range of decomposing sienite and

granite rocks, exactly similar to those of Malvern; after which it

passes for several miles over well characterized has, filled with gry

phites and belemnites: masses of the harder parts, filled with these
fossils, are collected for keeping the road in repair.

In England, has limestone occurs, almost always, in nearly hori
zontal strata, and never attains any great elevation. On the west of
Gloucester, at Highnam Park, has limestone forms a nearly flat pave
ment, resting on red marl, on the summit of a bill about two hundred
and fifty feet above the level of the Vale of Severn. From this

point to the north-west, there is no bed of has known in England or
Wales; but it is found in the north-west part of Ireland, and in some
of the Hebrides. At Barrow-on-Soar, in Leicestershire, has rises

considerably above the level of the river; it is in the flattened balls
that occur in the Barrow limestone, that the finest specimens of fossil
fish are found. The most interesting junction of has and red marl,
that I have observed, occurs in the south side of the Severn at Aust

passage, where the red marl may be seen for a considerable distance,

supporting the has, but separated from it by a micaceous bed, filled
with broken bones of saurian animals, and other organic remains.
Another junction is mentioned Chap. II. p. 20. The has clay, from
is comparative softness, has been more affected by the action of tor
rents and inundations than the strata above or beneath it : hence it is

frequently excavated into valleys. Some of the mountain valleys, in
the Alps, are cut in has clay. The has limestone of the Alps and
the Jura, loses its flat and parallel stratification, and is bent and con-

* Mr John Phillips, in his recent survey of the Yorl;shiie coast, estimates the
average thickness of the has, comprising the lower, middle, and upper beds, at
850 met, or 23 yards.
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torted in various directions; it also frequently loses its earthy tex-

ture, and is hard and semicrystalline, like transition limestone.
The Rev. R. Halifax, of Standish, near Gloucester, obligingly

showed me part of the has and oolite beds in the vicinity of Chelten
ham, which he had particularly studied. Between the upper lia

clay and the cohite, there is a thick bed of reddish earth with ferru

ginous nodules inclosing portions of has; this earth may be seen crop
ping out at the foot of Leckhampton Hill. No well-marked natural
division exists, which can determine whether this bed should be class
ed with has, or the oo)ites. The fossils in has clay and limestone
are nearly black, and are sometimes incrusted with pyrites.
The most valuable mineral substances, obtained from has in Eng

land, are water-setting lime and alum shale. The property of setting
under water may be communicated to any kind of lime, by an admix
ture with burned and pulverized ironstone. Many of the bituminous
and pyritical shales in the coal strata, if they could be obtained with

facility, would yield alum by slow combustion. When alum shale is
burned, and the soluble part is extracted by water, it is necessary to
add potass before the process of evaporation, as crystallized alum is
a triple salt, composed of sulphate of alumine and potass.
OoIite-The numerous beds of yellowish limestone alternating

with beds of clay, marl, sand, and sandstone, that compose the oolhe
formation in England, are of variable thickness; their aggregate aver

age depth, from the top of the upper oohite to the has, may be esti
mated at lOO feet. These beds may be traced, with little interrup
tion, along a waving line from the Cleveland Hills in Yorkshire, into
Dorsetshire. In Gloucestershire, they compose a lofty range of hills
on the south side of the Vale of Severn, called the Cotteswold Hills;
but no strata of this formation are found in any part of England or
Wales north-west of the river Severn. In many parts of France,
the oohiie strata, accompanied with has, present all the characters of
the same formation in England ; but in the Jura mountains, where

they are fully developed, the mineral characters often differ consid

erably; and it is only from the geological position and the imbedded
fossils, that they can be identified with the English series.

Oolite or Roestone receives its name from the small globules like
the roe of a fish, that are imbedded in many of the strata: in some
instances, these globules attain the size of a pea, and this variety has
obtained the name of Pisjform oolite. In England, nearly all the
beds of limestone that are oolitic, in this formation, have a yellowish
brown or ochrey colour, by which they may at first sight be distin

guished from has. The limestone in which the globules are imbed
ded has generally an earthy texture, and is dull and incapable of re

ceiving a polish : some varieties of oolite have been much used for
architecture. Somerset House, and many of the public buildings in
London, are constructed of this stone; but it is not durable. The
occurrence of small oviform globules in limestoue is not confined ex-
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elusively to the oolite formation: in the magnesian limestone, and
even in transition limestone, a tendency to an oolitic structure may
be sometimes observed. It is not yet ascertained, whether these

globules are the result of a tendency to crystalline arrangement, or
whether they are of animal origin.
The organic remains that occur in the different beds of oolite are

so numerous and various, that it would require an ample volume to
describe them fully. It will, however, be necessary to notice those
fossil genera that differ remarkably from the genera whose remains
are found in the lower strata, and indicate a considerable change in
the condition of the globe, or at least in those parts of it where the
strata were deposited.

It has been already observed, that most of the shells in the lower
strata are different species with internal chambers, such as nautilites,
ammonites, and belemnites, and that univalve unchambered shells
are rarely found among them. By far the greater number of genera
that have left their remains in these strata belong to the acephalous
Mollusca, or such as had neither heads nor eyes, and inhabited bi
valve shells. Even in the has, only about five genera of spiral uni
valve uncharubered shells have been well ascertained, and the num
ber of species or of individual shells is small. In the oolite, the ge
nera and species of univalve unchambered shells are more numerous,
and the individual shells of several species abound in some of the
strata. Now, as these animals had heads and eyes, and moved on
their bellies like the land-snail, we may infer, that they did not live
in deep seas, where the sense of vision could not be available; they
lived and moved in comparatively shallow water near the shore.
The vertebrated animals, whose remains are found in oolite, are

fishes and reptiles of the same genera as those discovered in has;
some, undoubtedly, belong to the crocodile genus, and had feet, like
the living species of crocodiles; hence we may infer, that there were

dry land and rivers in the vicinity.
It may well excite surprise, that calcareous strata should so rarely

be found, which present distinct indications of having been formed

exclusively by coralline polyp1; particularly as coral rocks and reefs,
of great extent, are so rapidly forming in our present seas. There
are, however, among the strata of oolite, some, which are composed
almost entirely of madreporites, and have received the name of coral

ragg. There are other strata which abound in the remains of fossil

sponges and alcyonia, and with congeries of minute millepores and

madrepores. More than twenty species of trochiform or top-shaped
spiral shells, and several species of echinites, are found in the oolite
strata; but in the has below, as before stated, only a few genera and

species occur, and the individual shells are scarce. The gryp1tha in
curva, so common in the has, is rarely if ever found in the oolite
strata; but another species, with a broad expanded shell, called the

grypht'ea dilatata, is a fossil frequently found in different beds of the
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oolite formation. The shells and bones in the oolite limestone, have

the yellowish ochrey colour of the stone in which they are imbedded;

which may serve, at once, to distinguish them from the has fossils,
that invariably, partake of the colour of the beds in which they oc

cur. English geologists make three divisions of the oolite formation,
-the upper, the middle, and the lower: they are separated by thick

beds of clay, and some variety may be observed in the fossils of each
division, but the general characters are nearly the same. In an ele

mentary treatise, a too minute description would only perplex the

student, particularly as some of the beds appear to be of limited ex

tent.
The lower division of oolite, comprises; 1st, an imperfect dark

brown limestone, much intermixed with sand and the oxide of iron;

2dly, beds of sterile clay and fuller's-earth; and, 3dly, the great
oolite, sometimes called the Bath oolite, which is of considerable

thickness, and yields freestone for architecture: it is composed of

minute globules and broken shells, united by a yellowish earthy cal

careous cement. With the lower division of oolites may also be class
ed, 4thly, the forest marble and Stonesfield slate; the latter is a

sandy calcareoUs stone, dividing into thin strata, accompanied with
shale and carbonaceous matter. The beds of forest marble are not
numerous, and are chiefly composed of large fragments of shells;
small entire turbinated shells abound in some of the strata. It de
serves attention, that the univalve shells are most frequent in the thin
beds, and the bivalves in the. thicker beds, of this stone; 5thly, corn
brash. This is the upper part of the lower division of oolites; it
does not compose beds of any considerable thickness, nor does it fre

quently occur in regular strata of any great extent, but generally in

detached masses, cemented by clay: the external part of the stone

is brown, but the inner part has often a grey or bluish colour. The
cornbrash is so thin a bed, as scarcely to be entitled to a place in the

division, but it is remarkable for the abundance of its fossils. The

above arrangement of the lower oolites was formed from their occur

rence in Somersetshire and the vicinity, where they were first studied,
but it by no means represents the general succession of the beds in

other countries. In the eastern moorlands of Yorkshire, the oolitic
series are well displayed on the coast, and have recently been descri
bed by Mr. J. Phillips. Two vast depositions of sandstone, shale,
and coal, occur below the cornbrash in the following order, ascending
from the has :-




FeeL
1. Ferruginous beds above has, thickness, - - 60
2. Lower sandstone, shale, and coal, - - - 500
S. Impure limestone, supposed to represent the Bath oolite, 60
4. Upper sandstone, shale, and coal, - - - 200
5. Cornbrash, - - - - - -




825



186 MIDDLE AND UPPER OOLITE-FORTLAND OOLITE.

This imperfect coal formation appears to be entirely, wanting in

England south of the Humber. In Savoy, I examined a coal. for
mation which is placed between two beds of limestone and over has:

this I believe to be analogous in position, to that in the eastern moor
lands of Yorkshire.*

Between the lower and the middle oolites occurs a bed of dark
blue clay called Oxford or clunch clay; the thickness has been esti
mated at two hundred feet. Some of the beds are bituminous, and
bear a near resemblance to lies clay; they abound in Septaria: oth
er beds are much intermixed with calcareous earth. In the lower

part of the Oxford clay, irregular beds of limestone occur, which
have received the name of Kelloway rock, from being found near

Kelloway bridge, in Wiltshire. The bones of one species of icthy
osaurus, different from those in the has, have been found in the Ox
ford clay.
The MIDDLE DIVISION of oolite consists, 1st, 01 beds of siliceous,

and calcareous sandstone. 2d, Corailiue limestone beds, containing
numerous madrepores, in some parts called coral ragg. 3d, Oolite,
sometimes called Oxford oohite, which agrees in many of its charac
ters with the Bath oolite, in the lower division. The beds of the
middle oolite pass into each other, and may be regarded as one for
mation. They vary much in their thickness and succession in differ
ent districts. The average thickness of the whole, has been estima
ted at two hundred feet.

Between the Middle and the upper Division of oolites, there oc
curs, in the western counties of England and on the coast of France,
near Boulogne, another thick bed of clay, which has received the
name of Kimmeridge clay4 It is a greyish clay passing into the
state of shale, and is sometimes so bituminous as to be used for fuel:
its thickness in some parts is more than one hundred feet. Bones of
saurian or lizard-shaped animals have been found in this clay.
The UPPER DIVISION of oolite comprises the beds of Portland

stone, which have been well described as a calcareo-siliceous free
stone, with beds and nodules of flint. In the Isle of Portland, where
the middle bed of the Portland stone is quarried for architectural pur
poses, it is covered by a cream-coloured stone called cap, which is

only burned for lime : under this, there are two beds of workable
stone, each five feet thick, separated by grey flint, and a third bed of
the best stone below. The total thickness of the three beds of build
ing-stone varies from 17 to 24 feet. The Portland series, which
forms the upper termination of the English oolites, is neither of great
extent (being conned o the county of Dorsetshire), nor of con
siderable thickness. It is succeeded by beds of limestone, called the

* Travels in the Tarc'ntaise.
t From Kirnmeiictge in Dorseishire, where the bituminous shale is called KILn-

meridge coal.
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Purbeck beds, which, however, properly belong to the Wealden for
mation described in the next chapter. Between the Portland and
Purbeck limestone, there is a bed of dark earth, called the dirt-bed,
in which roots and stumps of trees occur, sometimes erect, proving
that this bed was once dry land, and the soil on which the plants grew.

It would not be compatible with the plan of the present work, to
enter into a detailed description of the numerous beds in this great
formation: they present general features of resemblance, both in
their characters and fossils. There is one bed, however, which is so
remarkable for its extraordinary organic remains, that it merits the

particular attention of the geologist. This is the Stones6eld slate in
Oxfordshire, before mentioned: it is now regarded as an undoubted
member of the oolite series, comprised in the forest marble of the
lower division.
The Sonesfield slate eonsists of two beds of yellowish or greyish

oolitic limestone, each about two feet thick, and separated by a bed
of loose calcareous sandstone about the same thickness. The Stones
field slate, on exposure to frost, divides into thin plates, which are
used for roofing. The stone is obtained by working horizontal gal
leries in the hill, which galleries communicate with deep perpendicu
lar shafts. It is to be regretted, that no account has been yet pub
lished of the different strata of tone sunk through by these shafts,
as we might hence derive decisive evidence, respecting the true geo
logical position of the Stonesfield slate.
The fossil remains in the Stonesfield slate consist of the impress

ions of the outer cases or elytra of winged insects, and the bones of
small animals of the opossum or dideiphis genus, and also the bones
o'f the megalosaurus or gigantic lizard, supposed to be analogous to
the Monitor. From the size of these bones, it is estimated that the
animal to which they belonged was forty feet in length and twelve
feet high. Legs and thigh bones of birds are also found in the
Stonesfield slate, with the teeth, palates, and vertebra of fishes, and
two or three varieties of crabs and lobsters. Several varieties of
marine shells and of plants occur in the same beds. The most re
markable circumstance attending these fossil remains, is, that they
should occur in strata which are generally believed to have been de

posited before the creation of terrestrial mamrnalia. If, however,
there were islands, inhabited by the higher class of animals, when
the oolite beds were forming, their bones may have been carried
down by rivers into the sea, and deposited with those of marine ani
mals. But though this hypothesis might satisfactorily explain the
occurrence of these remains in the Stonesfield slate, it would still be
not less extraordinary, that similar remains should have been no
where found in any of the upper secondary strata in England, nor in
other countries; and that they are never met with, except in strata

considerably above the chalk formation. The occurrence of wood,
and beds of lignite, (or wood coal,) in oolite, confirms the opinion
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that dry land existed somewhere in the vicinity, at the period when
the oolitic beds were formed or deposited; but no indication that the
land was inhabited by terrestrial quadrupeds of the class mammalia,
has been hitherto discovered, except in the slate of Stonesfield. In
Sussex, the strata above the oolite contain the bones of the megalo
saurus and crocodile, and those of turtles, birds, and fish, similar to
the fossils of Stonesfield; but the bones of mammiferous quadru
peds are wanting, and many of the shells are fiuviatile. Where was
the island on which the animals, that have left their bones in the
strata of Stonesfield, lived and flourished? This question will be
considered in the brief chapter I propose to give of the Geology of

England.
The oolite formation, in one waving range of hills, broken only by

the vale of the Humber, extends from the sea coast of Dorsetshire
near Bridport, to the northern extremity of the Cleveland Hills in
Yorkshire. The outcrop of the oolite beds forms the south-western

escarpments of this range; and it is truly remarkable, that not a ves

tige of this formation is found beyond this range, in any of the mid
land and north-western counties of England. But, some traces of
the oolite series have been discovered by Professor Sedgwick, on
the north-eastern coast of Scotland, and in the Isles of Sky and
Mull in the western Hebrides.

It may be useful to present the reader with the order of success
ion and thickness of the beds of oolite and has, as they occur in two
distant parts of England, the Bath district, Somersetshire, by Mr.
Lonsdale, and the Eastern Moorlands of Yorkshire, by Mr. J. Phil
lips. They are given in a descending series.

Bath District
Kimmeridge clay, - -

Feet.
150

Eastern Moorlands.
Calcareous grit, - -

Feet
60

Upper calcareous grit, - 10 Coralline oolite, - 60
Coral ragg, ) - - 40 Calcareous grit, - - 80
Clay, - - 40 Oxford clay, - - - 150
Calcareous grit,) - - 50 Kelloway rock, - - 40
Oxford clay, - - - 300 Cornbrash, - - - 5
Kelloway rock, - - 5 Upper sandstone, shale, and coal, 200
Cornbrash, - - - 16 Impure limestone, - - 3()
Forest marble:- Lower sandstone, shale, and coal, 500
Clay, - - - - 15 Ferruginous beds and lower colite, 60
Sand and grit, - - 40 Upper has, - - - 2130
Clay, - - -
Coarse oolite, - -

10
'25

Marlstone, - -
Lower has resting on red marl

150

Sandy clay and grit, - 10 and sandstone, S
500

Bradford clay, - - 50
Great oolite, - - - - 140
Fuller's earth, - - - 150
Inlèrior oolite with sand and grit, 130
Marlstnne, - - - - 10
Upper has marl, - - - 200
Blue has, - - - - So
White has, - - - - 10
Lower has marl, resting on red 110marl and sandstone,
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In the above sections it will be seen, that though there is a great
general resemblance between the principal members in each series,
(here is a considerable difference in the number and succession of
the minor beds; there is also some diversity in the fossils in each
series. By a comparison of both sections, it will appear, that the

attempt to establish an identity of beds, or even of what are called

equivalents in the minor strata of a great formation in different dis
tricts, is a useless labour, and serves only to perplex the student,
without leading to any useful conclusions. Nor do I think the long
lists of marine shells, in a formation decidedly marine, can be of any
great use, unless such shells discover some new forms of organic life
distinct from what has been before observed, or enable us to infer
some change in the condition of the globe, when the inhabitants of
such shells first appeared. The section of Mr. J. Phillips, being a
coast section, has the disadvantage of not being made in the true line
of dip, and that of Mr. Lonsdale was unavoidably taken in different
situations where the upper and under strata were not always display
ed; hence such sections can be regarded as only valuable approxi
mations to truth in each district. In Yorkshire, the Kimmeridge
clay is wanting, and the oolites are covered by the chalk formation,
in the lower part of which, called the Speeton clay, some fossils of
the Kimmeridge clay were discovered.
The imperfect coal formations in the Yorkshire oolites, contain

impressions and remains of fossil plants of the same families as those
in the regular coal formation, but which are stated by M. Adoiphe
Brongniart to belong to different species.
The attempt has been frequently made, to identify the secondary

strata of Germany with those of England. The following abridged
view of the secondary strata in the north-east part of Bavaria, in
Bohemia, and in Westphalia, by R. J. Murchison, Esq. taken partly
from his own observations, and partly from what he believes to be
the best authorities, appears to be the most satisfactory and intelligi
ble approximation to the English series of secondary formations that
has yet been made: it confirms the previous statement given by Pro
fessor Sedgwick and Mr. Murchison. The order of succession in a

descending series is here given.

Chalk.
I

In Hanover, clearly separated from green-sand.
Green-sand. Divisible into upper calcareous and lower siliceous

. sandstone.

Portland oolite.
[Germany.

and coral ragg, not yet discovered in central
errnafly.
Between Kehtheiin on the S. E., and Pappenhieim on

1the N. W.; the quarry at Solenhoffen is worked for lithoSolenhoffen slate,
or supposed J graphic stone. The fossil contents are pterodactyli, in

,,or slate. 1 sects, crustaceous animals, and teflenites, with certain
I plants: these fossils are similar to those found in Stones
tfield slate, and occur in a similar geological position.

Middle 001ite. The beds of this formation differ much in their miner
1 characters in different parts of Germany, but contain
many of the fossils in the English middle oolites.Jurak-alir. a
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( The inferior oolite of Wurtemberg, Bavaria, Etanotrei.
Inferior oolite. and Westphalia, analogous to that found on the Yorksbjr

coast; it rests upon has.
Lias mar! and gryphite limestone occur in the countriesLias. named in the preceding section.

r A formation of purple, red, and green sandstone, and
Keuper. I marl of enormous thickness, reposing on musebel-kalk
Upper red and yellow. and surmounted by has. Mr. Murchison believes that

Marl. I the Keuper is the true representative of the English red
,and green mans.
I More than 600 feet in thickness, contains remains of

Muschel-kalk, want- J the ichibyosaurus and plesiosaurus, the crocodile, and
ing in England. turtle; the salt mines of Wurtemberg are in this forma

I tion.
Bunter sandstone. Analogous to the English lower red sandstone, with
Lower red sandstone. magnesian limestone.

The lowest red sandstone of Professor Secigivick, like
Rothe-todte-hiegende. the English sandstone: it rests on transition limestone orLowest red sandstone. coal measures.

It is deserving notice, that many of the beds in the above section
not only contain the same fossils as those in the English series, but
also preserve the same mineral characters. Where this s the case,
we can arrive at satisfactory conclusions; and such beds serve as a

key to the discovery of the true nature of the beds above and below
them, where the characters may be less clearly defined.
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CHAPTER Xlii.

ON THE SUSSEX BEDS, OR WEALDEN, CONTAINING REMAINS OF LAND
PLANTS, AND AMPHIBIOUS AND FRESH-WATER ANIMALS.

Extent of the Sussex Beds.-Their Geological Position and Mineral Characters.
-Remarkable Organic Remains of enormous Lizards and Plants, analogous to
those of Tropical Climates found in the Sussex Beds.-Supposed Appearance
of the Country when these Animals flourished.-Petworth Limestone.-Hast
ings' Sand and Weald Clay.-The Wealden Beds formerly furnished the great
est Part of the Iron manufactured in England.-Mr. Mantell's Enumeration of
the Species of Terrestrial and Fresh Water Fossil Remains in the Wealden
Beds.-Observations on the Wealden Beds, and the Change from Marine to
Fresh Water Formations.

IN an elementary treatise on Geology, it is desirable to present to
the view of the reader, not the geology of a single country, but that
of the whole globe, as far as it has been ascertained. In certain
countries, particular formations occupy a considerable extent, and are
of great thickness; in other countries, similar formations are often

wanting altogether, or the beds are so thin as scarcely to excite no
tice. The secondary strata cover more than one half of England, and
betce the English geologist might be suspected of bestowing upon
then too great a portion of his attention; but a more accurate exam
inatin of other countries has fully proved, that many of the British
strata, which were formerly believed to be of very limited extent,
are spread over a great part of Europe, and preserve the same order
of succession as in our own island :-a description of these strata is

therefcce an essential part of general geology. The formations of

the magnesian limestone, the red marie, the has, the oolites, and
the chatk, have risen into geological importance within the last fifteen

years; and the reproach cast upon South Britain by our neighbors
on the oJier side of the Tweed, namely, "that there was little or

nothing in England worth the attention of a geologist," has lost all

its force. The beds of sand and clay, that intervene between the

upper oolites and the chalk, were, however, still more recently re

garded as unworthy of particular notice, but the labours of Mr.

Mantell and of Dr. Fitton have made us acquainted with facts re

specting these earthy and sandy deposits, which are scarcely ex
ceeded in interest, by any discoveries in the lower strata.
The beds which are about to be described as the Wealden, be

cause they occur principally in the Wealds of Kent and Sussex, are

supposed to rest on the upper beds of oolite in these counties: they

dip under the chalk hills by which they are every where surrounded,

except on the east, where they are cut off by the sea. The oolite

below, and the beds of chalk and green sand above, are admitted to
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be marine formations, but the beds of limestone, conglomerate, sand
stone, and clay, that compose the Sussex beds, or Wealden, contain,
almost exclusively, the remains of fresh-water animals and terrestrial

plants, and that over a surface exposed to observation nearly sixty
miles in length, and from fifteen to twenty miles in breadth. The
marine beds on which the Wealden rest, must, at a remote period,
have been raised, a considerable height above the ocean, and become

dry land, having extensive rivers, lakes, or estuaries filled with fresh
water, in which the Wealden beds were deposited. Again, at a sub

sequent period, the whole must have sunk deep beneath the surface
of the sea, and been covered by a deposition of chalk and other ma
rine strata, a thousand feet or more in thickness. At a more recent

epoch, the chalk, with the subjacent beds of Wealden, were raised
to their present elevation above the neighbouring sea. However the

present quiescent state of the earth may seem opposed to the admis
sion of such great geological changes, we are irresistibly compelled
to resort to these changes for a satisfactory solution of existing phe-
nomena.
The relative position of the Wealden beds will be understood from

the annexed map.
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The chalk hills of the North and South Downs will be seen sur
rounding the Weald country. Below the chalk is the green sand,
marked with waving lines, containing, like the chalk, marine fossils
exclusively. The fresh-water formations of Weald clay and Hast
ings' sand and sandstone, rise from under the lower green sand.
The Weald clay and Hastings' sand have generally been represented
as distinct formations, but in reality the whole of the Wealden is
composed of beds of clay, limestone, and sandstone, though in the
outer part, marked with dots, the clay predominates. The sand and
sandstone predominate in the central parts marked by diagonal lines,
extending east and west from beyond Horsham to Hastings. In this
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direction, the sandstone forms a range of hills of considerable eleva-

tion. Crowborough beacon, the loftiest part of the range, attains the

height of more than 800 feet.
It is true that nowhere in Kent or Sussex do we obtain a section

of strata on which the %Vealden beds rest. At Lulworth Cove, in

JJorsetshire, where a portion of these beds has been traced, they ap
pear to have covered the upper or Portland oolites. Some portion
of the same beds has been observed in the Isle of Wight; but they
have not been found in the midland counties of England. The

ferruginous character of some of the beds occasioned them to be,

for a long time, mistaken for the iron sand belonging to the green sand
formation, hereafter to be described. The name of Hastings or iron

sand, Weald clay, and Petworib and Purbec limestone, have been

given to different parts of this accumulation of sand, sandstone, and

argillaceous limestone, to which the name of the Wealden or Sussex
beds may be collectively applied. The clay called the Weald clay
may be regarded as the principal member of this formation, to which
the sandstone, calciferous grit, and limestone, are subordinate; for

though the sand and sandstone form lofty cliffs on the coast, they al
ternate with marl and clay, and rest on beds of clay.* We shall
therefore describe the Weald clay in conjunction with the beds of
limestooe and sandstone. The clay is a bluish or brownish tena
cious clay, sometimes indurated and slaty. Thin beds of limestone,

separated by seams of clay, occur in different parts of the Weald

clay: they have been known for furnishing a stone for architectural

purposes, called Sussex marble, and Petworth marble. Some of
the more compact varieties are sufficiently hard to receive a good
polish.. These beds abound with shells of the Paludina, and crusts
of the Cypris fabat, and other fresh-water shells. Masses of cal
ciferous sandstone, nearly resembling the well-known sandstone of
Fontainbleau, occur in various parts of the Wealden, both in what

may be called the Weald clay, and the lower beds of sand and sand
stone, called Hastings' sand. The Hastings' sandstone is composed
of yellowish or whitish grains of sand, very loosely adhering, alter

nating with beds of clay, and with a small sandstone conglomerate,
containing rounded fragments of bones, and scales of fishes. Over
this bed there occurs, in some parts of the Weald (particularly at

..Ti]gate Forest), a bed of coarse conglomerate, consisting of quartz

* Below the Castle rock at Hastings, borings were made in 189; they were
chiefly in clay. The clay from the depth of 1,10 feet, which I examined, was a
whitish-grey pipe-clay. The borings were made to obtain water for the Peiham
Baths, which was found at the depth of6O feet, of a good quality, and rose nearly
to the surface.

t The Cypris mba is a crusraceous animal in a roundish shell or case, not much
larger than a grain of millet. The living species are aquatic monoculi, which
swim in fresh water, and deposit their eggs on the leaves of aquatic plants, or in
the mud. The paludina is a fresh-water univalve shell.
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pebbles, and rounded pieces of Lyclian stone and jasper, and con

taining bones and teeth of fishes and saurian animals. The upper
sands are generally fawn-coloured, and contain lignite, bituminous
matter, and vegetable impressions.

Ironstone occurs in considerable quantities in the Sussex beds.
In the sixteenth century, before the coking of coal for smelting of
iron ore was discovered, two thirds of the iron manufactured in Eng
land was obtained from the Sussex beds.* The Wealds of Kent
and Sussex, being then covered with forest trees, supplied the fuel
for smelting the ore.
To the indefatigable and scientific researches of Gideon MantelI,

Esq., F.R.S., we are indebted for a knowledge of the true zoolog
ical characters of the Wealden beds, which he has described in his

"Illustrations of the Geology of Sussex, with Figures of the Fos
sils of Tilgate Forest." This work contains the most interesting
details of local geology which have appeared in this country. The
fossil remains of the Wealden beds consist of petrified trunks of large
plants, bearing a resemblance to the palms, arborescent ferns, and
the gigantic reeds of tropical climates; also of the shells of fresh
water genera, as the fresh-water muscle, the mya, cyrena, paludina,
and helix vivipara. Some remains of fish, and three distinct spe
cies of turtles, have also been discovered; and the bones, teeth, and
scales of at least five gigantic species of the lizard family; namely,
the crocodile, the plesiosaurus, the megalosaurus, the iguanodon, and
the hylaosaurus or forest lizard.
The crocodilian remains are pronounced by Cuvier, to be almost

identical with those of the fossil crocodile discovered at Caen in

Normandy, which belongs to the genus Gavial, the crocodile of the

Ganges.
The Plesiosaurus.-This animal has been noticed, Chaps. II.

and X.
The Meg#'ilosaurus.-The bones of this animal, found at Tilgate,

are similar to those discovered by Mr. Buckland, in the Stonesfield
strata. The megalosaurus is supposed to approach nearer to the
form of the Monitort than to any other species of living lizard; but
its size is so enormous, that Cuvier says, if we suppose it to have

possessed the proportions of the monitor, it must have exceeded sev

enty feet in length.
The lgvanodon.-A nondescript herbivorous reptile, which Cu

vier pronounces to be the most extraordinary animal yet discovered.
Its structure approaches the nearest to that of the Iguana, a large
species of lizard in the West Indies : its length was between sixty

* For a knowledge of this fact, I am indebted to a gentleman who has in his
possession an ancient work ou the iron trade O1 England, previous to the use ('I
coke.

t The Monilor,-a species of lizard, vhieli is said to give warning of the ap
proach of the crocodile by a hissing noise.
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and seventy feet, which is double that of ihe largest living crocodile. 
But the great peculiarity of tlie iguanodon is the form of its teeth, 
which bear a striking reaemlilance to the grinders of herbivorous 
maminalia, being evidently intended for mastication, in which respect 
it differs from all living animals of the lizard family. The herbivo- 
rous arnphibia gnaw. off the vegetable productions on which they 
feed, but do not chew them.-'c Since the vegetable remains," says 
Mr. Mantell, " whli which the teeth of the iguanodon' are associated, 
consist principally of ihose tribes of plants that are furnished with 
rough thick stems, and which were probably the principal food of 
the original animal, we may be permitted 10 remark, that this pecu- 
liar structure of the teeth seems to have been required, to enable 
the animal to accommodate itself to the condition in which it was 
placed."-The iguanodon appears also to have possessed a horn, 
equal in size 10 diai  of the rhinoceros, and not very different from 
it, in form : in this respect, it resembles a living species of iguana, 
a native of St. Domingo. 
d 6 

e a 
a. b. c. represent the teeth of the iguanodon of the natural size ; 

u is tlie front view of the perfect tooth of a young animal; b is the 
front view of a full grown too~li, with the points worn down; c, the 
back view of the tooth ; d, represents a highly magnified tooth of  the 
living iguana. The reader may be surprised at the smallness of the 
teeth of the ignanocloii ; but the same proporlion takes place in the 
teeth of all repiiles. A living iguana, five feet in lengili, has teeth 
not larger than tiiose of a mouse. e, i s  a reduced drawing of the horn. 

One of the iliigh bones of lire iguanodon, in Mr. Mantell's muse- 
urn, is twenly three indies in circumference. The condyle, or joint 
of another bone which I measured, was thirty four inches in circum- 
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ference; enormous claws and toe bones have also been discovered.
Mr. Mantel, in his interesting work, the " Fossils of Tilgate Forest,"

justly observes, " Were this thigh bone clothed with muscles and in

teginneflts of' suitable proportions, where is the living animal that
could rival this extremity of a lizard of the primitive ages of the
world ?"
Mr. Mantell concludes his "Illustrations of the Geology of Sus

sex" with the following interesting observations :-
" We cannot leave this subject without offering a few general re

marks on the probable condition of the country, through which the
waters flowed that deposited the strata of' Tilgate Forest, and on the
nature of its animal and vegetable productions. Whether it were an
island or a continent, may not be determined ; but that it was diver

sified by bill and valley, and en oyed a climate of' a higher tempera
ture than any part of modern Europe, is more than probable. Sev
eral kinds of ferns appear to have constituted the immediate veget
able clothing of the soil : the elegant 1-lyinenopteris psilotoides,
which probably never attained a greater height than three or four
feet, and the beautiful Pccopteris reticulato, of still lesser growth,
being abundant every where. It is easy to conceive what would be
the appearance of the valleys and plains covered with these plants,
from that presented by modern tracts, where the common ferns so

generally prevail. But the loftier vegetables were so entirely dis
tinct from any that are now known to exist in European countries,
that we seek in vain for any thing at all analogous without the trop
ics. The forests of Clat/irarie and Endogenite, (the plants of
which, like some of the recent arborescent ferns, probably attained
a height of thirty or forty feet,) must have borne a much greater re
semblance to those of tropical regions, than to any that now occur in

temperate climates. That the soil was of a sandy nature on the
hills, and less elevated parts of the country, and argillaceous in the

plains and marshes, may be inferred from the vegetable remains,
and from the nature of the substances in which they are enclosed.
Sand arid clay every where prevail in the Hastings' strata ; nor is it

unworthy of remark, that the recent vegetables to which the fossil

plants bear the greatest analogy, affect soils of this description, if
we attempt to portray the animals of this ancient country, our des

cription will possess more of the character of a romance than of' a

legitimate deduction from established facts. Turtles, of various
kinds, must have been seen on the banks of' its rivers or lakes, and

groups of enormous crocodiles basking in the lens arid shallows."
rrl gigantic .Megalosanrus, and yet more gigantic 1'U(IflOdOfl,

to whom the groves of palnis arid arborescent ferns would be rnei'e
beds of reeds, must have been of such prodigious magnitude, that
the existing animal creation presents us viii no fit objects of' compa
rison. I ruagme an animal of the lizard tribe, three or four times as

large as the largest crocodile, having jaws, with teeth equal in size
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to the incisors of the rhinoceros, and crested with horns ;-such a
creature must have been the iguanodon Nor were the inhabitants
of the waters much less wonderful ; witness the plesiosaurus, which

only requiring wings to be a flying dragon; the fishes resembling Si
luri, Balistee, Another large fossil reptile, scarcely less re
markable than the iguanodon, was discovered by Mr. Mantel), in the
strata of Tilgate Forest, in 1832. This animal was less than the

iguanodon. Mr. Mantel), from his profound knowledge of compa
rative anatomy, has been able to ascertain, that it differs in structure
from every known species of living or fossil lizard or crocodile,

though it agrees with some of them in many important parts of its

osteology. It appears o have had a row of scaly fringes on its back

some of which are seventeen inches in length: when erected, they
must have given the animal a truly terrific appearance. To this
new animal Mr. Mantell proposes to give the name of Hyhosaurus,
or Forest lizard.

In the preceding chapter it was stated, that the Portland oolite

composed the upper beds of the oolite formation. The annexed ta

ble will show their position with respect to the Wealden beds, and the
chalk formation, in a descending series:

I. Upper chalk, with flints.
Lower chalk and chalk marl.

2. Upper green sand.
Blue clay, called gait.
Ferruginous or iron sand.
Lower green sand.

3. Weald clay and sandstone.
Sand, gritstone, and conglomerate.
Argillaceous limestone and slaty marl, comprising Purbeck and
Petworth limestone.

The whole supposed to be resting upon the upper or Portland oolite.

(See the preceding Chapter.)
The Purbeck limestone does not occur in the Weald country,

though evidently a lower member of that formation.

According to the tabular arrangement of the fossils in the different
beds in Sussex, given by Mr. Mantel], the chalk, chalk-marl, green
sand, gait, and lower green sand, contain remains of two hundred
and ninety-four species of marine animals, and thirteen species of

plants, chiefly marine.
The Wealden beds contain remains of fifty-two species, which,

with few exceptions, are either of terrestrial or freshwater animals,
and nine species of terrestrial plants.
Of the numerous species of chambered marine shells, such as

nautilites, ammonites, and belemnites, that abound in the secondary
strata, below the Wealden, and in the chalk formation above it, not
an individual shell has been hitherto found in any part of the Weald
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formation; a fact decisive of the different character of the latter
beds. With respect to the bones of the Plesiosaurus and the Mega
losaurus, found in the Wealden beds, and also in the strata below the
Wealden, we know not whether the nature of these animals might not
fit them for living both in salt and fresh water; it is also probable,
that the few scattered vertebra found in the Wealden, may have been

transported by currents or inundations from more ancient rocks. In

the same manner, the occurrence of a few individual, marine shells,
in a series of freshwater beds, may be satisfactorily explained.

It may be propel' to call the attention of the reader to what has
been before stated, respecting the submersion of the coal strata, and

their being covered with marine formations, and again elevated; see

Chapter VJII. The circumstances that attended the elevation and

depression of the coal strata, appeal' to have been similar to what
took place at a subsequent period in the Sussex beds or Wealden

other instances of similar submergence might be given, were it ne

cessary.
While this part of the work was passing through the press, the

author received a copy of a Geological Sketch of the Vicinity of

Hastings, by William Henry Fitton, M.D. F.R.S. &c. It gives a

brief, but very clear description of the Wealden formation, the ex

tent of which Dr. Fitton has taken great pains to discover. Accor

ding to this statement, the Wealden gradually becomes thinner near
its limits in Dorsetshire, and the interior of England. It disappears
westward, somewhere about Durdle Cove, on the Dorsetshire coast.
The existence of the Purbeck beds in the vale of Wardour has long
been known; in that place Dr. F. has detected also some traces of
sands, corresponding to those of Hastings. "Slaty limestone, like that
which occurs in the upper part of the Isle of Portland, is found above
the equivalent of the Portland stone at Brill and Whitchurch, west
of Aylesbury, in Buckinghamshire, and on the coast of the Boulon
nois, in France. But besides these places, Beauvais, in the interior
of France, is the only other locality in which any members of the
Wealden have yet been shown, on good evidence to exist."
The position of the extreme points of this formation from west to

east, or from Lulworth Cove to the boundary of the lower Boulon
nois, is about 200 English miles N.W to S. E., or from Whitchurch
to Beauvais, about 220 miles: the depth or total thickness, where

greatest, being about 2000 feet.* Dr. Fitton remarks, that this is a
wide diffusion of the strata, if they were the product of an estuary,
but by no means greater that that of many of the actual deposits, in
some of the larger rivers on the present surface of the globe. Dr.
Fitton cites the Deltas of the Ganges, the Mississippi, and the Quor
ra or Niger in Africa, as presenting an extent of surface nearly equal

0 In the section it is stated at 1000 feet.
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to that of the Wealden formation. I think it evident, however, that

certain parts of the Wealden were once dry land, or shallow water.

The Cypris faba in the clay beds, probably lived and died where its

crustaceous remains are so abundant, and many of the plants must

have flourished on dry land. Indeed, we do not remove the neces

sity of admitting a submergence, by supposing the Wealden to have

been deposited in a deep estuary; for to form a large river, and such

an estuary, filled with fresh water, extensive mountain ranges of great
elevation would be required, and these must have been submerged
or removed, before the deposition of the chalk formation, which it

cannot be doubted took place in deep ocean, as that formation is

more than one thousand feet in thickness.
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CHAPTER XIV.

ON CHALK; AND THE SUBJACENT BEDS OF GREEN SAND.

Extent of the Chalk Formation.-Green Sand divided into lower and upper Green
Sand by a Bed of Clay called Gait-Chalk Marl-Chalk, its Mineral Charac-
ters.-Change of Character in the Alps.-Flints in the upper Chalk.---On the
formation 01'r, lints.-Remarkable Organic Remains in Chalk.-Recent Discov-
ery of Beds belonging to the Chalk Formation, in the United States of America.
-On the Scaglia of the Alps supposed to represent Chalk.

THE well-known mineral, chalk, with its subjacent beds of green
sand, comprises a formation or series of strata of great depth, which
are spread over a large portion of the south-eastern and eastern coun
ties of England, and are found covering a large extent of surface in
the northern parts of France, preserving nearly the same characters
as the English chalk. Similar beds are found in Germany and in the
north of Europe; but on approaching the mountain ranges of the
northern chain of Alps, the mineral characters of chalk undergo a
considerable change. Scarcely a trace of chalk is found in any part
of Scotland; but it occurs on the north coast of Ireland.
The animal remains in chalk and its subjacent green sand, are

exclusively marine, proving that this great calcareous and arenaceous
deposition, a thousand feet or more in thickness, was formed under
the ocean.

Chalk is regarded as the last, or uppermost, of the secondary stra
ta; and there is a marked difference between the organic remains
in chalk, and those in the tertiary strata that in many situations cover
it. The geological position of chalk is over the oolite formation; but
we have seen, in the last chapter, that in the counties of Sussex and
Kent, chalk and green sand rest immediately upon the freshwater
beds of the Wealden; and in the western counties of England, where
the oolite is wanting, chalk covers has and red marl. The thick beds
of green sand under chalk are regarded as constituting, with the
chalk, one marine formation, as they contain many of the same ge
nera of fossil remains, both in England and on the continent of Eu
rope; and the lower beds of chalk or chalk marl, pass gradually into
the green sand, by a close intermixture with it, and have, on account
of their greenish or yellowish colour, been denominated Glauconie
crayeuse and Craic chioritéc, by the French.

Green sand has received its English name from its intermixture
with particles of green earth; it is very variable in its mineral char
acters, being sometimes found composed of loose siliceous sand; in
other situations, it fonns sandstone, cemented by calcareous earth;
it abounds in siliceous concretions, which vary from an opaque bluish
white chert or hornstone, to flint and chalcedony. The geodes
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found in the green sand near Sidmouth, are composed of opaque
chert on the outside, and contain within, mammillated concretions of
beautiful chalcedony, and occasionally perfect in mute rock crystals.
Some of the sandy concretions near Sid mouth have a beautiful green
colour, which I found to proceed from green sulphate of iron.*
The total thickness of the green sand where it is fully developed,

is more than 400 feet. The lower sand is generally ferruginous,
and has been called iron sand, from the large quantity of oxide of
iron disseminated through it; but the lowest beds often contain green
particles like those in the upper green sand. The upper and lower

green sand are, in many situations, separated by a "bed of stiff
marl, varying from a light grey to a dark blue." According to Mr.
Mantel], its greatest thickness in the south of Sussex is about 250 feet.
This bed has been called the Folkstone Mar], but is more generally
known by the provincial name of Gait. The marine shells, in which
it abounds, are generally distinguished by their brilliant pearly lustre;

they consist of ammonites, nautilites, a small species of belemnite,
and various other shells.
The upper green sand is remarkable for the chalcedonic appear

ance of the flint or chert which it contains. This sand has been
sometimes called fire stone, to distinguish it from the lower green
sand. The green particles are composed chiefly of the protoxide
of iron and silex, denominated by M. Berthier a silicate of iron. In
some parts of the Savoy Alps, the beds analogous to green sand are
of enormous thickness, and are nearly black, but contain many of the
same fossils as the English green sand. From these beds I obtained
hamites, scaphites, and various species of small echinites. The

upper green sand, as before observed, becomes intermixed with an

argillaceous and calcareous bed called chalk mar), which may be re

garded as the lowest bed of the under chalk. It is of a darker colour
than common chalk, but burns into useful grey lime.

Chalk.-In England and the northern parts of Europe, this rock
is better known by its mineral characters than any other of the

secondary strata. Its prevailing colour is nearly white; it has an
earthy texture, and is generally so soft as to yield to the nail. These
are, however, not the universal characters of chalk. The lower
beds in Yorkshire are red, and the scaglia of the northern Alps,
which is a mode of chalk, has also a red colour; in some parts of
the Alps this rock is highly indurated, and resembles more, white

statuary marble than English chalk. The greatest thickness of the
chalk strata in England may be estimated at from 600 to 800 feet.
The upper beds contain numerous nodules and short irregular veins
of flint; the lower chalk contains fewer flints; it is, generally, hard-

* On the east of Sidmouth, immediately above the tbwn, I observed green sand,
intermixed with black particles which I ascertained to be the black oxide of man
ganese, as they gave a violet colour to glass when fused.
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er than the upper chalk, and is sometimes used for building stone.
In France, the beds of chalk seldom attain the thickness which they
have in England. The French divide the chalk formation into the
lowest or chalk marl, with green particles, ci-aie chloritée, or glauco
nie crayeuse; the middle or coarse chalk is of a greyish colour, and
intermixed with sand ; it contains whitish chert (craie grossire, or
craie infean) ; the upper or white chalk (craie blanche), which con
tains nodules of common flint.
M. Humboldt, after noticing the great intermixture of the sandy

calcareous and argillaceous beds, in the formations below chalk, and
which is greatly increased in the tertiary strata above chalk, observes,

"that nature seems to have relented in her tendency to form com

plex mixtures, when chalk was deposited." In the chalk formation,

we find a vast assemblage of calcareous strata, composed of carbo

nate of lime, with very little intermixture of the other earths, and with

out any alternation with argillaceous or siliceous strata. Chalk is
not, however, absolutely pure; for, beside the nodules and veins of
flint that occur in it, but which bear no sensible proportion to the
whole mass, some of the strata contain an intermixture with siliceous
sand, and in other strata, calcareous earth is combined with magne
sia. In some of the chalk strata in France, the magnesia exceeds
ten per cent., and, I believe, many of the English chalk strata con

tain as great a proportion of magnesian earth.
Chalk which contains a notable portion of magnesia, may gener

ally be known by an appearance of dendritical spotted delineations
on the surface of the natural partings, and by minute black spots,
like grains of gunpowder, in the substance of the chalk.

In chalk, the stratification is seldom so distinct as it is in many
other calcareous formations: this may be owing partly to the softness
of the beds, which appear to have yielded to pressure; and to the
same cause we may probably ascribe the fractured state of the no
dules of flint in chalk, which often appear whole, when they are im
bedded in the rock, but when taken out, are found to be shivered
into innumerable angular fragments. The nodules of flint in the
chalk are commonly arranged, in pretty regular layers; they occur
in detached concretions of various shapes and sizes: some of them
are believed to be the casts of spongiforrn zoophytes, and this is ren
dered more probable by the frequent occurrence of fossil echini in
chalk, in which the internal part is filled with flint, and forms a per
fect cast of the animal. In some of the chalk flints near Paris, there
are beautiful small crystals of sulphate of strontian.
The constant occurrence of flint in the upper chalk, and the ap

parent conversion of animal remains into flint, formerly gave rise to
much speculation respecting the origin of flint; and it was at one
time maintained, that flint and chalk were convertible or capable of

undergoing a mutual transmutation: but whatever hidden processes
there may be in the great laboratory of the earth, by which all mm-
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era] substances, held to be elementary by the chemist, may be re

solved into original elements still more simple, and afterwards recom

pounded into other substances, we have no reason to mount so high
in our speculations, respecting the origin of flint.

Flint is siliceous earth nearly pure; and we find the same earth
under different forms, and in a greater or less proportion, combin
ed with almost all calcareous rocks.

Primitive limestone is often much intermixed with siliceous earth.
Transition limestone occasionally contains rock-crystals imbedded in
the mass : this is, not unfrequently, the case in some of the transition
limestones of Derbyshire. The magnesian limestones and oolites,
are, also, very commonly intermixed with siliceous grains, and, often,
alternate with strata that are more or less siliceous: hence, we need
not be surprised to find siliceous earth in chalk, either combined with
calcareous earth, or separated in distinct concretions. When the
cavities of a sponge or of a crustaceous animal admitted the siliceous
earth to enter, it appears to have been infiltered from the chalk, in
the same manner as the nodules of chalcedony have been infiltered
into the cavities of lava or basalt. Between chalcedony and flint
there is a near resemblance; they are only different modes of the
same substance, and the flint nodules in the western counties of Eng
land are frequently chalcedonic. The hardest rocks and stones are

permeable to water; flint, when first got out of the chalk is easily
fractured, and the fractured surface is found covered with moisture.
The organic remains in the chalk formation are exclusively marine.

They are too numerous to be described in the present work, but it
will be proper to notice those that are the most characteristic. These
are, first, echinites, particularly the helmet-shaped species called

ananchytes, and the heart-shaped species spatangus, cor anguinum.
The chambered shells called scaphites, harnites, turrilites, and bacu
lites, are regarded as peculiar to the chalk formation: it also con
tains ammonites, belernnites, and nautilites. Numerous organic re
mains of zoophytes, in the state of flint, particularly of sponges and

alcyonia, and various species of bivalve shells, occur in chalk; but,
there are comparatively few spiral univalve shells in this formation.
It is probable that the deep ocean in which chalk was deposited, was
not suited to the inhabitants of such shells, for the animals had heads
and eyes, and required shallow water to see their food. Several

specimens of fossil fish from chalk may be seen in the valuable mu
seum of Mr. Mantel!, at Lewes, and some vertebral remains of large
saurian animals; but these are rare. Teeth, palates, and scales of
fishes, occur, more frequently, in chalk, than vertehr. The great
preservation in which some of the most delicate organic remains are

frequently found, render it probable that. chalk was deposited in a

deep and tranquil sea. Balls of iron pyrites, with a radiated diverg
ing structure, are frequently found in chalk ; and in the chalk-pits
near Dorking, the large spines of echini, of the genus Cidaris, are
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found converted into pyrites; they resemble small fungi with a stalk
and rounded head. Mr. Mantel! has, recently, discovered the Hip
purite in chalk: it had not been found before in England.
The vegetable remains in chalk are very few, and appear to be

long to species of mci; but, according to 1'I. Brougniart, in the Isle
of Aix, near Rochelle, there is a considerable bed of lignite in the
lower bed of chalk, which, lie says, may have been formed of peat,
composed of decayed fuci and other marine plants.

Before concluding this brief account of the organic remains
chalk, it will be proper to notice an important discovery that has been

lately made by Dr. Morton, in the United States of America. It
had been asserted by M. Humboldt, that neither oolite nor chalk has
been found in South America, and such was generally believed to be
also the case in North America. At the time when M. Humboldt
visited South America, it was not known or even suspected, that
chalk and oolite might undergo a change of mineral characters, and
be converted into crystalline rocks, resembling primary and transi
tion limestone. I believe I first discovered that the calcareous rocks
in Savoy, which were described by the French geologists as primi
tive and transition limestones, were in reality has, oolite, and chalk;
and about the same period Dr. Buckland made a similar discovery
of the true character of the calcareous beds in the Alps, which had
been mistaken for transition rocks. It is therefore probable, that

many of the calcareous beds in America, may represent the chalk
and ooiite of Europe. Dr. S. G. Morton has ascertained that there
are extensive beds of marl in New Jersey and Maryland, and extend

ing into other states, which contain the characteristic fossils of the
chalk formation, particularly baculites, scaphites, ammonites, beleni
nites, echinites (the ananchytes;) also bivalve and univalve shells of
the same epoch, together with the mososaurus and plesiosaurus. In
some parts this formation is covered by tertiary strata. Mr. Man
tell, whose accurate knowledge of the chalk formation in England
will not be disputed, has received specimens of these organic remains
from America, and refers them decidedly to the chalk formation,
though be considers that some of them are analogous to the superior
chalk beds at Maestricht, which are wanting in the chalk formations
of France and England. See Silliman's Journal, February, 1832




.
Dr. Morton is about to publish a more full account of his dis

coveries.
Between the epoch when the chalk was deposited, and the period

when it was covered with the tertiary strata, there appears to have
been a considerable interval, during which the surface of the exten
sive mass of chalk was deeply furrowed and excavated, before a
new series of strata were deposited upon it, destined to support a
new creation of animals of a superior class, altogether different from
those which have left their remains in the subjacent strata. In some
situations, however, the tertiary strata appear to rest conformably on
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chalk, and present no indications of any interruption in the regular
series of successive deposits. In an interesting paper, by Professor

Sedgwick and R. J. Murchison, Esq. on the relations of the secon

dary and tertiary strata on the southern flanks of the Tyrolese Alps,
published in the Phil. Mag. for June, 1829, the tertiary strata are
described as forming a vast series of beds resting on scaglia or chalk:
the lowest of these beds contain, exclusively, the remains of marine
animals, and no interval of repose can be traced between the epochs
of the formation of the secondary and tertiary strata. The scaglia
occurs in beds nearly vertical: the upper ones contain nodules and
layers of flints: their colour is red, and their structure fissile. The
lower beds are thicker, and more compact, and pass into a beautiful
white saccharoid marble. The scaglia contains in some parts ammo
nites and belemnites. It cannot, however, be denied, that where the
beds are so much broken and contorted as they are on the Tyrolese
Alps, and where their mineral characters differ so much from the
beds of the chalk formation in England and France, it becomes ex

tremely difficult to ascertain the identity of these secondary depo
sitions in distant countries. In the calcareous formations of the Savoy
Alps, E not only discovered the characteristic fossils of the English
strata, but observed some of the beds possessing the true mineral
characters of the English oolites, and has; but where these charac
ters are entirely wanting, and where, from the overturning and con
tortion of the strata, the aid of relative geological position cannot
be obtained, the inferences from a few fossil organic remains must
be received, with a certain degree of caution.
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CHAPTER XV.

ON THE FORMATION OF SECONDARY LIMESTONE AND SANDSTONE,
AND ON THE PROGRESSIVE DEVELOPMENT OF ORGANIC LIFE.

On the Decomposition of Chalk.-Whether formed by Animal Secretion, or by
Eruptions of Water holding calcareous Earth in Suspension or Solution .-Mud
Volcanoes.-Aninial Bodies suddenlyencased in Chalk indicate the Time requir.
ed to form a Stratum of a given Thickness.-Oolite and Encrinal Limestone
partly formed by Animal Secretion.-Formation of Sandstone.-Repeated Ap
pearance of Dry Land during the Epoch when the Secondary Strata were de.
posited.-Progressive Development of Organic Life in the Secondary and Ter
tiary Epochs.-Disappearance of enormous Reptiles and chambered Shells from
the Seas of Northen Latitudes.-Probability of the Icthyosaurus existing, as a
living Species, in the present Seas.

HAVING travelled with the reader, over the secondary strata, from
the lowest new red sandstone, to the upper chalk, he may not be dis
inclined to pause awhile, and look back upon the ground which he
has already passed, comprising a series of calcareous, sandy, and

argillaceous beds, whose aggregate thickness may not be less than
ten thousand feet. It is scarcely possible, in observing these beds,
and the bones and shells of extraordinary animals which they con
tain, not to feel some desire to ascertain the causes by which they
were thus entombed, and to enquire in what manner, or by what

agents, the different beds were deposited or consolidated. Such
researches form rational and legitimate subjects for the meditation
of the geologist, though he may frequently have to lament the imper
fection of his present knowledge, and the mystery in which many of
the processes of nature are still involved.

One of the most ancient geological enquiries relates to the forma-
tion of limestone rocks and strata. Whence was the calcareous mat-
ter derived? Some limestone rocks are composed chiefly of shells,
or other calcareous remains of marine animals, and in such instan
ces we can have little hesitation in ascribing their formation 10 animal
secretion, similar to what is taking place in the numerous coral reefs
in the Pacific ocean. There are other beds, however, such as chalk,
to which a similar formation cannot be ascribed; for though they
contain numerous organic fossils, these do not bear the proportion of
one to one hundred millions, when compared to the whole mass, and
the chalk does not appear to have undergone any chemical change,
from heat or other causes, that could have obliterated the traces of

organic existence. In no formation are the most delicate organic
textures of animals better preserved. In Mr. Mantell's splendid
collection of chalk fossils at Lewes, there are specimens of fish, in
which the body is entire and the air-bladder is uncompressed-and



FORMATION OF CALCAREOUS STRATA. 207

the beautiful forms of many shells covered with spines, prove that they
could not have been drifted from a distance, or deposited in an ag
itated ocean.

I have never been able to comprehend, why any peculiar difficulties

should be supposed to attend the enquiries respecting the origin of

calcareous or mgnesian earths; or of the carbon and sulphur oc

curring in rocks, in the state of carbonic or sulphuric acids. It

would be equally proper to institute an enquiry into the origin of si

lex or alumine. I hold the earth itself, and its ancient atmosphere,
to have been the great chemical laboratories, in which all the solid

and fluid parts of the surface were originally prepared and formed.

This opinion I stated at some length in Chap. XV1. of the second

edition of this work in IS 15, and also in the third Edition, in a chap
ter on the agency of subterranean fire in the formation of rocks, and

on igneous and aqueous eruptions of earthy matter. It has been too

much the fashion to consider all the secondary strata as mechan

ical depositions; but the siliceous strata in the Paris basin, the lay
ers of flint in chalk, and the beds of chert or hornstone in transi

tion limestone, are certainly as much original formations as granite
itself.

In referring to the vast magnitude of ancient volcanoes, I have

stated that they had doubtless an important office to perform in na

ture: and can it be unreasonable to believe, that the earth itself is
the great laboratory and storehouse, where the materials that form its

surface were prepared, and from which they were thrown out upon
the surface in an igneous, aqueous, or gaseous state, either as melted

lava, or in aqueous solution, or in mechanical admixture with water

in the form of mud, or in the comminuted state of powder or sand?

Inflammable and more volatile substances may have been emitted in
a gaseous state, and become concrete on the surface.
These primeval eruptions, judging from the size of the ancient fis-

sures and craters, may have been sufficient to cover a large portion
of the globe. Nor can it be deemed improbable, that still larger
and more ancient craters have been entirely covered by succeeding

eruptions. In proportion as. the formation of the surface advanced,

these eruptions might decline, and be, more and more, limited in
their operation.

It is not necessary to suppose, that these subterranean eruptions
consisted only of lava in a state of fusion. The largest active vol

canoes at present existing, throw out the different earths intermixed
with water in the form of mud. Nor should we limit the eruptions
of earthy matter in solution or suspension, to volcanic craters: the
vast fissures or rents which intersect the different rocks, may have
served for the passage of siliceous solutions to the surface. We
know no instances in nature of siliceous earth being held in aqueous
solution, except in the waters of hot or boiling springs; and hence
it seems reasonable to infer, that many siliceous rocks and veins have
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been deposited from subterranean waters, at a high temperature.*
Calcareous or cretaceous matter is also ejected during aqueous vol
canic eruptions. According to Ferrara, streams of liquid chalk, or
chalk m a state of mud, were ejected from the mud volcano of Mac
aluba, in Sicily, in 1777, which, in a short space, formed a bed sev
eral feet in thickness. Beds of limestone may have been formed by
similar calcareous eruptions, in which the lime might be sometimes
in solution, and sometimes mechanically suspended; and the numer
ous remains of testaceous animals in limestone appear to indicate,
that the calcareous solutions were favourable to the growth of ani
mals, whose coverings contain so much calcareous matter. Nor is
it necessary to suppose, that these aqueous eruptions were always
sudden, and attended with violent convulsions, for when a passage
was once opened, they may have risen slowly, and have been diffused
in a tranquil state, and by gradual deposition, or condensation, may
have enveloped the most delicate animals or vegetables, without in

juring their external form.-Second edition, 1815.
If the geologist can admit such a condition of the ancient world

as above described, a condition which, on a smaller scale, might be

proved to have existed since the period of authentic history: if he
will further admit, that, before the formation of chalk, a great portion
of what is now England, and the northern Continent of Europe,
was covered by a deep ocean, interspersed with islands, and stir
rounded by ancient continents, and this few modern geologists will

deny; then, if we allow submarine aqueous eruptions of calcareous
matter, and siliceous solutions from thermal waters, to have been

poured into this deep ancient ocean, we shall have all the
circum-stancesrequired, to form thick beds of chalk, interspersed with nod
ules of flint. In an experiment on clay formed into a stiff paste, by
admixture with a saturated solution of alum, it was found, on break

ing the clay when dry, that alum was interspersed through the mass
in distinct crystals and concretions. In the same manner, we may
suppose that the silex in the siliceous solutions, spread through the
calcareous matter, would separate into distinct concretions, filling the
cavities and pores or zoophytes-such as sponges and alcyonia, or
of shells deposited in the chalk. Every fact connected with the his

tory of chalk, proves that it was formed in a very tranquil sea, and
not by the drift or detritus of more ancient rocks. Mr. Mantel],
whose almost daily observations on the chalk formation scarcely suf
fer an important fact to escape his notice, says, that, in the whole of
these immense beds that he has examined, the occurrence of a single
fragment or pebble of more ancient rocks in chalk is extremely rare;

* M. Brongniart, to whom 1 sent a copy of this work, of the edition of 1815.
subsequently admitted a similar formation of the siliceous beds and millstone in
the Paris basin, namely, that they were deposited by thermal waters holding silex
in solution.
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a fact decisive against its being formed by mechanical deposition of

drift, or detritus of older limestones. The preservation of the most
delicate textures of animals before referred to, proves beyond doubt,

that those organic bodies had not been transported from a distance,

or subjected to the violent action of inundations or currents.
The fossil fish found in chalk with the body preserving the nat

ural form, and with the air bladder uncompressed, proves beyond
doubt, that the animals were encased in mineral matter, before the

putrefactive process had effected the destruction of the fleshy parts.
A sudden eruption of thermal water holding calcareous earth in so
lution or suspension, might instantly, deprive the animals of life, and

protect their bodies from decay. The matter, called creta by .P'er
rara, erupted from Macaluba, was certainly a soft limestone, analo

gous to chalk; and though the eruption lasted only part of a day, it
formed a stratum many feet in thickness. Hd this eruption taken

place under water, the earthy matter would have been more widely
diffused, and the stratum of limestone deposited, would have been

proportioriably thinner. In the case of the fossil fish before stated,
we are not obliged to suppose the deposition to be so rapid : several

days might elapse, before the body was entirely buried under calca-.
reous earth. If we say seven days, and estimate the thickness of the
fish at three inches, we shall have a chronometer to measure the time

required to form a stratum of chalk three inches in depth, which is
one week. This is equal to one foot in a month, or twelve feet in a

year; and could we suppose the deposition to proceed without in

terruption, it would not require more than ninety years, to form a
mass of chalk beds, one thousand feet in thickness; which is more
than that of all the chalk beds in England. It is by no means in

tended to support the opinion, that the chalk beds were all deposited
in so short a period; long intervals of repose might pass between

different eruptions. My object in calling the attention of geologists
to this subject is, to show that strata may be formed more rapidly
than they are generally disposed to believe, and that the feeble ope
rations of natural causes in our own times, however similar in kind,

bear no proportion, in their intensity, to the mighty agents that have
formed the ancient crust of the globe. The deposition of a bed of

calcareous earth, a few feet in thickness, in some of the Scottish
lakes, as described by Mr. Lye]], would appeal' to have required

many centuries for its completion. In some of the beds of oolite,
the quantity of animal remains bears a considerable proportion to the
whole mass, and the beds of encrinal limestone in some of our inoun
lain limestones, are formed, principally, of the stems and branches
of encrinites, probably broken by the violent action of the sea ; but
it is not improbable, that the interstices have been filled by calcareous

depositions. It obvious, that limestone strata of considerable
thickness, if composed chiefly of organic remains, would require
centuries for their completion.
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Let us now take a brief survey of the beds of secondary sand
and sandstone. The lowest or new red sandstone, appears to have
been formed, in an epoch of volcanic action, over a large portion of
the present European continent, which broke up the foundation of

primary and transition rocks, and scattered their fragments over the
bed of an ancient ocean. In many parts we observe a tendency to
form beds of porphyry, but the process appears to have been often,
more or less, interrupted by disturbing causes; and we observe por
phyritic beds, with well defined crystals of feispar, alternating with
sandstone of mechanical formation. We may further observe, that
in this epoch of disturbance there were long intervals of repose, dur

ing which the beds of magnesian limestone and muschel-kalk, were

deposited in certain situations.
The operation of mechanical causes is obvious in almost all sand

stone rocks, and beds of conglomerate; and the experiments of Sir
James Hall prove, that beds of loose sand, if permeated by steam
from saline water, at a high temperature, may be agglutinated into
sandstone. With respect to beds of clay, their formation, by sedi

mentary deposition, will not be doubted; but we are not certain that
in some instances, the matter may not have been ejected by sub
marine mud volcanoes, containing the sulphur, iron, and saline mat
ter, in which several of these beds abound.
One of the most interesting circumstances attending the seconda

ry strata is, the convincing evidence they afford, that, at different pe
riods of their formation, the earth had extensive tracts of dry land,
either islands or continents; for, though the prevailing character of
the secondary strata is that of marine beds, yet we find among them,
beds containing, exclusively, fresh-water shells, and also terrestrial
and marsh plants, and in almost all the secondary strata, (except
chalk,) though the organic remains may be chiefly marine, we find
remains of fresh-water animals, or terrestrial plants, which were

probably brought by rivers from the land, and floated into the an
cient ocean. We have, beside the above evidence, the regular coal
strata, 3000 feet or more in thickness, abounding in terrestrial plants.
We have, also, a great thickness of fresh-water strata in some part
of the oolite formation, and again the Wealden strata, more than a
thousand feet in thickness, appear to have been deposited in a fresh
water estuary or river, which would require a large continent of dry
land for its formation. Now, it is remarkable, that, in all the above
beds, we do not find a single bone of any large matnmilerous land

quadruped, nor even of the smallest species, except in the anoma
lous instance of Stonesfield.
To maintain that such bones not having been discovered, is 110

evidence that they may not exist, appears to me to be making a re

trograde step in science. It is true, that "the bottom of the sea
has not been dredged," to discover what species of animals have ex
isted in former ages: the geologist, however, can have no need of
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such an operation, for the land beneath the former sea has been laid 
bare, and is now exposed, over an extent equal to that of all the 
habitable parts of the globe. Every island and continent has formed 
part of an ancient bed of the ocean, and that not once, but repeat- 
edly. This emended surface of ihe ancient bed, is exposed 10 ihe 
examination of  ~Iinusands of observers, in every degree of latitude 
not covered by polar snows. The absence of remains of [lie higher 
orders of animals in all the secondary strata, and the frequent re- 
currence of these remains in tlie more recent or tertiary swam, ap- 
pear 10 afford presumptive evidence, amouniing almost to certainty, 
that the higher orders did not exist, at least in the northern hemis- 
here, till an epoch subsequent to the deposition of all the secooda- 
ry formations. 

When we ascend to the strata deposited at a later period than 
chalk, we find a remarkable change in the character of the organic 
remains. The arnmoniies, and other chambered shells, which are 
so numerous in the secondary strata, disappear, entirely, in the ter- 
tiary strata, except the fossil nautilus, which is occasionally found in 
them ; and the animal now exists as a living species in the Indian 
Ocean. The enormous lizards, and .animals allied to the lizard and 
crocodile, whose bones abound in the secondary strata, from lias 10 

chalk, disappear also in the lertiary strata, with the rare exception of 
a small species of crocodile ;-a fact which indicates, that animals of 
this order ceased to be inhabitants of northern latitudes when the 
tertiary strata were deposited. In the tertiary strata, the place of 
these enormous reptiles is occupied by the remains of the higher or- 
der of  terrestrial mammalia, but belonging to genera or species now 
extinct ; the gigantic mastodon, [he mamrnot h, and megatherium, 
rivalled in magnitude the enormous repules of a more ancient world. 
Other species of rnammalia. of less size, both herbivorous and car- 
niwroira, but equally perfect in their organization with the land quad- 
rupeds of the present epoch, have left their bones in many of the 
tertiary beds. Here we may stop; for we approach to a period 
connected with the present order of things, a period immediately 
preceding that mysterious operation of divine power and intelligence, 
the creation of man. 

The doctrine of the progressive development of organic life here 
briefly stated, has been recently opposed by highly ingenious argu- 
ment~,  which display the great talents and ability of the author, but 
which, in my opinion, do not invalidate the truth of the doctrine,- 
a doctrine, however, that, like almost all general conclusions, requires 
to be admitted wit11 certain limitations and restrictions. Every in- 
stance hitherto adduced, of bones of tlie higher orders of animals 
being found in ancient secondary strata, has proved, on accurate ex- 
8tninaiion, to be fallacious. An instance of this kind came under my 
observation, when on a visit to my native town, Nottingham, in J 83 1. 
A medical gentleman showed me the portion of the thigh-bone of 
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an ox, which he had treasured up, with great care, as it was ob
tained from a deep excavation on the side of a hill of sandstone,
near Nottingham. As this sandstone belongs to the more ancient of
the secondary strata, the red sandstone and marl, (see Chap. XI.)
and as the bone was placed deep under the surface, and the work
men declared there was no fisssure or opening near to where the
bone was found, the specimen was regarded as affording a remarka
ble exception to a general law in geology. Knowing from the struc
ture of the rock, that it is, almost every where, intersected by deep
vertical fissures, I was persuaded that the true position of the bone,

had not been correctly stated by the workmen; and, on carefully
examining the cave, a deep fissure, extending to the surface, was
discovered, close to the situation where the bone was found. There
can be no doubt that the bone had fallen into this fissure, and was
thus introduced into a lower stratum of sand rock.
When we consider the violent convulsions and overturnings to

which the crust of the globe has been subjected, it is truly surprising
that remains of the higher orders of animals, if they had previously
existed, should not have been frequently buried in the lower ancient
strata. Perhaps the bones of small terrestrial animals in the calca
reous slate of Sionesfield may have been carried thither, during the

tertiary epoch, by subterranean streams of water; as such under

ground streams and rivers are of frequent occunence in many lime
stone countries.

In the long ages of change and disturbance, during which the solid
surface of our planet was approaching to its present state, we may
reasonably believe that the earth was not fitted to be the residence
of man and the higher order of animals. Even those geologists
who deny the progressive development of organic life, admit that
man is a recent inhabitant of the globe; but if, as they maintain, the
essential conditions of the earth have been the same as at present,
during an indefinite series of ages; if the same causes have always
been in operation, without any increased intensity of action; if the
earth, from the remotest imaginable epoch, had islands and contin
ents, rivers and seas, enjoying a similar temperature to the present,
though placed in different latitudes: if such, I repeat, were, from
the remotest epoch, the condition of the globe, no assignable reason
can be imagined why it might not have been inhabited by man. If

only such changes as we at present observe were then taking place,
or even supposing them to be more extensive in their operation, yet
the human race might still have flourished in

"Some safe retreat in depth of woods embraced,
"Some happy island in the watery waste."

But the more ancient strata present evidence of such overwhelming
changes and mighty convulsions, elevating mountain ranges, breaking
the solid crust of the globe, and scattering the fragments in every
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direction, that, during these epochs of disturbance, neither the earth
nor the atmosphere could be fitted for the residence of man, or the

higher order of animals; nor do we find, among the secondary strata
that have once been dry land, any remains of its former inhabitants,
except the bones of enormous reptiles.
Though man and the higher orders of animals could not exist

during an epoch of universal disturbance, yet we can discover no
reason why many genera and species, particularly of marine animals,
that have formerly existed, should be now extinct, unless a change
has taken place in the temperature of the globe. Indeed, it is
found that many genera and species, which are discovered only in a
fossil state in Europe, still inhabit the seas of tropical climates, and
some species that were supposed to be entirely extinct, have been

recently discovered living in southern latitudes. More important
discoveries of this kind may probably be made, as we know little

respecting the state of animal existence at the bottom of the sea, or
what monsters

The deep unfathom'd caves of ocean bear."

"Et qu marmoreo fert monstra sub quore pontus."

I am inclined to believe, that the ichthyosaurus, or some species
of a similar genus, is still existing in the present seas. About six
teen years since, a large animal was seen for several summers in the
Atlantic, near the coast of the United States, and was called the great
sea serpent. Its appearance was frequently announced in the public
journals, but the existence of the animal was for some time disbe
lieved in this country. I am informed by Professor Silliman of
Yale College, Connecticut, of whom I made enquiry, that many per
Sons who attested the existence of the sea serpent from their own
observations, were so highly respectable, both for intelligence and

veracity, that their evidence could not be disputed.
I remember one of the most particular descriptions of the sea ser

pent was given by an American captain, who saw the animal raise a

large portion of its body from the water: he represented it as of

great length, and about the bulk of a large water cask; it had pad
dles somewhat like a turtle, and enormous jaws like the crocodile.
This description certainly approaches to, or may be said to corres

pond with, the ichihyosaurUs, of which animal the captain had prob
ably never heard. An animal of the magnitude attributed to the sea

serpent would certainly require paddles or fins to impel it swiftly
through the water. I very much regret that I am unable to refer to
the American paper from which the account was taken, and must be
content to direct the attention of future observers to the above state
ment, should the sea serpent again appear in the Atlantic Ocean.*

* In the American Journal of Science and Arts, Vol. II, p. 147-164, may be seen
a collection of documents on the subject of the sea serpent; they were compiled by
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In the memoir and correspondence of the late Sir James Edward
Smith, just published, there is a letter from Dr. Goodenough, Bishop
of Carlisle, referring to the American sea serpent, from which the

following passage is extracted :-" The famous American serpent is
at length ascertained to be no fiction. It seems that there has always
been a rumour of this animal: Aidrovandus mentions it among others.
However, it has never been caught and described. It has now been
seen by three hundred people at once, and hopes are entertained that
ere long this will be taken. It is of immense length and size.".
JV'ov. 1819.

I cannot conclude these brief observations on the progressive de

velopment of organic life on our planet, without remarking, that if
man were recently created, as geologists generally maintain, this cir
cumstance alone affords strong presumptive evidence, to those who
admit the doctrine of final causes, and of a presiding intelligence,
That the ancient condition of the globe, and the changes then in ope
ration, were very different from what we observe at present; or, in
other words, that the world was not then prepared by the Creator for
"the residence of man.

Dr. Jacob Bigelow of Boston, and present a mass of evidence, sufficient to estab
lish any fact, which is capable of being substantiated by human testimony. Al
most every year since has added to the amount of evidence; and the present summer (1833) has been particularly fruitful in such testimony. Attempts to capture
or kill these extraordinary animals have proved, hitherto, abortive; but, in some
more fortunate conjuncture, the Eastern seamen, proverbial for their intrepidityand dexterity in hunting the whale, will yet bring in the sea serpent, or the ani
mal, whatever it may be, that has borne that name. Mr. Bakewell's ingenious
conjecture, that it may be a Saurian, agrees, however, much better with the sup
position that it is a Plesiosaurus than an lchthyosaurus, as the short neck of the
latter does not correspond with the ordinary appearance of the sea serpent.

September, 1833. B. S.
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CHAPTER XVI.

ON THE LOWER OR MORE ANCIENT TERTIARY STRATA.

Formation of Tertiary Strata in Lakes or Inland Seas.-Lakes of North Ameri-
ca,-Falls of Niagara.-Alternations of Marine and Fresh water Strata.-Ar-
rangement of the Tertiary Strata in the Paris Basin.-Plastic Clay and Lon
don Clay.-Geology of the lower Vale of the Thames.-Remains of Crocodiles
and the Nautilus in London Clay.-Molasse of Alpnach in Switzerland, with
Coal and Teeth of the Mastodon.-Calcaire Grassier, or Coarse Limestone of
the Paris Basin, supposed to be of the same Age as the London CIay.-Cakaire
Silieicux.-GypSUm and Gypseous Marl of the Paris Basin, containing Bones
of numerous extinct Species of Land Quadrupeds.-Remarks on their discove-
ry and Organization by Baron Cuvier.-Marine Sandstone.-Millstone.-Up
per Freshwater Formation.-Tertiary Strata in the Isle of Wight.-Crag of
Norfolk, its true Geological Position not determined.-Cliil of Brighton.

The name of tertiary has been given with much propriety to all

the strata that are more recent than the secondary; the term is intel

ligible, and ought not to be changed without sufficient reason; the

introduction of new names in science serves only to perplex the stu

dent, and is attended with no advantage. The name of supercreta
ceous, which has recently been applied to the tertiary strata, is pecu

liarly inappropriate, as these strata may cover any of the lower rocks,

and in luvergne they may be seen resting on granite, If a new

name were necessary, post-cretaceous should have been chosen; as all

geologists are agreed, that the tertiary strata were deposited after
chalk.

THE tertiary formations comprise all the regular strata of lime
stone, marl, clay and sandstone, that have been deposited after chalk.
It is only since the commencement of the present century that they
have attracted the notice of geologists: their true nature was before
unknown, or they were supposed to be local and alluvial depositions.
It is now discovered that tertiary formations are widely spread over

many parts of the globe, and are often of considerable thickness.
The first circumstance which proved that the tertiary beds were

distinct from the secondary, was the discovery that many of these
beds contain the bones of the higher order of animals, as perfect in
their organization as any of the existing species of land quadrupeds.
The tertiary beds were farther remarkable, for presenting frequent
alternations of beds, containing the remains of marine animals, with
other beds that contain exclusively the remains of land animals, and
plants, and fresh water shells: hence the latter beds were denomina
ted fresh water formations. A more accurate examination of the

secondary strata, has since been discovered, that fresh water forma
tions occur also among the more ancient strata, but their characters
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are not so distinctly marked. When the first edition of this work
was published, viz. early in 1813, the name of freshwater forrna
tions was scarcely known in England, but the author ventured to of
fer an explanation of their formation, from what is now taking place
in extensive lakes: a similar explanation has since been generally
adopted. "The lakes of North America, are seas of fresh water,
more than 1500 miles in circuit; they are placed at a considerable
elevation above the Atlantic, and at. different levels. They unite by
small straits or rivers, which have a rapid descent. On some of the
rivers are prodigious waterfalls, which are continually enlarging and

deepening the passage from one to the other; and will ultimately
effect the drainage of the upper lakes. The falls of Niagara, are
well known; the water is divided by a small island, which separates
the river into two cataracts, one of which is 600 yards, and the other
350 yards wide : the height of the fall is from 140 to 160 feet. It
is estimated that 670,000 tons of water are dashed every minute
with inconceivable force, against the bottom, and are thus wearing
down the adjacent rocks. Since the banks of the cataract were in-
"habited by Europeans, they have observed that it is progressively
shortening the distance of the falls from Lake Erie. When it has
worn down the intervening calcareous rocks, the upper lake will be
come dry land, and form an extensive plain or valley, surrounded

by rising ground, and watered by a river or smaller lake, which will

occupy the lowest part. In this plain future geologists may trace
successive strata offresh water formation, covering the subjacent an
cient limestone. The gradual deposition of minute earthy particles,
or the more rapid subsidence of mudfrom sudden inundations, will

form distinct beds, in which will be found the remains of freshwater
fish, vegetables and quadrupeds."- lst edition, 1813, pp. 182, 183.

In the frontispiece to the present volume will be seen a bird's-eye
view, or map of the country round Niagara, drawn by my eldest son,
who passed several days at the falls of Niagara in 1830. In this
drawing the accurate proportion of distance is disregarded, in order
to bring the several objects into one point of view. The deep chasm
formed by the cataract is seen in front, from which the water is issu

ing into a lower country at Lewiston, nearly on a level with Lake
Ontario, into which the river flows. Mr. Joseph Henry, in a topo
graphical sketch of the state o New York, says, "The descent of
the country from Lake Erie to Ontario is principally by a step, not
at the falls, but at Lewiston, several miles below:" this is the po
sition from which the drawing in the frontispiece was taken. Mr.
H. adds, "In viewing the position of the falls, and the features of
the country round, it is impossible not to be impressed with the idea,
that this great natural race-way has been formed by the continued
action of the irresistible current of the Niagara, and that the falls,
beginning at Lewiston, have, in the course of ages, worn back
the rocky strata to their present site. The deep chasm through
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which the Niagara passes, below the falls, is nearly, a mile wide with

almost perfect mural sides."-Transactions of the Albany institute.
In Mr. Loudon's Magazine of Natural History, March, 1830,

there is an account of the falls of Niagara, and of the physical
structure of the adjacent country, by my son, Robert Bakewell, jun
ior. I preferred making the above extract from Mr. Henry's des

cription, as it confirms the general accuracy of the drawing in the

frontispiece. Below will be seen a statement of the levels and the
extent of the North American lakes* These lakes may justly be

styled seas of fresh water. Though their present surface is consid

erably elevated above the level of the ocean, the bottom of some of
the largest lakes is much below the tide line; -and were these lakes
situated nearer to the Atlantic, we might easily imagine that after the
fresh water had subsided to the sea level, they might be subject to

frequent irruptions of salt water, which would produce a change in
the nature of the inhabitants of these lakes; or, in other words,
would occasion alternations of marine with freshwater strata, without

any change in the relative level of the land and sea.
In England and France, there appears to have been a considera

ble interval between the deposition of the chalk, and of the lowest
beds of the secondary strata; for the surface of the chalk is deeply
furrowed and broken, apparently by the action of torrents, or inunda
tions, and the hollows filled by the tertiary beds. In some parts of
the Continent, however, the line of separation between the seconda

ry and tertiary strata is not so distinctly marked, and they are both
elevated together, conformably.
The tertiary strata form the outer crust of the globe, and have,

every where, been subjected to erosion from torrents and inundations,
that have swept over parts of its surface, and transported the frag
ments into distant countries or into the ocean. We cannot, from the

present localities of the upper strata, determine, with any precision,
the boundaries of the inland lakes or seas in which they were de

posited. Many of these strata have, evidently, once extended far

beyond their present limits; but have been so completely destroyed,
that we can infer their former existence, only by a few remaining
detached portions.

From Lake Erie to the falls of Niagara, the distance is 21 miles. From the
falls to Lewiston, at the mouth of the chasm, the distance is7miles. From Lewis-
ton to Lake Ontario the distance is 7 miles.

Elevation above Mean Length. Mean
the sea. depth breadth.
Feet Feet. Miles. Miles.

Lake Superior - 641 900 300 80
Lake Huron 596 900 200 95
Lake Michigan - 600 900 300 50
Lake Erie - - 565 120 230 35
Lake Ontario - 231 492 180 30
Total quantity of square miles covered by the lakes, 7,93O.
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In France, the tertiary strata are more widely spread, and many
of them more fully developed, than in England: it is indeed scarce

ly possible to imagine a more distinct display of the series of strata
in any class of rocks, than is presented, close to the very gates of
Paris. In a capital so distinguished for scientific investigation, and

possessing so many able and acute observers, it does, indeed, seem

extraordinary, that the strata with which they were surrounded,
should never have been properly examined until so recent a period,
as the early part of the present century. What is daily before our

eyes seldom excites attention, or is deemed deserving of much no
tice; but there was another cause which long prevented the philoso
phers of Paris from observing the remarkable objects around them.

Captivated with the generalizations of Werner, who, it was firmly
believed, had unlocked all the hidden mysteries of geology, and com

prised in his system all the different formations that composed the
crust of the globe, they saw before them a series of strata which had
no agreement with any part of the Wernerian classification; hence,

they could not avoid the painful persuasion, either that the system of
Werner was incomplete, or that they were unable to apply it prop
erly. To avoid an acknowledgment so little satisfactory, the geolo
gists of Paris averted their attention, and that of their pupils, from
nearer objects, and directed them to the mountains of Germany or
Switzerland. Had not another science (comparative anatomy) come
to the aid of geology, we might yet have remained unacquainted with
the tertiary strata around Paris. At length, the number of skeletons
of strange and unknown animals discovered in some of the strata,

forcibly attracted the notice of that distinguished naturalist, Cuvier,
and it was resolved to investigate attentively the geology of the whole
district. M. A. Brongniart was associated with Cuvier in the inves

tigation; and in 1811 the result of their labours and observations was

given, in a work entitled Essai sur la Géograp/iie J)iinéralogiqve des
Environs de Paris,-the most luminous and interesting exposition of
local geology ever presented to the world; and from this period we

may date the first accurate knowledge of the tertiary strata.
The following extract from the Essay of MM. Cuvier and Brong

niart, presents a general view of the arrangement of the strata round
Paris :-
"The country in which the capital of France is situated, is per

haps the most. remarkable that has yet been observed, both from the
succession of different soils of which it is formed, and from the ex

traordinary organic remains which it contains. Millions of marine
shells, which alternate regularly with freshwater shells, compose the
principal mass. Bones of land animals, of which the genera are

entirely unknown, are found in certain parts ; other bones remark
able for their vast size, and of which some of similar genera (queiqncs
congenêres) exist only in distant countries, are found scattered in the

upper beds. A marked character of a great irruption from the
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south-east is impressed on the summits (caps), and in the direction of
the principal hills. In one word, no country can afford more instruc
tion respecting the last revolutions, which have terminated the for
mation of the present continents."

Though chalk is the foundation rock of the country, for a consid
erable extent round Paris, being covered by tertiary strata, it rises
to the surface only in a few situations. The total thickness of the

tertiary strata over the chalk, as given in an ideal section of the coun

try, is nearly five hundred feet.*

Many of the tertiary beds in the Paris basin are not found else
where, and therefore cannot be taken as types of other tertiary for
mations; and the lower bed, called the plastic clay, is but very im

perfectly developed near Paris. In attempting to generalize the ter

tiary formations, a difficulty presents itself, if we are to class them by
their zoological characters; for some of the formations, which in cer
tain situations, contain, exclusively, the remains of marine animals,

present, in other places, river or lake shells, with wood and the bones
of land animals. It is, therefore, probable, that while the waters in
one lake or basin might be saline, those in another lake might be
fresh; and two cotemporaneous formations may hence contain very
different organic remains.
The tertiary strata in England and in the north of France, may

be arranged under four divisions, which are given below: after de

scribing these, the more recent tertiary strata, called by some French

geologists Quaternary, will be noticed in the following Chapter.

TERTIARY FORMATIONS.

( Sometimes intermixed with
1. Lower Marine Beds. -

t freshwater beds.
a Argillaceous and Sandy de-

? rgile et Gth tertaires a hg-.
posits, Plastic Clay, Sand,
London Clay

nites.

b Lower Marine Limestone Calcaire grossier.

* The following ascending series of beds of the Paris basin was first given as a
correct account of' their succession: more extended observations have proved that
the position of No. 3, or the Calcaire siliceux, is higher in the series.

1. Plastic Clay and Lower Sand.
2. Calcaire grossier.
3. Calcaire siliceux and Sandstone.
4. Gypseous Marl.

Gypseons with Bones.
Upper gypseous Marl.

5. Sandstone and Sand without Shells.
Upper Marine Sandstone.
Millstone without Shells.

6. Freshwater Limestone, including Mans, and Millstone, with freshwater
Shells.

7. Alluvia! Soil, ancient and modern, including Pebbles, Pudding-stone, Black
Earth (irs vuzrnes argilleuses wires), and Peat.
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2. Lower Freshwater Beds. ç Sometimes intermixed with Ma
rine.

a Marl.
b Gypsum.

S. Upper Marine Formation -
a Sand, Sandstone and Millstone without Shells.

b Sandstone with Shells.

4. Upper Freshwater Formation.
a Limestone -

6 Siliceous Millstone - With freshwater Shells.

The tertiary strata supposed to be more recent, and called Qua

ternary, are nowhere observed covering the above formations, be

cause they were deposited in detached seas or lakes: the evidence

of these being more recent than the strata in the Paris and London

basins, rests on the opinion, that the species of shells which they con

tain, are, in a large proportion, analogous to existing species.
Plastic Clay and London Clay.-These, with the various asso

ciated beds of sand, may properly be regarded as one formation, of

which the plastic clay is the lowest member, resting n chalk. Near

Paris, the plastic clay is a very thin bed ; but in the south of France

it acquires a great degree of thickness, and appears to comprise the

upper argillaceous beds, or what we call the London clay : it is re

markable for the vegetable fossils and beds of lignite, which it fre

quently, but not invariably, contains. In England, in the lower beds
of this formation, there are found beds of imperfect wood coal; but
both in the plastic clay and the London clay, remains of marine ani
mals are chiefly prevalent, though intermixed with some freshwater
shells; whereas, on the Continent, beside the great quantities of fos
sil wood and wood coal found in the same argillaceous beds, there
are numerous remains of freshwater shells, which render their title
to be denominated marine formations more than doubtful. The beds
of sand are sometimes of considerable thickness. By many geolo
gists it is maintained that the beds of soft sandstone (called .Molasse,)
and of sandstone conglomerate (called .TVagel fine, in Switzerland,)

belong to this part of the tertiary formations. That some of these
beds may be tertiary 1 will not deny ; but I am fully convinced, that

many beds called molasse, in Savoy, are covered by the Jura lime
stone and oolites, having repeatedly seen them in contact, and got
specimens from each bed at the line of junction.*

* As the opinions of geoIoists have been much divided respecting the molasse,
or soft sandstone, of Switzerland and Savoy, I shall here insert some observations
UDn it, given in the first vulume of my Travels in the Tarentaise.~11 The outer calcareous mountains on the western side ol Savoy, all rest upon an
immense formation of soft sandstone (molasse,) and are interstratified with it;
and, so far from this sandstone being more recent than the limestone (as Saussure
supposed,) it constitutes a considera1e part of the bulk of these mountains that are
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The bones of horses, with the tooth of an elephant, have been

found in a bed of unctuous clay, resting on chalk, near Margate;
but as the clay is superficial, it may be a diluvial formation.

In France, near d'Auteuil, and south of the Dordogne, according
to Humboldt, bones of vertebraced land animals are found in a for

mation resting on chalk, analogous to the plastic clay. Baron Cu

vier says, however, that he has not discovered the bones of land

quadrupeds, in any strata below the caicaire grossier, which covers

the plastic clay. But, neither the plastic clay nor the gypsum beds

of Paris can be taken as types of the tertiary strata in other countries.

The London clay is placed over the plastic clay and sand, and is,

in fact, an upper member of the great arenaceous and argillaceous
formation that covers chalk. Some geologists attempt to identify the

London clay with the beds of calcaire grossier, and of gypsum, in

the Paris basin, but their mineral characters are most essentially dif

ferent. By attempting to force an agreement with artificial classifi

cations, where it does not exist, we mystify what is clear and simple,
and retard the progress of knowledge.
The uppermost bed of the London clay is of a reddish brown col

our, and is more arenaceous than the lower beds : the colour of the

lower beds varies from a bluish lead colour, to a blackish brown;

they are often considerably indurated, and have somewhat of a slaty
structure. The thickness of the London clay varies from one hun

dred to four hundred feet or more : this variable thickness is occa-

called calcareous. In the Valley of les Echelles, the immediate junction of the
limestone with the sandstone may be seen, soon after entering the valley form the
archway. This vast wall of limestone, nearly one thousand feet in thickness, rests
upon a mass of sandstone of unknown depth: there is very little dip, where the
first junction is seen, but about a mile below, you meet with the limestone again in
conjunction with the sandstone, and thrown into a vertical position. The work
men whom! met with, near the mouth of the gallery, said they always found sand
stone below the limestone, arid they considered it as the lowest bed in the country:
but this is obviously a mistake. The sandstone, or molasse, on which the lime
stone in this part of Savoy reposes, or which is subordinate to the limestone, is
composed of smallish grains of quartz and chlorite, pretty equally mixed. In the
sandstone of les Echelles, which I got from its junction with the limestone, there
were some particles of rose quartz and mica. It scratched glass, strongly, when
rubbed upon it; but when put into a dilute muriatic acid, it effervesced, violently,
and became friable, owing to the solution of the calcareous cement by which it ap
pears, from this experiment, to be agglutinated. The molasse, which is inter
stratified with limestone and associated with coal on the lake of Annecy, also ef
fervesced; but, the particles being smaller, it appeared nearly homogeneous, when
examined without a lens. It has been recently stated, that the molasse of the Alps
belongs to the same formation, as the sandstone above chalk near Paris. There
may he sandstone of that formation in the canton of Berne; but the molasse or
sandstone in this part of Savoy, I am well convinced, is a member of formations
that are lower than chalk. It is possible, however, that beds of this molasse max
have been worn down, during the great destruction of the strata, that has evidently
taken place since they were deposited, and from the debris of this sandstone, upper
beds may have been formed covering strata that are above chalk. The molasse
which covers the bones and teeth of the mastodon and other large mammalia,
near Alpnach, nearly resembles that in this part of Savoy; but the particles are
smaller, and more intimately mixed."-P. 176.



222 THE VALE OF THAMES.

sioned by the upper beds which form the surface of the land in the
Vale of Thames, having been more excavated in some parts than j
others.
As the London clay and plastic clay and sand, taken together,

equal or exceed in thickness the beds of plastic clay, calcaire gros
sier, and gypsum in the Paris basin, the London clay may properly
be regarded not as identical with the calcaire grossier and gypsum,
but as their geological equivalent. While the beds of limestone and
gypsum were depositing in the Paris basin, the London clay might
be deposited in the London basin; and this may explain why many
species of marine shells in the London clay are similar to those found
in the calcaire grossier; but we nowhere discover the astonishing va

riety of species that occur in some of the strata of the calcaire gros
sier; nor have any bones of land quadrupeds, similar to those in the
Paris basin, been found in the London clay. The two sides of the

trough or basin in which the London clay and plastic clay' were de

posited, are formed on the north, by the range of chalk hills in Hert
fordshire and the adjacent counties, and on the south, by the range
of chalk hills in Surrey and Kent.
The relative geological position of the chalk, the plastic clay and

sand, immediately upon it, and the upper beds of London clay cov

ering the Vale of Thames, is represented in a small section at the
bottom of the map of England. (Plate VI.) In some parts of the
Vale of Thames, as at I-larnpstead, north of London, and Dear Cob
ham in Surrey, the London clay rises into hills, three hundred feet
above the Vale of Thames, and is capped by a bed of sand, which
has received the name of the upper marine sand. a, a, chalk, 6, 6,
plastic clay, c, c, London clay, d, d, marine sand. From this small
section, the geological student may form some idea of the devastating
effects of mighty inundations, which have swept over the surface of
the globe, and carried away considerable portions of the upper beds.
The marine sand, d, d, which forms isolated caps on several of the
hills in the Vale of Thames, was probably part of one continuous
bed, which has been excavated with a portion of the subjacent Lon
don clay; such excavations and denudations are common phenome
na in almost every country.

Balls of imperfect ironstone, called septaria, (of which Parker's
cement is made,) are common in some parts of the London clay;
branches and stems of trees, penetrated by the Teredo navalis, are
found in it, and a species of resin, to which the name of retinasp/zal
turn was given by Mr. Hatcliett. Remains of turtles have been dug
out of this clay at Flighgate and Islington. Some bones of a croco
dile were discovered by Mr. Parkinson, who considers this as a soli

tary instance of the occurrence of the remains of these animals in the
London clay. In 1830, the head of a crocodile was found by E.



Spencer, Esq. of Highgate, in the London clay in the Isle of Shep- 
my, of which the annexed cuts give's correct representation. The 

first is an outline, being aside view of the upper jaw and teeth. The 
second represents a front view of the head, with the two small cavi- 

lies for the lobes of the brain, and the larger cavities for the orbits of 
the eyes. The length of the bead, when enlire, and cloihed with 
scales and muscles, must have been about one foot ; hence we may 
infer, that the entire length of the animal was about six feet. Wheth- 
er this was the head of a young animal, or of an adult of a small spe- 
cies, cannot, perhaps, be determined. From the rare occurrence of 
the bones of saurian animals in the tertiary strata, we may infer that 
these animals whose remains are so abundant, and of such large mag- 
nitude, in the secondary strata, had nearly disappeared in nor~liern 
latitudes, at the epoch when the tertiary strata were deposited. 

The teeth and tusks of elephants have been discovered in many 
situations, in what is supposed 10 have been London clay, but which 
may have been a covering of diluvial clay ; for the patches of dilu- 
vial gravel that are spread over many parts of the Vale of Tharnes, 
frequently contain the remains of elephants.* Amrnoniies and belem- 

- -. - -. 

In clearing away the bed of gravel on the north side of the Regent's Park, 
the tusks of elephants were found, bat in a mouldcring alate, in 1818. 
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fiLes, and many genera of testaceous animals, that have left their re

mains in chalk and the lower strata, appear to have been extinct be

fore the deposition of the London clay. Nautilites are however,

found in it, similar to the species inhabiting the Indian Ocean, and bi

valve and univalve shells are so numerous, that it would be difficult to

select any particular species, as peculiarly characteristic of this for

mation. The shells belong mostly to genera inhabiting our present
seas; yet slight variations of form may be perceived, which have

induced naturalists to regard them as distinct from living species.
The springs that rise in the London clay are generally impregna

ted with sulphate of iron and sulphate of lime, and some of the

springs contain sulphate of magnesia; the quality of the water, how

ever, varies much in different situations, and at different depths. To

obtain soft water, it is necessary to bore or sink through the London

clay to the sand above the chalk, and sometimes into the chalk itself.*

The London clay and the under beds have been perforated to the

depth of three or four hundred feet in some situations, before good
water could be obtained; when the stratum is pierced which holds

the best water, it rises almost immediately, and sometimes overflows

the surface. This admits of an easy explanation, by referring to the

section of the Vale of Thames. (Plate IV.) The water which en

ters the edges of the porous strata, say at x x, descends to the low

est part of the trough or basin, and when perforated would rise to

near the level of x x, were the strata deposited in a circular basin,

the edges of which rose on each side from the Vale of Thames;

but the strata are deposited in a longitudinal basin or trough between

the chalk hills of Hertfordshire and Surrey, and the river Thames

cuts through the porous edges of the strata below Greenwich; so

that the water being there let out, can seldom rise in wells much

above the highwater mark. Were it not for this, we might have nat

ural jets d'eau of considerable height and magnitude in all the squares
of London, to cool and refresh the air during the summer months,

and supply the inhabitants in the vicinity with salubrious water. In

order to preserve the water pure, that is obtained from chalk or the

sand over chalk, it is necessary to line the inside of wells, or to put
down tubes, to prevent the water from the London clay, intermixing
with the pure water from below.

* At the village of Wildsen, three miles north-west of London, the boring for
water was made two hundred and eighty feet into the clay, and seventy-five feet
below it into the chalk, when the water immediately rose to within thirty-five feet
of the surface. Chalk rocks, and other calcareous rocks in which the strata are
divided by fissures that are not filled with clay, always contain water in the fis
sures when the strata dip under the surface of the ground, or when they are cov
ered by argillaceous beds. This is also the case with coalstrata; and the presence
of water is necessary to keep the coal in good condition. If the water be entirely
drained from a bed of coal a considerable time before it is worked, the quality of
the coal is much deteriorated. This may be occasioned by air penetrating the fis
sures, and promoting the decomposition of pyrites in the coal.
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As the plastic clay and London clay contain wood-coal, or lignite,
which is supposed to be characteristic of these beds, probably the
strata with wood-coal at Alpnach (see Chap. VIII.), may be regard
ed as belonging to a similar epoch. Some French geologists would

place these strata still higher in the tertiary series. The strata at

Alpnach are peculiarly remarkable for containing the remains of the
narrow-toothed mastodon, and of other mamnialia, at the depth of

nearly three hundred feet from the surface. The annexed cut is ta
ken from a drawing of one of these teeth in the possession of the
late Professor Meisner, of' Berne, who also gave rue specimens of
the strata below which the tooth was found.

It is deserving of notice, that teeth almost exactly similar were
found on the volcano of linhaburra in the Andes, which is ten thou
sand feet above the level of the sea. 1 have one tooth in my posses
sion from thence, purchased at the sale of the late M. Faiijas de St.
Fond, of which the annexed cut may also serve as a correct rep
resentation.

The strata at Alpnacb consist of the following beds in descen

ding series :-




Feet. Inches.
1. Light grey sandstone - - - 24 0

2. Light grey limestone like Jura limestone 24 0
3. Different beds of Molasse or soft sandtone 227 0
4. Light grey sandstone with mica, like No. 1. 6 0
5. Light grey argillaceous limestone 1 6
6. Bituminous shale in layers -

- - 7 0
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Feet. Inches.
7. Stinkstone, a bituminous limestone with)

bones and river shells, the roof °> I to 2 feet.
the coal - - - )

8. Coal - - - - - 0 6
9. Bituminous schist - - 0 6 to 8

10. Coal - - - - - 2 0
11. Bituminous clay - - - 6 0
12. Molasse and sandstone - - 66 0

The bituminous strata, and shaly limestone, possessed all the char
acters of beds in the regular coat formations in England : probably,
the fetid quality of the limestone No. 7, was derived from the abund
ance of animal matter which it might contain. No. 2. is subcrystal
line, and, in its mineral characters, bears a near resemblance to moun
tain limestone.
Above the London clay, there is no calcareous formation, except

in the Isle of Wight, but in the Paris basin there are two ; of which
the lowest is called Calcaire grossier.
Le calcaire grossier, or coarse limestone of Paris, is deposited

upon the plastic clay, as the latter is upon the subjacent chalk: be
tween the plastic clay, however, and the calcaire grossier, there is a
bed of sand ; but geologists are not delerthined, to which of the two
formations it belongs. The calcaire grosier differs in its quality in
the different beds, but it may be described generally as a yellowish
earthy limestone, which bears some resemblance to Portland stone in
its fracture, texture, and colour; but it is not oolitic. The strata of
limestone alternate with argillaceous marl and shale, and with calcare
ous marl.
The lowest bed of calcaire grassier is soft, and much intermixed

with green particles and sand; it contains a great number of the fos
sils called nummulites, on account of their being flat and round, and
resembling in shape a small coin. The shells in this bed are in high
preservation. In the beds immediately above, called the middle
beds, there are a prodigious number of marine shells, and also the
stems and impressions of leaves of plants iliac are not marine. In
the lowest and middle of the calcaire grossier, no less than six hun
dred different species of shells are found.

In the upper part of the calcaire grossier, the strata are several
feet thick, and yield a hard coarse-grained and durable limestone:
it is from these strata that the best building-stone is procUred. It
is often nearly filled with shells of the genus cerithium, and has hence
been sometimes called caicaire a cerites.

Between the strata of building-stone, there often occur thin strata
of flint or chert ; in some parts these siliceous strata enlarge into
thick beds of chert, (silex come,) or into beds of sandstone contain
ing marine shells; mtbe beds of this sandstone, at Pierrelaie, fresh
water shells have been discovered, mixed with numerous marine
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shells. The total thickness of the beds of caicaire grossier, near

Paris, is about ninety feet.
No beds of limestone resembling the calcaire grossier of Paris,

are found in the tertiary strata of England. The calcaire grossier
in the departments of La Dordogne and La Gironde, and other parts
of France, presents a considerable difference from that in the Paris
basin. In Hungary, extensive strata of the calcaire grossier have
been described by M. Beudant; they are, in every respect, analo

gous to the strata in the Paris basin, both in their mineral and zoolo

gical characters. The lower beds also are intermixed with shelly
sand, and green particles, which bear a close resemblance to the

shelly depositions in the plain of Lombardy. M. Humboldt thinks

be discovered, in some parts of South America, a formation similar
to the calcaire grossier.

Calcaire siliceux is composed of limestone, sometimes grey and

compact, and sometimes tender and white: it is penetrated by silex

in every direction, and in all its parts. According to the early opin
ion of M. Brongniart, the calcaire siliceux occupies the place of the
calcaire grossier where the latter is wanting; others regard it as an

upper formation above the middle gypsum. Some of the beds of

the calcaire siliceux furnish mill-stones, and contain river shells. In

this bed, the silicate of magnesia was discovered by N. Brongniart.
The siliceous infiltrations sometimes form plates of chalcedony, and

rnammillated concretions of chalcedonic chert, coloured red, violet,

and brown.

Gypseous Marl and Gypsum.-This remarkable formation occurs

in detached hills along the course of the rivers Marne and the Seine;

it is supposed to have extended originally as one continuous bed

from east to west, twenty five leagues in length and eight in breadth:

its greatest thickness is about two hundred feet.

The gypsum formation consists of alternating beds of gypsum and

argillaceous and calcareous marl, which are regularly arranged, and

preserve the same order of succession wherever they have been ex

amined. The gypsum forms three distinct masses. The lowest

consists of thin strata of gypsum, containing crystals of selenite,

which alternate with strata of solid calcareous marl, and with argil
laceous shale. The middle is like the lowest mass, except that the
strata of gypsum are thicker, and the beds of marl are not so nu

merous; it is chiefly in this mass that fossil fish are found. The

uppermost mass is the most remarkable and important of all; it is
in some parts more than seventy feet thick; there are but few beds
of marl in it; the lower strata of gypsum in this mass have a co
lumnar structure: the gypsum is pure, and finely granular; it has a

light yellowish brown colour, which might perhaps more properly be
called a dirty white. In this upper mass of gypsum, the skeletons
and scattered bones of birds and unknown quadrupeds are (hscov
ered; sometimes, they are found in the solid gypsum, and some-
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times in the marl that separates the beds. Remains of turtles and
crocodiles have also been found in the same strata. It is to the in

defatigable and enlightened labours of Baron Cuvier that we are in
debted for a knowledge of the different genera of remarkable land

quadrupeds, belonging to a former world, found in the gypsum quar
ries; they differ from any genera of living animals. These land

quadrupeds were herbivorous; they belong to the order which Cu
vier has denominated Pacitydennata, or thick-skinned non-ruminant
animals. One of the genera called Palotkeriurn, (or ancient ani
mal,) appears to bear some relation to the rhinoceros, the hippopota
mus, and horse, and in some respects to the pig and the camel.
Of this genus there are eleven or twelve species; five of them

have been found in the Paris gypsum. The largest was of the size
of a horse, but its form was heavy, and its legs were thick and short;
its grinders resemble those of the rhinoceros and the daman ;* it
had six incisive and two canine teeth, like the tapir, and, like that
animal, had a short fleshy trunk: it had three toes on each foot, and
is supposed to have inhabited marshy ground, and to have lived on
the roots and stems of succulent marsh plants. One of the species
however, possessed the size and the light figure of the Antelope, and
is supposed, like other light herbivorous animals, to have browsed,
in dry situations, on aromatic plants, or the buds of young trees.

Probably, says Cuvier, it was a timid animal, with large movable
ears, like those of the deer, which could apprise it of the least dan

ger: doubtless its skin was covered with short hair; and we want
to know only its colour, in order to paint it, as it formerly lived in
the country where, after so many ages, its bones have been dug up.
One species of the pala3oiherium was not larger than a hare.
The noploherium, or animal without defensive teeth, has been

found only in the gypsum quarries near Paris. It has two very dis
tinctive characters: the feet have only two toes, which are separated
the whole length of the foot; the teeth, of which there are six inci
sive in each jaw, a canine tooth of the same height, and six niolares
or grinders, all form a continued scries without any interval, which
is the case with no other known quadruped. The most common
species is of the height of a boar, but much longer. In the same
quarries, there are remains of other animals, allied to the anoplo
therium, but which differ in the form of their teeth. In these quar
ries, the bones of six species of birds have been discovered, and
also the remains of a few carnivorous animals, allied to the dog and
the weasel. It is remarkable, that in the middle of the gypsum for-
mation, and throughout the greater part of it, we find the remains of
land animals and of fresh-water fish and shells; but near its upper
and lower limits, both in the gypsum and the gypseous marl, the fos-

* An Aflican quadruped, of the size of a rabbit, but closely resembling the
rhinuceros.
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sils are those of marine animals. A bed of green marl, which may
be very distinctly traced near the termination of the upper mass of

gypsum, separates the fresh water from the sea shells; and in the
lower part of the gypsum formation, marine shells are found in the

gypsum itself'.
It may be useful to those strangers who visit Montmartre for the

first time, to state, that this thin green bed, which can be distinctly
seen and traced, may serve them as a key to the geology of the

place; as it separates all the lower marine and fresh-water forma
tions from the upper.
The gypsum of the Paris basin was probably deposited in an ex

tensive lake, on the borders of which the land animals, whose re
mains are discovered in it, flourished and perished. Some of them

appear to be formed for swimming, or living much in the water, like
the otter or water rat. Whether the water in this lake was salt or
fresh, is by no means certain; though M. Brongniart thinks that a

single fresh-water shell found in the gypsum would decide the ques
tion: but this opinion, however high the authority of so distinguished
a naturalist and geologist may be, cannot, I conceive, be maintained;
for, in some of the beds, we meet with a mixture of marine and
freshwater shells,-and in this case who shall determine, whether
such beds are of marine or freshwater origin? The intermixture of
shells clearly shows, that they have been transported from their native
situations, or if the water be brackish, that marine and freshwater
mollusca may live in the same estuary or lake, which is confirmed

by recent observations and experiments.
The fossil bones found in the gypsum quarries near Paris are light

and porous, and appear to have been scarcely penetrated by gypsum:
this is very remarkable; for if we suppose the gypsum to have been
held in solution by water, like the sulphate of lime in recent springs,
it seems extraordinary that it should not have penetrated into the

pores of the bones. I am not aware that the circumstance has be
fore been noticed by geologists, but I think the state of the bones

proves, that they were rapidly enveloped by the gypsum, before the
animal matter in the pores was decomposed; and also, that the gyp
sum was speedily -consolidated. The same observation would apply
to the bones of land animals which I found in the freshwater lime
stone, under the volcanic mountain of Gergovi, in Auvergne; the
state of these bones was similar to those in the Paris gypsum.

Baron Cuvier was the first naturalist who successfully applied the

knowledge of comparative anatomy, to ascertain the forms of verte
brated fossil animals. The publication of his Rec/zerches sur les Os
s1nens Fossiles may he regarded as an epoch in geology: since that
time, many other important discoveries respecting fossil quadrupeds,
have been made. It will not, therefore, be deemed irrelevant to our

subject, to insert the very interesting account he has given of his own

feelings when he first became able to arrange the bones of each ge-
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ntis and species of unknown animals, found in the gypsum quarries
near Paris :-" When the sight of some bones of the bear and the

elephant, twelve years ago, inspired me with the idea of applying the

general laws of comparative anatomy, to the reconstruction and the

discovery of fossil species; when I began to perceive that these spe
cies were not perfectly represented by those of our day, which re
sembled them the most ;-1 did not suspect that I was every day
treading upon a soil, filled with remains more extraordinary than any
that I had yet seen; nor that I was destined to bring to light whole

genera of animals unknown to the present world, and buried for in
calculable ages at vast depths under the earth. It was to M. Veurin
that I owe the first indications of these bones furnished by our quar
ries: some fragments which lie brought me one day, having struck
me with astonishment, 1 made enquiries respecting the persons to
whom this industrious collector had sent any formerly: what I saw
n these collections served to excite my hopes and increase my cu

riosity. Causing search to be made at that time for such bones in
all quarries, and offering rewards to arouse the attention of the work
men, I collected a greater number than any person who had pre
ceded me. After some years I was sufficiently rich in materials to
have nothing further to desire; but it was otherwise with respect to
their arrangement and the construction of the skeletons, which alone
could conduct me to a just knowledge of the species. From the
first moment, I perceived that there were many different species in
our quarries; and soon afterwards, that they belonged to various ge
nera, and that the species of the different genera were often of the
same size; so that the size alone rather confused than assisted my ar

rangement. I was in the situation of a man who had given to him,

p"le mile, the mutilated and incomplete fragments of a hundred
skeletons, belonging to twenty sorts of animals, and it was required
that each bone should be joined to that which it belonged to. It was
a resurrection in miniature; but the immutable laws prescribed to liv

ing beings were my directors.* At the voice of comparative anato

my, each bone, each fragment, regained its place. I have no ex-

* In the following passage Cuvier has more fully explained what he denomi
nates "the immutable laws prescribed to living beings:"-" Every organized be
ing forms a whole and entire system, of which all the parts mutually correspond
and co-operate, to produce the same definite action, by a reciprocal re-action;
Done of these parts can change, without a change of the others also. Thus, if the
intestines of an animal are organized in a manner only to digest fresh flesh, it is
necessary that his jaws should be constructed to devour the prey, his claws to
seize and tear it, his teeth to divide the flesh, and the whole system of his organs
of motion to follow and overtake it, and of his organs of sense, to perceive it.at
a distance. It is necessary, also, that he should have seated in his brain the in
stinct to hide himself and spread snares for his viclim: such are the general conditions of a carnivorous regimen : every carnivorous animal must infallibly
unite them,-without them the species could not subsist. But, under these gen
eral conditions, there are particular ones with respect to the size of the species,
and the abode of the prey, for which each animal is disposed.
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precsions to describe the pleasure experienced, in perceiving that, as

I discovered one character, all the consequences, more or less fore

seen, of this character were successively developed. The feet were

conformable to what the teeth had announced, and the teeth to the

feet; the bones of the legs and the thighs, and every thing that ought
to reunite these two extreme parts, were conformable to each other.
In one word, each of the species sprung up from one of its elements.
Those who will have the patience to follow me in these memoirs,

may form some idea of the sensations which I experienced, in thus

restoring by degrees these ancient monuments of mighty revolutions.
This volume will afford much interest t naturalists, independent of

geology, showing them, by multiplied examples, the strictness of the

laws of co-existence, which elevate zoology to the rank of the ra

tional sciences, and which, leading us to abandon the vain and arbi

trary combinations that had been decorated with the name of systems,
will conduct us at last to the only study worthy of our age-to that
of the natural and necessary relations, which connect together the
different parts of all organized bodies. But geology will lose nothing
by this accessary application of the facts contained in this volume:

and thus the numerous families of unknown beings, buried in the

most frequented part of Europe, offer a vast field for meditation."

Upper Marine Sand and Sandstone.-In the Paris basin this for
mation covers the gypsum, or where that is wanting, it rests on the
calcaire grossier. The marine sand and sandstone is divided into

two beds; the lower is without shells in situ, though some broken

fragments occur in it. This sandstone is frequently composed of

grains of transparent pure silex, and contains occasionally small

scales of mica. In some situations, this sandstone is penetrated by
calcareous infiltrations. In other situations, there are balls and masses
of much harder sandstone, which are used for paving stones in Pa

ris, but they are not durable. At the forest of Fontainebleau in
France, the thickness of this sand and sandstone, exceeds one hun
dred and seventy feet; the sandstone occurs in loose blocks and ir

regular masses, and sometimes is distinctly stratified. In some parts,
the sand is so pure that it is used in making the finest glass. In
other parts, the quantity of calcareous earth is so large, that it as
sumes the form of calcareous crystals. There is no stratum of
this marine sandstone in England, but detached blocks of similar
stone, called (grey weathers) are scattered over some of the south
ern counties, and some of the large stones at Stonehenge are of the

same kind. South of Nemours, in passing from Lyons to Paris, I
observed at considerable elevations, masses of this sandstone loosely
imbedded in sand, and as the sand becomes washed away, these
masses fall out, and are scattered over the lower ground ; in this
manner, the occurrence of the blocks of grey weathers may be ac
counted for: they are the remains of a formation of upper sand
stone, which has disappeared in England.
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yellowish colour, but that of the best quality is nearly white. All
the best mill-stones used in England are brought from this bed, and
are known by the name of Burrh stones. There are no shells or or

ganic remains in this bed.

Upper Freshwater Formation.-This formation, though exten

sively spread over many parts of the Continent, is scarcely known in

England: it occurs in the Isle of Wight. In the Paris basin, it cov
ers all the other tertiary strata, and is itself covered with vegetable
soil. The upper freshwater formation is so called, because all the
shells which it contains are analogous to freshwater shells: it con
sists, principally, of calcareous earth, and siliceous earth, sometimes

separated, and sometimes intermixed. Calcareous earth, in the state
of pure limestone, is the most common: large masses of freshwater
silex are more rare. The silex occurs, sometimes, as a pure trans
lucent flint, and sometimes, opaque, with a resinous fracture; some
times, it approaches to the state of jasper, and sometimes, it has all

the characters of mill-stone.
Freshwater limestone, in the vicinity of Paris, has generally, a

greyish white, or a yellowish colour; it is sometimes, as tender as

chalk, and sometimes, hard and compact, with a fine grain and con
choidal fracture: in the latter state, it is brittle, and breaks into

sharp-edged fragments like flint. Some of this limestone, at a dis
tance from Paris, particularly that of Château London, presents the
character of a transition marble, and will receive a fine polish. Sev
eral of the basins with jets d'eau in the gardens of the Thuilleries are
made of this marble. Many of the harder freshwater limestones,
however, rapidly disintegrate on exposure to air and moisture, fall to
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the state of marl, and are used as manure. This formation is char
acterised by containing, exclusively, freshwater and land shells, sim
ilar to what are found in the neighbouring marshes; they belong to a
small number of genera or species, being chiefly lyninites, planorbes,
turbinated shells, (allied to cerithea,) cyclostome, and helices.
Having described the tertiary strata round Paris and London, I

shall proceed to the tertiary strata in the Isle of Wight, which con
tain many beds that are wanting in the London strata. The forma
tions of the north of France and of England, do not, as it was once
imagined, compose the whole of the tertiary deposits, but only the
lower and middle parts. A brief account of the tertiary formations,
in other countries, will be subsequently given.
For the first accurate account of the tertiary strata in England, we

are indebted to l\-1r. Webster, who published, in vol. ii. of the Tran
sactions of the Geological Society of London, a description of these
strata in the Isle of Wight, and their connection with the subjacent
chalk. The chalk, covered by the London clay, passes under the
channel, called the Solent, and rises in the middle of the island,

forming a range of hills which extends from Culver Cliffs on the
east, to the Needles on the vest. Here we meet with a remarka
ble derangement of the beds of chalk, and of the superior strata;

part of the strata of this range of hills from the western to the east
ern side of the island are thrown into a position nearly vertical, evin

cing the action of a mighty disturbing force, which can be so often
observed to have broken or uplieaved the secondary and tertiary
strata, in the vicinity of the Alps. Evidence of the same dislocation
of the strata, extends from the Isle of Wight into Dorsetshire.
The whole thickness of the beds at Alum Bay, in the Isle of Wight,

which are nearly vertical, comprising fourteen hundred and eighty
one feet of strata above the chalk, about nine hundred and eighty
seven feet of chalk, and five or six hundred feet of lower strata, is

according to Mr. Webster's measurement, not less than three thou
sand feet. Farther south the strata under chalk are seen again in
their original horizontal position; and on the northern side, there are
hills composed of horizontal strata, evidently of a formation posterior
to the time when the chalk strata were overturned. That the latter
were once nearly horizontal, may be inferred from their generally oc

curring in that position in the southern counties, and this conclusion
is rendered certain, from the following circumstance, described by
Mr. Webster. In one of the vertical beds consisting of loose sand
are several layers of flints, extending from the bottom to the top of
the cliff. "These flints have been rounded by attrition, are from an
inch to eight inches in diameter, and appear to have belonged to the
chalk. Now it is inconceivable that these flints could have been

originally deposited in their present position : they distinctly point
out the lbrmer horizontal direction of this series. There are no
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signs of partial disturbance in these beds; the whole appears there-

fore to have been moved together."
Close adjoining the vertical strata on the northern side of the is

land, occurs a series of horizontal strata, which are distinctly visible

in a hill called Headon :-these strata consist of an alternating series

of fresh water and marine deposits, bearing a striking similarity in

their fossil contents, to the strata in the vicinity of Paris. Accord

ing to Mr. Webster, they consist of
1. A calcareous stratum, containing only fresh water sbells.Up

per fresh water.
2. Greenish marl with marine shells.-Upper marine.

3. Marl with fresh water shells.-Lower fresh wager.

4. Dark blue clay without shells.-Lower marine.
Thus, we have over chalk four distinct formations. No. 4. A

lower marine formation, which includes the London clay. A lower
fresh water formation, No. 3. The strata of this formation consist
of sandy, calcareous and argillaceous marl; some of them appear
to be formed, almost wholly, of the fragments of fresh water shells,
without any mixture whatever of marine shells. " From the quan
tity of these shells, and the regularity and extent of the strata
we are compelled" says Mr. Webster, "to admit, that the spot where

they now are, was once occupied by fresh water, in which these an
imals existed in a living state. Over this fresh water occurs an up
per stratum, No. 2, which contains a vast number of fossil shells

wholly marine. Again, over this marine formation, in the same bill,
is a calcareous stratum, fifty five feet in thickness, No. 1, every part
of which contains fresh water shells in great abundance, without any
admixture of marine cxuvi. Many of the shells are in high pre
servation; and the animals must formerly have lived in the very spots
where they now are, the shells being so fragile, that they could not
have been removed from their original situation without breaking.
Part of the stone of this formation is very hard and compact, and
has long been used extensively for building stone. This stratum ap
pears to have extended over the whole of the northern part of the
Isle of Wight; but it. has not yet been discovered in any other situa
tion on this side of the water: it may be considered as the latest for
mation of rock with which we are acquainted in England, and it

agrees in many of its mineralogical characters, and the fossils it con
tains, with the fresh water limestone caicaire d'euvx douce, in the vicin

ity of Paris, they are different from any other known rock." But no
where has there been discovered, in the series of freshwater strata
in England, any trace of the remarkable beds of gypsum containing
bones of unknown genera, and species of quadrupeds, similar to the

gypsum of Montmartre.

During a recent visit of the author to the Isle of Wight, he was
induced to conclude, that some of the remarkable phenomena which
this island presents, would admit of a more simple explanation than
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what has generally been given. He proposes to state his opinions on
this subject in a subsequent work.
Dr. Buckland has pointed out many situations west of the London

clay, where patches of the lower beds occur. These patches indi
cate that what is called the London Basin, and the basin of the Isle
of Wight, were once continuous, and that their continuity was bro
ken by the upheaving of the chalk, which, in several parts, had lifted

up the portions of tertiary strata that still remain.
The formation called Norfolk Crag, remains to be noticed as the

last of the English tertiary formations.
In the counties of Norfolk and Suffolk, there is a series of irregu

lar beds of ferruginous sand and clay, mixed with marine shells,
which has received the name of crag. The beds are much con
torted and broken, and are intermixed with London clay and chalk,
on which they rest; they are covered in many parts by diluvium.
The crag is considered as the most recent of the tertiary beds in Eng
land; its true geological position, in relation to the tertiary strata on
the Continent, is not precisely ascertained. According to an account
of Mr. S. Woodward of Norwich, the crag is of limited extent n
situ, in the county of Norfolk. If a line be drawn from Cromer,
on the northern coast of Norfolk, to Wayburn, about six miles west,
and from thence extending southerly towards Norwich (about eight
een miles,) it will comprise all the regular beds of crag. Mr. Wood
ward supposes that these beds were deposited in an estuary; east
ward of this tract, ligneous and mammalian remains have been found
in abundance, indicating that it was once dry land. (Mag. of Nat.
Hist. Sept. 1832.) According to Mr. R. C. Taylor, the crag forms
the base of the cliffs, from Cromer to Trimmingham. In a valua
ble paper on the Geology of East Norfolk, by the same gentleman,

published in the Philosophical Magazine and Annals of Philosophy,
April, 1827, and the following numbers, there is an interesting ac
count of the geological position of the crag near the coast, with ex

planatory sections. "The crag rests in part upon the London clay,
and a laminated clay without fossils, and partly upon chalk, occupy
ing the lowest sites; rarely rising to eighty feet above the present
level of the sea, and in general not more than half that elevation.
The average level of its base may be considered to be about that of
the present ocean. In certain cases, where the chalk hills attain a

higher level than the crag, that deposit could be expected only to en

velope or surround their sides, and not to penetrate into the chalk:
such eminences would then present the appearance of tongues or

promontories of chalk, protruding into the crag; and this circum
stance accounts for the occasionally apparent absence of that forma
tion. But the crag has been subjected to abrasion by diluvial cur
rents. Portions of its western edges have been swept away. Their

fragments, mingled with those of chalk and preceding formations,

piled in enormous heaps, form the cliffs of Cromer and Trimiogham,
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250 or 300 feet in thickness, upon the original crag, which rests
in situ at their base."-No. 4. (new series) p. 226. The fossils in

the crag are not mineralized; many of them appear to belong to spe
cies living in the present seas. The general characters of the crag
are ably given by Mr. Taylor. "A district bordering a hundred

miles upon our eastern coast, is occupied by an ancient marine de

posit, continually changing its aspect, yet constant n its peculiar cha

racters, and always to be understood by unerring data: DOW appear
in- as a ferruginous sandstone, then a compact clay, and again con

siderably indurated; sometimes blended in a mass of extinct zoo

phytes, sponges and alcyonites, forming a soft rock; oftener an ir

regularly accumulated mass of decomposed and broken littoral shells,

loosely imbedded in sand like an ordinary sea-beach, yet accompa
nied with the remains of unknown animals ;-sometimes forming the

substratum of a considerable area; or, overwhelmed beneath the
debris of older strata, only detected at intervals ;-at one point ex

hibiting groups of shell fish allied to those of the neighbouring sea;

and at another, composed of numerous genera, which are neither to
be recognized living in any part of our globe, nor assimilating to the
fossil shells of other formations. "-Phil. Mczg. page 350.

Mr. Taylor, in his account of the Norfolk crag, appears to asso
ciate with it the beds which Mr. Woothvard describes as diluvium;
hence he gives a greater extent to the crag formation than Mr. Wood
ward. The latter gentleman states, as a well ascertained fact, that
the tooth of a mastodon was obtained from the crag stratum at Whit

liugham near Norwich; and he has also a fragment of a tooth of a
mastodon, which he took out of the crag at Bramerton. These are
the only instances at present known, of the remains of this animal

being found in any part of Great Britain. Teeth of the fossil ele

phant or mammoth are very common. A similar formation to crag
is said to be discovered on the French coast between Calais and

Cape Blanc Ne: also in the neighbourhood of Tangres near Ant

werp, and in other parts of the Netherlands.
Mr. Mantell pointed out to me, when at Brighton, that the cliITh

there are composed of sand and chalk-flints not worn by attrition, and
that they rest on an ancient sea beach, with rolled shingles : in some
of their characters, there is a great similarly to the Norfolk crag.
The sand is in some parts cemented into hard masses of sandstone,
and teeth of the elephant and the horse are found in the cliff's, indi

cating the high antiquity of this deposition. It has been formed in
the valleys or depressions in the chalk, but it is not very easy to ex

plain, how the chalk flints were collected in such masses, and depos
ited without having been subjected to attrition. It is probable that
future discoveries may make it necessary to place the crag, the Bag
shot sands, and the conglomerate in the cliffs of Brighton and other

parts of the English coast, among the upper tertiary strata, which
i1L be described in the following chapter.
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CHAPTER XVII.

ON THE RECENT TERTIARY STRATA, OR WHAT ARE CALLED BY
SOME GEOLOGISTS QUATERNARY.

The Methods for determining the relative Age of Formations explained, and their
Value examined.-Evidence from Position.-Evidence from Organic Remains.
-System of M. Desha es founded on Fossil Shells.-Uncertainty attending the
Evidence from Organic Remains.-Arbitrary Classifications of Naturalists,
Supposed Limits to the Transmutation of Species of Molluscous Animals exa
mined.-.-System of M. Elie de Beau mont.-Geological Age of Palotheria-of
Mastodons-of Elephants.-Recent Tertiary Strata of the Basin of the Loire.
Of the Subappennine Ranges.-Of the Freshwater Formations in the Appennine
Valleys.-Remarkable Intermixture of the Skeletons of Whales, Elephants, &c.
at Castello Arquata explained by what has taken place in England.-Freshwa
ter Limestone of (Eningen, one of the most recent Tertiary Formations.-Hu
man Skeletons erroneously supposed to have been found there.-Observations
on the relative Age of the Strata of ningen.

AFTER the discovery of the true character of the tertiary strata of
the Paris basin, and of England, it was, for some time, believed that
the former was a complete representation of the whole tertiary form
ations in every country; and that the strata of the London basin, and
of the Isle of Wight, represented a portion of the strata of the Paris
basin, it is now, however, ascertained, that in the central and south
ern parts of France, and in many other countries, there are exten
sive tertiary formations which contain organic remains, very different
from those in the Paris basin.

These strata are, with much probability, believed to have been

deposited in detached lakes or estuaries, at a subsequent period to
that in which the Paris basin was laid dry.

It appears also probable, that these newer tertiary strata are of dif
ferent ages; and that some of them approach in their characters to
the depositions at present forming on the shores of the ocean, or in
the deltas of great rivers, or in freshwater lakes.
The relative antiquity of these recent tertiary formations, is a sub

ject of high geological interest, as it is connected with the history of
the latest revolutions of the globe, and the catastrophes that have de

stroyed the ancient races of its inhabitants.
But how are the relative ages of the strata in different tertiary ba

sins to be ascertained? The relative ages of two groups or Ibrina
tions of strata, or of two strata in distant parts of' the same series,

may be determined by two methods: one founded upon the evidence
of position, the other upon that of organic remains. As the compar
ative value of these two kinds of evidence, and their relations to each
other, has nowhere, that I know of, been briefly and clearly stated,
for the benefit of the geological student, 1 trust I shall be excused for

attempting to give a simple and familiar explanation of each method.
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The evidence from the superposition of strata, or what the French
call gisement, is based upon a self-evident truth. In all stratified
rocks that have been formed or deposited by water, the lowest stra
tum is the most ancient; or, in other words, every stratum is older
than the stratum that covers it; unless, by some violent dislocation,
the strata have been overturned, or removed from their original posi
tion. What is true with respect to two strata, may be applied to two
series of strata, that occur under each other: thus, we are certain
that the red sandstone and marl under the has beds, are more an
cient than the latter; and as both formations preserve the same char
acter over a great extent, whenever we meet with them in other sit
uations, where the superposition is not apparent, we may safely con
clude, that the red sandstone is more ancient than the has, and oc
curs under it.
We cannot, however, apply the same evidence to two groups of

strata formed in detached lakes or basins, because, being deposited
in different localities, they never occur superimposed on each other.
Let us suppose that two ancient lakes, situated at a considerable'dis
tance, had become dry in remote ages, and that a stratum of calca
reous marl were found in the ancient bed of each lake; it would be

evidently impossible, from these data, to determine which stratum
was the most recent, or whether their ages were coeval. Let us,
for the better distinction of the stratum of calcareous marl in each
lake, call the one stratum A, the other B. Suppose the geologist,
who had seen the marl beds, were to observe, in a neighbouring steep
bank or cliff, two marl beds similar to A and B, but separated by a
bed of sandstone, he would have no doubt that the lower marl was
the most ancient; but he could not apply this to determine the rela
tive ages of the lake-marl strata, A and B. Were he, however, to
discover a number of shells of one species in the lower marl bed of
the cliff, and another species in the tipper marl bed; and were he af
terwards to find the same species of shells that were in the lower
cliff marl, in the lake-marl bed A, and the species that were in the

upper cliff marl, in the lake marl bed B ; be would then have strong
presumptive evidence, that the lake-marl A was more ancient than
the lake marl B. The evidence from organic remains, or what is

technically called the zoological characters, becomes more satisfacto

ry in proportion to the number of instances in which it can be sup
ported by the evidence from position.

In the above example of the strata of calcareous marl in the two
ancient lake beds, the evidence of their relative ages derives all its
value from the original evidence of position observed in the mar] beds
of the cliff. The evidence from organic remains alone, must ever
be attended with uncertainty, unless originally confirmed by the evi
dence from superposition. Animals whose remains are deposited in
distant basins, may be of different species; but this does not prove
that they did not live at the same period, as we find in the present
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day different species inhabiting different latitudes; and difibrence of

temperature in the waters of different lakes in the same latitude,

might occasion a great change in the character of the inhabitants.

The consideration that the value of the evidence from organic re

mains, was originally derived from the evidence of position, and

must ever remain, more or less, dependent upon it, appears to have

escaped the attention of many geologists, exclusively attached to the

study of zoological characters. Among our ingenious neighbours,
the French, perhaps too ready to form generalizations from a limited

number of facts, the value of the evidence to be derived from the

study of fossil conchology is greatly overrated, when they would
make it independent of position or gisement. Could the most sci

entific conchologist or naturalist have discovered from the organic
remains in the Wealden beds, whether they were deposited before or

after the green sand? Certainly not. He might have ascertained

that they were fresh water, and not marine beds; but this would not

have assisted him in discovering their relative age. Fortunately, we

have here the evidence of superposition; for the green sand lies over

the upper Wealden beds, and, therefore, is a later deposition. When

the different periods of time in which different species of animals

first appeared in different latitudes, shall be known, then, and not till

then, can we predicate with certainty respecting the relative age of

strata from their organic remains alone.

I shall now proceed to state the rules attempted to be established

for determining the relative ages of the tertiary strata by organic
remains.
M. Deshayes considers that the relative ages of different groups

of strata or formations may be determined, by their zoological char

acters alone; that is, by the species of shells they contain. He

forms two grand divisions of stratified formations :-

1. Those which contain no species of shells analogous to exist

ing species.*
This division is stated to comprise all the secondary strata.

2. Strata which contain a greater or less number of species analo

gous to existing species.
The last division comprises all the tertiary formations. Again he

subdivides this division into three groups, according to the greater
or less proportion of species of shells, that they each contain anal

ogous to living species.
In the more ancient group he places the tertiary formations of the

Paris basin, the London basin, the isle of Wight, and of a part of

Belgium, a small part of the Gironde, and the tertiary strata of the

Vieentin

* By espècc anaiogie, M. Deshayes means identical species.



240 FOSSIL CONCBOLOGY.

In the tertiary beds of this group, nearly fourteen hundred species
of shells have been found, of which thirty-eight species are analogous
to existing species, or about three in every hundred. Only forty-two
of these species appear in the upper tertiary, and none of the four
teen hundred species found in this group, have any analogy with those
found in the secondary strata, not even in the most recent or chalk
formation.
The second or middle group comprises the mans of Touraine, and

other parts of the Loire, a great part of the basin of the Gironde,
of of Austria, Hungary and Poland, and a small portion of the

sub-Appennine hills, in the environs of Turin. Geologists and natu
ralists had before only admitted one group of tertiary strata in Aus
tria and Italy.
Of nine hundred species of fossil shells found in this group, and

compared by M. Deshayes, one hundred and sixty are analogous to

living species, or eighteen in every hundred, and one hundred and

thirty species have continued to live, during the formation of the up
per or more recent group.
The upper group comprises the sub-Appennine hills, the tertiary

strata of Sicily, those of the Morea, the small basin of Perpignan,
and the small basins bordering the Mediterranean. In this group M.

Deshayes is inclined to place the Norlblk crag, at least until its char
acters shall be better known.
M. Deshayes has recognized seven hundred species in the upper

group, of which the greater half are analogous to living species.
Thirteen species alone, M. Deshayes observes, have yet been found
common in all the three tertiary groups, and have resisted the destruc
tive causes that have successively modified the organization of subma
rine animals. The living species, analogous to the fossil shells in the
more ancient and middle groups, are chiefly inhabitants of tropical
climates, whereas the greater number of species, found in the most
recent group are analogous to. those now living in European seas.
The results of M. Desbayes' researches, if fully confirmed, would

establish the following rules for determining the relative ages of strata.

1. That in proportion to the greater number of fossil species in
strata analogous to living species, such strata may be deter
mined to be more recent.

2. That a great change in the organization of fossil species, and
in the proportion of the number analogous to living species,
ought to be considered sufficient to constitute different for
mations.

3. That the different tertiary basins, were not formed or filled

contemporaneously.

Before admitting the conclusions of M. Deshayes, it will be right
to pause, and consider well how little we know of the inhabitants of
the shells which are divided by conchologists into such a multitude
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of species, from a trifling difference of form. Molluscous animals,

having no internal skeleton, appear to possess great power of adap
tation, and of forming and renewing their shells, according to the cir
cumstances in which they are placed. It therefore seems to be trav

elling far beyond the bounds of sober experience, to establish such

sweeping generalizations, on the evidence ofshells alone. Where other
concurrent evidence can be adduced, either from the organic remains
of plants or the higher classes of animals, the presence or absence of
certain species of shells may serve conjointly, as distinctive charac

ters of formations; we may farther admit, that the greater abund

ance of supposed species of shells, in any formation, analogous to

existing species, implies that the conditions under which the strata
were deposited, were analogous to the present condition of the globe
whether all the shells designated as different species were really so
or not.

Change of 'form, much greater than what exists in the coverings
of many testaceous animals said to be of different species, may be

observed to take place in the same species of mammiferous animals
in different countries. The sheep of Africa, of Asia, and of Eu

rope present great varieties of form; and even in Europe, the dif
ference between one breed of sheep and another, in respect to form,
size, or horns, is much greater than between the forms of many dif

ferent species of shells. Let us suppose the race of sheep be

entirely destroyed in some future revolution of the globe, and be

skins and horns alone to be preserved in a fossil state, without any
portion of the skeleton or of the hoofs or teeth. The future geolo

gist or naturalist would have as much reason to establish specific dis

tinctions from the fossil skins, as the conchologist has to establish

them from fossil shells. The external covering is all that can guide
either of them; for of the animals themselves the conchologist knows

nothing, absolutely nothing, that can serve for a specific character.

The future dealer in fossils might establish forty species or more of
the genus Ovis. Thus he would have his Ovis maximis, 0. meaTius,
0. minimus, 0. lanigerens, 0. crinigerens, 0. cornuus, 0. bicor
nutus, 0. quadricorni4us, 0. longicaudatus, 0. pinguicauclatus, cum

multis aliis. Much ingenious and learned speculation would doubt

less be expended, to prove the epochs in which each species flourish
ed, and to determine the geological ages of the horned, and the fat

tailed sheep.
Few persons ever made more experiments, for a long series of

years, on the change of form and other qualities of animals, that

might be permanently produced, than the late Mr. Robert Bakewell,
of Dishley in Leicestershire. I have heard him say, that he scarce

ly knew any assignable limits beyond which these changes, both ex
ternal and internal, might not be carried. I am fully convinced that
the Author of nature has established laws for the preservation of dis
tinct classes and orders of animals; but be it ever remembered, that
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these laws are not limited by the artificial classification of natural
ists. The principle on which 1'1r. Bakewell proceeded was this..
He first travelled over England, and part of the continent, to discov
er and select animals of different kinds, possessing certain peculiari
ties of form, and other qualities, which he was desirous to render
permanent. By selecting two animals to breed from, which posses
sed the desired qualities in an eminent degree, and afterwards select
ing from their offspring those in which these qualities were most con
spicuous, and breeding again from these, the peculiarities were far
ther increased. By continuing the same selection through four or
five generations, be obtained races that would transmit the same qual
ities permanently to succeeding generations.*

Some naturalists have maintained, that an additional vertebral bone
was amply sufficient to establish a distinct species; but the number
.of vertebre is not invariably the same even in man. In some of
the negro tribes, an additional vertebral bone is not uncommon. To
apply what has been said to fossil conchology :-The molluscous ani
mals that inhabit and construct their shells, have no internal skeleton,
and must, therefre, be susceptible of greater change, and possess
greater power of adaptation to circumstances, than vertebrated ani
mals, in which the solid bones present obstacles to any essential de

parture from their original form.
Let us, however, imagine what is very possible; that a number of

individuals of one species of bivalve or univalve shell, were driven,

during a violent storm, into a distant part of the ocean, where the
animals could no longer obtain their accustomed food, but were still
able to support life by aliment of a somewhat different kind. Let
us suppose that the annoyances to which they had before been sub

ject, from natural enemies or other causes, were changed for annoy
ances of another kind. Under these different circumstances, is it
not probable that the animals themselves would undergo some change,
and modify the construction of their shells in some degree, to render
them better suited to the new conditions in which they were placed?
Thus, in the course of' a few generations, we should have a race
which conchologists would call a distinct species.

Where a series of tertiary strata of great depth is exposed to
observation, as in the case of the sub-Apennine strata, we have the

* Mr. BakeweB, of Dishley, was in a considerable degree self-educated, but he
possessed a Strong-original mind, which was enlightened by study and meditation:
be was also a man of great moral worth, and was intimately acquainted with Dr.
Priestley, Dr. Darwin, and other eminent philosophers who inhabited the central
parts of England, towards the close of the last century. The late Countess of
Oxford once asked the author of the present works whether he was related
the Mr. Ba/cewell who invented sheep. He replied that he was of the same Lei-
cestershire or originally Derbyshire family, and that Mr. Bakewell the inventor
of sheep said, that "he felt satisfaction, not in having provided for the tables of
the rich, but for the families of tije labouring classes, to whom a pound of his fat
mutton over a dish of potatoes made a cheap and nutritious dinner."
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evidence of position, that the uppermost beds are the most recent;
and if, in ascending from the lower to the upper part of the series,
we find the proportion of the species increase, that are analogous to
what now live in the Mediterranean, we obtain the evidence of posi
tion, to support some of the conclusions of M. Deshaycs. The evi
dence from position forms, however, the fundamental basis of our
conclusions respecting the relative age of the secondary and tertiary
formations; and we can only proceed safely when we have the aid
of this evidence.
M. Elie de Beaumont proposes a division of the tertiary strata into

three groups, according to the organic remains of large mammiferous
animals which they contain. He supposes that each of these groups
indicates a period of tranquillity, intermediate between two periods
of change and convulsion; and that each generation of animals was

destroyed by a different convulsion. His first period extends to the
mans above the gypsum, in the Paris basin. The second to the
Fontainebleau sandstone, the upper fresh-water formation, the calca
reous beds at the mouth of the Rhine, and the molasse of Switzer
land. The third period extends to the diluvium (terrain de trans

port) of Bresse, to the beds of iEningen, the sandstone of Aix, the

upper marine formation of Montpellier, and the ranges of sub

Apennine hills in Italy, to the tertiary beds of Sicily, and to the

Crag of Suffolk.
The first or lowest group is characterized by the remains of Pala

otheria; the second, by those of mastodons; and the third, by the
remains of elephants. It is admitted, however, that in marine ter

tiary depositions, these periods seem to pass insensibly into each
other. In the marls of the Loire, and the calcareous beds of Mont

pellier, the bones of the Paleotherium are found mixed with bones
of the mastodon and hippopotamus; and in the Plaisantin, the bones
of the elephant are added to the above. Without admitting at pres
ent that the division of M. Elie de Beaumont is supported by suffi
cient evidence, (and the exceptions stated prove that it is not,) yet
we may still allow that there is a considerable degree of probability,
that each of the three genera of animals, flourished most at the dif
ferent epochs he has stated, but not exclusively of other genera.
In England, we have only a few traces of animals of the Paheothe
nan age; these occur in the fresh-water formation at Binstead, in
the Isle of Wight: and in the second group we have only two known
instances; they occur in the Crag, in which two teeth of the masto
don have been found. In the third, or elephantine group, we have
numerous instances; for teeth and bones of elephants have been
found in clay, marl, or gravel, in almost every county in England.
The instances cited above, in the two lower groups, are too few to

support any hypothesis; but it is only fair to admit, that, conjointly
with the elephants in the third group, they are conformable to the
divisions of M. Elie de Beaumont. Should these divisions be more
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fully confirmed, we must range the strata of Alpnach, not in the
lower, but in the middle group of tertiary strata.

In a work like the present, it would not be possible or desirable to
follow the French and German geologists, in their descriptions of the
different basins that contain the upper tertiary or quaternary strata,

supposed to be superior to any of the tertiary beds in the Paris basin,
or in England; but the most remarkable of these formations may be
noticed :-" The Faluns, or mans of Touraine and the Loire, con
stitute an extensive formation of marl beds, which are now admitted
to be of later date than the most recent of the fresh-water beds in
the Paris basin. From the soft quality of the mar], it might hence
be inferred that the beds had been disturbed or changed by inunda
tions, or might be classed with diluvial beds; but they are regular
depositions, formed during an epoch of tranquillity, and subjected to
laws of which the action is continued on the present shores. The

great mass of fossil shells which these beds contain, differ from those
of the Paris basin: in nearly four hundred species, there are only
about twenty identical with the Paris fossils. The terrestrial and
river shells are in the same state of mineralization as the marine
shells. The bones of the mastodon, rhinoceros, and hippopotamus,
are in the same state of preservation as those of whales, and other
cetaceous animals, with which they are intermixed. They are coat
ed with marine polypi and serpulte, which proves that they were long
covered by a tranquil and stationary sea. These Faluns are distinct
from the tertiary beds of the Seine, and more recent than any of

them;. but they are themselves the lowest term of a new system,
more mportant, more extensive, than the formations of the Paris or
London basins, and which has been continued to the present epoch,
during all the numerous up-heavings of the ground, the changes in
the relative level of seas and continents, and the successive modifi
cations of organic beings."-Bulletin de la Sociéé Géologiqve de
France, 1831-32, tome 11.

It is stated that the lowest bed of the Faluns, rests upon a bed

analogous to the upper part of the Paris basin, which is supposed to
have extended so far. If this were clearly made out, we should
have the evidence of position, as well as of organic remains, to de
termine the relative age of the Faluns of the Loire, which is sup
posed to be the age of mastodons. In opposition to this, I have part
of the tooth of an elephant, which, in the hand writing of Faujas
St. Fond, is said to have been found at Iloutmartre, and is evidently
from the marl beds. Here, then, we have remains of an animal of
the most recent tertiary age, occurring in a formation more ancient
than the age of mastodons. Such instances should lead us to re
ceive the evidence from animal remains alone with much caution.
Indeed, there is good reason to believe, that in North America, the

age of mastodons was continued to nearly the present epoch, if the
animal be not still living in some of the unexplored recesses of that
vast continent.
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The range of mountains in Italy, called the Apennines, that rise
in some parts to the height of from six to eight thousand feet, and
extend north and south from the borders of Piedmont to Calabria,
are accompanied, both on the Adriatic and Mediterranean flanks, by
ranges of lower hills, which have, from their position, received the
name of sub-Apennine. The Sub-Apennine hills rise to the height of
from one to two thousand feet; they are composed of tertiary beds
of marl, sand, clay, and calcareous tufa, and abound in marine shells,

many of which are identical with existing species in the Mediterra
nean sea, or with other existing species of tropical climates. It is
observed that the upper beds contain the greatest proportion of spe
cies similar to what exist in the neigbouring seas. The sub-Apennine
beds rest unconformably upon the inclined beds of the Apennine
range. It has been ascertained by dredging the bed of the Adriatic
sea, that there are beds now forming at the bottom, which closely re
semble beds in the sub-Apennine hills, more than a thousand feet

high. There can be no doubt that these sub-Apennine beds have
once formed the bottom of an ancient sea, and have been raised to
their present elevation by subterranean action. The occurrence of
numerous volcanic vents, in the whole of that part of Italy, can
leave little doubt respecting the agent by which this elevation has
been effected.

In the third edition of this work; I had, on the authority of M.

Brongniart, referred a great part of the sub-Apennine beds to the up
per marine sandstone of the Paris basin, above the gypseous marl.
Whether any portion of the sub-Apennine strata belong to the same

epoch as the upper strata in the Paris basin, may be doubtful ; but
we may safely infer, both from their organic remains and position,
that the superior sub-Apennine beds, belong to a far more recent

epoch than that in which the tertiary strata round Paris and in Eng
land were deposited. Mr. Lyell, who has recently examined this in

teresting range of tertiary hills, and from whom geologists may ex

pect much valuable information respecting them, has extended his
researches into Sicily, where he found that "there were many places
in which the extinct species had nearly disappeared ; and that amid
vast accumulations of marine shells, entering into the composition of

mountains of no inconsiderable altitude, nearly all were Fpecffica]ly
identical with those now inhabiting the adjoining sea." According to
the principles of M. Deshayes, these Sicilian beds must be more re
cent than the sub-Appennine.
One thousand species of shells have been collected by Signor

Guidotto from the sub-Apennine beds; and if the rules laid down by
M. Deshayes, respecting this formation, can be relied upon, the

greater number of the species of shells belong to existing species;
and of these the greater proportion belong not only to existing spe
cies, but to species inhabiting the neighbouring sea. In Sicily, how
ever, we approach much nearer to the present stale of things, as

nearly all the shells in the tertiary strata are identical with living spe-
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dies, and probably existed under conditions of temperature, &c. sim
ilar to what these latitudes are now subjected to. Approaching the
northern termination of the sub-Apennine range at Sienna, Partna,
and Asti, (according to Mr. Lyell,) the proportion of species identi
fiable with those now living in the Mediterranean is still considerable;
but it no longer predominates (as in the south of Italy) over the un
known species.
As these sub-Apennine hills, resting on each side of the Apennine

range, were formed under the sea, they must have been elevated to
gether with the Apennine range, subsequently to their deposition.
Before this period, the Apennines were consequently much lower,
and formed a narrow mountainous peninsula extending into the Med
iterranean. Their sides were probably clothed with forests, and af
forded food and shelter to the elephants and other large mammalia,
that have left their bones so abundantly in some of the present val
leys, particularly in the vale of Arno. These valleys, it is supposed,
were once the beds of ancient freshwater lakes, in which depositions
were forming at the time when the marine depositions which consti
tute the beds of the sub-Apennine range were taking place. By the
observations of M. Bertrand Geslin, published in the Journal de

Géologie, t. iii., it would appear, that between the source of the
Arno and Florence, three distinct basins can be traced. The beds
of these basins are composed of argillaceous blue marl of consider
able thickness, containing fossils in the upper part of the marl.
Above this are beds of sand, containing numerous bones of large
mammalia. These sands are covered by beds of rolled siliceous
pebbles, intermixed with sand, above which there is a bed of yellow
argillaceous sand. The pebbles appear to have been derived from
the mountainous range on the north. Neither remains of marine
shells nor lignites occur in these depositions. The animal remains
in the upper valley of the Arno are those of the elephant, the
large hippopotamus, the rhinoceros, the tapir, the deer, the horse,
and the ox. There are also bones of carnivorous animals belong
ing to the hyena, the bear, the fox, and some species allied to the ti

ger. From the character of the animal remains we may infer, that
these freshwater depositions are of a comparatively recent date;

they were, probably, coeval with the uppermost marine beds in the

sub-Apennine hills. The beds, both in the sub-Apennine hills, and
in the valleys of the Apennines, consist principally of marl, sand, and

loosely adhering materials; hence they are exposed to rapid degra
dation. On the north-east side of the Apennine range, in the dis
trict of Placenza, there is a marine deposition deserving particular no
tice, from the extraordinary mixture of animal remains which have
been found in it, and are at present preserved in the Museum at Milan.
A friend of the author, S. Banfill, Esq. of Exeter, who visited the

Museum the last spring, obtained from the director of that institution,
an account of the principal organic remains from this deposition, with
a brief notice of the locality, of which the followinis a translation:-0
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"Organic remains from near Castello Arquata, in the neighbour-
hood of the ancient Velleja, in the district of Placenza.
"A pretty extensive collection of shells.
"A small whale, entire.
"A portion of another whale, of a larger species.
The entire skeleton of an elephant,. united together.
The bead of a rhinoceros, with some bones.
Two skeletons of dolphins.
They were all found in a confined space, in the midst of marine

mud, deposited in a tranquil sea, at the present height of thirteen hun
dred feet." The director adds, "This singular geological combina
tion, comprehending organic vestiges of every latitude, resembles
that recently discovered in New Siberia, at Behring's Straits. Many
eminent writers have spoken of it; among others, the brothers Bondi
were some of the first who noticed it; and Signor Corlesi, a land
ed proprietor at Castello Arquata, and author of 'Geological Essays
on the States of Parma;' also Signor Brochi, in his Sub-.pennine
Fossil Conchology."
The occurrence of the remains of large terrestrial and of marine

mammalia in the same deposition, may admit of an easy explanation,
by observing what has taken place in some parts of England. On
the Sussex coast, there was, at no remote period of history, an estu

ary extending inland from Newhaven to near Lewes. This estuary
is now filled up, and forms a level meadow, through which the river
winds its way to the sea. It is not difficult to explain how the filling
up of the estuary was effected : the immense mass of loose pebbles
or shingles which lie upon the Sussex coast, change their position du

ring violent storms, and are accumulated in new situations. A drift
of pebbles, forming a bank or bar near the mouth of the estuary,
would prevent the sudden return of the sea after each tide, and re
tain the water, until it had deposited the mud and sand which it con
tained. Thus, the estuary would gradually become shallower, and its
dimensions would contract from year to year. The waters of the
river and rivulets which flowed into the estuary would also contribute
their depositions of freshwater mud.

By the joint operation of these causes, the estuary would be first
converted into a marsh; and when the drainage was more complete,
this marsh was converted into a plain or meadow. By sinking be
neath the soil, the various depositions of silt, sand and vegetable
matter, prove the means by which the estuary was filled. At a con
siderable depth, large vertebr of a whale where discovered, and
are now in the museum of Mr. Mautell, at Lewes. Instances of
whales entering estuaries at high tides, and being unable to return at
low water, are not of very unfrequent occurrence on the coast of
Great Britain. Let us suppose the sides of the hills bounding the
estuary near Newhaven to have afforded herbage for deer and oxen;
their bodies or bones might be washed down into the estuary, and
thus we should have all the conditions required for the intermixture
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of the large bones of terrestrial and marine animals. Let us farther

suppose, that subterranean fire, like that which exists under va

rious parts of Italy, should upheave the chalk hills of the South
Downs, and all the surrounding country, to the height of two thou
sand feet above the present ]eve) : the bed of the Newhaven estuary
would then resemble, in all its essential characters, the deposition at
Castello Arquata, in Italy.
The freshwater strata at Eningen, near Constance, are, perhaps,

the most recent of all that have been described as tertiary or quater

nary formations. Quarries have for many years been worked in
these strata, and they have been long celebrated for the great variety
of organic remains which they contain, consisting of quadrupeds,
birds, a vast number of fishes, reptiles, insects, and innumerable

plants. These quarries were, for a considerable time, supposed to

contain human skeletons: it has been ascertained by Cuvier, that the

bones belonged to the aquatic salamander, an animal nearly resem

bling the lizard in form. The body is about four feet in length, and

it had beside a long tail. One of these skeletons is in the British

Museum. The strata are chiefly indurated calcareous marl, and

freshwater limestone or maristone. Mr. Murchison, who has lately
visited the quarries at Eningen, and brought from thence the entire

skeleton of a fossil fox, has given a brief but very clear description
of this formation :-
"The Rhine, in its course from Constance to Schaffhausen, flows

for many miles in a depression of the molasse (or sandstone), which

being cut through transversely, is exposed in hills on both banks, at

heights varying from seven to nine hundred feet. These hills, con

sisting of micaceous sandstone and conglomerate, form the western

prolongation of that great range of tertiary deposits, which extends

along the flanks of the Austrian and Bavarian Alps, and has been
described by Professor Sedgwick and myself. The mans and lime
stone of tEningen are recumbent on the molasse, they are seen in

various patches on the sides of the hills, and are worked in two quar
ries at different elevations above the Rhine. The lowest is about
two hundred feet above the level of the Rhine; the highest is about
six hundred feet above its level. The marl beds in both, rest on

molasse, which, forming the bottom of the basin, is exposed beneath
the lower quarries in the denudation of the Rhine, and rises behind

them into the hills of Schienen. It would, therefore, appear, that

the valley in which the Rhine now flows was, at a remote period,

deeply excavated in the molasse ; and that, subsequently, a lake was

formed in one of the broader parts of the valIey, in which marls and
limestones were deposited. The nature of the organic remains, and

their deposition in successive layers, not only prove the long period
of time which must have elapsed during their accumulation, but also

demonstrate the lacustrine origin of the deposit."
Mr. Murchison has annexed some judicious observations on the

relative geological age of the tertiary limestone of ningen :-
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"From the intermixture of species undistinguishable from those now

existing, with others decidedly extinct, this deposit may be consider
ed as an important link in the history of the earth's structure ; indi

cating an intimate connection between the ancient state of nature,
and that which 1)0W prevails.
"The deposit differs essentially in its organic remains, from any

other freshwater formation, either in France or in the adjacent re-

tions

of Germany : from its stiperposition over tertiary sandstone
molasse,) this formation must be regarded as one of the most re

cent. Yet recent as must have been the (geological) epoch of this
formation, the basin in which it. was deposited has subsequently been
re-excavated to a considerable depth : the proof of which is, that
horizontal beds still present escarpments several hundred feet above
the Rhine, without any barrier between them and that river."
As no bones of elephants or mastodons have been discovered in

the strata of (El ningen, and as the plants and animals, for the most

part, resemble existing species, it is reasonable to believe that the
mean temperature of this part of the globe had considerably decreas
ed, and that the country round ningen could no longer, support
the plants and animals of tropical climates.
The strata of IEningen may be regarded as posterior to many of

the beds or accumulations of clay, sand, and gravel, in England and
other countries, that contain the remains of elephants, hippopotami,
and other inhabitants of warm regions. These beds (called diluvial
and alluvial,) together with vast tracts of movable sand, cover no
small portion of our present continents: they may be regarded as
the loose vestments of the globe. Their description will be deferred
till we complete the account of the fixed and solid parts, presented
to observation by volcanoes, and the repositories of metallic ores.

The county of Norfolk appears to be the Ullima Thuic of Eng
lish geologists, who know less of the crag of that county and of Suf
folk than would probably have been the case, had its locality been

beyond the Carpathian mountains. I have never had an opportuni
ty of examining this singular formation, and scarcely any thing was
known respecting it before Mr. Taylor's account was published in
187. We may, however, soon expect a more full and satisfactory

description of the crag, in Mr. Samuel Woodvard's forthcoming vol
ume on the Geology of Norfolk. While the present sheet was pass
ing through the press, I received from that gentleman the following
account of the extent of the crag :-Its western boundary may be

traced from near Weyborn, on the northern coast, to Norwich, and
from thence to Bungay ; and from this place a line drawn along the

map of Suffolk to Halesworth, Wickham-ma rket, Woodbridge, and

Ipswich, gives its western outline in that county. The eastern boun

dary of the crag trends off to the sea.
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CHAPTER XVHL

ON EARTHQUAKES AND VOLCANOES.

Phenomena that precede the Shock of an Earth quake.-Extent to which the Wa-
ters in Lakes and Springs are agitated during Earthquakes.-Extent to which
Earthquakes are felt on Land-More severe in Mountains than in level Coun
tries.-Connection between Earthquakes and Volcanoes.-Electrical Earth
quakes.-First Appearance of a Volcano.-Common Phenomena attending
Volcanic Eruptions.-Remarkable Eruption of Sumbawa in 1815-Long Peri
ods of Repose in some Volcanoes.-Volcano of Popocatepti in Mexico.-Sub
marine Volcanoes; their Appearance preceded by violent Agitation of the Sea.
-Submarine Volcanoes in the Azores-in the Grecian Archipelago.-Recent
Submarine Volcano near Sicily.-Craters of Eruption.-C raters of Elevation.-
Theory of Von Buch confirmed by analogous Geological Facts.-Eruptions of
Mud and Water from Volcanoes.-Groups of Volcanic Islands.-Fall arid Ex
tinction of a Volcano.-Vast Extent of some ancient Volcanoes.-Extinct Vol
canoes of Central France.-Puy de Pariou, the best preserved of ancient Volca
noes.-Extincc Volcanoes in Germany and A sia.-Pseudo-Voicauoes.-Volca
the Rocks and Products.-Observations on Volcanic Fire.

ACCUSTOMED to view the hills in our own country in a state of

profound repose, presenting in each succeeding year, the same un
varied outline, we can scarcely conceive the possibility of a whole
district being covered, in the space of a single night, with new moun
tains and another soil ; yet, within the limits of authentic history,
such changes have been produced, by the united agency of earth

quakes and volcanoes. For a particular description of recent vol
canic eruptions, and the changes they have produced on the surround

ing countries, I must refer the reader to the works of Spallanzani,
Dolornieu, Sir William Hamilton, and M. Humboldt, and to the re
cent account of the Island of Java, by Lieutenant-Governor Raffles.

In the present chapter 1 propose, 1st, to describe those phenome
na that indicate the connection between earthquakes and volcanoes,
and between the volcanoes in distant countries; My, to take a view
of the most remarkable recent volcanic eruptions, and of the remains
of ancient volcanoes, that prove the extensive action of internal heat
on the crust of the globe; and, 3dJy, to give a concise account of
volcanic rocks and products.

Earthquakes and volcanoes may be considered as different effects,

produced by the agency of subterranean lire. They frequently ac

company each other; and, in all instances, that have been observed,
the first eruption of a volcano is preceded by an earthquake of great
er or less extent. Volcanoes do not make their appearance in every
country where the shock of an earthquake is felt: but earthquakes
are more frequent in volcanic districts than in any other. Earth

quakes are, almost always, preceded by an uncommon agitation of
the waters of the ocean, and of lakes. Springs send forth torrents
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of mud, accompanied with a disagreeable stench. The air is gener-
ally calm, but the cattle-discover much alarm, and seem to be, in-

stinctively, aware of approaching calamity. A deep rumbling noise,
like that of carriages over a rough pavement-a rushing sound like
wind-or a tremendous explosion like the discharge of artillery,
immediately precede the shock, which, suddenly, heaves the ground
upwards, or tosses it, from side to side, with violent and successive
vibrations. The shock seldom lasts longer than a minute ; but it is

frequently succeeded by others of greater or less violence, which,
for a considerable time, continue to agitate the surface of the earth.

During these shocks, large chasms and openings are made in the

ground, through which smoke and flames are seen to issue: these
sometimes break out where no chasms can be perceived. More fre

quently, stones, or torrents of water, are ejected from these open
ings. In violent earthquakes, the chasms are so extensive, that large
cities have, in a moment, sunk down and for ever disappeared, leav

ing a lake of water in the place. Such was the fate of Euphemia in
Calabria, in 1638, as described by Kircher, who was approaching
the place, when the agitation of the ocean obliged him to land at

Lopizicum. "Here," says he, "scenes of ruin every where appear
ed around me : but my attention was quickly turned from more re
mote to contiguous danger, by a deep rumbling sound, which every
moment grew louder. The place where we stood shook most dread

fully. After some time, the violent paroxysm ceasing, I stood up,
and turning my eyes to look for Euphemia, saw only a frightful black
cloud. We waited till it had passed away, when nothing but a dis
mal and putrid lake was to be seen where the city once stood."
The extent to which earthquakes produce sensible effects on the

waters of springs and lakes in distant parts of the world, is truly re
markable. During the earthquake of Lisbon, in 1775, almost all
the springs and lakes in Britain, and every part of Europe, were

violently agitated, many of them throwing up mud and sand, and

emitting a irntid odour. On the morning of the earthquake, the hot

springs at Toplitz, in Bohemia, suddenly ceased for a minute to flow,
and then burst forth with prodigious violence, throwing up turbid wa
ter, the temperature of which was higher than before; it is said to
have continued so, ever since. The hot wells at Bristol were col
oured red, and rendered unfit for use, for some months afterwards.
Even the distant waters of Lake Ontario*, in North America, were

violently agitated at the time. These phenomena offer proofs of sub
terranean communications under a large portion of the globe; they
also indicate, that a great quantity of gas or elastic vapour was, sud

denly, generated and endeavouring to escape. From the ftid odour

* It has been observed during many eathquakes in the Eastern States, that the
subterranean noise and motion appeared to commence from the Lakes, and pro
ceed towards the Atlantic Ocean, in a direction from the north-west.
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perceived in some situations, it may be inferred, that this gas is hy
drogen or suiphuretted hydrogen. In other instances, it may be
steam, which condensing again would produce a vacuum, and oc
casion the external air to press downwards;, this has been observed
in mines, immediately after the shock of an earthquake.
The space over which the vibration of the dry ground is felt is very

great, but generally wider in one direction than another; and where
a succession of earthquakes has taken place in the same district, it
is observed that the noise and shock approach from the same quar
ter. It has been before mentioned, that the earthquakes are most

frequent in volcanic districts; but the shocks are not time most violent
in the immediate vicinity of volcanoes. On the contrary, they are

stronger in the more distant part of a volcanic country. The ground
is agitated with greater force, as the surface has a smaller number of

apertures communicating with the interior. "At Naples and Messina,
and at the foot of Cotopaxi and Tungurahua, earthquakes are dread
ed only when vapours and flames do not issue from the craters."
Humboldt.
The connexion of earthquakes with volcanoes was noticed by an-'

cient writers, and the latter were properly regarded as the openings
through which the inciosed vapour and iv nitd matter, that occasion

earthquakes, found a passage. Strabo, in his Geography, states, that
" the town of Rt'giun, situated on the Italian side of the Straits of
Messina, was so called, according to ischylus, from the circum
stance that the island of Sicily was rent off from the continent by
earthquakes. Proofs of this arise out of the phenomena attending
Etna, and other parts of Sicily and the Lipara Islands, and even the

opposite continent. Now, indeed, when craters are opened, through
which fire and ignited matter and water re poured out, it is said that
the land near the Straits is seldom shaken by earthquakes: but for

merly, when all the passages to the surface were obstructed, the fire
and vapour confined in the earth occasioned frequent earthquakes,
and the land, being rent, admitted the ocean. At the same time,

Prochyta and an adjacent island were also torn off from the continent,
while other islands rose from the ocean, as frequently happens at
this day."-(Strabo flourished in the reign of Augustus4)

It is highly probable that every extensive earthquake is followed

by a volcanic ei'upIion, more or less remote, unless (as not unfre

quendy happens) the elastic vapour immediately escapes from fissures
made at the time, in the countries that are the most violently convul
sed. An earthquake was strongly felt in Geneva when I was there,

February 19, 1622, and did considerable damage, in several towns
and villages in Savoy and France. A few weeks afterwards, I trav
elled from Geneva to Lyons, and from thence to the ancient volca
noes near Clermont. In the course of my route, I made frequent
inquiries respecting the effects of the earthquake: it appeared to
have been most strongly felt along the valley of the Rhone, and the
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shock was not less severe in the volcanic district of Auvergne; its
direction was from the south-east: and on that day and the following
there were several eruptions from Vesuvius.
The frequency of earthquakes, at particular periods, is well deser

ving of notice. In the fourth and fifth centuries, some of the most
civilized parts of the world were almost desolated by these awful
visitations. Thrace, Asia Minor, and Syria, according to cotempo
rary historians, suffered znost severely: the earth was agitated contin
ually fr long periods, and flames were seen to burst from the earth,
over a vast extent of surface. On the 26th of January, A. D. 447,
subterranean thunders were heard from the Black to the Red Sea,
and the earth was convulsed, without intermission, for the space of
six months; in many places, the air seemed to be on fire; towns and
large tracts of ground were swallowed up in Phrygia. On the 20th
of May, A. D. 520, the city of Antioch was overturned by a dread
ful earthquake, and two hundred and fifty thousand of its inhabitants
are said to have been crushed in ruins. A raging fire covered the
ground on which the city was built, and the district around; spreading
over an extent of forty-two miles in diameter, and a surface of four
teen hundred square miles.

About the middle of the last century, after the earthquake at Lis
bon, Europe, Africa, and America, were, for some time, repeatedly
agitated, by subterranean explosions; as may be seen by referring
to the journals of that time. ]Etna, which had been in a state of

profound repose for eighty years, broke out with great activity; and,

according to Humboldt, some of the most tremendous earthquakes
and volcanic eruptions ever recorded in history were witnessed in
Mexico. In the night of the 19th of September, 1759, a vast vol
cano broke out in a lofty cultivated plain; a tract of ground more
than twelve miles in extent, rose up like a bladder to the height of
five hundred and twenty-four feet, and six new mountains were Ibrm
ed, higher than the Malvern Hills, in Worcestershire. More recently
(in 1812) the tremendous earthquakes in the Caraccas were follow
ed by an eruption in the Island of St. Vincent's, from a volcano that
had not been burning since the year 17)8; and violent oscillations
of the ground were felt both in the islands and on the coasts of Ameri
ca. It may be inferred from these circumstances, that the cause of

earthquakes and volcanic eruptions is seated deep below the surface
of the earth; in confirmation. of which, it will only be necessary to
state, that on the same day on which Lisbon was nearly destroyed,
all Europe, and a great part of northern Africa, felt the shock more
or less severely: its effects were also sensible across the Atlantic,
both in the United States and the West Indies. Incredible as it
may seer-n, one fourth of the northern hemisphere was agitated by the
same earthquake. The bed of the Atlantic was raised above the
surface of the ocean, and flame and vapour were discharged: this
was observed by vessels at sea. If we take a terrestrial globe, and



54 EARTHQUAKES.

cover those parts of it that were thus affected by the earthquake with
black crape, we shall obtain a more distinct idea of the extent of sur
face shaken, than a mere verbal description can convey. This ap
pears to have been one of the most severe shocks that the old Con
tinent had experienced for several centuries. The cause which
could effect a simultaneous concussion over such a vast extent, must

probably have been seated nearly midway between the centre of the

globe and its surface.
It has been remarked, that in general, earthquakes are more se

verely felt in mountainous than in low countries: this might be ex

pected from the structure of the earth.* In alpine districts, the pri

mary mountains are not pressed with the incumbent mass of second

ary rocks; and, consequently, in such situations, the resistance to a
force acting from beneath will be much less, as all the weight of sec

ondary rock is removed. In very violent earthquakes, the second

ary strata are broken or agitated; but proofs are not wanting, of les

ser vibrations being stopped by their pressure. Humboldt says, he

has seen workmen hasten from the mines of Narienburgh, in Saxo

ny, alarmed by agitations of the earth that were not felt at the sur
face. During the earthquake at Lisbon, the miners in Derbyshire
felt the rocks move, and heard noises which were scarcely perceiv
ed by those above. That an expansive force, acting from beneath,

is the proximate cause of earthquakes, can scarcely be denied; and
the prodigious power of steam, when suddenly generated, seems

equal to their production, if the quantity be sufficiently great.. It is

said, that a single drop of water falling into a furnace of melted cop
per, will 1)10w up the whole building. This may be an exaggerated
statement: but the prodigious force of steam at high temperatures is
well known, and there can be no difficulty in admitting, that if a cur
rent of subterranean water were to find access to a mass of lava ma

ny miles in extent, and most intensely heated, it. would produce an

earthquake more or less violent, in proportion to the quantity of steam

generated, and its distance from the surface. When the hydrogen
gas exploded in a mine near Workington, in Cumberland, a shock
like that of an earthquake was felt by ships in the river, at two miles'
distance.
The horrid crash, like the rattling of carriages, which precedes

earthquakes, may be occasioned by the rending of the rocks, or

parting of the strata through which the confined vapour is forcing a

passage.
All the phenomena that accompany earthquakes indicate the in

tense operation of elastic vapour, expanding and endeavouring to es

cape where the least resistance is presented, and producing vibra-

See a paper on Earthquakes, by the Rev. Mr. Mitchell, Philosophical Trans
actions, 1759.
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tions of the solid strata. The intimate connection between earth-

quakes and volcanic agency, is too obvious to require much illustra
tion. All volcanic eruptions are preceded by earthquakes, of great
er or less extent; but all earthquakes are not attended by volca
nic eruptions. The elastic vapour may sometimes find vent through
existing fissures and apertures; or, the aqueous vapour may meet
with subterranean currents of cold water, and suddenly collapse, pro
ducing a second earthquake in a contrary direction. In common

language, the agitation of the ground, when the surface is not brok
en, is called the shock of an earthquake. Since the records of his

tory, there have been no earthquakes in Great Britain equal in inten

sity to what have taken place in the southern parts of Europe. In
the year 147, a general earthquake is said to have extended over

England; it threw down the church of St. Michael's, on the Hill at

Glastonbury. The greatest earthquake recorded in England, took

place November 14, 1318. On April the 6th, 1580, an earthquake,
felt in London and Westminster, threw down a part of St. Paul's
church, and of the Temple church. Perhaps, in the present time,
ten years seldom elapse without the shock of an earthquake being
felt in some part of Great Britain; but these are too feeble to re

quire historic notice. We have evidence, however, of mighty earth

quakes having shaken the surface of this part of the globe. The
faults and dislocations of the strata, of which some account has been

given in different parts of the present volume, must have been ac

companied, during their formation, with more violent agitation of the

ground than any recorded in history; but it is probable that, at that

period, the land which now forms Great Britain had, only partially,
emerged from the ocean.
Soon after the discovery of the Leyden Phial, many natural phe

nomena were ascribed to electric action, and earthquakes were sup
posed to be the result of electric shocks, acting with great intensity
in the interior of the earth. The electric theory of earthquakes was
soon discarded as untenable; but now, when the identity of mag
netic and electric agency seems in many respects, to be established,
it may deserve consideration, whether an interruption to the magnet
ic or electric currents, which circulate through the earth, may not,
sometimes, occasion earthquakes, acting almost instantaneously over

large portions of the globe.
If, as some philosophers maintain, there is a central fire under

every part of the globe, or if certain spaces only are filled with ig
nited matter, we can scarcely doubt that chemical changes are tak

ing place, which will also change the electrical relations between
mineral beds. A series of strata may act like the plates of an im
mense voltaic battery, and discharge the electricity from one inter
nal part of the globe to another, exciting vibrations that may agitate
a whole hemisphere. I was informed by a gentleman who resided,
several years, near the feet of the Himmahlaya mountains, that peals
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of subterranean thunder were sometimes heard which resembled at
mospheric thunder, btt were inconceivably louder and more appal
ling: they were followed by earthquakes. Humboldt also mentions
the frequency of subteranean thunder in some districts bordering the
Andes.

In volcanic phenomena, we observe a cause in present activity,
that can overthrow mountains, form new islands, and raise up the
bed of the ocean: hence the geologist may infer, that the same
cause, acting with greater intensity and more extensively, has been
the agent employed by the Author of nature, to elevate new and
submerge ancient continents, and to change and renovate the surface
of the globe. We are indeed acquainted with no other natural agent
that can have effected the mighty changes which the crust of our

planet has undergone. The products of volcanoes, particularly of
ancient ones, are analogous in their composition and internal struc
ture to the oldest rocks of granite, sienite and porphyry, and indi
cate not obscurely, the mode in which these rocks were formed:
hence the study of volcanoes and volcanic rocks, is an important
branch of the science of geology. Werner and his disciples, how
ever, held that volcanoes were produced merely by the ignition oG
beds of coal, in the secondary strata.
VOLCANOES are openings made in the earth's surface by internal

fires; they, regularly, or at intervals, throw out smoke, vapour, flame,,

large stones, sand and melted stone called lava. Some volcanoes
throw out torrents of mud and boiling water. Volcanoes, most fre

quently, exist in the vicinity of the sea or large lakes, and also break
out from unfathomable depths below the surface of the ocean, and
form new islands and reefs of rock. When a volcano breaks out in
a new situation, it is preceded by violent earthquakes, the heated sur
face of the ground frequently swells and heaves tip, until a fissure or
rent is formed sometimes ofvast extent. Through this opening masses
of rock, with flame, smoke and lava, are thrown out, choke up part of
the passage, and confine the eruption to one aperture or more, round
which conical hills or mountains are formed. The concavity, in the
centre, is called the crater. The indications of an approaching erup
tion from a dormant volcano, are an increase of smoke from the
summit, which sometimes rises to a vast height, branching in the
form of a pine tree. Tremendous explosions, like the firing of ar

tillery, commence after the increase of smoke, and are succeeded
by red coloured flames, and showers of stones. At length, the lava
flows out, from the top of the crater, or breaks through the sides of
the mountain, and covers the neighbouring plains with melted matter,
which, becoming consolidated, forms a stony mass, often not less
than some hundred square miles in extent, and several yards in thick
ness. The eruption of lava has been known to continue, several
months. Intensely black clouds, composed of a kind of dark colour
ed sand or powder, improperly called ashes, are thrown out of the
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crater, after the lava ceases to flow, and sometimes at noon day in

volve the surrounding country in total darkness. Towards the con
clusion, the colour of the volcanic sand changes to white: it consists
of pumice in a finely comrninutcd state. During an eruption of

tna, a space of one hundred and fifty miles in circuit was covered
with a stratum of volcanic sand or ashes twelve feet thick. When
the lava flows freely, the earthquakes and explosions become less vio

lent; which proves that they were occasioned by the confinement

of the erupted matter, both gaseous and solid. The smoke and va

pour of volcanoes are highly electrical.
The quantity of lava thrown out during a single eruption of a vol

cano, seems almost incredible to those who have not observed volca

nic countries. Kircher, in his JSlundus Subterraneus, lib. vi. cap.
S., published in 1660, says, that the ejections of Mount )Etna would
if collected, form a mass twenty times as large as the mountain it
self; and a few years afterwards, viz. in 1669, the same mountain
covered with a fresh current of lava eighty four square miles; and

again in 1775, according to Dolomieu, the same volcano poured out
another stream of lava, twelve miles in length, one mile and a half in
breadth, and two hundred feet in height. Hence it is evident that
the seat of the fire is not in the mountain itself, but deep in the earth:
the volcano is not the furnace, but the chimney; and it will be necessa

ry to bear this in mind, if we would form an adequate idea, ofthe exten

sive effects of volcanic action. Seneca appears to have formed a dis

tinct notion of the seat of volcanic fire, when lie remarks, that the vol

cano does not supply the fire, it only affords it a passage "in ipso
monte non alimentum habet scd viam." The largest known current of

modern lava was formed by a volcano in Iceland in 1783; it is sixty
miles in length, and twelve broad, equalling in extent any continuous

rock formation in England. The most extraordinary volcanic erup
tion recorded in history for the extent of its effects, took place in

Surnbawa, one of the Molucca Islands, in April, 1815. It is des
cribed in the history of Java, by Lieutenant Governor Raffles.
"This eruption extended perceptible evidences of its existence

over the whole of the Molucca Islands, over Java, a considerable

portion of Celebes, Sumatra, and Borneo, to a circumference of a

thousand statute miles from its centre, by tremulous motions and the

report of explosions; while within the range of its more immediate

activity, embracing a space of three hundred miles around, it produ
ced the most astonishing effects, and excited the most alarming ap
prehensions. In Java, at the distance of three hundred miles, it
seemed to be awfully present. The sky was overcast at noon day
with clouds of ashes; the sun was enveloped in an atmosphere,
whose '

palpable' density he was unable to penetrate; showers of
ashes covered the houses, the streets and the fields, to the depth of
several inches; and amid this darkness, explosions were heard at
intervals, like the report of artillery or the noise of distant thunder.
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So fully did the resemblance of the noises to the report of cannon
impress the minds of some officers, that, from an apprehension of
pirates on the coast, vessels were dispatched to afford relief. Su

perstition on the other hand was busily at work on the minds of the
natives, and attributed the reports to an artillery of a different des

cription to that of pirates. All conceived that the effects experien
ced might be caused by eruptions of some of the numerous volca
noes on the island; but no one could have conjectured that the show
ers of ashes which darkened the air and covered the ground of the
eastern districts of Java, could have proceeded from a mountain in
Sumbawa, at the distance of several hundred miles."
The lieutenant-governor of Java 'directed a circular to the differ

ent residents, requiring them to transmit to the governor a statement
of the facts and circumstances connected with this eruption. The
most r.einarkable circumstance attending this eruption, is the distance
at which the explosions were heard in the islands of the Indian Sea.
"From Sumbawa to the part of Sumatra where the sound was no
ticed, is about nine hundred and seventy geographical miles. From
Sumbawa to Ternate, is a distance of about seven hundred and twenty
miles. The distance to which the cloud of ashes was carried so
thickly as to produce utter darkness was clearly pointed out to be
the Island of Celebes, and the district of Grisik in Java; the former
two hundred and seventeen nautical miles in a direct line, the latter
more than three hundred geographical miles." The greatest dis
tance at which the eruption of any volcano had been previously
heard, is six hundred miles: according to M. Humboldt, the explo
sions from Cotopaxi are sometimes sensibly heard at that distance
from the volcano, which is one of the largest and highest in the
American continent.
The long period of repose which sometimes takes place between

two eruptions of the same volcano, is particularly remarkable. From
the building of Rome to the 79th year of the Christian era, no men
tion is made of Vesuvius, though it had evidently been in a prior state
of activity, as Herculaueum and Pompeii, which were destroyed by
the eruption of that year, are paved with lava. From the 12th to
the 16th century it remained quiet, for nearly four hundred years,
and the crater was overgrown with loly trees. The crater was de
scended by Bracchiui, an Italian writer, prior to the great eruption
of 1631 the bottom was at that time a vast plain, surrounded by
caverns and grottoes. .itria has continued burning since the time
of the poet Pindar, with occasional intervals of' repose, seldom ex
ceeding thirty or forty years.
The eruptions of the Peak of Tenerifl have been very rare dur

ing the last two centuries. According to Humboldt, "the long in
tervals of repose appear to characterize volcanoes highly elevated.
Stromboli, which is one of the lowest, is always burning; the erup
tions, of Vesuvius are rarer, but still more frequent than those of
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Etna. The colossal summits of the Andes, Cotopaxi and Tungu-
rahua, scarcely have an eruption once in a century. The Peak of
Teneriffe seemed to be extinguished for ninety two years, when it
made its last eruption by a lateral opening in 1798. In this interval,
Vesuvius had sixteen eruptions." The greatest eruptions of lava
from )Etna and Vesuvius are always from the sides of these moun
tains; but these lateral eruptions finish by an ejection of ashes and
flames from the crater at the summit of the mountain. In the Peak
of Teneriffe, an eruption of lava from the summit has not taken

place for ages; and in the recent great eruption of 1798, the crater
remained inactive, nor did its bottom fall in.
The observation of M. Humboldt, that lofty volcanoes have the

longest periods of repose, will not be found universally correct.
The small volcano of Volcano, one of the Lipari islands, was in a
dormant state for thirteen hundred years, while the volcano of Popo
catapeti, fourteen leagues from Mexico, which is nearly eighteen
thousand feet above the level of the sea, seems to be in a state of
constant activity. It was ascended by-Lieutenant William Glennie,
in 1827. The volcano rises from a country that is 8216 feet above
the sea; its sides are thickly wooded with pine forests to the height
of nearly 13,000 feet: beyond this altitude vegetation ceased en

tirely. The ground consisted of loose black sand of considerable

depth, in which numerous fragments of pumice and basalt were dis

persed; above this, were several projecting ridges of loose fragments
of basalt, arranged one above another. At the summit, the mercury
subsided to 15.63 inches. The crater appeared to extend one mile
in diameter; the interior walls consisted of masses of rock, arranged

perpendicularly, and marked by numerous vertical channels, filled,
in many places, with black sand. Four horizontal circles of rock,

differently coloured, were also noticed within the crater. From the

edges of the latter, as well as from its perpendicular walls, several
small columns of vapour arise, smelling strongly of sulphur. The
noise was incessant, resembling that heard near the sea shore during
a storm. At intervals of two or three minutes, the sound increased,

followed by an irruption of stones: the larger fell again into the cra

ter, the smaller were projected into the ravine through which the

party had ascended.
The volcano of Popocatapeti is, perhaps, the loftiest active volca

no that has been ascended, and yet, according to Humboldt, it some
times pours out currents of lava from the summit.

Those who are acquainted with hydrostatics, and know the im
mense power that would be required to raise even a column of water
from the level of the sea to the top of Popocatapeti, Etna, or Ten
eriffe, will not be surprised that, in lofty volcanic mountains, the lava
forces itself out of the sides, and rarely rises to the top of the crater.
It has been calculated, that the force required to raise a column of
lava to the height of the summit of Teneriffe, (twelve thousand five
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hundred feet,) would be equal to that of one thousand atmospheres;
and M. Daubuisson, who has made the calculation, states, that if an

opening were effected in the volcano at the level of the sea, under
the above pressure, the lava and stories would be forced out, with a

velocity equal to two hundred and seventy metres, or eight hundred
feet per second-Tome i. p. 173.
The elevation of volcanic craters varying, as Humboldt observes,

from six hundred to eighteen thousand feet, must not only influence
the frequency of their eruptions, but must modify also the quality of
the substances ejected.-" Some volcanoes, like Teneriffe, eject lava

only from their sides, although it has a crater on its summit; others
have lateral eruptions, as I observed at Autisana in Quito, at the height
of thirteen thousand feet, and their summit has never been pierced.
Others, although, as many phenomena indicate, equally hollow in their
interior, act only mechanically on the surrounding country, breaking
the strata and changing the surface of the soil. Thus, the volcanic
mountain of Chimborazo, with its dome of volcanic porphyry, (tra
cityte,) at the height of twenty two thousand two hundred feet, has
no permanent aperture on its summit or its sides: the small crater

by which its eruptions are effected, is placed on the Plain of Calpi.
The volcano of Pichinca, fifteen thousand feet high, and which I
have particularly studied, has never ejected a current of lava since
the excavation of the present valleys. On the contrary, the volcano
of Popocatapeti in Mexico, sixteen thousand (according to Lieutenant
Glennie, near eighteen thousand) feet in height, pours out narrow cur
rents of lava, like those from the smaller volcanoes of Auvergne or

Italy."
Submarine volcanoes are preceded by a violent boiling and agita

tion of the water, and by the discharge of volumes of gas and vapour,
which take fire arid roll, in sheets of flame, over the surface of the
waves. Masses of rock are darted, with great violence, through the
water, and accumulate till they form new islands. Sometimes, dur

ing an eruption, the crater of the volcano rises out of the sea. In
1783, a submarine volcano broke out near Iceland, which formed a
new island; it raged with great fury for several months. The island
afterwards sunk, leaving only a reef of rocks. In December, 1720,
a violent earthquake was felt at Tei'ceira, one of the Azores; the
next morning, a new island nine miles in circumference was seen,
from the centre of which rose a column of smoke: it afterwards
sunk to a level with the sea. A small island was formed in 1811,
by a submarine volcano, at a little distance from St. Michael's, one
of the Azores: the captain of the Sabrina frigate, who witnessed its
formation, described it as a mass of black rock, equal ILl height to
the high Tor at Matlock. A gentleman who visited the Azores in
1813, informs mc that it has sunk down and disappeared : there is
now eighty fathoms of water in the place.
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Near Santorini, in the Grecian Archipelago, submarine volcanoes
have repeatedly burst forth, during the last two thousand years, and
formed several new islands: three of the ancient eruptions are re
corded by Pliny, Strabo, and Seneca. The last eruption was in the

year 176?.
So recently as the year 1831, a submarine volcano, attended with

all the phenomena before described, broke out, not far from the
island of Sicily. It was visited by some French geologists in Sep
tember, soon after the eruptions had so far subsided as to allow them
to land. Its circumference was found, by measurement, to be seven
hundred and eighty yards, its height about two hundred and twenty
feet. It appeared to be composed entirely of scoria and loose vol
canic fragments; in the centre of these, were some hard globular
blocks of lava, but they appeared to have been projected from the
crater. The borders of the crater were about two hundred feet

high on one side, and about forty on the other; the bottom was filled
with orange-coloured water, and covered with a thick froth. White

vapours issued continually, not only from the surface of the water,
which appeared to be in a state of ebullition, but from innumerable
fissures in the whole ground, and from the adjacent sea. The black
sand on one side of the island, for about fifty or sixty feet, appeared
burning. Bubbles of gas or vapour rose, apparently from the inte
rior of the earth, and they threw up, with a slight detonation, volca
nic sand and particles. This volcanic island had risen from the

depth of about five or six hundred feet below the surface of the sea.
M. Prévôt states his belief that this volcano ejected currents of sub
marine lava; and though the island is composed of scori and frag
ments thrown out of the crater, which is what the French denomi
nate a crater of eruption, yet that it was preceded by an upheaving
of the soil, (soulèvemcnt,) and that there is a belt of rocks at the
base, which are the border of a crater of elevation, (cratre de sou

lvement.) M. Prévôt anticipated, that owing to the loose materials
of which this island is composed, it would not long resist the action
of the waves. Indeed, the island appeared to have suffered consid
erable degradation before the French geologists landed, for Captain
Senhouse, who visited it the preceding month, August 3d, stated its
circumference to be about one mile and a quarter. According to

Captain Swinburne, who, on the 19th of July, observed some of the
earliest eruptions from this volcano, the external diameter of the
crater was estimated at from seventy to eighty yards; it was not
then more than about twenty feet above the sea. The agitated wa
ter in the crater escaped by an opening on one side: he says, "Af
ter the volcano had emitted, for some time, its usual quantities of
white steam, suddenly the whole aperture was filled with an enormous
mass of hot cinders and dust, rushing upwards to the height of sev
eral hundred feet, itIi a loud roaring noise; then falling into the
sea, on all sides, with a still louder noise. Renewed explosions of
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hot cinders and dust were quickly succeeding each other, while
forked lightning, accompanied by rattling thunder, darted fion all
directions within the column now darkened with dust, greatly in
creased in volume, and distorted by sudden gusts and whirlwinds."
The latitude of this island is, or rather was, 370 11' north, and lon

gitude east 12° 44'.
At the beginning of January in the following year, the top of the

island was somewhat below the surface of the sea, and at the latter

end of February, soundings had been made at different times, which
discovered depths of from fifty to one hundred and fifty feet, from

the surface of the sea to the cone of the volcano. This sudden

sinking down of the volcano must be attributed to the subsidence of

the ground beneath it.
The French geologists who visited this submarine volcano describe

the island as being a crater of eruption (cratêrc d'érupion), while
the base below the sea is supposed to have been formed by the up
heaving of solid rocks, or to be a crater of elevation (cratêre de

soulévemenL)
Craters of eruption are formed by the accumulation of lava or

other volcanic matter around the orifice from whence they flowed,

or were projected. Such is, perhaps, the origin of the greater num

ber of' volcanic craters. That eminent geologist, Von Buch, how

ever, maintains, that beds of primary, or other rocks, have been

sometimes raised from beneath the sea to considerable elevations, be

fore the subterranean fire had opened a passage for the eruption of

lava or scorii. Suppose successive beds of lava to have been pour
ed through a chasm over the bottom of the ocean, and afterwards

consolidated, and the chasm to become covered by an immense

mass of solid lava; in a succeeding paroxysm, the volcanic energy
being unable to force a passage through the former opening, and

thus acting with compressed intensity, might upheave the beds of

submarine lava and the subjacent rocks to a considerable height
above the sea, before a new passage was opened for a subsequent
eruption. This would be a crater of elevation. With the ancient
lava, the lower beds of granite or other rocks might also be raised up.
This mode of volcanic operation is so analogous to that which has

up-heaved mountain masses in every part of the globe, that 1 am at

a loss to conjecture on what principle it has been objected to. Let

the reader refer to the position of the beds at Wren's Nest Hill, near

Dudley, and their continguity to basalt (Plate III. fig. 4.) ; or, what

may be more directly to the purpose, let him turn to the section
of Crich Cliff (page 95.), in which the strata encircle and cover
the bill, like the coats of an onion, and in which there is a mass of toad
stone near the centre. Few geologists will deny that the beds have
been up-heaved by a power acting from beneath; or that the protru
sion of beds of volcanic toadstone was the original cause of the ele
vation of the strata. If the up-heaving power at Crich Cliff had
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been increased in intensity, and a passage been opened near the
summit, through which streams of lava and showers of scoric had
been projected, we should have had a crater of elevation, though its
structure and mode of formation might have been concealed by vol
canic substances covering the original rock. Von Buch and Hum
boldt have been challenged to discover a single volcanic cone com

posed exclusively of marine or of freshwater strata; but surely this
is overlooking the conditions under which such a cone must be form
ed: the eruptions from the crater, when once open, would cover a

great part of the external cone with lava and volcanic matter. The
above eminent geologists might show Crich Cliff and Wren's Nest
Hill, as presenting a triumphant confirmation of the theory of eleva

tion; a confirmation not the less satisfactory, because the volcanic
action had been arrested precisely at the point, where the truth of
the theory was rendered most apparent.
The island called the New Kamenoi, raised near St. Erini during

a submarine eruption in the year 1707, was composed partly of lime
stone, and covered with living shells, which prove that the rock was

upraised in a solid mass. Volcanic islands, of great elevation, have
been raised, in the present century, in the group called Aleutian
islands; and as they remain permanent, with little diminution of

height, it is supposed by Von Buch that they consist of solid rock.
The marine limestone on the sides of tna, offers confirmatory

evidence of the truth of the theory of elevation, though the strata

may have been subsequently disturbed and dip in different direc

tions. I have in my possession an enormous marine shell, or gigantic
cerithiurn. According to the notice written upon it by the late Faii

jas St. Fond, it was obtained from the Peak of Teneriffe, which in

dicates that this vast volcanic mountain, was originally a crater of el
evation raised from the sea.
Some volcanoes in Europe, and many in the Andes, throw out

aqueous torrents, intermixed with mud and stones; indeed, the Amer

ican volcanoes more frequently eject mud than lava. Eruptions of

water from ]Etna and Vesuvius are rare, and some which have been

described as flowing from the crater of the former, have been mere

ly the torrents of melted water from snow on its summit. The vol

cano of Macaluba, in Sicily, presents the phenomena of mud, water,

and stones thrown out of the crater. Ferrara describes an alarming

eruption which took place on the 9th of September, 1777 :

"Dreadful noises were heard all round; and from the midst of the

plain, in which was formed a vast gulf, an immense column of mud

arose to the height of about one hundred feet, which, abandoned by
the impulsive force, assumed the appearance of a large tree at the

top. In the middle, stones of all kinds and sizes were darted vio

lently and vertically, within the body of the column. This terrible

explosion lasted half a hour, when it became quiet; but after a few

minutes resumed its course, and with these intermissions continued
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all the day. During the time of this phenomenon, a pungent odour
of sulphuretted hydrogen gas was perceived at a great distance, to the

surprise of the inhabitants, who did not dare to approach this spot
on account of the horrible noises. But many came the

following
day, and found that the new great orifice, had ejected several streams
of liquid chalk (creta), which had covered, with an ashy crust of

many feet, all the surrounding space, filling the cavities and chinks.
The hard substances ejected were fragments of calcareous tufa, of

crystallized gypsum, pebbles of quartz, and iron pyrites, which had
lost their lustre, and were broken in pieces. All these substances
form the outward circuit at this day. The unpleasant smell of sul

phur still continued, and the water which remained in the holes was
hot for many months; while a keen smell of burning issued from
the numerous orifices around the great gulf, which is now completely
filled."

Volcanoes frequently occur in groups, sometimes arranged along
a line, as if they had originally been formed over one vast chasm,
like the minor volcanoes on the sides of Etna; sometimes they are

dispersed irregularly over the surface, and sometimes they are isola
ted like tua, and the Peak of Teneriffe.
The volcanoes in South America, Humboldt observes, instead of

being isolated or disposed in irregular groups as in Europe, arear

ranged in rows, like the extinct volcanoes of Auvergne, or the vol
canoes of Java; sometimes in one line, and sometimes in two paral
lel lines. These lines are generally in the same direction, as the
chain of the Cordilleras, but sometimes (as in Mexico) they form an

angle with it of 700. The volcanoes of Mexico, be further ob
serves, are placed in a narrow zone, between latitude 18° 59' and
19° 12'. This he regards as a vast chasm, seven hundred and fifty
miles in length, extending from the coast of the Atlantic to that of
the Pacific, and to the islands of Revillagiedo in the same direction.
Our knowledge of volcanic geography is, at present, imperfect,

but among the principal volcanic groups and ranges, the following
may be briefly enumerated :-

In the Azores, there are no less than forty-two active or dormant
volcanoes; and submarine volcanoes, not unfrequently, break forth in
their vicinity. Almost all the other islands in the Atlantic, and many
of the West India islands, are volcanic. Numerous islands in the
Pacific Ocean and the Indian Seas have large volcanoes. In the
Island of Java alone, there is a range consisting of thirty-eight large
volcanic mountains, some of which are, at present, in an active state;

they are detached from each other, and though some of them are
covered by the vegetation of many ages, the indications of their
former eruptions are numerous and unequivocal.
Numerous volcanoes exist, near or within the arctic circle, in

Kamschatka, in Greenland, and in Iceland. A range of active or
dormant volcanoes extends from the southern extremity of America
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to the northern, along a line of six thousand miles in length. Of the

volcanoes in northern Asia, or the interior of Africa, we have little

information, and the volcanoes covered by the sea, cannot be esti
mated; but from the above statement, we are authorized in believ

ing, that volcanic fires are more extensively operative, than many
geologists are disposed to admit.

Many facts might be cited to prove the connection which exists

between volcanoes at a vast distance from each other. In 1783,
when a submarine volcano near Iceland suddenly ceased its erup
tions, a volcano broke out two hundred miles distant, in the interior

of the island. On the night in which Lima and Callao were des

troyed by an earthquake, four new volcanoes broke out in the An

des. The source of volcanic fire is seated deep under the surface

of the earth: were it not so, the ground in the vicinity of volcanoes

would sink down. Yet itna has continued to pour out streams of

lava for three thousand years; and Strornboli has had daily eruptions
for nearly as long a period.*
There are some instances of volcanoes having been entirely en

gulfed in the chasms beneath them. The volcano of the Plc in the

Island of Timore, one of the Moluccas, is known to have served as

a prodigious watch-light, which was seen at sea at the distance of

three hundred miles. In the year 1638, the mountain during a vio

lent eruption entirely disappeared, and in its place there is now a

lake. Many of the circular lakes in the south of Italy are supposed
to have been formed by the sinking down of volcanoes; but the best

authenticated account we have of the destruction of a volcanic

mountain, is given by Governor Raffles in his History of Java.

"The Papandayang, situated at the western part of the district of

Cheribor, in the province of Sukapura, was formely one of the larg
est volcanoes in the island of Java; but the greatest part of it was

swallowed up in the earth, after a short but very severe combustion in

the year 1772. The account which has remained of this event as

serts, that near midnight, between the 11 ib and 12th of August there

was observed about the mountain an uncommonly luminous cloud, by
which it appeared to be completely enveloped. The inhabitants as

* Since the period of authentic history, no great changes have taken place in
the country round .Etna; but it appears from Virgil, as well as from a passage in
Strabo before quoted, that an ancient tradition existed of the sudden separation
of Sicily from Italy.

"Hc loca, vi quondam et vastâ convulsâ ruinâ
Dissiluisse ferunt: cim protenus utraque tellus
Una foret, venit medio vi pontus, et unclis
Resperium Siculo latus abscidit: arvaque et urbes
Littore diductas angusto interluit stu."

Probably this separation took place when tna emerged from the ocean: the
occurrence of beds of limestone with shells upon its sides, proves that i; was orig-
inally a submarine volcano.
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well about the fort, as on the declivities of the mountain, alarmed

by this appearance, betook themselves to flight; but before they
could all save themselves, the mountain began to give way, and the

greatest part of it actually fell in, and disappeared in the earth. At
the same time a tremendous noise was heard, resembling the dis

charge of the heaviest cannon. Immense quantities of volcanic sub

stances, which were thrown out at the same time, and spread in every
direction, propagated the effects of the explosion, through the space
of many miles."

"it is estimated that an extent of ground of the mountain itself,

and its immediate environs, fifteen miles long, and full six. broad, was

by this commotion swallowed up in the bowels of the earth. Sever

al persons sent to examine the condition of the neighbourhood, made

report that they found it impossible to approach the place where the

mountain stood, on account of the heat of the substances which cov

ered its circumference, and which were piled on each other; al

though this was the 4th of September, and thus full six weeks after

the catastrophe. It is also mentioned, that forty villages, partly swal

lowed up by the ground, and partly covered by the substances thrown

out, were destroyed on this occasion, and that two thousand nine

hundred and fifty-seven of the inhabitants perished. A proportionate
number of cattle was also destroyed, and most of the plantations of
cotton, indigo, and coffee, in the adjacent districts, were buried under
the volcanic matter. The effects of this explosion are still very ap
parent in the remains of this volcano."

It has been already sta, that the volcanoes in the Andes more

frequently throw out water'.and mud than lava. The damage which
these aqueous and muddy eruptions occasion, is often prodigiously
great. Sometimes, the delugè of water attending a volcanic explo
sion does not come from the interior of the earth, but from the snow
which covers the mountain being rapidly dissolved ; but, in other in
stances, it proceeds from the crater.* interior cavities, of vast ex
tent and depth, containing water, are opened during an eruption, and
the water coming into contact with ignited lava, is forcibly driven
out, and, according to Humboldt, carries along with it a great
quan-tityof small fishes, which he has denominated Pirnelodcs Cyciopuin.
These fishes are about four inches in length, and are of the same

species that inhabit the neighbouring brooks and lakes: the number
thrown out is sometimes so great, that their putrefaction contaminates
the air, and occasions serious maladies among the inhabitants of the

adjacent country.
Though the water ejected from volcanoes may, in many instances,

be regarded as of accidental occurrence, I conceive it to be different

* It ought to be stated, that the existence of internal cavities filled with water
supplied from the melted snow, is an inference from volcanic phenomena, whwb
however reasonable it may appear, ii. is impossible to prove.
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with those muddy eruptions, which cover large tracts of country with
strata containing bituminous or inflammable matter: these strata are
as essentially volcanic products, as the matter thrown out of the vol
cano of Macaluba in Sicily, which never ejects lava; and we are
hence instructed, that one of the substances which promotes volcanic
combustion, is bitumen or carbon. The muddy eruptions in the
Andes, when first ejected, have little consistence or tenacity; but

they soon become hard, and form what is called by the inhabitants

moya; it is dark coloured and soils the fingers, and is used instead
of turf for fuel.

Boiling springs, and thermal waters, must be classed with volcanic

phenomena; for it can scarcely be doubted, that the Geysers in Ice
land, which, at intervals, throw up columns of' boiling water to the

height of seventy or eighty feet, are occasioned by the subterranean
fires which extend under that island. To the same cause must be
ascribed the boiling fountains in the island of St. Michael, one of the
Azores. The hot springs in the vicinity of the Pyrenees, in Italy,
and in other parts of the world, may with much probability be sup
posed to have a similar source of heat. The unvaried equality of
their temperatures for centuries, proves that this source lies far below
the agency of those causes which operate on the surface. It has
been remarked, that hot springs are most frequent in volcanic and
basaltic countries. Though no active volcano exists in the Py
renees, M. Dralet, in his Description des Pyrenées, says,

" that the
hot springs and frequent earthquakes in different parts of this chain,
offer proofs of 'the .present operation of subterranean fires." I have
described the therma+waters of the Alps in the second volume of my
"Travels in the Tarentaise," and in Chap. V. p. 68. of the present
work.

However powerful the effects of subterranean fire may be in vari
ous parts of the globe, we must conclude, from the remains of an
cient volcanoes, that in a former period, the action of volcanic fire
was far more extensive and intense than at present.

According to Breislak, an Italian geologist, in a space of twenty
miles in length and ten in breadth, between Naples and Cutnea,
there are no less than sixty craters; some of them are larger than

that of Vesuvius. One of them is two miles in diameter. The city
of Cumea, founded twelve hundred years before the Christian era,
is built in the crater of an ancient volcano.

In other parts of Italy, there are undoubted vestiges of ancient vol
canoes. In Sicily, there are a number of extinct volcanoes, beside
those connected with itna. Many islands in the Grecian Archipel
ago are volcanic. There are remains of large volcanic craters i

Spain and Portugal; and the extinct volcanic mountains in the mid
dle and southern parts of France, cover several thousand square
miles. On the eastern banks of the Rhine, and the environs of An
dernach, there are numerous extinct volcanoes
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It i further to be noticed, that many of the craters of ancient vol
canoes, are of far greater size than the present ones. Vesuvius is a

comparatively small cone, raised within the crater of a larger volca
no. The cone of the Peak of Teneriffe, according to the descrip
tion of travellers, stands within a volcanic plain, containing twelve

square leagues of surface, surrounded by perpendicular precipices
and mountains, which were the border of the ancient crater. If the

opinion of M. Humboldt be correct, all these craters are diminutive

apertures, compared with the immense chasms through which, in re
mote ages, subterranean fire has forced a passage through the crust
of the globe.
"The whole of the mountainous parts of Quito," he says, "may

be considered as one immense volcano, occupying more than seven
buudred square leagues of surface, and throwing out flames by differ
ent cones, known by the denominations of Cotopaxi, Tungurahua,
and Pichincha. In like manner," he adds, " the whole group of the

Canary Islands is placed as it were on one submarine volcano. The
fire forces a passage sometimes through one, and sometimes through
another of these islands. Teneriffe alone, contains in its centre an
immense pyramid terminated by a crater, throwing out, from one cen

tury to another, lava by its flanks. In the other Canary Islands, the
different eruptions take place in various parts, and we no where find
those isolated mountains, to which volcanic effects are restrained.
The basaltic crust formed by ancient volcanoes seems every where
undermined ; and the currents of lava seen at Lanzerote and Palma
remind us," he adds, "

by every geological affinity, of the eruption
which took place in 1301 at the Isle of Ischia, amid the tufas of

Epimeo."
In the preceding part of the present chapter, I have endeavoured

to give a succinct account of the most important volcanic phenomena.
The only formations of hard crystalline rocks in the present day are
volcanic ; and if we trace the connection that exists between mod
ern and ancient volcanic rocks, and between the latter and the rocks
of trap and porphyry, among the ancient rock-formations, we shall
extend the dominion of Pluto over a large portion of the globe.
Many of the ancient volcanic rocks, have not flowed in currents

from limited apertures, like modern lavas. "The volcanic porphy
ries on the back of the Cordilleras," says M. 1-Iuniboldt, " are un

doubtedly of igneous origin ; but the mode of their formation is not
like that of modern lavas, which have been erupted since the exca
vation of valleys. The action of volcanic fire by an isolated cone or
crater of a modern volcano, differs necessarily from the action of this
fire, through the fractured crust of the globe." It has been observ
ed by the same geologist, that the further back we can trace volca
nic eruptions, the greater is the similarity between their products, and
the rocks which are regarded as the most ancient ;-hence, the
countries that have been the seats of ancient volcanoes, are particu-
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larly interesting to the geologist. In Auvergne, and the more south
ern parts of France, there are extinct volcanoes of different ages,
covering with their products several thousand square miles. The
most recent of these volcanoes has been extinct or dormant since
the records of authentic history, and probably for a longer period.
Julius Cusar, who was encamped on this volcanic soil, and has de
scribed the country, makes no allusion to its having been the seat of
active volcanoes.*
West of the town of Clermont, there is an extensive granitic plain,

rising about sixteen hundred feet above the level of the river Ailier.
On this plain there are numerous cones, and dome-shaped hills, va

rying in height from twelve hundred to two thousand feet; some of
these cones have well-preserved craters, and the cones themselves
are formed chiefly of scoriaceous lava. These are the most recent
volcanoes of that country; their products differ in no respect from
those of modern volcanoes, except that the lava may often be ob
served passing to the state of compact basalt, exactly similar to many
of the basaltic rocks in Great Britain. That these volcanoes are the
most recent, is proved by the lava flowing down from them into the

present valleys; and hence we are certain, that the eruptions must
have taken place subsequently to the excavation of the valleys.
There are other currents of lava from more ancient volcanoes, that
have flowed before the valleys were excavated, and form isolated

caps on the hills that enclose the present valleys. These currents
of lava are composed chiefly of compact basalt: the position of these
isolated caps of basalt is similar to that on the bill b, (Plate III. fig.
2.) but they are not always columnar. The openings from which
these beds of basalt have flowed cannot be always traced; but as we
can observe the change from scoriaceous lava to basalt in the cur
rents of undoubted lava, we cannot hesitate to admit, that the basalt
which forms these caps, must have had a similar origin. Under the

caps of basalt, there are in many situations thick beds of volcanic
tufa, containing bitumen, which will be subsequently noticed. Beside
the volcanoes with craters, that have ejected currents of scoriaceous
lava and basalt, and poured them into the valleys; and beside the
more ancient volcanoes, that have formed beds of basalt before the

excavation of the valleys,-there are other volcanic mountains, which
have rounded summits or domes, without any perforation or crater,
and these are composed chiefly of whitish or grey earthy feispar,

containing imbedded crystals of feispar: to this rock the name of

trachyte has been given, on account of its rough fracture. It may
be properly called a volcanic porphyry.

I visited the extinct volcanoes of France in the spring of 1829, and published
an account of them in the 9d volume of my Travels, accompanied with cuts, and
a section and outline of the country round Clermont, which is, I believe, the first
attempt to render in this manner the structure of this volcanic district intelligible
to the general reader. Without the aid of sections and diagrams, it is difficult to
obtain a distinct notion of the relative position ofthe different volcanic formations.
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The first, or more recent volcanoes, resemble in every particular,
the existing volcanoes in various parts of the world; and the cur
rents of lava may be traced from their sides along the granitic plain
on which the volcanoes stand, and thence into the adjacent valleys
for many miles. The lava appears as fresh as the recent lavas from
Vesuvius, though it has been exposed to the action of the atmosphere
for some thousand years. The Puy de Pariou is the most perfect
of these volcanic cones. The following description of it is taken
from the 2d volume of my Travels:-" We were one hour in going
from La Barraque, a mountain village, to the foot of the Puy de
Pariou, where we left our char, and another hour in ascending to
the summit, as we halted several times to rest. As nearly as I could
estimate, the summit of this mountain rises about one thousand feet
above the plain, and is, therefore, about three thousand eight hun
dred feet above the level of the sea. The crater, which is the best

preserved of any in Auvergne, is nearly circular. I walked round
it, and its circumference is about eight hundred yards. Its shape is
that of an inverted cone or funnel quite perfect. The edge or rim
of the crater is narrow, from which the descent or slope is very rapid
on each side: the depth of the crater from the highest part of the

edge (which is on the southern side) to the small plain at the bottom,

may be about three hundred and twenty feet; and from the western
side, about two hundred and sixty English feet. The lava which
flowed from Pariou to La Barraque, and thence towards the plain
of Clermont, is generally supposed to have issued from the crater;
but had this been the case, the crater would not have been so entire
as it is; and I am fully convinced, that the eruption of such a mass
of lava must have broken down one of the sides, as at Nugere, which
we afterwards visited, and the Puy de Vache. There appears, I
think, decisive marks of the lava having flowed from an opening on
the north-east side of the mountain, to which it may be traced. In
deed on this side there are the indications of a much larger crater,
which has its escarpments turned towards the Puy de Pariou like
those of Mount Somma, which are turned towards Vesuvius. The
Puy de Pariou was, in all probability, a volcanic cone, formed within
the larger crater by its last eruption of scorhe.
"The annexed cut, from a drawing I made near the foot of the

mountain, represents the external shape of the Puy de Pariou, and
the dotted lines show the form and the relative depth of the crater,
the bottom of which, a a, is about three hundred and twenty feet be
low the highest part of the rim c. The current of lava, b 6, is on
the north-east side of the present mountain. The internal shape of
Pariou approaches to quadrilateral, or is that of a cone compressed
on each side, and somewhat elongated from north to south. The
bottom of the crater is nearly flat; there was a little water, from the
recent melting of the snow, remaining in some of' the hollows : in
deed we were told at Clermont that we should find the crater filled
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with snow. It was early in May: but the snow was gone, and grass
was growing in some parts; others were covered with loose masses
of scori. Owing to the great porosity of the soil, the crater of Pa.
riou seems doomed to perpetual sterility,-there is no tree or shrub
within it; while that of Vesuvius, after a cessation of eruptions for

only four centuries, was covered with large chestnut trees."-Vol. ii.

page 307.
In the Puy de Parou, and many other volcanic mountains of this

district, there is nothing particularly remarkable, except, that the ]a.
vas which have flowed from them at a remote period, should pre
serve all the freshness of recent lavas, and that volcanoes so well
characterised, both by their forms and mineral products, should have

remained unnoticed until the middle of the last century. The round

topped or dome shaped bill on the left of the Puy de Pariou is called
Sarcoui; it belongs to that class of volcanoes that have no craters,
which will subsequently be noticed. The more ancient volcanoes,

that have poured out the thick beds of basalt that cap many of the

valleys round Clermont, cannot always be traced, as the openings
from whence it issued may be covered by the lava of more recent

eruptions. In order to obtain a more distinct idea of the position of

these caps of basalt, it will be necessary to remark, that the granitic

plain above Clermont, and the hollows or valleys in its sides, receiv
ed their present form, prior to the most ancient volcanic eruptions;
these hollows or ancient valleys, were probably basins or lakes, in
which were deposited a vast thickness of calcareous strata, contain

ing fresh water shells, and the bones of land quadrupeds. Into these
lakes, there has flowed a vast mass of volcanic tufa, covering the
limestone, and sometimes intermixed with it. The volcanic tufa,
and the fresh water strata, appear to have filled up the ancient val

leys or lakes ; and on this tufa, the basalt was deposited by a subse

quent eruption. At a later period, diluvial currents have furrowed
excavations or new valleys in the basalt, in the subjacent tufa, and
in the fresh water limestone, leaving detached portions or hills com

posed of basalt, tufa and limestone, which once were parts of con
tinuous beds. Into these new valleys, the lava of the most recent
volcanoes has flowed. The most remarkable circumstance attending
these more ancient eruptions, is the bituminous nature of the tufa,
which forms the lowest bed, and covers the fresh water limestone of

Gergovia, Canturges and the neighboring hills. This tufa is, in
some parts, more than three hundred feet thick; it consists of earthy
basalt or wacke, intermixed with lumps of scorü and basalt, and in
some places, with limestone: it is every where impregnated with
bitumen. The tufa of Auvergne bears evident marks of being the

product of an aqueous or muddy eruption, intermixed with lava and
scori, which increase in quantity in the upper part of the mass,
and at length cover it with compact lava or basalt. That the tufa
was ejected in an aqueous or muddy state is proved, by the quantity
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of bitumen which it contains: by any other mode of formation, the
bitumen would have been consumed. By some former writers it has
been supposed that the tufa is an alluvial bed of sediment and water
worn fragments; but the bituminous nature of this bed excludes the

probability of this mode of formation; and at Montadoux, the up
per part of the tufa may be clearly seen, passing into basalt. In
sonic situations, however, the tufa has been transported from its orig
inal place and intermixed with fragments of more ancient rocks.
The dome-shaped hills without craters, composed of volcanic por

phyry or tracbyte, have given rise to much speculation respecting
their origin. Some geologists contend that they are only the remains
of one vast bed of trachyte, of which the other parts are washed

away. Others maintain that they are merely portions of the granite
on which they rest; and that this granite has been wholly or partial
ly fused, and upheaved, by the expansive force of subterranean fire.
This mode of formation is rendered probable, by what may be ob
served at the Puy de Chopine, which is a mountain standing within
a crater; this mountain is composed partly of unaltered granite and

sienite, and partly of volcanic trachyte, and appears to have been

upheaved, before the fusion of the granite had been effected.

The Puy de Dome, near the summit, is chiefly composed of whi
tish trachyte intermixed with unaltered granite; the lower part of the

mountain is covered with scoriaceous and compact lava. The dome
of this mountain rises 2000 feet above the elevated granitic plain on

which it stands, and 4797 feet above the level of the sea: it has no
crater or opening on the top; but Dr. Daubeny says, two streams of

lava appear to have pierced the sides of the mountain, and to have
descended into the valleys. In this respect the Puy de Dome re

sembles the enormous dome of trachyte on the summit of Chimbo
razo, twenty thousand feet above the level of the sea, which, accord

ing to Humboldt, acts mechanically on the neighbouring country, frac

turing the strata, and changing the surface of the soil; but it has no

permanent opening, either on its summit or sides. In some of
these dome-shaped hills, the action of subterranean heat appears to

have been so intense, as to reduce the whole into a spongy pulve
rulent mass; but, what is remarkable, in the middle of this spongy
mass, lumps of scoriaceous lava, are sometimes found. It has been

objected to the formation of trachyte or volcanic porphyry from gran
ite, that it contains a very small portion of quartz; but in this res

pect it resembles many granite rocks in Auvergne, in which the

quartz is scarcely perceptible.
In the volcanic districts south of Clermont, the porphyry becomes

more compact, and assumes the hardest state of that rock; the base
of the stone is sometimes green, and the crystals of felspar are

white: it will receive a (The polish, like the green porphyry of the
ancients.
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The basaltic rocks also extend south of Clermont, into the districts

called the Velay and Viverrais, and cover a great portion of the soil.

Near Monpezat, Thueys, and Jaujac, according to M. Faujas St.

Fond, there are small volcanic mountains, with distinct currents of

lava, that appear to issue from their feet, and flow into the valleys.
The lower part of the lava is scoriaceous, but the upper part is hard

sonorous basalt, arranged in columns as perfect as those of Staffa or

the Giant's Causeway. We have here a decisive proof of the ig
neous formation of columnar basaltic rocks. "The basaltic forma

tion extends into the South of France, to the borders of the Medi

terranean Sea, where, near to Adge, is the extinct volcano of Saint

Loup, the cellular lava of which is employed in the construction of

buildings on the canal of Languedoc._Daubvisson.*
There are numerous extinct volcanoes in several parts of Germa

ny, particularly in some of the districts bordering the Rhine: these

volcanoes, like those of central France, belong to different epochs,
but the most recent appear to be more ancient than the earliest pen
odsof authentic history. In the volcanic district of Eyfel, between
the Rhine and the Moselle, are scattered numerous small cones and
eminences some with craters, the bottoms of which are filled with
water, forming lakes or meres, without outlets. A German geolo
gist divides these volcanoes into three classes :-

1. Those which have lakes or meres, and have ejected nothing
but loose fragments of rock with balls of scorie and sand:
of these there are eight in that district.

2. Those which have ejected fragments of slag, sometimes loose,
and sometimes cemented: of these there are eight.

. Those which have ejected streams of lava: of these six are
enumerated.

According to Dr. Daubeny, who has visited these craters, the
currents of lava have not been satisfactorily traced to their source,

being sometimes buried under heaps of volcanic matter subsequently
ejected. These volcanoes rise through transition rocks of slate and
limestone. The Seven Mountains near Bonn, belong to a very re
mote volcanic epoch. Those readers who intend to visit the coun
tries near the Rhine, will do well to consult Dr. Daubeny's work on
volcanoes, in which will be found the best information respecting the
extinct volcanoes of Germany.

In proportion as the surface of the earth becomes properly exam
ined, our knowledge of extinct volcanoes in various countries is en

larged. According to Burckhardt, there are several in Arabia: a

* in the article "Volcano," which I wrote for Dr. Rees's Cycloptedia, I endeav
vonred to collect all the most important details of volcanic phenomena then known
and have given an account of different experiments made on lava by Spallanzani and others, which the limits of the present volume will not allow me to DO-
tice.
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volcano broke out near the city of Mecca some centuries after its
submission to the Mahometan faith. Extinct volcanoes are trace
able in the vicinity of Mount Sinai, and from thence to the Dead
Sea The indications of volcanic action in Persia, and in various

parts of the Asiatic continent, are too numerous to be cited: some of
the mountains far removed from the sea still emit smoke and vapour.
Pseudo-Volcanoes.-To the accidental combustion of beds of coal,

the Germans have given the name of Pseudo-Volcanoes. There
are instances of coal mines having been on fire for many years; but

they are too limited in extent or activity, to bear any comparison
with volcanic fires. Near Bilston in Staffordshire, there are coal
mines which have been continually burning for a long period; the
effect of the fire on the beds of clay deserves notice, as it converts
them into a substance resembling jasper.
There have been instances of portions of the cliffs of England

taking fire spontaneously, and burning for a considerable" time: this
is, at present, the case in a cliff near Weymouth. In the last cen

tury, after a hot summer, and heavy rains, the cliff near Charmouth
in Dorsetshire took fire, and continued burning for several months.
When portions of the cliffs near Whitby in Yorkshire fall upon the
beach, and become moistened, they are sometimes spontaneously ig
nited. The same effect takes place in the Staffordshire coal mines;
when parts of the bed of indurated clay which forms the roof of the
coal fall down, and become moistened, it takes fire spontaneously:
and hence this combustible clay is provincially called tow.

All these instances of spontaneous combustion admit of a satisfac

tory explanation. The cliffs of Charmouth and Whitby are com

posed of has clay, much intermixed with bituminous and carbona
ceous matter, and the sulphuret of iron, (iron pyrites:) such is also
the composition of the inflammable clay which forms the roof of the
coal in Staffordshire; and the clay which forms the cliffs near Wey
mouth is similar in composition to the has clay of Charmouth and

Whitby, though it belongs to an upper part of the secondary strata.
Iron pyrites abound in these cliffs; and it is a well known property
of this mineral, to decompose rapidly, when laid in heaps and moist
ened with water. During this rapid decomposition, sufficient heat is
evolved to ignite the bituminous matter in the clay: and the clay,
when once ignited, will burn for a long period;-this is proved in the

process employed for making alum at Whitby. There can be little

doubt that this spontaneous combustion might be imitated, artificially,

by mixing pyrites and bituminous clay or shale, and moistening the

heap with water. The experiment of Lemery is well known: he
mixed twenty five pounds of powdered sulphur with an equal weight
of iron filings; and, having made with water a paste of the mixture,
be put it into an iron pot covered with a cloth, and buried it a foot
under ground. In about eight hours, the earth swelled and cracked,
and hot suiphureous vapours were exhaled; a flame was observed
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to issue through the cracks, and the ground was covered with a yel
low and black powder: thus, a subterraneous fire was produced by
the chemical combination of sulphur, iron, and water. In the Cliffs
of Charmouth, Whitby and Weymouth, we have precisely the same
mineral substances combined, that were used in the experiment of

Lemery.
The earth itself is, in all probability, the great laboratory in which,

by the aid of subterranean heat, are combined and prepared the min
eral substances that compose the hard crystalline crust of the globe.
All the minerals which form primary rocks, occur in a perfect state,
in modern or ancient lava. The substances ejected through fissures
in the earth, or volcanoes, belong to the four grand divisions of the
mineral kingdom,-the inflammable, saline, metallic, and earthy.
The inflammable substances are sulphur, carbon, and hydrogen.

The inflammable quality of sulphur prevents its being found in lava
in a solid form; during volcanic eruptions it is evolved in a gaseous
state combined with hydrogen. It is also sublimed from the fissures
of extinct or dormant volcanoes, and forms thick incrustations on the
sides of the craters. Almost all the sulphur of commerce in Europe
is procured from the craters of dormant volcanoes in the south of
Italy, Sicily, and the Lipari Islands. When the combustion of sul

phur in volcanoes takes place where there is access to atmospheric
air, it forms sulphurous acid gas, and sulphuric acid.

Carbon combined with hydrogen, forming bitumen, is found in
volcanic rocks, and also in some basaltic or trap rocks. The volca
nic tufa in the vicinity of Clermont, in France, contains so much
bitumen, that in warm days it oozes out, and forms streams of bitu
men resembling pitch, which is the more remarkable, as this tufa
must have been erupted some thousand years. Bitumen has been
observed oozing out of the lava of }Etna. The rnoya ejected from
the volcanoes in the Andes, in aqueous or muddy eruptions, contains
so much bitumen or carbon, as to be inflammable. As bitumen ex
ists in many volcanic rocks, the black smoke which issues during an
eruption may proceed from its combustion, though it has generally
been supposed to consist of minute volcanic sand, called ashes.
Carbon also combines with hydrogen in a gaseous state, and forms
carburreted hydrogen gas.
The hydrogen gas evolved from volcanoes, or from chasms in the

earth during earthquakes, is generally combined with sulphur or car
bon; it is probably formed by the decomposition of water, when it
finds access to subterranean fire. Whether phosphorus be a pro
duct of volcanoes is unknown: its extreme inflammability preventsit from being discovered in a concrete form; but the dense white
clouds, like bales of cotton, which sometimes cover Vesuvius, resein
ble the fumes produced by the combustion of phosphorus. Among
the products of volcanoes, only three are combustible at a moderate
temperature ;-sulphur, hydrogen, and carbon. It has been conjeC-
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tured by Sir H. Davy, that the earths and alkalies which form lavas,
exist in the centre of the globe in a metallic state, and take fire by
the access of water. The property of the newly discovered metals
to inflame instantly on the access of water offers an easy explanation
of the origin of volcanic fires, could we suppose that substances so
extremely inflammable and oxidable have remained for ages in a
metallic state. This theory is now abandoned. There may, how
ever, be processes going on in the vast laboratory of the globe, that

separate the earths from oxygen, and prepare them for the support
of volcanic fires, by which they are thrown upon the surface, and
thus establish a communication between the internal and external

parts of our planet.
The saline products of volcanoes are not numerous. The sul

phureous and sulphuric acids, formed by the combustion of sulphur
during eruptions, act upon lavas and rocks, and produce different
combinations, of which the most important are alum, sulphate of

magnesia, sulphate of iron, or green copperas, and gypsum. Muri
ate of ammonia, or sal-ammoniac, forms an incrustation on many la
vas soon after they cool: muriate of soda, or common salt, and mu
nate of copper and of iron, are found in the craters of volcanoes.
Muriatic acid, in an uncombined state, occurs in some of the spongy
lavas in Auvergne.
The principal metallic substances in volcanic rocks are iron and

titanium; but ores of antimony, copper and manganese, have some
times been found in the craters of volcanoes. Tellurium gold, and

mercury are also said to occur in some volcanic jocks. The island
of Ischia, which is entirely volcanic, contains a mine of gold.

Iron, in the form of brilliant lamiu, called specular iron, occurs
in the cavities and fissures of many lavas. Magnetic iron ore, and
oxide of iron, with iron sand and titanium, form a constituent part of

nearly all dark-coloured lavas or basalt.
The earthy products of volcanoes are either vitreous, or stony, or

scoriaceous, or spongy, or in loose grains or powder. Volcanic
rocks are composed chiefly of felspar, and the dark-coloured min
eral called augite; they contain, also, hornblende and grains of mag
netic iron ore, with titanium and iron sand, and the mineral called
olivine. Mica, leucite, iron pyrites, garnets, rubies, and zircon, are
also found in some volcanic rocks. The different states of lava,
whether vitreous, compact, or scoriaceous, depend on the different
circumstances under which it has cooled.
Volcanic rocks, being composed principally of the two minerals,

feispar and augite, very minutely intermixed, derive their principal
characters from the prevalence of one or other of these minerals.
Those lavas in which feispar greatly predominates, have, generally,
a whitish or greyish colour, and melt into a white glass. The lavas
which contain a large portion of augite, have a dark colour, and melt
into a black glass. According to M. Cordier, all volcanic rocks that
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have flowed as lava, and which appear the most homogeneous, are

composed Of microscopic crystalline particles, belonging to a small
number of minerals, particularly felspar, augite, olivine, and iron
sand; and the same intermixture of minerals may be observed j
all scoriaceous lava and in basalt. To the white or grey lava, com

posed principally of feispar, the French have given the name of

trachyte, from its breaking with a rough surface.

Trachyie.-Common or stony trachyte has generally a whitish or

greyish colour, a dull earthy fracture, and is more or less fine-grained;
sometimes the grains are very minute; it has then a compact surface,
and sometimes a glistening lustre, in which state it becomes pearl
stone. Its hardness is variable; some of the trachytes near Cler
mont are spongy, and almost friable. Trachyte melts readily into a

greyish glass; it generally contains imbedded crystals of vitreous

feispar. Acicular or needle-shaped crystals of hornblende, hexa

gonal crystals of mica, and grains of iron sand, and lamin of spec
ular iron ore, occur in trachyte. Augite is seldom found in the tra

chyte of Europe, though it is common in the trachytes of the Andes.
The claystone of Braid Hill, near Edinburgh, nearly resembles some
of the trachytes in Auvergne; but it. is not porphyritic. Trachyte
may be regarded as an earthy form of feispar; it is, therefore, un

necessary to speak of its constituent parts. To the variety of tra

chyte on the Puy de Dome, M. Von Buch has given the name of
doniite,-a term which the French geologists have properly rejected,
as it is only common trachyte, rather whiter than some of the other
varieties. It has before been stated, that the trachytes in Auvergue
were probably formed by the more or less perfect fusion of granite;
like the granite of that district, they contain but a very small portion
of quartz.

Trachyte occurs in the Lipari Islands, in a perfectly vitreous state,

forming obsidian or volcanic glass, which is sometimes colourless, and
sometimes black; the black variety, however, forms a white glass
when melted. The colouring matter, being fugitive, is probably bi
tumen: in this respect, it differs from obsidian formed from dark
lava or basalt: the latter melts into a black glass. Pumice appears
to have been formed from feispar or trachyte, exposed to an intense
heat, which has reduced it to a fibrous mass.
The island of Lipari contains a mountain formed entirely of white

pumice: when seen at a distance, it excites the idea, that it is cov
ered from the summit to the fo'ot with snow. Almost all the pumice
stone employed in commerce is brought from this immense mine.
The mountain is not one compact mass, but is composed of balls or

globes of pumice aggregated together, but without adhesion. From
hence Spallanzani infers, that the pumice was thrown out of a vol
cano in a state of fusion, and took a globose form in the air. Some
of these balls of pumice do not exceed the size of a nut, others are
a foot or more in diameter. Many of these pumices are so Compact,
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that no pores or filaments are visible to the eye; when viewed with
a lens, they appear like an accumulation of small flakes of ice.

Though apparently compact, they swim on water. Other purnices
contain pores and cavities, and are composed of shining white fila
ments. By a.long continued heat, pumice-stone melts into a vitreous

semi-transparent mass, in which a number of small crystals of white

feispar are seen. Black or dark-coloured pumice is more uncommon.
Humboldt says, he has seen black pumice in which augite and horn
blende may be recognized; he is inclined to think that such substan
ces owe their origin to basaltic lavas, which, by intense heat, have
assumed a capillary or fibrous form.
Immense quantities of pumice are sometimes thrown up by sub

marine volcanoes. It has been seen floating upon the sea over .a

space of three hundred miles, at a great distance from any known

volcano: from hence it may be inferred, that submarine volcanoes
sometimes break out at such vast depths under the ocean, that none
of their products reach the surface, except such as are lighter than
water.
Obsidian, or volcanic glass, so nearly resembles lumps of black glass,

that they can scarcely be distinguished by the unpractised observer.

Its broken surface is smooth, conchoidal, and shining: the most com
mon colour of obsidian is a velvet black. The thinner pieces are
translucent. It is harder than glass and strikes fire with steel. It is
common in the neighbourhood of volcanoes, and in some basaltic for
mations. The obsidian accompanying basalt, contains a large por
tion of augite, and melts into a black glass, as before mentioned; in
other respects, its mineral characters are the same as those of ob
sidian from trachyte. In Lipari, one of the volcanic isles, the moun
tain de la Castagna, according to Spallanzani, is composed wholly
of volcanic glass, which appears to have flowed in successive currents,
like streams of water, falling with a rapid descent, and suddenly fro
zen. This glass is sometimes compact, and sometimes porous and

spongy. Numerous veins of obsidian are said to intersect the cone
of Mount Vesuvius, and serve as a cement, to keep together the
loose materials of which it is composed.
On the elevated plain which surrounds the conical peak of Tene

rife, there are masses of obsidian, which graduates into pitchstone,
containing crystals of white feispar. On the south-west side of the

peak, there is a stream of vitreous lava or obsidian, several miles in

length. Colonel lmrie describes a current of lava in the island of
Felic&la, intermixed with obsidian, which had been flowing with it,
and now forms part of the congealed stream. "In some parts the
obsidian is seen losing its brilliancy, and passing- into granular lava,
which becomes similar in colour, fracture, and texture, to the other

parts of the stream. Where the obsidian appears in a state of per
fect glass, it is very near to where it has been first ejected from the
side of the crater, and in a situation where it must have undergone a
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rapid cooling, in some parts of these congealed streams, I could
trace a transition of the obsidian into pumice. In these places, the
obsidian contained scattered air globules, which were almost always
lengthened in the direction of the stream. These globules gradually
augmented in number until the whole substance became a light, fra

gile, and frothy pumice.* Obsidian is found in the crater of Vulcano,
one of the .olian islands, and may be seen forming there at the

present time.
Rocks of tracliyte sometimes, though rarely, have a columnar

structure. Owing to the facility with which trachyte breaks down, i
forms beds of conglomerate intermixed with scorit and pumice. The
more finely commiriuted parts of trachyte, intermixed with earthy
matter, form beds of tufa. These beds of conglomerate and tufa,

frequently environ trachytic mountains, and hide from the view of the

geologist their connection with the subjacent rocks.
When trachyte becomes compact and hard, and acquires a laminar

or slaty structure, it passes into clinkstone or phonolite, so called on
account of its yielding a metallic sound when struck. (See Chap.
IX., where it is observed, that dark lava or basalt also passes into

clinkstone.) Thus it appears that both the light-coloured lava, or

trachyte, and the dark-coloured lava or basalt, according to the dif
ferent degrees of heat to which they have been subjected, or the
different circumstances under which they have cooled, form volcan
ic glass, clinkstone, or pumice; and the only difference to be observed
in the minerals formed from the trachyte or the basalt, is a difference
of colour in the minerals themselves, or in the glass which they yield
when melted. Black pumice from basalt is however very rare4
Basaltic dykes, and the overlying rocks of porphyry, trap, and basalt,
described in Chap. 1X. ought, I am persuaded, to be classed with
ancient volcanic rocks, but their igneous origin is not yet universally

* Memoirs of the Wernerian Society, vol. ii. p. 47.
f According to the microscope and mechanical analysis of light-coloured and

dark lavas, by M. Cordier (whether compact or scoriaceous), it appears that the
stony 11IV3 which mcii. into a white glass, contain ninety per cent. of felspar.
Those lavas which melt into a bottle-green glass or enamel, contain only from
hfty-fivi'. to sevent per cent. of Ihlspar; such are the greenish, greyish, or dark
coloured basalt. On a microscopic examination of dark lava or basalt, it appears
to consist of minute crystalline grains. The whitish grains belong chiefly to Id
spar, but in the lava from Vesuvins, to leucite ; a small proportion of these graltiS
are chrysolite. The yellowish or greenish rains belong ton ugitea nd lmornbleude
those of angite are rounded and irregular, with a vitreous fracture and splendent
lustre. The grains of' hornblende are long, and assume a prismatic form; they
present indications of a laminar structure, and have little lustre. The perfectly
black grains are iron sand, combined with titanium; the grains of iron ore(/c'r oh
gisic) may be known by yielding a red powder when pulverized. Volcanic glass,
volcanic scoria, and volcanic tula, are all composed of the saute minerals as time
most Coinpaet lava; and all the most homogeneous dark volcanic rocks are cofflpO
ed of minute microscopic grains, which are elm icIly lei-spar and augite, with a small
propoi tion of oliviue and iron sand. M. Uordier inftumed the author that the
Microscopic examition of lava was much facilitated by steeping the piece to be
enrntnec1 in dilute muriatjc acid.
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admitted, and it is desirable to separate theoretical views from a de

"scription of facts. This, however, cannot always be done: circum

stances which indicate the mode of rock formations, will deservedly
force themselves on our attention; and in stating them fairly, and
the inferences which may be drawn from them, we relieve geology
from much of its dryness, and stimulate succeeding observers to a
strict investigation of nature.

Dark-coloured recent lava does not differ essentially from basalt
it is generally more porous. Probably the compact state of basalt
was the result of refrigeration under pressure; it may, however, be

frequently observed in Auvergne, passing into the state of scoriace

ous lava. Some of the recent lavas from Vesuvius are compact,
and have a glistening lustre, but they are more commonly porous.
In some volcanic eruptions, lava appears to have acquired the most

perfect fluidity. According to Professor Bottis, who was an eye
witness of the eruption of Vesuvius in 177(5, the lava spouted from

three small apertures, precisely like water, forming beautiful foun

tains of fire, which described curves of different dimensions as they
fell. In the same year, a current of lava from the summit of Vesu

vius flowed with the velocity of a mile and a half in fourteen min

utes; it struck upon the lava of 1771, and rebounded into the air,

congealing in figures of various shapes. The length of time which

currents of lava retain their heat is truly remarkable: the current

which flowed from IEtna in 1669 is two miles in breadth, fifteen

miles in length, and two hundred feet in depth; it retains a por
tion of its heat to the present day. Ferrara says, when this lava

was perforated at Catania in 1809, flames broke out; and it contin

ued to smoke at the surface after rain, at the beginning of the pres
ent century, or 130 years after its eruption.

Stones of enormous size are frequently projected from the craters

of volcanoes; but the quantity of matter which they throw out in the

state of scorie, sand, and powder, often exceeds that erupted in the

state of lava, and is spread over distant countries. By the percola
tion of water it becomes agglutinated, and forms beds of volcanic

breccia, and tufa. Sometimes the tufa is sufficiently solid to be used

for building-stone; the Roman pepperuno is a volcanic tufa. Poz

zolana consists of minute particles of scori, which have been par

tially decomposed: when mixed with lime, it makes a water-setting
cement.
Some volcanic rocks decompose rapidly, and form productive

soils; others resist the process of decomposition so effectually, that,

after the lapse of some thousand years, they present all the freshness

of the most recent lavas.

Ilge of Volcanic Rocks.-Nothing precise can be determined with

respect to the relative age of volcanic rocks, except in those districts

where they occur together, one covering the other. Humboldt, who

has attempted to trace the different ages of volcanic formations, oh-
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serves, that there are trachytes, clinkstones, and' basalts, of different
ages; but in proportion as we advance towards the more recent vol
canic formations, they appear isolated, superadded, and strangers to
the soil in which they are found. The lavas from existing volcanoes

vary at different periods of their eruptions; we may, therefore, well
conceive, that the volcanic masses which, during thousands of years
have been progressively raised to the surface under very different cir
cumstances of pressure and refrigeration, should present striking con
trasts and analogies of structure and composition.

OBSERVATIONS.

From the various phenomena which volcanoes present, we may
with probability infer, that the internal part of our planet is either
wholly or partially in an igneous state, however difficult it may be to
explain in what manner this heat is generated and confined. In eve
ry department of nature, our enquiries are terminated by ultimate
facts, beyond which further research becomes vain. The constant
generation and emission of light from the surface of the sun is more
inexplicable and surprising, than the constant generation of heat in
the centre of our planet; but we cannot refuse our assent to the fact,
though it is far beyond the power of the human mind to conceive, by
what means the particles of light are propelled through space with
such astonishing velocity. We are too apt to measure natural opera.
tions by their coincidence with the received systems' of philosophy,
and to make our own ignorance the standard of truth. I-lad all the
volcanoes in the world been' dormant for the last two thousand years,
and were we acquainted with their existence only by the writings of
ancient historians, we should discredit the fact, and prove its impossi
bility by an appeal to establish chemical principles; we should fur-
ther accompany the proof with a pathetic lamentation over the
credu-lityofformer times. The descent of stones from the atmosphere was
denied during a longer period, though the fact is now established be
yond all doubt.

Admitting the existence of central fire in the earth, it is not diffi-
cult to conceive that there may be determinate causes, by which at
certain periods its intensity is increased or diminished. We know lit
tle respecting the operation of electric or voltaic energy in the labor
atory of nature, but, from the existence of electric light at the poles,
we may infer that electric currents are passing through the earth, and
are important agents in many subterranean phenomena. Perhaps the
difièrent beds of rock which environ the globe may act like a series of
plates in the voltaic pile, and produce effects commensurate with their
vast magnitude. Voltaic energy is capable of supporting the most in
tense degree of heat without access to atmospheric air, or even in va
cuo; and this for an indefinite time.
Whatever origin we ascribe to subterranean fire, it must be recol

lected, that its action, when confined beneath the earth, is altogetherdifferent from that of fire on the surface, which changes and decompo
ses almost all substances exposed to its action. It is well known that
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the most inflammable substances, carbon and sulphur, when subjected
to intense heat in vacuo, undergo no change in their weight or prop
erties. It is only when air or water obtains access to volcanic lire
that it can produce effects analogous to those of combustion on the
surface. Indeed, it appears probable that volcanic explosions and
eruptions are occasioned by the access of water to subterranean fire.
A sudden evolution of steam and vapour thus produced, will force a

passage to the surface, in those parts where the incumbent rocks offer
the least resistance, and the lava and fragments of rock will be ejected
with a force, proportionate to the quantity of steam or air suddenly
evolved.
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CHAPTER XIX.

ON THE REPOSITORIES OF METALLIC ORES.

Metallic Matter disseminated through Rocks.-Masses of Metallic Ore.-Metallic
Beds.-Metallic Veins.-Rake Veins.-Flat Veins.-Accumulated Veins.-
Cross Courses.-The remarkable Structure of the Botallack Mine worked un-
der the Sea-On the Formation of Metallic Ores.-Remarkable Phenomena in
Mines,-Stream Works.-Gold disseminated in the Sands of Rivers in Africa,
and North and South America.-Rocks in which certain Metallic Ores are found.

THE rocks and strata, described in the preceding chapters, are

composed of earthy minerals, sometimes combined with a portion of

metallic matter, which in such instances may be regarded as a con
stituent part of rocks. The mineral substances to be described in

the present chapter, as forming beds or veins, or irregular masses, or

grains imbedded in other rocks, consist of metallic matter either

pure, or in combination with sulphur, oxygen, or acids.
The difference of external character between a pure metal and an

earth is so great, that we find some difficulty, at first, in conceiving
how metallic matter can form beds interstratified with earthy rocks;
but the discoveries of modern chemistry have shown, that metallic
and earthy minerals are closely allied. Nothing can appear more

essentially different than a piece of polished iron and a piece of mar
ble or slate; yet if iron be exposed to the action of air and water
it is converted into rust, and in this state is known as ochre; and be
tween ochre and powdered stone there is little difference of external
character; nor would any one, unacquainted with chemistry, suspect
that ochre was a metallic mineral. The ochre can, however, be ea

sily reconverted into metallic iron: but, to convert the earths into a
metallic substance is a difficult process,-yet, it has been effected;
and it is further proved, that both earths and alkalies are metallic
substances combined with oxygen. The metallic nature of the earths

being ascertained, we can no longer be surprised that metallic min
erals should be found, intermixed with earthy minerals, in rocks.
Iron is found combined with earths in almost all rocks that are not
white; and to the presence of iron they generally owe their colour,
whether red, brown, or black.
The other metals rarely occur, chemically combined with rocks or

strata, but are found either disseminated in grains or irregular pieces,
or forming beds between earthy strata, or filling veins that intersect
rocks in different directions, as represented Plate IV. fig. 4. a and 6.
The metals, except gold and platina, are rarely found pure, but

re generally combined, either with sulphur, oxygen, or acids; in
this slate, they are called ores. When the metals occur pure, they
are called native metals: thus we have native gold, native iron, &C.
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Metallic ores and native metals are sometimes disseminated in

grains through rocks; and when they are abundant, the whole mass

of the rock is worked as a mine; but this is seldom the case. Tin

stone, or the oxide of tin, is sometimes disseminated, in grains, in

granitic rocks in Cornwall, but it is generally in the vicinity of a vein

of tin ore, that disseminated grains of tinstone are found in the rock.

At Weal Duchy mine, near Callington, silver ore is obtained, both

from a vein which intersects the hill, and from the rock itself, at a

considerable distance from the vein. From a section of the mine

shown me by the proprietor, it appears that in the rock, which is

white killas (a silvery clay slate), the ore is disseminated in various

parts, or is collected in bunches. The silver is found native in fila

ments, or in the state of vitreous silver ore, black silver, and ruby
silver. Gold frequently occurs in grains, disseminated through solid

rocks, or in the sands of rivers. Considerable masses of metallic
ore are sometimes found in rocks, particularly of iron ore; but these
masses are generally formed by the meeting of numerous veins, or
are parts of metallic beds that are greatly enlarged :-they will be

described with beds and veins.
Metallic Beds.-Some metallic ores occur, taking the form of

regular strata in the secondary rocks, or of beds in transition and

primary rocks. Ironstone in thin strata, alternates with coal, coal

shale, and sandstone, and has been described with the coal strata,

in Chap. VIII.
Iron ore often forms beds of considerable thickness, interposed be

tween rocks of gneiss, mica-slate, and slate. Metallic ores, in beds

or strata, may be regarded as constituent parts of the rocks in which

they occur, and must be coteinporaneous with them; the metallic

and the earthy minerals have been deposited at the same time, and

bave probably, been separated by chemical affinity, during the pro
cess of consolidation. Sometimes, the metallic matter is intermixed

with a bed of slate, or of other rocks, in such abundance, that the

whole bed is worked as a metallic ore. When a bed of metallic

matter swells out, irregularly, to a considerable thickness, it forms

masses of ore, which, in some instances, attain the magnitude of

small mountains;-such are the mountains of iron ore in Sweden

and Norway. Metallic beds are, however, of limited extent; they
seldom traverse a whole mountain or mountain range, but they grad

ually or suddenly become narrow and terminate, or in the miners'

language wedge out. There are few known beds of metallic ores

in England ; he principal repositories of metallic matter are in veins.
I have however ascertained, that the copper mines formerly wrought
in the transition rocks of Cumberland, were beds of copper pyrites,
interposed between the beds of the mountains in which they were

found, and not intersecting them like veins. The beds of rock be

ing highly inclined, the thin metallic beds between them have been
mistaken for veins. I believe that several metallic repositories in
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other counties, which have been described as veins, are in
reality

beds; the distinction between beds and veins not being well under..
stood, they are both called veins by working miners. The manga.
nese mines at Doddiscombe Leigh, in Devonshire, are irregular beds
of oxide of manganese, in red sandstone. The iron mine at Danne
niora in Sweden is an enormous bed, which has swelled t to the
thickness of one hundred and eighty feet, of nearly compact ore.
Copper pyrites sometimes occurs in beds; mercury has also been
found, disseminated in beds of clay and sandstone. Black oxide of
cobalt is found in beds, at Alderly Edge in Cheshire.

Metallic Veins.-Perhaps the reader may obtain a clearer notion
of a metallic vein, by first imagining a crack or fissure in the earth,
a foot or more in width, and extending east and west on the surface,

many hundred yards. Suppose the crack or fissure to descend to an
unknown depth, not in a perpendicular direction, but sloping a little
to the north or south. Now, let us again suppose each side of the
fissure to become coated with mineral matter, of a different kind
from the rocks in which the fissure is made, and then the whole fis
sure to be filled by successive layers of various metallic and mineral
substances; we shall thus have a type of a metallic vein. Its course
from east to west is called its direction, and the dip from the perpen
dicular line of descent is called in miners' language the liading of
the vein. Thus, it is said to liade or dip to the south or north, &c.
Now it is obvious, that if the direction of the vein were changed, or
its width increased or diminished, and the bade or dip were increased
or diminished also, we should still have all the essential conditions of
a metallic vein remaining. Let us now proceed to describe existing
metallic veins. They appear to have been, originally, fissures cutting
through different beds of rock, that have been subsequently filled
with metallic ores, intermixed with other mineral matter, of a differ
ent nature from that of the rock which is intersected. Metallic veins
are, therefore, considered to be of posterior formation to the rocks
in which they are found: and where a vein cuts through different
rocks, it is evident that its formation must have been more recent
than that of the rocks which it intersects; but, where a vein is found
only in one bed of rock, the fissure may have been formed and filled
at the period when the rock was consolidated. Metallic veins are
found principally in primary and transition rocks, or in the very low
est of the secondary strata: they are often separated from the rocks
they intersect, by a thin wall or lining of mineral substances distinct
from the rock, and sometimes also by a layer of clay on each side of
the vein. The same substance which forms the outer coat of the
vein, is also frequently, intermixed with the ore, or forms layers al

ternating with it: this is called the matrix, gangue, or veinstone. It

appears as if the ore and the veinstone had at different times, been
formed over each other, on the sides of the vein, till they met and
filled up the fissure.
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Sometimes, the ore extends in a compact mass, from one side of

the vein to the other; but, not unfrequently, there are hollow spaces
in veins, called druses, which are lined with crystals; in these cavi

ties, the most beautiful and regular crystalline forms are obtained.

Metallic veins, often, divide and unite again, and, sometimes, they
separate into a number of smaller branches, called strings. A gen
era! idea of the different modes in which metallic veins intersect
rocks, and are sometimes intersected by each other, is represented in
Plate IV. fig. 4.

To what depth metallic veins descend, is not known, nor is it as
certained, whether they generally grow wider or narrower in their
descent. The opinions of miners on this subject are so various,
that it may fairly be inferred, that veins differ, in this respect, in dif
ferent situations. No instances, I believe, have occurred of a vein

being absolutely worked-out in depth, though it often grows too poor
to repay the labour of working deeper: more frequently, the further
descent of the miner is stopped, by the difficulty or expense of re

moving the water. Veins are seldom rich in ore near the surface,
but increase in richness as they descend, and at greater depths be
come poorer again. When Pryce wrote the "Mineralogy of Corn
wall," it was believed that the richest state of a mine for copper in
that county, was from eighty to one hundred yards deep; and for
tin, from forty to one hundred and twenty yards. This account by
no means agrees with the present state of the Cornish mines. Cop
per and tin are procured in considerable quantities at the depth of
four hundred and fifty-six yards, in the Dolcoath mine. The Ecton

copper mine, in Staffordshire, is now worked at the depth of four
hundred and seventy-two yards: it is the deepest mine in England.
The deepest mine that has been worked in Europe, or in any part of
the world, is one at Trnuenberg, in Bohemia, which is one thousand

yards below the surface.
Metallic veins frequently contain different ores at various depths.

Iron ore, copper ore, cobalt ore, and silver ore, succeed each other
in some of the mines in Saxony.

In France, there are mines which contain copper ore in the lowest

part, silver ore above, and over that iron ore.
In Cornwall, blende, a suiphuret of zinc, frequently abounds in

the upper part of veins that become rich in copper as they descend
the blende rarely continuing to any considerable depth. In the same

district, tin is also commonly found at a small depth, in veins which

afterwards prove rich in copper. "Among other instances that might
be quoted, are the two deep extensive copper mines called Huel

Unity, and Cook's Kitchen, both of which were at first worked for
tin. In both, the tin was soon extracted; but it should be noted as
an uncommon circumstance, that in the latter mine, after working to
the depth of one hundred and eighty fathoms, first through tin, and
afterwards through copper, tin was found again, and has continued



288 FLAT VEINS AND PIPE VEINS,

down to its present depth of two hundred and ten fathoms from the
surface. It ought, however, to be added, that some portion f tin
was found in different parts of the vein, which may therefore be said
to have prevailed more or less from the surface to the present work

ings.?*
The thickness of veins, and the quantity and quality of the ore they

contain, vary in every mine. Some veins are only a few inches
wide; others are several feet, and sometimes several yards, in width.
Veins are often narrow in one part, and swell out in another. The
vein at the Dolcoath mine in Cornwall, varies from two or three feet
to forty feet; and in some places it contracts to little more than six
inches. The veinstone is quartz, in which are imbedded masses
called bunches of copper pyrites, consisting of copper combined with

sulphur and iron.
Beside rake veins, there are other mineral repositories, called flat

veins, or flat works, and pipe veins. In some instances, a rake vein
declines from its regular inclination, takes the direction of the beds
of rock, running between them for a greater or less extent, and then
resumes its former inclination. In other instances, the cavities be
tween beds or strata, are filled with metallic ores, lying between an

upper and lower stratum, like a seam of coal, and are subject to sim
ilar dislocations : but these are not regular strata ; they may, fre

quently, be traced to a perpendicular or rake vein, from which they
appear to be lateral expansions; see Plate VII. fig. 2., in which the

regular vein is seen descending, and the flat vein branching off on
each side near the bottom.

There is, generally, what is called a rider, or mass of mineral mat
ter, between the ore of very strong rake veins, and that in the flat
veins, at the place of junction. The flat veins that run parallel be
tween the strata, frequently open into large cavities filled with ore
and veinstone; these cavities close again by the contracting, or what
the miners call twitching of the sides, by which the ore is nearly or

totally excluded. Such expansions and twitchings are also common
to rake veins, as represented at c c, Plate IV. fig. 4.
The blue john, or fluor spar mine, near Castleton, is of this kind.

The vein which contains this spar is separated from the limestone
rock by a lining of cawk or sulphate of barytes, and by a thin layer
of unctuous clay; it swells out into large cavities, which contract

agarn, and entirely exclude the ore, leaving nothing but the lining of
the vein to conduct the miner to another repository of the spar. The

crystallizations and mineral incrustations on the roof and sides of the
natural caverns which are passed through in this mine, far exceed 111

beauty those of any other cavern in England; and were the descrip
tions of the Grotto of Antiparos translated into the simple language of

Transactions of the Geological Society; vol. ii.
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truth, I am inclined to believe, it would be found inferior in magnifi
cence and splendour of mineral decoration, to the natural caverns in
the fluor mine. This mine is rarely visited by travellers: the de
scent is safe, but, the roof being low in some parts, it is rather diffi
cult of access.
The pipe vein may be described as a tubular mass of ore and

veinstone, generally descending in the direction of the beds, and wi
dening and contracting in its course. In reality, the pipe vein is a
variety of the flat vein, having the sides closed or twitched in, so as
to form a tube or cavity of irregular shape, and of very limited ex
tent along the line of bearing, but descending to a great depth.
One metallic vein often crosses or cuts through another, and dis

places it: in such instances, it is evident that the vein which is cut

through, must be more ancient than that which intersects it. This
observation respecting the relative ages of veins was first made by
Mr. Pryce in his .Mineralogia Cornubiensis. The different position
of veins is represented in Plate IV. fig. 4., where a a is a vein which
divides in part of its course and unites again, and finally branches off
into small strings. In many instances these strings lead to a further
continuation of the vein; perhaps this would be found to be the case
in all, were the workings carried on in the same direction. b b is
another vein which cuts through the former, and has thrown the low
er part of the vein a out of its course. It is obvious that the vein
a a was formed before the vein b b, which has upheaved the rock on
one side, with the lower part of the vein a. In Plate VII. fig. 4., a
small vein is represented, cut into three parts by the larger veins, a
and 6. Sometimes one vein crosses another without changing the
direction; and if they both have nearly the same inclination, viz.,
dip nearly to the same point of the compass, they are generally rich
er near their junction, as at 6, Plate VII. fig. 4. When a number of
veins cross each other at one place, they sometimes form a cone or
mass of ore of vast size, widening as it descends. Such are called
accumulated veins. They occur in the metalliferous limestone of
Durham and Northumberland. When one vein crosses another in
an opposite direction, they often are found poorer in ore near the

junction. Fig. 3. shows a ground plan of the veins 6 6 c c, cut

through nearly at right angles by another vein or cross course: in
such instances the veins b 6 c c become poorer; but this is not uni

versally the case.
The direction of rake veins is not very regular. In England, the

principal veins generally run nearly east and west, and north-east
and south-west ; but have, frequently, undulations and deviations
from a straight line: the most powerful veins are more regular in
their course than smaller ones. Where two veins in the same dis
trict have the same direction, or run parallel, it is observed that their
contents are similar; but where they run in different directions, the
contents vary. Molina, in his interesting History of Chili, mentions
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a vein of silver at Uspalata, in the Andes, which is nine feet in thick

ness throughout its whole extent, and has been traced ninety miles.
Smaller veins branch off from each side of it, and penetrate the

neighbouring mountains to the distance of thirty miles. It is believed
that this vein stretches to the distance of three hundred miles. A
vein called the Tidswell Rake, in Derbyshire, extends some miles

east and west; it is worked from the surface, and may be seen near
the roadside, between Great Hucklow and Tidswell. I was inform

ed in Cornwall, that no vein in that county had been traced in length
more than two miles; nor had any vein been worked out in depth.
The common width of the veins is from one foot to two feet, but
sometimes it exceeds thirty feet.

In Cornwall and Devonshire, and in the mines of Northumberland

and Durham, the principal metallic veins range nearly east and west.

In the former counties they are called lodes, in the latter right-run.

ning veins. The north and south veins which intersect them are

called cross courses : these are seldom productive of ore. In plate
VII. fig. 3., the veins b b c c are represented as cut through by a

cross course. It must be borne in mind that this is a ground plan.
The thin cross courses filled with clay are called fluctn. I was in

formed by an intelligent proprietor of mines in Cornwall, that these
thin cross courses invariably displace the veins, and hold up the wa

ter on one side of the vein; but it is most worthy of notice, that a
vein which is rich in ore on one side of the fluan, will be poor on the

other. Query, is this connected with the fluan holding up the wa
ter? In Cornwall, the cross courses displace the east and west
veins; the displacement is only a few inches in some veins, in others
it is several fathoms. On Aiston Moor, in Cumberland, a large cross
course, called Old Carr's Cross Vein, cuts through two veins, called
Goodham Gill Vein, and Grass Field Hill Vein, and has thrown
them aside about fifteen or twenty fathoms. When the cross course
intersects the east and west veins at right angles, the displacement is

generally less, than when it strikes it in an oblique direction. This
effect will be more clearly understood by referring to Plate VII. fig. .

In Northumberland and Durham, cross courses contain ore, near
their junction with powerful veins. In Cornwall, ores of silver and
cobalt have been found in some of the cross courses; and at. the Bo
tallack mine, north of the Land's End, a powerful cross course, run

ning north and south, is made rich by the junction of cast veins,
which resemble small rivulets, opening into a river. Their position
will be better understood by referring to Plate Vii. fig. 6. The di
rection of the cross course or great vein running north and south, is

represented by the letters N, s, the direction of the small veins, rich
in ore, which open into it, are represented by e e e. The cross
course is rich in ore, to the distance of twenty or thirty fathoms, on
each side of its junction with a vein; but no veins are found branch

ing from the west side of the cross course. The cross course is
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worked in those parts, where it is rendered rich by the junction with
veins; the small veins are also worked for ore, and are very pro
ductive. The rock is what is called a free or soft killas, near the

great cross course or vein; but further from it, it becomes a hard
blue elvan (flinty slate.) The width of the vein varies from nine
to twelve feet. It contains grey copper ore of a rich quality. Some.7
times the sides of the vein are copper ore, and the middle is tin ore,
as represented Plate VII. fig. 7. c c, which is a vertical section of

part of the vein; fig. 6. is a horizontal section of the cross course
and veins. The master of the mine furnished me with the above

particulars; and under his direction, I made, on the spot, the two

rough sections, which will serve to convey a better notion of this

singular metallic repository, than can be obtained by verbal descrip
tion.
Nor should it be omitted, that the entrance of this mine is at the

foot of a precipice more than 200 feet in height, on the border of the
Atlantic Ocean, and the workings of the mine extend two hundred
and thirty yards under the sea. From this submarine recess I saw
rise up, one of the best-formed and noblest-looking men I ever be
held,-a perfect model for the Apollo of a sculptor.

Particular metallic ores are peculiar to certain rocks. Thus, tin
ore occurs in granite and some kinds of slate, but has never been
found in limestone. Certain ores are not unfrequently associated

together: thus, lead and zinc often occur in the same vein, but in
different proportions. The same metal in various combinations is
often found in one vein: thus, native copper, suiphuret of copper,
carbonate of copper or malachite, sulphate of copper or blue vitriol,
and copper combined with lead and iron, frequently occur together
in the same mine.

Galena, a suiphuret of lead, is often associated with white lead
ore, or carbonate of lead. The latter, though a rich ore containing

seventy per cent. of lead, has no metallic appearance, and was mis
taken for cawk, and thrown away, by the miners in Derbyshire, un
til the year 1803 or 1804. The mines of that county have been
worked ever since the time of the Emperor Adrian, and the quantity
of ore which has been wasted during that period must have been im

mense,*

* In 1810, few of the working miners could distinguish compact white lead ore,
from eawk or sulphate of barytes; their specific gravity and appearance are not
very different. The following test is of easy application, and will serve to dis
cover the presence of lead :-If a small quantity of flowers of sulphur, mixed with
a little potash or soda, be melted on the point of a knife, in a candle, and applied
to the moistened surface of the stone, it will make a black spot if the mineral con
tams white lead ore.

The native carbonate of lead readily dissolves in dilute nitric acid, with effer
vescence, and it promptly yields metallic lead under the blowpipe on charcoal.
B. S.
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In what manner metallic veins were filled with ore has greatly di
vided the opinions of geologists. Dr. Hutton supposes that both

dykes and veins were filled with their contents in a state of fusion by
injection from below; the expansive force of the melted matter hav

ing cracked the surface, and opened a passage for its reception.
(See Chap. IX.) From circumstances previously stated, it appears
probable that many dykes were so formed. Other dykes appear to
have been open fissures filled by materials washed from the surface,
and contain rounded stones, and sometimes undecayed vegetable
matter. From a dyke of clay in a coal mine in Yorkshire, two hun
dred and fifteen feet deep, I have drawn out long vegetable fibres,

apparently roots, the woody part of which was unchanged, and burn
ed like the roots of common weeds. Werner supposes that all veins
and dykes were first produced by the shrinking of the materials, of
which mountains are composed; and that metallic veins have been
filled from above by the ores in a state of solution.* This theory
has been advanced with much confidence, and warmly supported by
many geologists : but I have no hesitation in asserting, that it is de

monstratively repugnant to fact: indeed, the implicit credit which
has been given to Werner's dogmas on this subject, is one instance
among many, in which men of distinguished talents have resigned
their judgment to authority, and supported the most absurd proposi
tions, when conformable to a favourite hypothesis. If veins were
filled by metallic solutions from above, these solutions must have cov
ered the highest mountains over the whole earth; and, instead of

finding metallic ores in the present confined repositories, they would
fill all the cavities and valleys in every part of the world. As this
theory supposes, likewise, that veins were formed at different times,
a number of these metallic solutions would succeed each other, we
should find regular strata of ore in all primary and transition rocks;
and the quantity formed by these deep seas of metallic matter, would
be inconceivably great.

This theory is, decidedly, invalidated by the following facts.
When a metallic vein passes through different kinds of rock, it is
generally observed, that the quality of the ore varies with that of
the rock through which it passes; and even some beds of the same
rock are more productive than others, and are called by miners
bearing measures. This is the case in Durham, Derbyshire, Corn
wall, and probably in every mining district, in England and Wales.

Not only does the variation in the nature of the rock, occasion a
change in the quantity or quality of the ore, but the mineral sub
stance or matrix which accompanies ores, generally varies in differ
ent kinds of rock. In granite and slate rocks, the matrix is more

The round pebbles which are sometimes I` mid in veins have been cited to
prove that veins were filled from above: .hey were probably introduced 1w subtet
anean Current.
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frequently quartz and barytes than calcareous spar; in calcareous
mountains, quartz is rarely the prevailing matrix. In the counties of
Durham and Northumberland, veins pass through siliceous sandstone,
argillaceous shale, and limestone. (See Plate Vii. fig. 2.) The ore
is more abundant in the limestone than in the sandstone, and in the
shale, provincially called plate, ore, very rarely if ever, occurs. In
one mine at Weihope, the matrix of the vein, as it passes through
the sandstone, is cawk or the sulphate of barytes; but when it en
ters the limestone, it changes to carbonate of barytes in balls, having
a radiated diverging structure. It is still more deserving of notice,
that when the rock on one side of a vein is thrown up or down con
siderably, so as to bring a stratum of limestone opposite a stratum of
sandstone, or when what are called the walls or cheeks of the vein
are of two different kinds of stone, (see Plate VII. fig. 5.) the vein
is never so productive in ore, as when both sides of the vein are of
the same kind. In the above figure, different strata are opposite to
each other, except where the strata are of great thickness: thus,

parts of the lower bed of limestone, a a, form the wall on each side
of the vein, and in such situations it is rich in ore; but the upper
part of the bed, a, is brought opposite to a bed of sandstone, b, on
the left; and in this part of the vein it will become poorer, and the
same will be the case when the vein passes through the upper stra
ta; in some it will contain no metallic ore. This fact alone seems
sufficient to invalidate the theory of Werner, that veins were filled
with metallic solutions, poured in from the upper part. Had this
been the case, the nature of the rock could have made no difference
in the quality or quantity of the ore.

Werner, in his "Treatise of Veins," states one instance, as if it
were extraordinary, of the ore changing its quality, as the vein passed
through different rocks; and is inclined to admit that elective affinity
for the rock may have contributed to the effect. The circumstance,
so far from being extraordinary, is of common occurrence, and known
to all working miners. The entire cessation of the ore in one part of
a rock, and its re-appearance below, are still more striking.

In Derbyshire the beds of metalliferous limestone are separated by
beds of basaltic rock, called toadstone.* When a vein of lead is
worked through the first limestone down to the toadstone, it ceases

* The fact of metallic veins being entirely cut off by the beds of toadstone, has
recently been doubted; it is supposed that the vein is continued through the toad
stone, though i contains no ore: but the fact of veins being cut off by the seams
of clay, (called wail boards,) if it could be established, would lead to the same con
clusion as. the separation of the vein by toadstone. My late visits to Derbyshirehave convnceti me more fully, that Mr. F'arcy was too hasty in forming his opinions, and that he ilid not always select his information from the best sources.
Neither the beds of clay nor toadstone may contain ore, and yet the vein may pass
through them, but, being unproductive, it is not noticed. In some instances, prob
ably, the beds of toadsione were protruded between the beds of limestone, after the
formation of metallic vejje as Mr. Whitehurst originally maintained.
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to contain any ore, and often entirely disappears: on sinking through
the toadstone to the second limestone, the ore S found again, but is
cut off' by a lower bed of toadsione, under which it appears again in
the third limestone. In strong veins, particles of lead occur in the
toadstone, but in very small quantities.

If mineral veins were filled from above by metallic solutions, it is

impossible to conceive that the nature of the rock should change the

quality of the ore; much less could the ore disappear in one stratum,
and appear again in a stratum below it. Nor could the vein be filled
with melted matter ejected from below; for in either case it would

be equally impossible, to explain why the ore disappears in the toad.

stone, though the vein is continued through it. See Plate IV. fig. 5,

where b, b, b are three beds of limestone divided by beds of toadstone
e e, and covered by sandstone. When the vein descends to the first
bed of toadstone e, the ore disappears; but on sinking through to the

second bed of limestone, it is found again; it disappears a second

time at the next bed of toadstone, and reappears in the lower lime

stone, 3. Another vein, a a, is supposed to penetrate the beds of

toadstone e e, but contains little ore where it passes through them.

The upper part of the vein a, is represented as penetrating the

superincumbent sandstone, which is sometimes the case: in this up

per part of the vein, the most curious productions of the Odin mine,

near Castleton, are discovered. Such facts prove that these veins

were not filled from above. Professor Jameson has conjectured that

the beds of toadstone and limestone in Derbyshire, with the metallic

veins, were all cotemporaneous, and that the toadstone crossed

through the veins, at the time of their formation; but the different

organic remains in the upper and lower beds of limestone preclude
the possibility of their having been formed at the same time. The

zoophytes in the lower bed of rock could not be living and co-existent
with those in the upper, nor with the vegetable remains occasionally
found in the sandstone, which frequently covers the whole, and into

which the veins sometimes shoot. Cuvier has well observed, that

the existence of different organic remains offers incontestable proofs,
that the upper and lower strata in which they were found, were form

ed in succession. As a farther proof of the influence which the po
sition of the rock has upon the vein which intersects it, the miners

both in Wales and Derbyshire maintain, that wherever there is a de

pression in the strata, and they dip on both sides towards the vein,

(see Plate VII. fig. 9. in such situations, the richest veins occur.

If metallic matter were not poured in from above, nor ejected
from below, in what manner did it come into the vein? The state

of chemical science, and the facts at present known, are too limited

to furnish a solution to this interesting question. There are, how

ever, certain indications which may serve as a clue to future discov

ery. The variation of the mineral products in veins, as they pass

through different strata, seems to prove, that the strata were efficient
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causes in producing this variation. Perhaps metallic matter was dif

fused through different rocks according to their elective affinity, and

separated from them by voltaic electricity, the different sides of the
vein possessing different states of electricity; or, the strata may act
like a series of plates in the voltaic pile, separating and secreting me

tallic matter from its different combinations. Some of the metals
and other substances found in veins, are capable of solution in hydro
gen gas, and perhaps all of them may be so by natural processes;
in this state they may have penetrated the vein, and deposited their
contents.
The discovery of the metallic nature of the very earths of which

rocks are composed, and the probability that the metals themselves
are compound substances of which hydrogen forms a part, open new
views respecting the formation of metallic matter by natural process
es, which may be within the reach of human power to develop, if not
to imitate.

If metallic matter be now forming in mines, the process of its for
mation is extremely slow; but there are circumstances which appear
to prove that it may, in some instances, be perceived. M. Trebra,
director of the mines in Hanover, informed a gentleman of my ac

quaintance, that he had seen a leather thong suspended from the roof
of a mine, coated with silver: he has also observed native silver, and
vitreous silver ore, coating the wooden supports left in a mine called

Dreyweiber, in the district of Marienburgh, which had been under
water two hundred years, and was opened in 1777.
From his own observations on mines, M. Trebra was led to infer,

that metallic ores are formed by mineral exhalations, or were once
in a gaseous state. Mr. Westgarth Forster, a practical miner in
Northumberland, states, that at Wolfclough mine, in the county of
Durham, which was closed for more than twenty years, and opened
again, needles of white lead ore, more than two inches in length,
were observed projecting from the walls.
These and other phenomena observable in mines, may convince

us, that there are processes going on at present in the great labora

tory of the earth, and perhaps there are analogous processes taking
place in the atmosphere, which may throw some light on these hid
den operations of nature. The formation of saline matter on the
surface of walls, is a fact which merits more attention than it has

hitherto received. Dr. Kidd, of Oxford, has published some very
ingenious observations and experiments *i the spontaneous produc
tion of nitre on limestone, which may lead to more important results
than the learned Professor appears to have anticipated. These ex

periments show, that neither the alkali nor the acid exists previously
in the stone. Nor do they exist, ready formed, in the moisture of
the atmosphere, dry frosty weather being particularly favorable to
the rapid production of nitre, and moist weather the contrary.
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When a portion of the wall was protected from access to the at
mosphere by glass, which projected a little distance from the surface,
the formation of nitre went on for a certain time, and then ceased
The saline crystals were better defined, and longer, than on the
other parts of the wall. When the wall was coated with paint, crys
tals of nitre were even formed on the paint. The formation of car
bonate of lead on the walls of the mine at Wolfclough, may be ana1o
gous to the formation of nitre; and in both instances, the surface of
the wall and of the atmosphere, may perhaps be considered as two
galvanic plates in action, decomposing and recompounding the ele
ments of metallic or saline matter from the atmosphere, or the gase
ous fluids with which it is intermixed. The base of nitre (potas
sium) is known to be a metal; and could we seize nature in the act
of producing a fixed alkali from more simple elements, we might
compel her to reveal the process by which she prepares her metallic
treasures in the deep recesses of the earth. Nor can the discovery
be very remote; for we are already acquainted with the composition
of the volatile alkali, and are thereby enabled successfully to imitate
nature in its formation.
When the matrix, or the substance which principally fills veins,

is a soft unctuous clay, masses and particles of ore are often dissem
inated through it, varying in size from a pea to that of a large gourd,
and they are sometimes even of many ton's weight. Masses of vein
stone are also imbedded in the same manner; and it is observed
that the masses both of ore and veinstone are of no determinate

shape, and have generally the appearance of being corroded. Are
we to conclude, in such instances, that the hard minerals and metallic
ores, have been formed in the substance of the clay by some peculiar
elective affinity, or that they once occupied the cavity of the vein,
and have been all subsequently decomposed, except the remaining
detached masses? I should be more inclined to adopt the former

opinion; but it must be allowed, that there are inexplicable instan
ces of the disappearance of minerals which formerly existed in veins.
The formation of one mineral upon the crystals of another, and

the disappearance of the crystal which has served as the mould, is
indeed a common phenomenon in many English mines. I have be
fore me a mass of rock crystal from Durham, formed on cubic fluor

spar; but the crystals of the latter have entirely disappeared, leav

ing nothing but the impression of their form. In the mines of Der

byshire, incrustations of calamine are formed on calcareous crystals,
taking the shape of the dog-tooth spar; but in these false crystals,
no trace of the interior crystal is left. Certain local causes also ap

pear to influence the crystallization of minerals in different districts,
and to dispose them to take peculiar secondary forms, which may be

considered as appropriate to the minerals of that district. The py
ramidal crystallization of carbonate of lime, called the dog-tooth
spar (chaux carbonaée metastatique of Hahy,) is abundant in some
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of the mines of Derbyshire; whilst the same mineral rarely assumes
that form in the mines of Northumberland and Durham, but is crys
tallized in other forms, which are equally rare in the Derbyshire
mines. Fluor spar, and sulphate of barytes, have appropriate forms
in different districts, from which any deviations may be considered:
as varieties. The causes which occasioned this diversity of second

ary forms in minerals, whose constituent parts appear by chemical

analysis to be precisely the same are unknown; nor are we able to

explain in what manner the crystals before mentioned have disap
peared; but these facts prove, that the powers of nature extend be

yond the present limits of science; and it is more consonant with
the true spirit of philosophy, frankly to acknowledge our ignorance,
than to form systems from imperfect data, which can serve only to

perpetuate error.
Metallic ores in rounded fragments, and grains of native metals,

are frequently found in the sands of rivers; they have been car
ried there by torrents or inundations; the rocks in which they
were originally formed, having been disintegrated or decomposed.
The metals gold, and platina, being indestructible by the action of
air, water, or the mineral acids, remain for ages unchanged, in the
form of minute grains. The oxide of tin is a very heavy and hard
mineral; and it is owing to its weight and indestructibility, that it is
found in the sands of rivers, or on the sea shore, where it sometimes
occurs in considerable quantities, and-is separated from the sand or
alluvial soil by directing streams of water over it: hence such works
are in Cornwall called Stream Works. With the pebbles of tin
stone, there are fragments of granite and other rocks, which serve
to indicate from what mountains in the vicinity the stream tin has.
been washed out. Particles and small pieces of gold are sometimes
found with stream tin, in the sands of Cornwall.
Gold being, as before stated, less subject to chemical change than

the other metals, is found in the sands of rivers in various parts 0(1

the world, particularly in Africa and South America. A consider
able part of the gold obtained from Africa is procured by washing
the sand of rivers; it is found in small grains called gold dust. it

has been remarked, that in certain parts of rivers, the sands: were

rich in gold, which seemed to be renewed after heavy rains, and yet
but little gold was found in the sands higher up the river. No satis

factory explanation has been offered, respecting the limitation of the

auriferous sands to certain localities. Facts have, recently, been

stated to the author, by a gentleman connected with the gold mine

companies in North Carolina, which appear to elucidate the period
ical renewal of gold in the African rivers. About the year 1810,

gold was found in the beds of several rivers in North Carolina:
one mass was obtained weighing 2SIbs. Afterwards grains of gold
were discovered in the beds of several of the rivers and brooks both
of North and South Carolina, and of Georgia. For some years
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after gold had been discovered in these states, the inhabitants were
content with searching for gold in the beds of the brooks and rivers
after heavy rains. One of the proprietors of a gold stream,

having
noticed that it never yielded gold above a certain point, where a
small brook entered into it, was induced to trace the brook to its
source, and discovered in the adjacent rocks, veins of quartz which
were found to contain pieces of native gold, and were subsequently
worked as mines. It is highly probable that in Africa, the sands j
certain parts of rivers become auriferous, by the depositions from
rivulets that flow into the main stream.

Mr. Hennah, of Plymouth, has in his collection several pieces of
native gold, varying from the size of a bean to that of a hazel-nut

they were found in stream works near St. Austel: he has also a spe
cimen of stream tin, eight or nine inches in length, and five or six in
breadth, which was evidently, once, part of a vein. In the same
stream work they could distinguish at different depths, the different
veins from which the ore had been washed out. The pebbles of tin
ore, have, in some situations, been washed into the sea, and after
wards covered by beds of clay or gravel. In Mount's Bay, south
of the town of Penzance, there was formerly a bed of stream tin
worked under the sea. The stream tin covers the killas or slate
rock of the country, and is covered by a bed of clay: a perpendic
ular shaft or tunnel was sunk through the clay, and the bed of stream
tin was worked like a bed of coal, the clay forming the roof. See
Plate VII. fig. 8. The workings were continued under the sea, but
were at length inundated and discontinued.
The bed with pebbles of tinstone, is seen covering the beds of

slate; upon this is a thick bed of water tight clay, over which the
tides roll. An iron cylinder was sunk through the clay as a shaft to
the tin stone, which was worked like, a bed of coal and drawn up
the cylinder.
The following is a summary account of the rocks in which the

different metallic ores are generally found :
Platina and the recently discovered metals called palladium, rho

dium, osmium and iridium, have been found only in the sands of
rivers.*

Gold and silver are found in primary and transition rocks, in por
phyry and sienite, and in the lowest sandstone. Gold has been oc

casionally discovered in coal, and very abundantly in the sands of
rivers, and sometimes in volcanic rocks.
Mercury is found in slate, in limestone, and in coal strata.

Copper, in primary and transition rocks, in porphyry, sienite, and

occasionally in sandstone, in coal strata, and alluvial ground. Mass-

* Boussingault discovered platina along with oxide of iron and gold in Sienite
near Santa Rosa, in the province of Antiuquia.-Ai&ii. d el. de Phys t. 3.
p. 209.-B. S.
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es of native copper of many thousand pounds weight, are said to be
found on the surface, in the interior of North America.

Iron in every kind of rock.
Tin, in granite, gneiss, mica-slate, and slate.
Lead and zinc, in primary and transition rocks, except trap and

serpentine; in porphyry and sienite; in the lowest sandstone, and

occasionally in coal strata.

Antimony in primary and transition mountains, except trap and

serpentine; it is also found in porphyry and sienite.
Nickel, bismuth, cobalt, in primary mountains, except limestone,

trap, and serpentine. Cobalt and nickel also occur in transition
mountains, and in sandstone.

Arsenic, in primary and transition mountains, and in porphyry.
Manganese, in primary and transition mountains, and occasionally

in the lower stratified rocks.

Molybdena and tungsten, uranium, and titanium, in granite, gneiss,
mica-slate, and slate. The latter metals, with chromium, columbi
um, cerium, and tellurium, are very rare in nature, and can only be
reduced to the metallic state with great difficulty.
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CHAPTER XX.

ON SUBTERRANEAN RIVERS AND CURRENTS, AND ON CAVERNS.

Occurrence of Subterranean Currents and Rivers in various Parts ofthe World.
The Principal Agents in the Formation of Caverns.-Remarkable Cavern and
Cascade in the Speedwell Mine, Derbyshire.-Subterranean Currents and Cav
erns generally in Calcareous Mountains.-The reason explained.-Subterrane
an Currents connected with the Surface Water, deposit Animal and Vegetable
Remains between ancient Strata, proved by Facts.-Caverns with bones of ex
tinct Species of Animals in Germany and France, intermixed with Human
Bones, and Implements of Industry.-Bones introduced into Caverns by Subter
ranean Currents and other causes, and at different Epochs.-Cavern at Kirk
dale, in Yorkshire.-Bones found in the Clefts and Fissures of Rocks forming
Osseous Breccia in various Parts of Europe, and in New Holland.-Epochs of
their Deposition supposed to be different in distant Parts of the Globe.

BESIDE the fissures and spaces filled with metallic matter, that oc
cur in the older rocks, as described in the preceding chapter, there
are empty spaces or caverns, that sometimes extend far into the in
terior of mountains, and sometimes descend to considerable depths.
Almost all large caverns occur in limestone rocks, chiefly of the
transition and the secondary class. Caverns, in some instances, may
have been formed by the upheaving or subsiding of rocks; but they
have, most frequently, been excavated by subterranean currents of
water, which have enlarged original fissures, or carried away the beds
of soft clay or loose sand that were interposed between hard strata.

Many large caverns have streams of water constantly running through
them; and, after heavy rains, they are often gorged with water,
which issues with violence from their mouths. This is the case with
the great Peak Cavern, near Castleton, in Derbyshire.
The action of subterranean currents of water, has scarcely been

attended to by geologists; but were it better understood, it might
probably afford a satisfactory explanation of several facts in geology
that have been regarded as anomalous, particularly that of the oc
currence of bones in caverns which have no opening to the surface.
In the third edition of this work, I stated some instances of these
currents in mountain limestone.
"
The mountain or transition limestone of Craven, in Yorkshire,

forms, in many parts, a nearly flat elevated surface of table land,
covered with vegetation, but intersected by numerous fissures or
chasms of vast length and depth, varying from a few inches to a foot
or more in width. lUany of these fissures widen as they descend ;
and at the bottom, streams of water may he, frequently, heard run

ning. During snow, it is not uncommon for sheep to he lost in these
chasms, and the whole surface is extremely dangerous, to traverse
in the dark. Limestone plains, intersected by such fissures, may be

regarded as natural traps for herbivorous animals, into which, when
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chased by beasts of prey, they may fall in whole droves. Their
bones may either stick fast in the fissures, and be afterwards inclosed
in calcareous stalactites, or they may be carried by subterranean
currents into caverns which have no communication with the surface.
Such was the cavern at the Bull's Eye mine, near Worksworth, in
Derbyshire, which was opened by mining operations in the year
1663, and contained the entire skeleton of an elephant.
There is a considerable river, called the Pinka, in the cavern at

Adlesberg, in Carniola, which forms a subterranean lake, where it

appears to be lost; but it emerges again on the north side, find takes
the name of the Renz. This cavern is one of the largest in Eu-

rope; it extends for several leagues into a calcareous mountain, sit
uated between Laybach and Trieste, and contains the bones of bears
and other animals, in the mud that forms the floor of the cavern, or
rather series of caverns, that are connected by passages with each
other.

There are numerous caverns and grottoes in the vicinity of Adles

berg, and the surface of the country is, in various parts, broken by
depressions from the subsidence of the roofs of these caverns.
There are doubtless, in all these caverns, subterranean rivulets, which
are continually in action, and are undermining and wearing down the
rocks that support the strata above them. In Derbyshire, and the
district called Craven, in Yorkshire, beside the subterranean rivulets
before mentioned, there are currents of water incessantly in action,
which are discovered only by mining operations.
The Speedwell mine, near Castleton, in Derbyshire, is a subter

ranean tunnel and canal, nearly half a mile in length, penetrating into
the centre of a mountain, composed of metalliferous limestone: the
descent to the canal is by a flight of steps, about forty yards in depth.
The mountain is intersected by numerous metallic veins, and the

proprietors of the mine intended to carry the tunnel and canal through
the whole extent, in order to discover the veins, and have ready ac
cess to work them, to bring out the ore. It was necessary to exca
vate the stone by blasting, and before every explosion the miners re
tired for safety to a considerable distance in the tunnel. When

they had proceeded in this manner about eight hundred yards,
they were greatly alarmed after a blast, to hear the tremendous roar

ing of a torrent, and fled towards the entrance of the tunnel. A
miner, who was working there at the time, informed the author, that
he thought there was no chance of their escaping immediate destruc
tion; however, when they had retreated a considerable distance,

they perceived the rushing sound to grow less alarming; they then
baked awhile, and took courage to return, when they discovered that
the last blast had made an opening into a spacious cavern, and that a
torrent of water was falling from a considerable height into a vast
chasm on one side of it. The loud roaring of the water was greatly
increased by the echoes of the cavern; for in the roof of this cay-
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em there is a wide opening into an upper cavern, the top of which
is not visible from below, even with the illumination of fireworks,
which those who show the mine generally take with them.

By the ceaseless action of such internal currents of water, falling
into original fissures, or descending through soft strata in mountains
of compact limestone, it is easy to conceive that caverns of great ex
tent may be excavated. A very few years since, a miner, in driving
an adit or passage into the heart of the well-known rock called Mat
lock High Tor, discovered a large cavern and a lake in the middle
of the mountain. Many of the coves or caves in Craven, in York
shire, were originally caverns, the roofs of which have fallen in;

they have streams of water rushing into them, forming subterranean
cascades. The cavern called Weather Coat Cove, and the rocks at
Gordale Scar, offer illustrations of the effects of subterranean cur
rents. Where springs of water of considerable magnitude rise at
once to the surface, it is obvious that they are not the result of slow

percolation through porous strata, but that they are the outlets of in
ternal streams or rivers. The river Air rises at the foot of a per
pendicular limestone rock, called Maiham Cove, in Craven; it is a
broad, powerful, and permanent stream, before it receives any tribu

tary rivulets from the adjacent valleys. It is generally believed that
the subterranean stream which gives rise to the river Air, is con
nected by internal passages with Malbam Tarn, a mountain lake, sit
uated at a considerable distance. Perhaps the spring at Holywell,
in Flinishire, may be cited as offering a similar proof of underground
rivulets.
The reason why subterranean streams of water, and extensive

caverns, should occur chiefly in districts where compact transition or
mountain limestone is the prevailing rock, will admit of an easy ex

planation. Slate rocks are almost always intersected by perpendicu
lar fissures, which early off the water, and prevent its accumulating
in large streams; and the secondary strata in England are generally
too soft, or too much broken, to form the roofs of extensive caverns,
or the beds of subterranean rivers. In the vicinity of the Alps,
where the secondary limestones are extremely hard and compact;
they contain caverns, and afford a passage for subterranean currents.
A considerable caver.'i has, however, been recently discovered in
mica-slate and common slate, in the Isle of Themmia, one of the

Cyclades, at the height of 1400 feet above the level of the sea.
M. Virlet, who visited the cavern, attributes the excavation to sub
terranean streams of water, as there is a considerable deposition of'
mud and bluish clay at the bottom of it.-Sancc c/u Fé'., 18032, de
la Société Géologque de France.

It is admitted by M. Desnoyers, in the report from which this ac
count is extracted, that the existence of' such a cavern in rocks of
tnica-slate and slate, is a new fact in geology. There are several
thermal springs in the island, which indicate the action of subterra
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nean heat. This agent may, perhaps, have been, in some manner,
the cause of the formation of the cavern; it is, however, supposed,
by some, to have been an excavation formed at a remote period by
mining operations.

Instances of rivers of considerable magnitude sinking into the
earth, and emerging again at the distance of several miles, have been
long known in many countries: it is not the object of the present
chapter to enumerate them, but to direct attention to these subter
ranean streams, that have no apparent connection with the surface.
It cannot be doubted, however, that the rivers which run only for a
few miles under ground, and emerge without any apparent loss of
water, must effect considerable changes in the strata during their sub
terranean course. In some cases rivers are absorbed into caverns, in
others they merely sink into softer strata, as takes place with the
river Rhone, about twenty miles from Geneva, at what is called the
Perte du Rhóne. See Travels in the Tarentaise, vol. ii. p. 264.
The subject of subterranean currents has scarcely attracted the

attention of English geologists, but it is beginning to excite enquiry
in France, where the practice of boring for water is becoming gen
eral, and has brought to light some interesting facts. In the report
of M. Desnoyers, before referred to, several of these facts are de
scribed, but he previously states the observations of MM. Boblet and
Virlet, on the closed valleys or gulfs in central Morea, called katavo
trons, "into which torrents of water amassed during rainy seasons
are precipitated, carrying with them the mud with which they are
coloured, the skeletons of animals, with fragments of shells and plants
mixed with gravel, which they introduce into subterranean cavities.
The water again springs up at a great distance from the sea, pure
and limpid. This circumstance serves to explain the filling of many
caverns; may it not also explain the sinuous passages filled with
sand and gravel, between strata which are found at great depths from
the surface in the environs of Paris ?"
From the borings and sinking for water in different parts of France,

it is evident that they occasionally meet with considerable subterra
nean streams that have somewhere a connection with the surface wa
ters. In a well sunk at Tours, in 189, in the lower chalk, to the

depth of 330 feet, the water rose rapidly for some hour, bringing
with it much fine sand, fragments of thorns and seeds of marsh plants,
with land and freshwater shells unchanged. Another fact was re

cently discovered at Reinke, near Bochum, in Westphalia. A well
was sunk to the depth of a hundred and forty-three feet, when the
water rose to near the surface, bringing with it small fish from three
to four inches in length. The nearest currents of surface vater are
from two to five leagues distant from the well. How small is the

proportion of seeds, shells, or fish, sand or gravel, that came to the
surface, compared with those which are arrested in their progress,
and finally fill up the subterranean passages and change the direc-.
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tion of the underground currents! What a natural explanation does
this offer of many facts which have embarrassed or deceived geolo

gists! It may be well for the reader to refer to what was stated

in Chap. Mi. respecting the teeth and bones of small land quadru

peds found in the calcareous slate of Stonesfield. I there observed,

that I thought it probable they had been brought into their present
situation by subterranean currents, during the tertiary epoch,-and I

am inclined to believe that the traces of such subterranean currents

would be discovered, could the internal structure of the strata be

fully laid open.
The subject of subterranean currents becomes interesting to the

geologist when connected with caverns, for caverns themselves would

scarcely deserve attention, were it not that they frequently contain

skeletons or bones of large mammiferous animals, belonging to spe
cies that no longer exist in Europe, and are supposed to be extinct

elsewhere. Many of these caverns were closed when first discover

ed, and some of them have been recently found to contain human

skulls and bones, mixed with the bones of extinct species of quad

rupeds: hence, we are led to enquire in what manner and at what

epoch these bones were introduced into the caverns. The bone

caverns in Germany will be first described, and then some notice

will be given of the caverns recently discovered in France, contain

ing human skulls and bones: and lastly, we shall notice some of the

bone caverns in England.
It has been long known to naturalists and travellers, that there are

numerous caverns in the calcareous mountains of Germany and Hun

gary, the floors of which are covered with clay, enveloping a prodi

gious quantity of bones and teeth of carnivorous animals. The bones

in these caverns are nearly the same, over an extent of more than

one hundred leagues. More than three fourths belong to species of

bears that are now extinct two thirds of the remaining part be

long to an unknown species of hyena; a smaller number belong to a

species of lion or tiger, or of the wolf or dog; a very few belong to

small carnivorous animals, allied to the fox and polecat. The bones

are nearly in the same state in all these caverns : they are found

scattered and detached, partly broken, but never rounded by attri

tion, and consequently not brought from a distance by water. They
are rather lighter and more fragile than recent bones, but still pre
serve their true animal matter, containing much gelatine, and are not

in the least petrified. The bones are all enveloped in earth which

is penetrated with animal matter: except a few bones on the surface,

of a different kind, which have been brought there at a later period,
and are less decomposed.

* The most common species of hear in these caverns, the Ursus Spelmus, was of
the size of a horse. The fossil hyena was one third larger than any known living
species.
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The most remarkable of these caverns are those of Gaylenreuth,
on the left bank of the river Wiesent, in Bavaria : they vary in height
from ten to forty feet, and are connected by narrow low passages.
The animal earth intermingled with bones, is in many places more
than ten feet deep; and according to the account of a German wri
ter, M. Esper, would fill many hundred waggons. The cavern, or
series of caverns, at Adlesberg, in Carniola, is much larger than any
in Germany: the caves are of variable dimensions, and are stated to
extend more than three leagues in a right line, at which distance
there is a lake which prevents further access. The floors of these
caverns are covered with indurated clay, enveloping the bones of
bears, and other carnivorous animals, similar to those in the caverns
of Germany and Hungary. In one part of this cavern, or series of
caverns, the entire skeleton of a young bear was discovered, envel

oped in clay or mud, between blocks of limestone which lay on one
side of the cave. Bones are found along the cavern, for several
miles from the entrance, not only buried in mud, which forms the
floor, but among heaps composed of blocks of limestone and yellow
mud or clay. This cavern is situated near the great road from Tn
este to Laybach.

In many of the caverns in the south of France, and also in Bel

gium, there are found bones in the mud and gravel which form the
floor, but which is sometimes coated with stalagmite.
The intermixture of human bones and rude works of art, with the

bones of extinct species of mammilerous quadrupeds has excited

great attention. In some instances, the human bones appear to be
reduced to what has been called the same fossil state, as that of the
animal bones with which they are intermixed. Much more import
ance has been attached to this circumstance than I think it deserves;
for, in the first place, few if any bones of mammiferous land quadru
peds found in caverns, or in diluvial soil, can be properly said to be
fossilized, as they retain a part of their original matter; and, se
condly, the experiments of Dr. Jenner, stated in p. 19., prove,:that
when recent bones are immersed in mud containing pyrites or solu
tions of iron, they become more or less fossilized in a few months.
Some of the caverns in the south of France, according to M. Des

foyers, were partly filled with bones of quadrupeds before human
hones were introduced into them; others appear to have been emp
ty. lie observes, how often may these caverns have served as buri
al places to the ancient inhabitants, or, at a more recent period, as

places of retreat during religious persecutions, from the persecutions
of the Druids to those of the Huguenots. The historian Florus (he
adds) expressly informs us, that the inhabitants of Aquitaine, an art
ful people, retired into caverns, and that Cesar gave orders to have
them closed in their retreats, and left to perish.

"
Aquitani, calli

duni genus, in speluncas se recipiebant, jussit includi."-Flor. lib.
iii. cap. 10.
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Add to this, from the known habits of several races of the ancient
Celts to live in caverns, of which many are preserved in the pro
vinces bordering the Loire and the Rhone, it may be readily be
lieved that the human bones with pottery, in the caverns of part of
ancient. Aquitaine and the Narbormaise, belonged to some of the
wretched Gauls, whom Csar caused to perish in these caverns.
Where, says M. Desnoyers, the mixture of human bones and those

of quadrupeds is more complete, currents of water might have ef
fected a movement and intermixture (reinanieinent) of a more recent
date. The hatchets of flint and other rude instruments found in these
caves, are such as are found also in the tui'nuli of the ancient Celts,
and were in use in the time of Casar.

M. Desnoyers thinks the most ancient of these bones are Gaulic
or Celtic: others belong to a more recent epoch. He examined the
rich collection of Celtic coins in the Bibliothèque Royale; on many
of them he observed figures of animals, such as the boar, the horse,
the wild ox, and the stag; and more rarely symbolic or monstrous
animals, but no figures of the rhinoceros and other extinct races,
which, had they been co-existent with man, there might have been
reason to expect.
M. Tournal, who first discovered human bones in the cavern at

Bize, maintains a contrary opinion, and he applies the same conclu
sions to the bones of mammiferous animals in other caverns. The
caverns of Bize (Aude) contain bones of the stag, the camel, the
roebuck, the antelope, and bear; those of Sominières (Gard) con
tain bones of the rhinoceros, the ox, the horse, the slag, and the
hyena. M. Tournal concludes from the state of the bones, that they
are antediluvian, and that before the last general catastrophe (cata
clysme) southern Gaul was inhabited by man, together with a great
number of species of maminilerous animals now extinct.
The cavern of Rancogne, situated three leagues from Angoulme,

is one of the largest in France, and has long been celebrated for its
quantity of stalactites ; but under the stalagmite and alluvial soil on
the floor of the cavern, a great quantity of human and quadrupedal
bones have been found, mixed with fragments of pottery and with
pebbles from the adjoining rocks. A brook still traverses this grotto.
The river Tardonère, which runs at a little distance, loses a part of
its waters in other gulfs in the country; it often overflows, and has
penetrated into the cavern of' Rancogne. The traditions of the coun
try preserve the remembrance of the cavern having served the inhab
itants as a place of refuge at different periods, and that wolves, which
abound in the forest of Braconne, commonly retire into it and carry
with them their prey, and human bodies, which they exhume from
the neighbouring cemetery.

This mode of filling the cavern (observes M. Desnoyers) differs
much indeed from the antediluvian theory of M. Tourual. Some
grottoes contain human bones in the upper alluvial soil, over a bed of
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stalagmite, under which there is a lower bed with bones of quad
rupeds.
The cavern of. Miallet, near Andure, (department of Gard,) is

situated near the banks of the river Gardon. It occurs in magne
sian limestone, about 100 feet above the valley: the lower bed or
floor of the grotto is a sandy magnesian limestone, covered with a
thin bed of stalagmite, and also in several parts, with a bed of argil
laceous mud, about five feet in thickness. In this bed the heads and
bones of bears were found in great abundance and in a high state of

preservation: they were larger than the common cavern bear (Ursus
spelceus.) A few fragments of bones of the hyena, of ruminating an
imals, and of birds, were also found with them. Under the stalag
mite and a thin stratum of sandy mud, a great number of human
bones were discovered in different parts of the cavern. Towards
the farther end of the cavern, the human bones are incontestably
mixed with the bones of bears, which predominate in that part: but
near the entrance, human bones predominate, and appear somewhat
more recent. Upon the ossiferous or bone mud, and under a pro
jection of the rock, a human skeleton was discovered almost entire;
near which was a lamp and a small figure in baked clay, and at a lit
tle distance were copper bracelets. In other parts of the cave were
found fragments of rude pottery, and instruments of flint, the work

manship of a preceding age. The human heads are stated to pre
sent indications of belonging to the Caucasian race, but they have a

depression of the skull, which M. Tessier supposes to have been pro
duced artificially.
M. Tessier distinguishes three periods during which this grotto was

filled: Jst, An antediluvian epoch-that of the bears, which belong
to an extinct species; these he supposes may have lived in the cav
ern during successive generations, or may have been driven there

by some great convulsions. d, An epoch of incipient civilization,
that of the ancient Celts; whose bones are intermixed with rude im

plements of industry. 3d, A Roman epoch, indicated by more per
fect works of art. With respect to the mixture of human bones
with those of bears, it does not prove that the latter were cotempo
raneous with man, because it is obvious that they could not have liv

ed together in the same cavern. The mixture may have been ef

fected by the action of water, or by artificial excavations in the origi
nal bone bed, for sepulchral purposes.

Perhaps it may yet be regarded as uncertain, whether these hu
man bones were or were not coeval with those of the cavern bear,
the rhinoceros, and other animals; for we have no decided evidence
when these animals became entirely extinct. I am inclined to be
lieve, that the mastodon of North America existed there much later
than is generally admitted; the reason for this opinion will be given
in the following chapter. Secondly, we cannot assign a reason why
man might not have existed in the tertiary epoch, except that his
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bones are no where discovered in the regular tertiary strata. The
country that could give support to the mammoth, or ancient elephant,
to the mastodon, and the elk, might, for aught we know to the con

trary, be also suited for the residence of man.
It is very different with respect to the secondary strata; for though

many of these strata have once been dry land, or in the vicinity of

dry land, yet we no where find in them the bones of herbivorous
mammalian quadrupeds, that could have been with men joint tenants
of the globe; nor even do we find bones of carnivorous quadrupeds
that might have preyed upon the former, had they existed.

During the tertiary epoch, however, there is evidence of great
revolutions of the surface, by the elevation of mountain ranges, which

might, perhaps, render the earth unfit, for the continued existence
of the human species; and 1 am inclined to believe, that the occur
rence of human bones in caverns, or in diluvial beds of gravel, sand
or mud, has not yet invalidated the position, that the creation of man
was posterior to the tertiary epoch.
We come now to the English caverns: they have been more re

cently the object of attention than the bone caverns of Germany;
but their discovery may be said to have given a new impulse to

geology, both in this country and on the Continent, for which we are
indebted chiefly to the enlightened and indefatigable exertions of
Professor Buckland of Oxford.

Single skeletons of large quadrupeds have formerly been discover
ed in caverns in this country; but we had no authentic account of the
bones of carnivorous animals having been found in any English caves,

previously to the year 1821 ; when some labourers, working in a quarry
at Kirkdale, near Kirby Moorside, in Yorkshire, discovered an open
ing covered over with rubbish and earth, about one hundred feet
above the neighbouring brook. This was the mouth of a low cav
ern extending about two hundred feet into the rock. The floor of
the cavern was covered with broken bones and teeth of various ani
mals, encased in a stratum of mud about a foot thick. Fortunately
this cavern was examined by Professor Buckland, of Oxford, soon
after its discovery, who has published a very luminous account of its
structure and contents, elucidated by references to the most remark
able caverns in other countries which he has visited, containing the
bones of carnivorous animals. The bones in the Kirkdale Cave are
broken and gnawed, and some of them preserve the marks of the
teeth which have fractured them. Even the excrements of animals,
similar to those of the hyena, have been discovered with them. The
bones in this cave differ much from those in the caves of Germany,
as a great number of them belong to herbivorous animals, and the
carnivorous animals whose remains are most abundant are hyenas.
Among these remains, Professor Buckland has ascertained bones

of the following orders
Carnivorous Quadrupeds.-The hyena, tiger, bear, wolf, lbx and

weasel.
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Pachydermata.--The elephant, rhinoceros, hippopotamus, and
horse.
Rodentia or Gnawers.-The hare, rabbit, rat, water-rat, and

mouse.
Ruminant Animals.-The ox and fragments and bones of three

species of deer.

Birds.-The raven, pigeon, lark, snipe, and a small species of
duck.
From the great number of bones of the hyena found in this cave,

Professor Buckland infers that it had long been the habitation of
these animals. It is their ascertained habit, partly to devour the
bones of their prey; they also devour the dead bodies of their own

species; like wolves they are gregarious, and hunt in packs. From
the habits of the hyena, he explains the occurrence of the remains
of large herbivorous quadrupeds, like the elephant, in so low a cave
as that of Kirkdale; they have been dragged into it by these vora
cious animals. Several English caverns have since been explored.
In some of them there are bones both of herbivorous and carnivorous
animals similar to those in the Kirkdale Cove. These caves are
described in Professor Buckland's valuable work, entitled Reliquie
Diluviame.
That the caverns in which the bones of carnivorous animals are

found in such prodigious quantities, were the retreats of some of these
animals, cannot be doubted. Many circumstances, described in the
account of the Kirkdale Cave, can be explained only by admitting
it. There are, however, other circumstances particularly in the
caves of Germany, which would imply, that part of the bones be

long to animals that had fallen through fissures, which formerly open
ed into these caverns, or that the bones themselves had been carried

by currents of water, through subterranean passages into these cav
erns, as before explained in the present chapter. In the cave at

Gaylenreuth there are rounded fragments of limestone, intermixed
with the bones; and the entrance of some of the caverns is much too
small to have admitted the animals whose bones are found in them.
I think it is also probable that a violent convulsion of nature, as a ri

sing deluge and the fierce war of elements without, might have driv
en, under the strong impulse of alarm, numerous animals of differ
ent species into the same caverns, where they devoured each oilier,
and their bones have been intermixed with those of the former in
habitants. The entrances of many of the caverns, and the caverns
themselves, were doubtless formerly more lofty than at present;
they have been gradually lowered by the subsidence of the upper
strata. Indeed, it is admitted that the caverns and grottos in the

neighbourhood of Adelsberg, have occasioned numerous depressions
of the surface. Such an effect must generally take place, in a great
er or less degree, with the strata over caverns.
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The occurrence of the bones of quadrupeds in the clefts or fis
sures of rocks, intermixed with fragments of the rock, and cemented
with them into a kind of breccia, is very common in many of the cal
careous rocks adjoining the Mediterranean sea. The osseous brec
cia of Gibraltar is well known: the calcareous matter which has
been infiltrated into the fissures, and forms the cement, has general

ly a reddish colour, and contains so much phosphoric acid, from the

decomposition of animal matter, as to become luminous in the dark
when raped. The bones in the fissures surrounding the Mediter
ranean, belong chiefly to herbivorous quadrupeds; but they are
sometimes intermixed with marine shells, indicating a great change
in the level of the rocks subsequent to the filling of the fissures.

Osseous breccia, similar to that in Europe, has been recently dis
covered by Major Mitchel, in the rocks bordering Wellington Valley,
in New Holland. The breccia contains bones and fragments of rock,

with the same red calcareous cement as the osseous breccia of Gib

raltar, &c.

According to the examination of Cuvier and Mr. Pentland, some

of the bones belong to different species of the kangaroo, and animals

of the same genera that exist in New Holland; but others belong to

species hitherto unknown to naturalists. Among these bones there

are the remains of a species of elephant: a fact extremely interest

ing, as it proves that, in the ancient condition of the globe, this part
of its surface supported animals more analogous to those of Asia and

Africa, than any which existed upon it when first discovered by

Europeans. In the report to the Geological Society of France, 1831,

it is observed-"Thus we have in New Holland, a deposition of os

seous breccia and caverns, similar to those of Europe. Were these

depositions cotemporary? This is not very probable; at different

epochs the analogy has consisted in the mode of formation; many
different catastrophes may have destroyed the great animals of the
Ohia, of the Irrawadi, of the north and central parts of Europe, and

of Australia, and buried their bones in fissures and caverns, or in beds

of clay and gravel. But whatever was the epoch of the deposition
in New Holland, the organization of animal life was then, in a great

part, the same as at present; since we find in the osseous breccia,

the types of that class of animals that are still peculiar to the coun

try, but always accompanied by bones of genera, (the mastodon and

elephant,) which are altogether unknown there."

The depositions of calcareous earth pendant from the roofs of cav

erns, called stalactites, and those upon the floors of caverns, called

stalagmites, are formed by the evaporation of water, holding calca

reous earth in solution. A drop of water, in evaporating, deposits a

pellicle of limestone, which is increased by succeeding depositions,



STALACTITES AND STALAGMITES. 311

until a small protuberance of solid limestone is ffrmed, nearly the

shape of a drop of water. This protuberance becomes enlarged by
water trickling over it, and takes the shape of an icicle. The water
that drops upon the floors of caverns, sometimes deposits a thick coat
of limestone over the whole floor; but in those parts where the drops
fall most frequently, a more copious deposition of calcareous earth
takes place, in the form of tubercles : these are the stalagmites. In
some instances the stalactites and stalagmites increase, until they
nearly fill the whole cavern.
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CHAPTER XXI.

ON THE DESTRUCTION OF MOUNTAINS, AND THE FORMATION OF
SOILS; AND ON ALLUVIAL AND DILUVIAL DEPOSITIONS.

Erroneous Opinions respecting the Growth of Stones, supported by the Authorityof John Locke.-On the Causes in present operation that wear down Rocls.
Rapid Destruction of Mountains dependent on their Structure.-Fall of Mont
Grenier in Savoy.-Breaking down of the Barriers of Mountain Lakes.-Scat
tered Masses of Rock.-Increase of Land by Alluvial Depositions in Lakes, and
the Deltas of large Rivers.-On the Formation of productive Soils.-Recent
Strata formed in Lakes.-Peat and Peat Moors.-lnundations of Sand.-Re
mains of Elephants and other large Animals found in the Diluvial Beds in England, and the Frozen Regions of Europe and Asia.

FEW persons can have travelled a hundred miles through any coun
try without having seen beds of gravel, or of rounded stones, or frag
ments of rock scattered in different directions, which were evidently
never brought into their present situation by the labour of man. In
some instances, these masses of loose stones, or large fragments of
rock, occur on the summits of hills, or on elevated ground, and the
stones are, altogether, unlike any rocks or strata in the adjacent dis
tricts. Among the hundreds of travellers to whom such objects are
familiar, it is surprising how few have ever raised the enquiry-"How
did these masses of rock, or beds of loose stones, come here ?" One
great reason for this indifference arises from a cause that may sur

prise geologists. Many well educated persons, who possess much
information on various subjects, still entertain the belief that stones

grow in the places where they are now found: this belief excludes
the necessity for further enquiry. They can also refer to the authori

ty of the ablest philosopher this country ever possessed, for a con
firmation of their opinion, should it be controverted.
The celebrated John Locke states, in his "Elements of Natural

Philosophy," that "all .stones, metals, and minerals, are real
vegeta-bles;that is, grow organically from proper seeds, as well as plants."

If', in the present age of general information, any one should think
it superfluous to notice this extraordinary passage, let him enquire
among his friends, whether stones grow? and he will be somewhat

.tirprtsed by the answers he may receive.
These scattered fragments of rock, or beds of loose stones, to

gether with beds of sand and gravel, present objects of enquiry of
the most interesting kind. From what districts were they transport
ed ? What were the causes by which they were removed? What
was the epoch of their removal?
A farther enquiry also presents itself, as some of the beds of loose

stone are rounded, or water-worn, like the shingles on the sea beach,
but are now raised many hundred feet above the high-water mark.
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By what agents were these beds raised to their present elevation?
Satisfactory solutions to all these enquiries will probably long remain
desiderata in geology, though, in some instances, we can now arrive
at a high degree of probability, by referring to causes in present ope
ration. These scattered fragments or masses of rock, with beds of
loose stones and gravel, or of superficial sand or clay, are comprised
by French geologists under the appropriate name of terrains de
transport; a name, however, which cannot well be introduced into
our language. We shall, therefore, divide them into three groups,
adopting the names generally received. Scattered blocks of rock;
diluvial beds or diluvium; and alluvial beds or alluvium; using the
two latter without any reference to theory. Alluvial beds, consist of
the sand, soil, or stones, brought down by rivers, and deposited in
their beds, or scattered upon their banks, or carried into the sea or
into lakes, forming deltas a the mouths of rivers. Diluvium, or
diluvial beds, comprise both the scattered blocks of rock, and the
beds of stone or gravel, that are carried into distant districts. They
are called diluvial, on the supposition that they were transported dur

ing some great convulsion, by deluges or inundations; or, in other
words that they were removed by causes more powerful than any
which are seen in constant operation.

In order to form a more distinct idea of the causes which have

transported the beds and fragments of stone into their present situa
tion, we shall first consider the causes that are daily wearingdown
the loftiest mountains and cliffs, or undermining the solid ground on
the sea shore. The disintegration of rocks and mountains is constant

ly taking place, by the incessant operation of atmospheric causes.
The infiltration of water into the fissures of rocks, and its expansion
by frost, often produces sudden falls of immense masses of rock.
The slow operation of descending currents, excavates the soft beds
in the lower parts of mountains; and the upper rocks, being under.
mined, fall, with a tremendous crash, into the vales below. Instan
ces of this kind have occurred in our own times. By both these
causes, the process of disintegration is rapidly- going on in the Alps;
but such is the immensity of these enormous mountain ranges, that

ages pass away, before any diminution of their bulk is perceived.
In Alpine districts of great elevation, there is also another cause,

more exposed to observation, which is ever in action during the sum
mer months. The snow upon the mountains below the line of eter
nal congelation, when it begins to dissolve, forms numerous rivulets,
that unite into large streams, and descend in cataracts with impetu
ous force, excavating deep ravines in the lower rocks. To use the
words of Professor Playfair, they are "Nature's saws, incessantly at
work, cutting down the mountains."
The vignette in the titlepage of this volume represents the upper

part of the valley of Sext, in Savoy, in which the water, descending
from the Alpine snow on the Buet and other mountains, is seen rush-
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ing in numerous cascades to the lower valley. But the most power-
ful effects of these cataracts may be observed during thunder storms,
or after an unusually rapid thaw, when the upper rivulets overflow
their accustomed boundaries, and carry with them the loose stones
or masses of rock they meet in their descent, and dash them with in
conceivable violence into the lower waterfalls, breaking down the
solid rocks on each side, and deepening and enlarging the ravines
into which they fall. The operation of this cause will b again re
ferred to in the following chapter.
We need not indeed travel to the Alps to prove, that the mountains

have been, and are still wearing down. The rocky fragments in
Borrowdale; the deep ravines made by torrents in the sides of
Skiddaw; the immense blocks of granite torn from Wastdale Crag,
in Westmoreland, and scattered, many miles, over the adjacent coun
ties offer striking proofs of this. The central parts of England
had once, a greater elevation than at present; pebbles, formed
of the Charnwood Forest rocks, are spread a11 over the midland
counties. Masses of the rocks of Cumberland and Wales, more
or less water-worn, occur almost every where under the alluvial plains
of Cheshire and Lancashire. Beds of flint gravel, formed by dis

integration of chalk rocks in which flints were imbedded, occur in

many parts of England at a considerable distance from the sea, or
from the chalk districts.
The transportation of these masses of rock, or beds of stones

and gravel, cannot have been effected by any thing like the present
action of rivers in England, and is generally referred to the more ex

tensive operation of deluges, during great convulsions of the globe;
but if we return to the Alps, and view the effects now taking place,
we must admit, that it is not always easy to make the distinction

between alluvial and diluvial depositions.
Innumerable blocks of granite and other primary rocks, torn from

the central range of the Alps, are scattered over the calcareous
mountains, at a great distance from this range, or are spread in heaps
in many of the distant valleys. All of the great rivers that issue

from the Alps, where the valleys open into the plains, have made

deep sections in beds composed of the ruins of the mountains, and

exhibit proofs of the vast destruction that has taken place. The river
Doire, where it enters the plains of Piedmont, has cut through a

mass of fragments more than 1500 feet in depth; these fragments
consist of irregular blocks of granite, mica slate, and serpentine, fre

quently more than thirty cubic yards in extent, covered by smaller

fragments, and by earthy matter from the decomposition of the softer

rocks; the fragments decrease in size as their distance increases

from the parent mountain.
Whoever has ascended the lofty eminences immediately below the

highest pinnacles of the Alps, can scarcely fail to have received sen
sible proofs, of the daily and hourly disintegration of the mountains.
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Here, placed nearly above the region of vegetable or animal exis

tence, and surrounded by the sublimest objects in nature, the deep
silence which prevails around is truly solemn and impressive; but it
is broken from time to time, by sounds like the rolling of distant
thunder, or by a nearer and louder crash, which is repeated by the
echoes from rock to rock. These sounds proceed from the falling
of avalanches, or from glaciers splitting and discharging the loose
rocks upon their surface, or from éboulements of rock, detached from
the bare and exposed sides of the pinnacles and tiguilles. The

fragments generally fall into the elevated mountain valleys, and are

scattered over the surface of the higher glaciers, which extend from

thence into the lower Alpine valleys. As the glaciers in these val

leys are gradually melting during summer, the ice above progressive
ly moves downward, bearing with it the cargoes of stones on its sur

face, which it discharges in heaps at its feet and sides. These ac

cumulations of stones are called morains. The destruction of granitic
and schistose mountains it has been before observed, is generally
effected by water penetrating between the fissures, becoming sudden

ly expanded by frost. The overthrow of calcareous rocks is effec

ted in a different manner; and the vast boulements which they oc

casion, are more terrific and destructive, than the éboulements from

the primary mountains, as they generally take place in more thickly
inhabited districts.
The destruction of the calcareous mountains in the Alps, depends

on the peculiar composition and structure of these mountains. In

the year 1821, I passed a great part of the summer in examining
the calcareous mountains in Savoy, the structure of which was then

not generally understood, or at least had not been described, in any
geological work that I had met with. It was generally believed, that

the calcareous mountains were composed entirely of beds of lime

stone, with lofty mural precipices on the upper part; and that the

lower parts, sloping from these precipices, were formed of the dé
bris of the limestone. So far from this being the case, the calcare

ous mountains of the Alps, which comprise all the English forma

tions, from the magnesian limestone or chalk, alternate, like the Eng
lish formations, with enormous beds of soft shale and sandstone; and

it is to this alternation, that they owe the frequent destruction of the

upper parts of the mountains.
If all our English secondary formations, were, by some powerful

cause, elevated six or seven thousand feet above their present level,
and the beds bent into curves, constituting several ranges of moun
tains, we should have precisely what is found in the calcareous rn

ges of the Alps. This arched form of the calcareous mountains is

represented, Plate II. fig. 1., and fig. 2. x, y. Now, if one thick
bed of limestone, or a portion of it, be broken off as at z, fig. 2, the
action of continued rains on the soft bed on which it rests, will un
dermine it, until other portions of the limestone will fall down; and



316 TALL OF MONT GRENIER.

W this process take place on both sides of the mountain, the whole
of the bed of limestone will fall, except the part which rests flat Up-
on the summit: in this manner have been left the enormous caps of
limestone, like immense castles, that compose the summits of the
calcareous mountains, near the lake of Annecy, and in the Ban

ges-Sometimes the mountain caps, which form an extended range
in front, present the appearance of a narrow ridge, when seen in

profile.
The mountain called the Dent d'Alençon, near the Lake of An

necy, offers a remarkable instance of this. See Plate II. fig. 6.
The mass of limestone on its summit,-which I found by trigono
metrical measurement to rise 3840 feet above the lake, and to be

nearly five hundred feet in thickness,-was, undoubtedly, once a
continuous bed, covering the mountain like a mantle, as represented
by the dotted lines: in the course of ages, the side a a has fallen
down, and the action of rain on the soft bed, c, on the other side, is

undermining the steep escarpment b, and preparing for its further
destruction. The soft bed c c, which forms the talus or slope, be

ing covered with vegetation on the side b c, is in some parts protect
ed from rapid disintegration. On the opposite side of the valley, I
found that the thick bed which formed the talus or slope under the
limestone, was ilas clay. I was not able to ascend the Dent d'Alen

con, and therefore did not ascertain whether the bed c was soft sand
stone or has. In numerous instances, the upper beds of limestone
in the mountains of Savoy, may be observed overlapping and over

hanging, as at a a, Plate II. fig. I., and are thus prepared to fall,
whenever the rain and frost has widened the longitudinal natural fis
sures in the limestone. In Plate II. fig. 2., the mountain at j, which
had the arched stratification, has been so broken as to present a steep
escarpment: such instances are very common in Savoy. The pres
ent state of Moat Grenier, south of Chamberry, and the vast ruins
in the plain below, offer a striking illustration of the causes which are
in operation, to disintegrate the vast calcareous mountains of Savoy.
The following description, with the cut, is taken from the first vol
ume of my Travels:-" A part of Mont Grenier fell down in the

year 1248, and entirely buried five parishes, and the town and
church of St. André. The ruins spread over an extent of about
nine square miles, and are called les Jibymes de Jifyans. After a
lapse of so many centuries, they still present a singular scene of des
olation. The catastrophe must have been most awful when seen
from the vicinity; for Mont Grenier is almost isolated, advancing
into a broad plain, which extends to the valley of the Isère. It is
several miles in length, and is connected with the mountains of the
Grand Chartreux, but it is very narrow. Its longitudinal direction
is from east to west: near the middle it makes a bend towards the
north, forming a kind of bay or concavity on the southern side.
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"Mont Grenier rises very abruptly upwards of 4000 feet above
the plain. It is capped with an immense mass of limestone strata,
not less than 600 feet in thickness, which presents on every side the

appearance of a wall. The strata dip gently to the side which fell
into the plain. This mass of limestone, rests on a foundation of soft
er strata, probably molasse, under which are distinctly seen thin stra
ta, alternating with soft strata. The annexed cut represents the east

wing of the mountain, and a small part of the Abymes de Myans.
There can be little doubt that the catastrophe was caused by the

gradual erosion of the soft strata, which undermined the mass of lime
stone above, and projected it into the plain. It is also probable, that
the part which fell, had for some time been nearly detached from the
mountain by a shrinking of the southern side, as there is at present a
rent at this end, upwards of 2000 feet deep, which seems to have cut
off a large section from the eastern end, that now

'Hangs in doubtful ruins round its base,'

as if prepared to renew the catastrophe of 1248. The Abymes de

Myans are bills, or rather monticules, of a conical shape, varying in

height from twenty to thirty feet; they cover about nine square
miles: the monticules are composed of fragments of calcareous stra
ta, some of which are of immense size. They consist of yellowish
oolitic limestone, strongly resembling the lower oolites in Gloucester
shire; a gray limestone, harder and more crystalline than has, which,
however, it may probably be; and a thin slaty arenaceous limestone,

much resembling Stonesfield slate. Fragments of schistose chert

were interstratified with some of the limestone.
"The largest masses have, evidently, fallen from the upper bed

of limestone by which Mont Grenier is capped. The velocity they
would acquire by falling from so great a height, making due allow

ance for the resistance of the atmosphere, could not be less than 300

feet per second; and the projectile force they gained by striking

against the base of the mountain, or against each other, has spread
them far into the plain. In the course of years, the rains or currents

of water from dissolving snows, have furrowed channels between the

larger masses of stone, and, washing away part of the loose earth,

have left the immense number of detached conical hills which are

seen at present. So deep and vast was the mass of ruins that cover

ed the town of St. André and the other parishes, that nothing belong

ing to them has been discovered, except a small bronze statue."

Vol. i. p. 201.
A part of a mountain near Servos, on the road to Chamouny, fell

down in the year 1751. The fall continued for many days, and the

air was darkened with immense volumes of black dust, which ex

tended for twenty miles, and is still remembered by some of the old

est inhabitants of Chamouny. A continued succession of reports,
like those of cannon, announced the successive falling of rocks, day
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and night. The mountain did not, like that of Mont Grenier, fall at
once, for it is composed of a succession of beds of limestone resting
on sandstone, and extremely fragile schist, which are even now yield
ing to the constant action of rain. A deep excavation, which I ob
served under a precipice of limestone, near the summit, appeared in
1821 to threaten a renewal of the catastrophe of 1751.*
In the Swiss Alps, the great éboulementst which have destroyed

whole villages, have been caused by the sliding down of highly in
clined beds of loose conglomerates, which have been undermined at
their bases. This will be better understood by a reference to Plate
11. fig. 2., representing the section of a mountain on the Alps: the
beds a a b a 6 are highly inclined; and should the outer bed a be a
soft sandstone or conglomerate, the action of water-courses or heavy
rains upon its foot or base tends to destroy and undermine it, and the
whole bed, perhaps several hundred feet in thickness, is suddenly
precipitated into the valley. In 1806, a part of the mountain of

Rosberg, between the lakes of Zug and Laworts, fell down from the
cause here mentioned, and buried a considerable part of the valley,
and several of the inhabitants.
Where the soil is favorable to vegetation, the debris, or ruins from

the fall of mountains, become covered with vineyards and chestnut
trees; of which we have an example in the soil that covers the
former town of Pleurs, near Chavennes, and all its noble palaces,
belonging to opulent citizens of Milan. On the 26th of August,
1618, "an inhabitant entered the town, and said that he saw the
mountains cleaving: he was laughed at for his pains; but in the

evening the mountain fell, and buried the town and all its inhabitants.
The number destroyed is stated to be 2430, of whom not one es

caped, except the person who warned them of their danger."
Where the soil is unfavourable to vegetation, the ruins remain ex

posed to the action of rains, and of torrents from the sudden melt

ing of snow, which furrow channels through them, and leave detach
ed monticules, as in the ./I6jrnes de .Myans; but it is evident, that by
these causes they could not be transported to distant countries, ex

cept in the comminuted form of sand or mud.
There are, however, other causes in present activity, which tear

down large masses of rock, and carry them many miles from their

In an Essay sur irs Caractères Zoologiqucs, by M. Brongniart, published in
1822, he has given a section of this mountain; and from the fossils in the upper
d, and the green sand intermixed, he has, with much probability, classed it with

the chalk formation. The lower beds of the mountain, containing ammonites he
still classes with transition rocks; but I am persuaded that these lower beds are
riot more ancient than the English has, or the blue beds of the magnesian lime
Stone: and in this mountain, (Montagne de Fis,) we have all the upper secondary
strata of this part of Savoy in one group.

f The fall of parts of mountains is so common an occurrence in the Alps, that
it is expressively called an Tho2llernent., from the verb boier. In Devonshire and
Dorsetshire, the fall of the chiTs is called a rougernent.
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native sites. The mountain valleys in the higher Alps, on the con
fines of eternal snow, sometimes becomes closed by the extension of
a lateral glacier across them, which darns in the water from the melt
ing of Alpine snow, and forms a mountain lake, elevated many thou
sand feet above the lower habitable valleys. During very hot sum
mers, the same cause which increases the waters in the lake, by a
more rapid melting of the Alpine snows, diminishes the strength and
thickness of the barrier of ice; it is rent asunder, and the whole wa
ter of the lake is suddenly precipitated with tremendous violence,
into the lower valleys, tearing down and bearing along with it all op
posing obstacles: the water is seen approaching like a moving wall.
In thismanner was the village of Martingny in the Valais nearly de

stroyed in 1818. A similar inundation, in the valley of the Upper
Doron in the Tarentaise, took place in the following year. I had an

opportunity of observing its effects, which appeared to equal in in
tensity, but not in extent, those of diluvial action. Numerous blocks
of stone of many tons' weight, were brought down by the torrent,
and scattered over a small plain at the mouth of the lateral valley,
along which they had descended. These blocks were chiefly quartz
rock, intermixed with a few blocks of mica and talc slate.
To proceed to the causes which are, in the present time, wearing

down the surface of islands and continents.-The action of the sea

upon the cliffs in England, proves, in a striking manner, the changes
which this important agent can effect in the space of a few centuries,
and sometimes in a few years. In Devonshire and Dorsetshire, and
on the coasts of Sussex, Kent, and Suffolk, the sea has made great
encroachments on the land, since the time of the Norman Conquest;
as may be proved both by ancient records, and by what is now ta

king place; the cliffs being undermined by high tides, large portions
of land are yearly falling into the sea.

It may, however, be doubted, whether the surface of dry land is
not gradually increasing on the whole globe. The depositions from
the sea and from rivers are filling up bays, estuaries, and lakes: all
broad at valleys, and almost all low and fertile plains, were once
covered with water. On the eastern side of our own island, though
the land is wearing away in some parts, it is increasing more rapidly
in others. The flat parts of Lincolnshire, Cambridgeshire, and Hol
derness in Yorkshire, have been gained from the sea, or from rivers,

by depositions of sand and mud at no very remote period; and the

process is going on daily. In many parts, the sea, during high tides,
is above the present level of the land, and is kept out by
embank-ments.

In Yorkshire, the proprietors contrive to raise the surface of the

ground, by what is called warping. At the highest spring tides,

they open sluices in the embankments, and cover the land with the
turbid sea-water, which remains until it has deposited its contents,
and is let out at low water. The quantity of earthy matter held in
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suspension by rivers after heavy rains is prodigiously great. Accord
ing to Major Rennell, a glass of water taken from the Ganges at the

height of its inundations, yields one fourth sediment. Mr. Barrow
says, in his account of China, that the quantity of mud brought down
by the Yellow River was found, by calculation founded on experi
ment, to exceed two million solid feet per hour; and that some miles
distant from the sea, the river was three quarters of a mile broad,
and was running at the rate of seven or eight miles an hour. A

great part of the enormous mass of mud, which is perpetually brought
down by the Yellow River, is borne by strong currents from the Yel
low Sea into the Gulf Petchelee, where the stillness of the water al
lows it to subside. Into the same gulf the river of Peking discharges
itself; and Mr. Barrow observes, that a great part of the land adjoin
ing this gulf has apparently been formed, by the sand and mud

brought into it; for the tide flows inland one hundred and ten miles,
and often inundates the whole country, the general level of which is
not more than two feet above the level of the river: indeed, the

deepest part of the great gulf of Petchelee does not exceed twelve
fathoms; and the prodigious number of sandy islands just appearing
above the surface, are said to have been formed within the records of

history.-Barrow's China, p. 492. From the above account, there
is every probability that this wide gulf will soon be filled up by allu
vial and marine depositions. The Gulf of Mexico, according to Hum
boldt, is gradually filling by the sand brought into it from the Caribbean
Sea on the south side, and from the vast rivers, the Rio del Norte
and the Mississippi.
From several sources of information referred to in the "Asiatic

Researches," and from the best accounts of the Portuguese, who
first visited India, there is much reason to believe, that the whole

country of Malabar, between the Gout Mountains and the sea, has
become dry land at no very remote period. Numerous traditions
refer to it. There is an ancient book called "Kerul Oofpiette," or the

emerging of the country of Kerul, or Malabar. The book was
translated by Jonathan Duncan, Esq. In this account, the forma
tion of the land is ascribed to supernatural agency; but it contains

many statements that appear highly probable. It was soon inhabited,
on account of the fertility, of the ground; but the inhabitants were,
at. first, driven away by the multitude of serpents, which abounded
in the mud and slime of the newly emerged country. In a manu

script account of Malabar, ascribed to the Bishop of Virapli, the
seat of a celebrated Roman Catholic seminary, the writer observes,
that, by the accounts of the learned natives of that coast, it is little
more than 2300 years since the sea came up to the foot of the Ju
ken-i or Gatit Mountains; and this he thinks extremely probable,
from the nature of the soil, and the quantity of sand, oyster shells,
and other fragments, met with on making excavations. It is not un
reasonable to believe that the whole coast was elevated by subterra-
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nean agency; for so recently as 1805, the bed of part of the sea
and of the Indus, was permanently changed by an earthquake, near
Cutch, on the coast of Bombay.
The increase of land at the mouth of the Nile, and of many Eu

ropean rivers, is well known. Adria, which was once a port of the
Adriatic Sea (to which it gave its name), is now six leagues inland.
In lakes, the diminution of the surface, by the gradual increase of
land at the mouths of rivers which flow into them, is still more re
markable. The mud and debris brought into the lake of Geneva by
the Rhone, and deposited near its entrance, have made the land ad
vance two miles in the space of 1700 years,-the Roman harbour
Portus Valesie being now that distance from the lake. All the lakes
in Savoy and Switzerland, and in our own island, are gradually di
minishing, by similar causes. To multiply instances of this kind
would be incompatible with the limits of the present volume; every
attentive observer must have noticed them in the course of his travels.

All the most fertile parts of the globe were formed by alluvial de
positions: alluvial agency appears to have been the means employed,
in the economy of nature, to prepare the world for the residence of
social and civilized man. The most ancient cities of which we
have any authentic record, Babylon, Nineveb, and Thebes, were
founded in the midst of alluvial soils, deposited by. the Euphrates,
the Tigris, and the Nile: indeed, it does not appear unreasonable to
believe, that the formation of soils for the support of vegetables and
animals, is the final end to which all terrestrial changes ultimately
refer.

It has been justly observed by Dr. Paley and others, that in the

peculiar conformation of the teeth in graminivorous animals, and in
the production of grasses which serve them for food, we may trace
evident marks of relation, and of a designing intelligent cause.
With equal reason must we admit, that the destruction of mountains,
and the formation of soils for the support of the vegetable tribes, are

provided for by the same cause, and are part of a regular series of

operations in the economy of nature. Hence also we may infer,
that those grand revolutions of the globe, by which new mountains or
continents are elevated from the deep, are parts of the same series,

extending through ages of indefinite duration, and connecting all the
successive phenomena of the material universe.

By a wise provision of the Author of nature, it is ordained, that
those rocks which decompose rapidly, are those which form the most
fertile soils; for the quality of soils, depends on the nature of the
rocks from which they were formed. Granitic and siliceous rocks
form barren and sandy soils; argillaceous rocks form stiff clay; and
calcareous rocks, when mixed with clays, form marl; but when not
covered by other strata, they support a short, but nutritious veg
etation. For the formation of productive soils, an intermixture of
the three earths-clay, sand, and lime-is absolutely necessary.
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The oxide of iron appears also to be a requisite ingredient. The

proportion necessary for the formation of good soil, depends much
on the nature of the climate, but more on the quality of the sub-soil,
and its power of retaining or absorbing moisture. This alone may
make a soil barren, which upon a different sub-soil would be exceed

ingly productive. When this is the case, drainage or irrigation offers
the only means of pirrnanent improvement.

Different vegetables also require different admixtures of earth.

They require it, first, because it is necessary to their growth that the
soil should be sufficiently stiff and deep to keep them firm in their

place; and also that it should not be too stiff to permit the expan
sion and growth of their roots: and, lastly, that it should supply
them with a constant quantity of water, neither too abundant nor
deficient. Hence we may learn why different degrees of tenacity,
depth, and power of retaining or absorbing moisture, are required in
soils for different kinds of plants. Thus, in uncultivated countries,
we find that certain vegetables affect particular situations in which

they flourish spontaneously and exclusively; and it is only by imita

ting nature, and profiting by the instruction she affords, that we can

hope to obtain advantageous results, or acquire certain fixed princi
ples, to guide us in our attempts to bring barren lands into a state of

profitable cultivation. When rocks contain, in their composition, a
due proportion of silex, clay, and lime, they furnish soils whose fer

tility may be said to be permanent. The most fertile districts in

England were made so by nature; their original fertility was inde

pendent of human operation.
Some small portion of the earths and alkalies is found by chem

ical analysis in plants: but it would be contrary to fact and analogy,
to suppose that the earths, in a concrete state, form any part of the
food of plants: the earths and alkalies which they contain, are in all

probability formed by the process of vegetation, from more simple
elements; for it is now ascertained, that the earths and alkalies are

compound substances.
The principal elements found in plants are hydrogen, carbon, and

oxygen; and by experiments of Gay-Lussac and Thenard,* it ap
pears, that the hydrogen and oxygen in starch, gum, vegetable oils,
and sugar, exist in precisely the same proportions that form water.
Carbon, the other principal elementary substance found in plants,
exists both in water and in the atmosphere. Water and the atmos

phere contain in themselves, or in solution, all the elements necessary
for the support and growth of vegetables. But, most soils are either
too wet or too dry, too loose or too adhesive, to admit plants to ex
tract these elements, in the proportions necessary for their growth.
Manures, by furnishing in great abundance the hydrogen, carbon, or

* Recherches Physico-Chirniques.
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azote, which they may require, supply this deficiency. In propor
tion as soils possess a due degree of tenacity, and power of retaining
or absorbing heat and moisture, the necessity for a supply of manure
is diminished; and, in some instances, the earths are so fortunately
combined, as to render all supply of artificial manure unnecessary.
He who possesses on his estate the three earths,-clay, sand, and
lime,-of a good quality, with facilities for drainage or irrigation, has
all the materials for permanent improvement; the grand desiderata
in agriculture being to render wet lands dry, to supply dry lands with
sufficient moisture, to make adhesive soils loose, and loose soils suffi

ciently adhesive.
The intermixture of soils, where one kind of earth is either redun

dant or deficient, is practised in some countries with great advantage.
Part of Lancashire is situated on the red sandstone described in the
sixth chapter. This rock, being composed principally of siliceous
earth and the oxide of iron, forms of itself very unproductive land:
but, fortunately, in many situations, it contains, near the surface, de
tached beds of calcareous marl. By an intermixture of this marl

with the soil, it is converted into fertile land, and the necessity for

manure is superseded. The effect of a good marl applied liberally
to this land, lasts for more than twenty years. In some lands, a mix

ture of light marl which contains scarcely a trace of calcareous earth,

is found of great service. The good effect of this appears to depend
on its giving to the sandy soil a sufficient degree of tenacity. The

sterile and gravelly soils in Wiltshire have been recently rendered

productive, by mixing them with chalk; the most.
liberal application

of manure having been found ineffective, or injurous, in stiff clay
soils, where lime is at a great distance, the land might, frequently, be

improved by an intermixture with siliceous sand. A proper knowl

edge of the quality of the sub-soil, and the position of the sub-strata,

is necessary to ascertain the capability of improvement which land

may possess. It may frequently happen, that a valuable stratum of

marl or stone, which lies at a great depth in one situation, may rise

near the surface in an adjoining part of the estate, and might be

procured with little expense.
Lime is the only earth which has been generally used to intermix

with soils, and has been considered as a manure; but its operation,
as such, is very imperfectly understood. Burnt lime, when caustic,

destroys undecornposed vegetable matter, and reduces it to mould,

so far its use is intelligible. It combines, also, with vegetable or miii-

eral acids in the soil, which might be in to vegetation,-here
its operation is likewise intelligible : but if we assert, that when burnt

lime has absorbed carbonic acid and become mild, it gives out its

carbon again to the roots of plants, we assume a fact, which we have

neither experiments nor analogies to support. The utility of lime

in decomposing vegetable matter and neutralizing acids is obvious:

but its other uses are not so evident; except we admit that it acts
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mechanically on the soil, and renders the clay or sand with which it
is intermixed, better suited to the proper expansion of the roots, and
more disposed to modify the power of retaining or absorbing the re

quisite degree of heat and moisture, which particular vegetables may
demand.
Where earths are properly intermixed, instances are known of land

producing a succession of good crops for many years, without fallow

ing or manure. On the summit of Breedon Hill, in Leicestershire,
I have seen a luxuriant crop of barley growing on land, that had
borne a succession of twenty preceding crops without manuring.
This is more deserving notice, being in an exposed and elevated
situation, and upon the very hill of magnesian limestone, which has
been so frequently referred to by chemical writers, as peculiarly un
favourable to vegetation. The limestone of this hilt contains above
20 per cent. of magnesia.*
The temperature requisite for the growth of plants is influenced

by the power of different soils to absorb and retain heat from the
solar rays, which depends much on their moisture and tenacity.
"It is a well known fact, that the vegetation of perennial grasses in
the spring, is at least a fortnight sooner, on limestone and sandy sois,
if not extremely barren, than on clayey or even in deep rich soils:
it is equally true, but perhaps not so well known, that the difference
is more than reversed in the autumn."-Observations on Mildew, by
1. .Egremont, Esq. This effect Mr. E. ascribes, with much proba
bility, to the rich or clayey soils absorbing heat slowly, and parting
with it again, more reluctantly than the calcareous soils, owing to the

greater quantity of moisture in the clay, which is an imperfect con
ductor of heat.

Calcareous soils might frequently be much improved by a mixture
of clay, sand, or gravel, which, in many situations, is practicable with
little expense, and would well reward the labour of the experimental
agriculturist.

Calcareous Tufa.-Beside the new land formed by alluvial depo
sitions, beds of calcareous tufa are sometimes formed in valleys, arid
at the bottom of lakes, by a process which bears some analogy to
chemical formations. Springs that issue from limestone strata, and
therefore contain carbonic acid, often hold particles of carbonate of
lime chemically dissolved in the water; but, on exposure to air and

light, the carbonic acid, having but a slight affinity for the particles of
limestone, evaporates, and leaves them to precipitate and form cal
careous incrustations: these, in a course of years, form thick beds,
and are, sometimes, sufficiently hard to be used for building-stone.

The magnesian lime acts, more powerfully, in destroying undecomposed ve-
getable matter than common lime, and its effects on land are more durable: hence
it is in reality of greater value in agriculture, as a much smaller quantity will
an-swerthe same purpose.
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The Rock Mill, near Stroud, in Gloucestershire, is built of this stone.
In almost all limestone countries, there are instances of calcareous
incrustations formed in springs, which have received the name of

petrifying wells.
Thermal waters, that contain calcareous earth in solution, deposit

beds of tufa, very rapidly. Nearly the whole bottom of the valley
at Matlock Baths, in Derbyshire, is filled with calcareous tufa, form

ing a bed not less than fifty feet in thickness, and half a mile in

length. It contains fragments of moss, and some land shells. The
horns of a stag were found in excavating this tufa; it is deposited by
the thermal springs, that, every where, gush out from the bill behind
the baths. Except the depositions from thermal waters, beds of cal
careous tufa, of any considerable magnitude, are seldom formed on
land, but thermal waters have probably been important agents, in the
formation of many of the secondary strata at the bottom of the ocean.

(See Chaps XV.)
Mr. Lyell, in the first volume of his "Principles of Geology," has

described many depositions of calcareous tufa in the volcanic districts
of France and Italy.
There are depositions of fresh-water limestone slowly forming in some

of our present lakes. Mr. Lyell, in the "Geological Transactions,"
1826, describes a small lake about nine miles west of Forfar, in Scot
land. It once extended over two hundred acres, but is now reduced
to a peat moss, or swampy hollow in diluvium. The bed of the lake
has been, in a great part, excavated for marl; it contains different
strata, of variable thickness. The upper covering is peat, one or
two feet thick, under which is shell or rock marl, varying from one
to sixteen feet; quick-sand two feet, and lower shell marl, of a good
quality, from one to two feet thick, resting on a bed of fine sand, of
variable thickness. The rock marl consists wholly of carbonate of
lime; it is hard and compact, and in some parts crystalline. The
lower shell marl rarely contains any distinguishable quantity of shelly
matter. In the rock marl are found shells of Helices, the Turbo
fontinalis, and the Patella lacustris.
There are remains of land quadrupeds in the shell marl, but not

in the rock marl. The rock marl, (it appears from Mr. Lyell's de

scription,) nearly resembles the upper fresh-water limestone in the
Paris basin, and, like it, is traversed by tubular cavities. Some part
of the rock marl is, however, stated to be a tulaceous limestone.
This recent formation of fresh-water limestone, is, in so many res

pects, analogous to the most recent formation of fresh-water strata of
the ancient world, that all the particular circumstances described by
Mr. Lyell, deserve the careful attention of the geologist.

Peat is a substance which has been classed with alluvial soils,

though it is obviously a vegetable production. Peat formerly cover
ed extensive tracts in England, but is disappearing before the genius
of agricultural improvement, which has no where produced more
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important effects, than in the conversion of the black and barren peat
moors of the northern counties, into valuable land covered with lux
uriant herbage, and depastured by numerous flocks. The following.
description of the peat moors in Scotland, by Mr. Jameson, is an ac
curate picture of the remaining peat moors in the mountainous parts
of Yorkshire, and the adjoining counties:-
"In describing the general appearance of a peat moor, we may

conceive an almost entire flat of several miles extent, of a brown col
our, here and there marked with tufts of heather, which have taken
root, owing to the more complete decomposition of the surface peat;
no tree or shrub is to be seen; not a spot of grass to relieve the eye,
in wandering over this dreary scene. A nearer examination discov
ers a wet spongy surface, passable only in the driest seasons, or
when all nature is locked in frost. The surface is frequently cover
ed with a slimy black-coloured substance, which is the peat earth so
mixed with water, as to render the moor only passable, by leaping
from one tuft of heather to another. Sometimes, however, the sur
face of peat mosses has a different aspect, owing to the greater
abundance of heath and other vegetables, as the schoni, scirpi, erio

phora, &c. : but this is principally the case with some kinds of what
are called muirlands, which contain but little peat, being nearly com

posed of the interwoven roots of living vegetables. Quick moss (as
it is called) is a substance of a more or less brown colour, forms a
kneadable compound, and when good, cuts freely and clean with the

spade; but when it resists the spade by a degree of elasticity, it is.
found to be less compact when dried, and is of an inferior quality.
The best kinds burn with a clear bright flame, leaving light-coloured
ashes; but the more indifferent kinds, in burning, often emit a disa
greeable smell, and leave a heavy red-coloured kind of ashes. In

digging the peat, we observe that when first taken from the pit it al
most immediately changes its colour, which becomes more or less a

deep brown or black, and the peat matter becomes much altered, be

ing incapable of forming a kneadable paste with water. When dry
and reduced to powder, as it is often by the action of the weather, it
forms a blackish coloured powdery matter, capable of supporting
vegetation, when calcareous earth is added.
"Peat is found in various situations, often in valleys or plains,

where it forms very extensive deep beds, from three to forty feet
deep, as those in Aberdeenshire : it also occurs upon the sides of
mountains, but even there it is generally in a horizontal situation.
The tops of mountains, upwards of two thousand feet high, in the
Highlands of Scotland, are covered with peat of an excellent kind.
"It is also found in situations nearly upon a level with the sea :

thus, the great moss of ('ree in Galloway, lies close upon the sea,
On a bed of clay, little higher than the flood marks at spring tides."*

Jamesons Mineralogy of the Shetland Islands.
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In the first volume of Dr. Macculloch's valuable "History of the
Western Islands of Scotland," he has given a luminous description
of the formation of peat, which completes the natural history of peat
moss. Beside the Sphagnum palustre, he has enumerated nearly
forty plants which concur to the generation of peat.
The process by which these vegetables are converted into peat, is

most clearly seen in the sphagnum. As the lower extremity of the
plant dies, the upper sends forth fresh roots like most of the mosses,
the individual thus becoming in a manner immortal, and supplying a

perpetual fund of decomposing vegetable matter. A similar process,
though less distinct, takes place in many of the rushes and grasses,
the ancient roots dying together with the outer leaves, while an an
nual renovation of both, perpetuates the existence of the plant. The

growth of peat, necessarily keeps pace with that of the vegetables
from which it is formed; hence the necessity of replacing the living
turf on the bog where peat has been cut,-a condition now required
in all leases, in which liberty to cut turf is included. On the con
version of vegetable matter into peat, Dr. Macculloch observes :-
Where the living plant is still in contact with peat, the roots of the

rushes, and ligneous vegetables, are found vacillating between life
and death, in a spongy half decomposed mass. Lower down, the

pulverized carbonaceous matter is seen mixed with similar fibres,
still resisting decomposition. These gradually disappear, and at

length a finely powdered substance alone is found, the process being
completed by the total destruction of all the organized bodies."-P.
130. The best peat is that of which the decomposition is most com

plete, and the specific gravity and compactness the greatest. The

quality of peat, Dr. Macculloch observes, is much affected by the
wetness or dryness of the soil, and the elevation or other causes,
which influence the temperature and moisture of the atmosphere.

For a description of the chemical changes produced in peat by
water and fire, I must refer to the first volume of Dr. Macculloch's
work before quoted, p. 131. It is only in the first stages of decom

position that peat is soluble, and communicates a dark colour to
water.
The rapid formation of peat in many situations, where it is found

covering ground that was formerly pastured, admits of an easy ex

planation, since Dr. Macculloch has so clearly described the mode m
which this substance is generated.
The property possessed by peat of preserving animal matter from

putrefaction is well deserving notice. It is probably owing to this,
that some of the fleshy parts of the mastodon have been so long pre
served in peat bogs.

In the Philosophical Transactions, 1734, there is a letter from Dr.

Balguy, giving an account of the preservation of two human bodies
in peat for fifty-nine years. "On January 14, 1675, a farmer and
his maid-servant were crossing the peat moors above Hope, near
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Castleton, in Derbyshire; they were overtaken by a great fall of
snow, and both perished: their bodies were not found till the 3d of

May, -in the same year; and being then offensive, the coroner order
ed them to be buried on the spot, in the peat. They lay undisturb
ed twenty-eight years and nine months, when the curiosity of some

countrymen induced them to open their graves. The bodies ap
peared quite fresh, the skin was fair and of its natural colour, and
the flesh as soft as that of persons newly dead. They were after
wards frequently exposed as curiosities until in the year 1716, when

they were buried by order of the man's descendants. At that time
Dr. Bourne, of Chesterfield, who examined the bodies, says the man
was perfect, his beard was strong, the hair of his head was short,
and his skin hard and of a tanned leather colour, like the liquor he

was lying in. The body of the woman was more injured, having
been more frequently exposed; the hair was like that of a living per
SOD. Mr. Wormwald, the minister of Hope, was present when they,
were removed : the man's legs, which had never before been uncov

ered, were quite fair when the stockings were drawn off, and the

joints played freely without the least stiffness."
In the beginning of the last century, the perfect body of a man, in

the ancient Saxon costume, was discovered in peat, at Hatfield Chase,

in Yorkshire: it soon perished on exposure to the air.

Extensive tracts of cultivated ground are sometimes converted into

sandy deserts, by the drifting of sea-sand inland. The process by
which this is effected, is taking place, at present, in many situations.

During very high winds, the sand is driven from the sea-shore to a

certain distance, leaving an elevated ridge at the further boundary of

the drift. Succeeding winds blow the sand forward, and at the same

time bring fresh sand from the shore to supply its place. In the

sixth volume of the Transactions of the Irish Academy, an account

is given of the encroachment of the sand, over some parts of Ireland.

Trees, houses, and even villages, have been surrounded or covered

with sand, during the last century. In the vicinity of sandy deserts,

the sand is also encroaching on the habitable land. The loose sands

of Libya are thus spreading over the valley that borders the Nile,

and burying the monuments of art and the vestiges of former cultiva

tion. From a similar cause, the country immediately round Palmy
ra, that once supplied a crowded population with food, now scarcely
affords a few withered plants, to the camel of the wandering Arab.

A sandy inundation on the north coast of Cornwall, was mention

ed Chap. I. p. 14. This sand, which is composed of fragments of

shells and coral, is in some parts cemented into sandstone, by water

infiltrating from the slate-rocks: it is similar in appearance to the re

cent sandstone of Guadaloupe, in which human skeletons have been

found: the latter is a very common sandstone in the West Indies; it

increases rapidly, and the land gained from the sea, which forms
some of the plains of St. Domingo, is composed of it. A concreted
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calcareous sandstone extends on the southern, western, and north
western coast of Australasia, for three thousand miles. Some speci
mens, which I have examined with a lens, appear perfectly similar
to the recent sandstone from Guadaloupe.
Among the causes in present activity, which are changing the sur

face of the globe, the labours of madrepores must not be unnoticed.
These minute polypi, raise up walls and reefs of coral rock with as

tonishing rapidity in tropical climates, and encircle the present is
lands with belts of coral, thus enlarging their coasts. A coral reef
of seven hundred miles in length, extends from the north-west of
Australasia, towards new Guinea. For a detailed account of coral
rocks and reefs, I must refer the reader to the observations of Dr.
Forster, and the voyages of Captain Flinders, and of Kotzebue, and
of the French naturalists MM. Quoi and Gaimard, but more partic
ularly to the observations of Captain Beechy, made during his voy
age to the Southern Pacific. The subject of coral reefs has been
before referred to at some length. See Chap. VI.

Organic Remains in Dilu vial Beds.-As the remains of the mas
todon, the elephant, the rhinoceros, and hippopotamus occur, with
the bones of other mammalia, in diluvial beds, this circumstance

proves their great antiquity, and distinguishes them from alluvial de

positions. Teeth of the latter animals are not uncommon in English
diluvium, and two teeth of the mastodon have been found in the Nor
folk Crag.

It has been thought desirable to give drawings of the teeth, for the
use of the geological student.

The first represents the pointed tooth of the mastodon; the other
the flat crowned tooth of the elephant, which is sometimes larger
than that of the mastodon.
The following cut represents the molar tooth of the rhinoceros, a,

from Kirkdale cavern ; b is the molar tooth of the hippopotamus,
much worn, from the same locality.
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The fossil elephant, or mammoth, is the most remarkable of the
ancient herbivorous quadrupeds, both from its vast size, and the
amazing number of bones of this genus, which are found in the
northern parts of Europe, and in America. The mammoth must
have existed in herds of hundreds and thousands. According to
Pallas, there is scarcely a river, from the Don or the Tanais, to the

extremity of the promontory Tchuskoinosa, in the banks of which
the bones of the mammoth are not abundant. There are two large
islands near the mouth of the river Indigerska, which are said to be

entirely composed of the bones of the mammoth, intermixed with
ice and sand: the tusks are so perfect, that they are (lug out for ivo

ry. With the bones of the mammoth are intermixed those of the
elk, the rhinoceros, and other large quadrupeds. The body of a
fossil elephant has been found entire, with the flesh preserved, buried
in ice: it had a mane along its back, and was covered with coarse
red wool, protected by hair of a coarser kind, indicating that it was
an inhabitant of cold or temperate climates; indeed, the circum
stance of the body being preserved in ice, is a further proof of this;
for had it been conveyed from distant regions, the flesh must have
been speedily decomposed, before it could have been enveloped in
ice. The height of this animal was from fifteen to eighteen feet.
Bones and teeth of the mammoth are not unfrequently found in Eng
land in beds of diluvial gravel and clay, and in caverns: they are

chiefly found in low situations, such as the vale of the Thames, and
the vale of the Severn. The mammoth bears a near resemblance
to the Indian elephant, but Cuvier regards it as a distinct species.
The rhinoceros, of which there are three large species, and one

smaller, appears to have lived with the fossil elephant : their bones
are found together; but it is in Siberia that the bones of the rhinoce
ros are most numerous, and best preserved. In the year 1771, the
entire body of one of these animals, was found in the frozen sands
of that country.
Bones and teeth of the hippopotamus, are found both in England,

France, Germany and Italy: there are two species, the largest resem
bles the African hippopotamus the smaller is of the size of the wild
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boar. Bones and teeth of the large animal, called the mastodon,
are found both in Europe and America. The great mastodon had
pointed grinders; it was a native of North America, and equalled
in size the elephant, which in many particulars, it resembled. En
tire skeletons of the mastodon have been found in salt marshes; but
what is more extraordinary, parts of the flesh and the stomach have
been found with them. Among the vegetable substances in the
stomach, were distinguished the remains of some plants known in

Virginia. The Indians believe that this animal is still living north of
the Missouri, and the above circumstances render it probable, that
this species of mastodon has not been long extinct. Bones of other

species of the mastodon are found in Europe and South America;
these are probably more ancient. Teeth of a gigantic species of ta

pir, equal in size to the rhinoceros have been found in France and

Germany :* the bones of horses are also found in great abundance,
with the bones of the above mentioned animals. Bones and horns
of the elk, the stag, and of various species of deer, and of oxen,
some of which closely resemble existing species, are often intermix
ed with the bones of elephants, and other ancient animals. With
these animal remains, are also found the bones of carnivorous ani
mals, of the size of the lion, the tiger and the hyena; the bones of
bears are numerous particularly in caverns.
The number of bones belonging both to the order of pachyder

mata, and of ruminant and carnivorous quadrupeds, is so great in
various parts of Europe, as to leave no doubt that the animals were
inhabitants of northern or temperate climates. In America have
been found the bones of two large animals, of extraordinary form.
The megatherium is of the size of the rhinoceros; it unites part of the
structure of the armadillo with that of the sloth; its claws are of
vast length and size. The megalonyx was nearly similar in form but
smaller.

Bones of the camel have been occasionally found in some parts of

Europe, but they are of rare occurrence. For a knowledge of near

ly all the above species of fossil mammiferous quadrupeds, we are
indebted to the researches of Cuvier. "Their bones," he observes,
"are found in that mass of earth, sand and mud, that diluvium which
covers our large plains, fills our caverns, and chokes up the fissures
in many of our rocks. They incontestably formed the population of
the continents, at the epoch of the great catastrophe which has des

troyed their races, and has prepared the soil on which the animals

* The most perfect tooth of this animal, which is at present known, was found
near Grenoble; the enamel is as fresh as that of a recent tooth. This tooth, of
which there are models in the 1rincipn I museums in Europe, is in the author's
col-lection:it was purchased by loin, at. the sale of the late M. Faujas St. Fond, to
gether with the tool h of a niith American mustudon, found in the volcano of Im
babara in the Cordilleras, and the tooth of a European mastodon, found with that
o the gigantic tapir near Gyenoble.
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of the present day subsist. Whatever resemblance certain of these

species bear to those of existing species, the general mass of this

population
had a different character; the greater part of the races

which composed it have been utterly destroyed. Among all these
mammiferous animals, the greater number of which have their con

geners living at the present day, there has not been found a single
bone or tooth of any species of ape or monkey. Nor is there any
trace of man: all the human bones which have been found, along
with those of which we have been speaking, have occurred acciden

tally; and their number besides is exceedingly small, which assured

ly would not have been the case, if men had been then settled in the
countries which these animals inhabited.* When Cuvier published
the first edition of his Rechercites cur les Ossemensfossilec, he too hasti

ly concluded, that we were already acquainted with all the existing

species of large land quadrupeds; and he hence inferred, that it was

highly improbable that any of the species of unknown quadrupeds,
whose bones are found in diluvial soils, should be still living. Since

that time a large species of living tapir has been found in the East in

dies; and other discoveries of new quadrupeds have been made: hence

we cannot conclude with absolute certainty, that all the species of

unknown fossil quadrupeds are extinct, though it seems highly prob
able that the greater number of the races have perished. The ani

mals whose bones are found in peat bogs and marshes, such as the

elk in Ireland, and the great mastodon in Kentucky, may, I conceive

be referred with much probability to a more recent epoch, than that

in which the diluvial beds were deposited.
Skeletons, both of the Irish elk and the great American mastodon,

have been fouud erect in peat bogs and marshes, which proves that

the surface of the ground has undergone little change since the ani

mals perished; and the further circumstance of the flesh and stom

ach of the mastodon being found near the surface, not protected,
like the bodies of the elephant and rhinoceros found in Siberia, by
ice, seems opposed to the general belief in the high antiquity of these

animal remains; and it is admitted by Cuvier, that they are in bet

ter preservation than any other fossil bones. The quadrupeds whose

bones are buried in beds of clay, sand or gravel, or accumulated in

caverns, undoubtedly lived in a very remote period, and under a

different condition of our planet to the present one. The northern

parts of Europe seem now incapable of supporting the immense

number of elephants, which have formerly spread over all the val

leys bordering the Frozen Ocean. Were we to admit that the tem

perature of the earth was then higher than at present, which the re

mains of palms and other tropical plants found in the northern lati-

For an account of human bones, found in caverns mixed with the bones of
extinct species, see the preceding Chapter.
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tudes render highly probable, this would not remove the difficulty;
for the fact that entire bodies of elephants have been preserved in ice
and that their skins were covered with a thick coat of wool and hair,

proves that these animals were constituted for living in cold climates,
and that their remains have not been transported to any great dis
tance from the countries which they inhabited.*
The remains of these large quadrupeds occur in different states

of preservation. In the frozen regions of the north the ivory, of the
tusks is perfect. In beds of clay, the bones and teeth are frequently

impregnated with mineral matter; but in gravel they are generally
in a loose or friable state, or at least they soon become so, after ex

posure to the air. In the Phil. Journal of Edinburgh, January,
1828, an account is given of numerous bones of the mastodon, rhi
noceros, and other animals, having been found on the surface of the

ground, near Irrawady River, in Ava. These bones, though ex

posed to the atmosphere, are stated to be extremely hard; they
were mixed with silicified wood, in a deposition of sand or gravel.
With the remains of the broad-toothed mastodon, were also found
teeth of a new species of mastodon of enormous size, which appears
to be intermediate in form, between that of the elephant and of the
mastodon: it has hence received the name Mastodon elephantoides.
Specimens of these teeth are in the museum of the Geological So

ciety of London.

* A friend has suggested, that the Siberian elephants were probably migratory,
and passed the winter months in more temperate latitudes. It this were the case,
individuals that from lameness or disease were unable to travel, may have been
incrusted with ice immediately alter death.
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CHAPTER XXII.

ON THE ELEVATION OF MOUNTAINS AND CONTINENTS.

The Elevation of the Beds of Granite and Slate in England proved by the Author,
in 1823, to have taken place at a much earlier Epoch, than the Elevation of the
Granite of Mont Blanc.-The Facts on which this conclusion was founded de
scribed and explained.-Application f similar Conclusions to the other Moun
tain Ranges by M. ELie de Beanmont.-The Elevation of Rocks of Granite and
Slate, proved to have taken place by a distinct Operation from that which up
heaved Continents from the Ocean, and at a different Epoch.-Elevation of the
Mountains and Table Land in Cen.trnL Asia.-Depression of the Surface round
the Caspian Sea.-Instances of the Elevation and Submergence of the Earth's
Surface in various Parts of the Globe.

THAT granite, or some modification of granite, forms the founda
tion rock of the present continents, is admitted by geologists. It is
also ascertained, that specimens of granite, gneiss, and mica-slate,
from the most distant parts of the globe, appear to be identical. It
is, therefore, probable that the crust of granite which environs the

globe, was all formed or consolidated at the same epoch, though lo
cal protrusions of granite have taken place at much later epochs.

If granite be the lowest and most extensive formation of known
rocks, yet, in many countries, it is raised in immense ridges, forming
the basis of mountain ranges: sometimes the beds of granite are

nearly vertical, and constitute the summit as well as the central base
of mountains. An enquiry suggests itself; was the elevation of these
mountain ranges cotemporaneous in different countries? The fol
lowers of Werner maintained, that granite mountains were crystalline
masses, precipitated in a universal ocean impregnated with mineral
matter; and that their elevation was coëval with their origin, in the

year 1819, M. Daubuisson, who was regarded by the French as an
oracle in Géognosie, published his Traité de Géognosie, in which,

following the steps of Werner on most points, he asserted, that the

granite of the Alps attained its present elevation soon after the epoch
of its formation. In the years 1820, 1821, and 1822, 1 had fre

quent opportunities of ascertaining the error of this opinion; and
that the beds of granite were not elevated, till after the deposition of
the calcareous beds that rest upon them. I farther ascertained, that

many of these calcareous beds were identical with the upper secon

dary strata in England; hence it followed, that the granite beds in
the Alps were not elevated till a late geological epoch, after the de

position of the oolites and chalk. This discovery I published in
1823, in my Travels in the Tarentaise, vol. ii. pp. 17, 18; and I
there distinctly stated, that the elevation of the granite of the hips,
was more recent, than the elevation of the beds of granite and slate
in England. Neither the importance of the discovery, nor its now
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generally admitted truth, have obtained for it the attention which I
think it was justly entitled to, arid which it would certainly have re
ceived, had it been announced by any tyro in geology, either in
France or Germany. At pages 152, and 153., of the present vol
ume, will be found a brief account of this discovery, which was also

republished in the 3d edition of this work; but it may be proper to

give a more full reference to the sections by which the discovery was
illustrated, as they serve, not only to explain from what data the rel
ative age of the elevation of different mountain chains may be ascer
tained, but to show that M. Elie de Beaumont has been guided by
exactly the same data, in forming his recent conclusions respecting
the ages of mountain chains in various parts of Europe. See Plate
Ii. fig. 2.: d, d, d, represent the highly inclined beds of granite
and primary rocks of Mont Blanc: the dotted lines represent the

supposed extent of the beds before they were broken down by causes
that are incessantly wearing theni away, as described in the preced

ing chapter: c c, are elevated beds of soft slate, which have under

gone more disintegration than the harder beds of granite: it is in

these depressions, called cols, that the passages over the Alps are

generally situated.
The beds 6 a, b a a, are composed of the secondary formations,

from magnesian limestone, to the green sand of the chalk formation.

Now, as all these beds rise at nearly the same angle of elevation as

the granite, it is evident that they were elevated at the same epoch,
which must have been subsequent to the deposition and consolidation

of all the secondary beds from a a to 6, that rise up with the granite,
and therefore the elevation of the granite of Mont Blanc, was poste
rior to the secondary epoch. Plate II. fig. 4. shows a section of the

low granitic and slate rocks of Charriwood Forest, Leicestershire,

considerably elevated, 6 c, c 6. On the top of the elevated beds c c,
there are a series of nearly horizontal beds of the upper new red

sandstone described in Chapter XI. Now as these beds of new

red sandstone are of the same age as the lower secondary beds 6 6,
in fig. 2., and were obviously deposited, after the beds of granite
and slate rock were elevated, it is obvious that this elevation took

place prior to the secondary epoch, and therefore long before the

elevation of the granite beds of Mont Blanc. The new red sand

stone not only fills up depressions in the rocks of slate arid granite at

Charnwood Forest, but also fills some of the valleys at their feet.

If we admit, what few geologists will deny, that the same secon

dary formations in different European countries were cotempora
neous, it cannot be controvel ted, that the elevation of the slate rocks

and granite in Charnwood Forest, was long prior to the elevation of

the granite of Mont Blanc. This is but repeating what I published
in 1823:-a similar position has recently been advanced by M. Elie

de Beaumont, much amplified, and illustrated by numerous facts. It

would scarcely be possible within the limits allowed for the subject
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in the present volume, to give a more clear and concise account of
M. Elie de Beaumont's views, than by quoting Professor Sedgwick's
summary, in his able and truly eloquent address to the Geological
Society in 1831; after which, I shall notice some corrections which
M. Elie de Beaumont has since found necessary to introduce.

"By an incredible number of well-conducted observations of his
own, combined with the best attested facts recorded by other ob
servers, M. Ehe de Beaumont has proved, that whole mountain
chains have been elevated at one geological period,-that great
physical regions have partaken of the same movement at the same
time,-and that these paroxysms of elevatory force, have cowe
into action at many successive periods.
"Step by step, we have been advancing towards the conclusions

-that different mountain chains had been elevated at several distinct

geological periods; and by a long series of independent observations,
Humboldt, Von Buch, and other great physical geographers, had

proved,-that the mountain chains of Europe might be seprated
into three or four distinct systems; distinguished from each other (if
I may so express myself) by a particular physiognomy, and above
all, by the different angles made by the bearings of their component
formations, with any assumed meridian. All the subordinate parts
of any one system were shown to be parallel; while the different

systems (mountain ranges) were inclined at various angles to each

other.

"By an unlooked for and most felicitous generalization, M. Elie

de Beaumont has now proved, that these two great classes of facts

are commensurate to each other; and that each of these great sys
tems of mountain chains, marked on the map of Europe by given

parallel lines of direction, has also a given period of elevation, limited

and defined by direct geological observations."
Professor Sedgwick then describes four of these systems of moun

tain chains. The first includes the higher elevations in eastern

France, of the Côte d'Or, and Mount Pilas, and a portion of the

Jura chain; it may also be traced in the chain of the Erzgebirge,
between Bohemia and Saxony. This system or mountain chain

never rises into mountains of the first order, but is marked, through
out, by many longitudinal ridges and furrows, ranging nearly parallel
to each other, in a direction about north-east and south-west. It

will appear that this chain has been elevated, after the deposition of

the oolitic series, but before that of the chalk formation, for the lower

secondary formations, comprising the oolites, wherever they appear,
are elevated in broken or contorted strata, yet they preserve a paral
lelism in the general direction of the ridges. On the contrary, wher

ever beds analogous to chalk or green sand occur, they are found at
a dead level, and expand in horizontal planes into the neighbouring
mountains, like the sea at the base of a lofty duff; or if they have

undergone any movement, it is shown to have no relation to the bear-
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ing of the older ridges, and to have been produced at a later period.
Hence it follows, that the action of elevation was violent and of short
continuance, for the inclined strata are shattered and contorted, and
between them and the horizontal strata there is no intermediate gra
dation of deposits: it farther proves, that the period of elevation was
followed by an immediate change in many of the forms of organic
life.
"The next great system includes the whole chain of the Pyrenees,

-the northern Apennines,-the calcareous chains to the north-east
of the Adriatic,-nearly the whole of the Carpathian chain, and it
extends thence through the Hartz mountains, to the plains of northern

Germany. Through the whole of these vast regions, the main bear

ings of the beds range about west-north-west and east-south-east.
This system was elevated at a later period than the former, and not
till the chalk and green sand had been deposited, for the strata of
these formations are every where ruptured and contorted, and often
lifted up to the very pinnacles of the mountains: whereas, when any
of the tertiary strata approach these ranges, they are stated to be in
a position nearly horizontal as the surface of' the waters in which

they were deposited, unless disturbed by local causes. Hence, it is
inferred, that the great parallel ridges and chains of this second sys
tem were suddenly and violently elevated, at a period between the

deposition of the chalk, and the commencement of the tertiary
groups. The corresponding change in organic remains, is still more

striking than in the former system.
"The third system embraces a great number of parallel ranges,

bearing about north-north-east, and west-south-west; it includes the
whole western Alps, from the neighbourhood of Marseilles, to the

volcanic ridges near the lake of Constance. It is attempted to be

proved, that all these parallel ranges in the western Alps, had their

origin after the tertiary molasse, a deposit partaking of all the eleva

tions and contortions of the older strata; that the elevatory move
ments were sudden and violent, and commenced at a time when

tribes of mammalia flourished in many parts of Europe; and that
these movements were immediately succeeded by great horizontal

deposits of old diluvial gravel at the base of the western Alps, and

probably, also, by that vast ofThhot of Scandinavian rocks, which lie

scattered over the plains of Germany.
"The fourth system embraces several considerable ch4lins in Pro

vence, and nearly the whole chain of the eastern Alps, from the

great flexure, in the region of Mont Blanc, to the Alps of the states
of Austria. The range extends E.N.E. and W.S.W. M. Elie de
Beaumont appears to have proved, that there are two distinct de

posits of diluvial gravel, near a portion of the western Alps: that
the colossal mass of Mont Blanc, and at least a considerable portion
of the eastern Alps, were elevated after the deposit of the older di

luvium; and that all the newer diluviurn, including the granite blocks
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scattered over Savoy, rolled off from the regions of the higher Alps,
during this last period of their elevation. There are six: other sup
posed periods of elevation. If these generalizations be true, and
they seem to be based on an immovable mass of evidence, we must
conclude, that there have been, in the history of the earth, long pe
riods of comparative repose, during which the sedimentary deposits
went on in regular continuity; and short periods of comparative vio
lence and revolution, during which that continuity was broken; and
if we admit that the higher regions of the globe have been raised
from the sea by any modification of volcanic force, we must then
also admit, that there have been several successive periods of extra
ordinary volcanic energy. How we are to escape from this conclu
sion 1 am unable to comprehend, unless we shut out the evidence of
our senses.
"That the system of M. Elie de Beaumont is directly opposed to

a fundamental principle of Mr. Lyell, cannot admit of doubt; and I
have decided in favor of the former author, because his conclusions
are not based upon any a priori reasoning, but on the evidence of
facts.*

If we admit that the primary, the transition,. the secondary, and
the tertiary classes of rock, were formed at different successive

epochs, and that the lower beds in each of these classes, are more
ancient than the beds which rest upon them, it follows, as a neces

sary consequence, that the elevation of any of these rocks, must be
dated from a later epoch than the period of their formation. The
elevation of a range of primary or transition mountains, if they are
not covered by any secondary or tertiary formations, may be dated
either from an epoch coeval with their consolidation, or from any
subsequent epoch; but if they are partly covered by secondary or

tertiary beds which are tilted up with them, we have direct evidence
that the date of their elevation, was posterior to the secondary or

tertiary epoch. So far we may advance on secure ground; but
when we infer, that mountains which range in the same direction
were all elevated at the same time, we wander into the region of

vague hypothesis. It is by no means certain, that the elevation of
the outer ranges of the Alps was contemporaneous with that of the

principal range. In various part of Savoy, I observed that the
mountains at a certain distance from the central range, had their es

carpments turned in a different direction, and frequently took the
arched form of stratification, as represented Plate II. fig. 2. x, y.

* Though I agree with Professor Scdgwick and M. Elie de Beaumont, that the
elevation of mountain ranges, where the beds are nearly vertical, was effected
by a sudden and violent upheaving, yet I am persuaded, that the elevation of con
tinents, or extensive tracts of country, was (as Mr. LyeU maintains) a long con
tinued process. It may be proved that these operations were distinct from each
other, as I shall afterwards state.
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Indeed, M. Elie de Beaumont has himself been obliged to modify
his generalizations considerably, as will appear from the following
extract from the Bullet-in la Socité Géologique de France. M.
Reboul, in a memoir on the structure of the Pyrenees, read to the

society in December, 1831, states, that several distinct axes of ele
vation may be observed in different parts of these extensive moun
tain ranges, inclined in different directions to each other, and that
the lines of bearing of the strata are also different in each. There
are, he observes, indications in the Pyrenees, of the elevation of
rocks at different epochs, both before and after the most recent sec

ondary depositions, that rise to the summit of Mont Perdu. He
also states instances of the tertiary beds of molasse, being elevated
near the central range of the Pyrenees, whereas in the Alps they
occupy only the central parts of the range, which would imply that
the period of elevation of that part of the Pyrenees, was more re
cent than that of the Alps. It appears, however, in the same report,
that M. Elie de Beaumont now admits four epochs of elevation in the

Pyrenees: the most ancient immediately succeeded the formation of
the transition rocks. The second took place between the deposition
of the green sand, and that of the upper chalk. The third epoch of
elevation was posterior to the chalk formation. The fourth, which

gave birth to the serpentines, (op/zites,) and to the gypsum with rock
salt, is more recent than the tertiary epoch.*

M. Beaumont, however, contends, that notwithstanding the four
different directions of the ranges in the Pyrenees, of which traces

may be observed in several of the valleys, the great chain of the

Pyrenees, owes its actual elevation and general direction, to the third

system or epoch of elevation, which was posterior to the chalk form
ation; the two former epochs of elevation, discoverable in this chain,

having been modified by.the great elevation of this third epoch.
The fourth epoch of elevation is only perceivable, in the localities
where serpentine rocks appear.

I wish to press upon the attention of geologists the consideration,
that the arched stratification implies a very limited extent of opera
tion. Where it is confined to one mountain, as at Crich Cliff, (see
the cut, p. 96.) the elevating force may be said to act at one point.
Where the arched stratification extends through a range, it may be
said to act along narrow lines, forming mountain ridges, with valleys
between them. From what I observed in the Alps, I was convinced
that the explosive force which upheaved Mont Blanc, and the cen
tral range of the Alps, did not extend its action very far from the

* The formation of serpentine (which was formerly conshlered as a primary
rock) after the tertiary epoch, will cease to surprise geologists, since the identity
of basalt, green stone, and serpentine, has been ascertained by Dr. Macculloch.
Serpentine, like basalt, and volcanic rocks, may have been formed among any
class of rocks. It was stated in Chapter XI., that sonic of 'the ruck salt deposits
in Poland were in tertiary strata.
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axis of the range on each side; and that this action, being confined
within narrow limits, produced a rent or line of fracture on the crust
of the globe, along which the beds were suddenly tilted into their
present position; and that the outer ranges were raised by similar
explosions, acting along lines of fracture of greater or less extent.
These upheavings, whether simultaneous or successive, took place
under the sea, and must have occasioned an agitation of the water,
far exceeding in violence, any thing which modern causes present to
our observation.
The vertical, or highly elevated position of certain portions of

strata, that were originally horizontal, implies the sudden and
vi-lentaction of an upheaving force. Where mountains are raised to
a considerable elevation, and preserve an unbroken range of nearly
horizontal strata, we may infer, that the upheaving force was slow in
its operation, or acted on a large segment of the earth's surface.
I now claim the attention of geologists to the following position,

which admits of direct and positive proof, though I am not aware
that it has been before noticed :-THE ELEVATION OF LARGE CON-
TINENTS AND ISLANDS, WAS NOT EFFECTED BY THE SAME OPERA-
TION, WHICH UPRAISED THE PRIMARY ROCKS. For instance, the
horizontal strata of new red sandstone, that rest on the upraised
beds of slate and granite at Charnwood Forest, (see Plate II. fig. 4.)
were deposited under the ocean; they are evidently sedimentary de

positions, composed of fragments of slate and other rocks, intermixed
with clay and sand, indurated into sandstone.
Now let us notice the present elevation of these strata of sand

stone, which is not less than about 500 feet above the level of the
sea, and we shall be compelled to admit, that the rocks of slate and

granite, together with their covering of sandstone strata, were raised
from the ocean to their present height, at an epoch long posterior to
the uptilting of the former beds, or to the deposition of the sand
stone that rests upon them. At the same epoch, and by the same

upheaving cause, a great extent of the central part of England was
also raised from the ocean; for the same beds of slate, sienite, gran
ite and quartz rock, covered with the same beds of new red sand
stone, extend into Warwickshire, and, in all probability, are con
nected with the Malvern range. Should any one suggest a doubt,
whether this portion of the new red sandstone was deposited under
the sea, it is only necessary to say, that the same new red sandstone,

immediately adjacent to the Charnwood range, is covered by beds of
the has formation (see e in the same plate,) which abound in marine

organic remains. The same reasoning will apply to all other situa
tions in which upilted transition or primary rocks, are covered by
horizontal depositions of secondary strata. The elevation of the up
tilted beds was a .distinct operation from that which raised them, to
gether with the rocks that cover them, above the ocean, and which
converted the former bed of the sea into dry land.
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I consider it probable, that all large tracts of country or continents
emerged slowly from the ocean, forming at first mountainous islands,
before the lower countries were raised above the level of the sea.
The power which could upheave a continent, or, in other words, oc
casion a large portion of the crust of the globe to swell out, must be
very different from the force which acted along certain lines, arid
elevated mountain ranges. This power may be dependent on a
more general law of subterranean motion, with which we are at

present unacquainted; for I deem it would be the extreme of pre
sumptuous absurdity to maintain, that the causes we observe in pres
ent operation, comprise the whole agencies of the material Universe.
The discoveries of electric and voltaic energy, and several laws of

crystalline and magnetic polarity, have been made only during the
life-time of some of the present generation; shall we then presume
to fix limits to the discoveries of other powers and properties of Na
ture, of whose existence we cannot at present form the most remote
conjectures? We might offer many instances in our own island, in
which the forces that have broken and lifted up the strata along cer
tain lines, appear to be very different from that which elevated con
tinents or large islands. The elevating force that broke and tilted up
the chalk strata, and the tertiary strata, along a line extending east
and west through the Isle of Wight into Dorsetshire, does not ap
pear to have produced any considerable change on each side of the
line.

In passing from Alum Bay, where the chalk strata are nearly ver
tical, to the south side of the island, it is truly extraordinary to ob
serve, how little the lower beds beneath the chalk, and adjacent to
it, appear to have been disturbed. The force which uptilted the
strata is altogether distinct from that mighty upheaving force, which
raised the whole chalk hills in the south of England from the ocean,
without disturbing the relative position of the strata.
The same conclusions may be formed respecting the Wealden

beds (see Chap. XIII.) ; but in this case the strata have been up
heaved and submerged more than once, without any great change in
their relative position. The repeated upheaving and submergence
of the secondary strata is proved by the occurrence of fresh water
strata, or of strata containing freshwater shells and land plants, rest

ing on marine strata, and also covered with a great thickness of ma
rine formations. (See Chap. VIII.) The strata in the great coal
formation, were deposited in the freshwater lakes or marshes of an
ancient country. The coal is composed of vegetable matter, and
sometimes contains cortical impressions of plants. The beds of
sandstone and shale that accompany coal, contain trunks and stems
of large terrestrial plants, sometimes standing in the position in which

they grew. In the greater number of coal fields not a vestige of any
marine shells is found, though they frequently contain freshwater
shells. In the lower part of some coal frmations, indeed, there are
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beds of limestone, supposed to be marine, and a few marine organic
remains. In such situations we must admit, that the lakes or basins
in which the coal strata are deposited, were nearly on a level with
the sea, and subject to occasional irruptions of salt water; or the rel
ative level of the land and sea may have been changed, by frequent
oscillations of the land. The strata of coal and ironstone are much
too regularly separated from admixture with other substances, to al
low us to suppose, that they were formed by matter drifted into the
sea. If the regular coal strata in our English coal fields are not
freshwater formations, deposited in marshes or in tranquil water, we
can have no evidence for freshwater formations in any part of the
world. All the coal basins were either formed in inland marshes or
lakes, or were surrounded by dry land; but a great submergence of
the land took place, and they were covered in many parts by thick

depositions of marine limestone. At a subsequent period, they again
emerged from the ocean with a covering of marine secondary strata.

(See .dppendix.) It would not be difficult to accumulate proofs, of
the repeated elevation and submersion of portions of the crust of the

globe.
The following account is interesting, from the vast extent of sur

face to which it relates; but it may be said to piesent rather a de

scription of the present state of the earth's surface, than a direct

proof of former changes. M. Humboldt, in a recent work, entitled

Fragmens Gologiquea sur 1' sie Centrale, the result of his late
travels into Asia, observes, that the high part of central Asia, com

monly called le grand plateau, is composed of four powerful ranges
(systêmes) of mountains, directed east and west, and supported by a
common base, also raised above the surrounding country. At the foot
of this immense system of mountain chains and elevated ground, is
an enormous depression, eighteen thousand miles square, and from
150 feet to 300 feet below the level of the ocean. The surface of
the Caspian Sea and the level of Astracan is 300 feet lower than the
sea, and the course of the Volga is 150 feet lower. M. Humboldt

supposes, that this subsidence was the result of the elevation of the
Plateau, which supports the Himalaya and hun mountains, and per
haps those of Caucasus, an enormous mass, the elevation of which
can be compared to no geological phenomena of the same order, ob
served on the other continents.
M. Humboldt notices the existing traces of volcanic agents in cen

tral Asia, which may be more or less directly connected with the
internal force, that has produced such mighty results.
The epoch of these elevations is not precisely indicated by M.

Humboldt, but the discovery of tertiary shells in the higher regions
of Caucasus and the Himalaya mountains, analogous to those in the

adjacent seas, may lead us to regard the elevation of these mountain
chains, as being posterior to the latest tertiary epoch, which would

(if established) confirm the conclusion, "that the highest chains of
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mountains are the most recent."-From the imperfect knowledge at

present possessed of the geology of central Asia, and of the structure
of the mountains, it would be unwise to draw any general conclusions
respecting the elevation of the different mountain chains, or of the
elevated plateau from which they rise; but we can scarcely con
ceive, that the whole of the mountain chains, and this elevated plain
in central Asia, were raised by one sudden upbeaving force: it seems
more probable, that the expansion of so large a portion of the earth's
surface, and its depression in other parts, were not effected in a very
short period; but still the convulsive intermissions of such an up
heaving, while in progress, must have produced tremendous effects.
If this elevation of central Asia took place after the tertiary epoch,
perhaps it may not have an earlier date than the existence of the hu
man race, and its destructive effects on the surrounding countries,

may have given rise to the tradition of an extensive deluge, still pre
served among the most ancient eastern nations, and referred to in the

writings of Moses.
The elevations of limited portions of the earth's surface, at a dis

tance from any known volcanic agency, are not uncommon. Loose
stones or shingles of an ancient sea beach, are found at heights con

siderably above the present level of the sea, in many parts of Eng
land. Beds of gravel and diluvial sand, with marine shells, were re

cently found on the summit of Moel Tryfarie, near Caernarvon, at
the height of 1000 feet above the level of the sea : the shells are
said to resemble the broken shells on the adjacent beach. On the
coast of Norway and Sweden, Von Buch and M. Brongniart discov
ered deposits of shells at various heights above the level of the sea;
this would indicate that the rocks have been elevated at a recent pe
riod, though they are chiefly composed of gneiss and primary forma
tions. In countries that are adjacent to volcanic districts, instances
of the repeated elevation and submersion of the land are not uncom
mon. In the first volume of Mr. Lyell's Principles of Geology, ma

fly interesting facts of this kind, in Calabria and Sicily are fully sta

ted. The most remarkable elevation of the ground that has been

recorded in modern times, is that which took place, in the year 1822

(see Chap. V.,) on the coast of Valparaiso, in which the bed of the

sea was raised permanently above its surface, over an extent of 100
miles.

It may be truly said that these instances of elevation, present but
a feeble resemblance to the mighty upheaving forces which have ele

vated whole continents ; but I before stated, that it is highly proba
ble the emersion of continents from the ocean, was a slow and long
continued process. We have fewer recent instances of subsidence
on an extensive scale than of elevation; though cities have been in

gulfed and their place occupied by lakes, and the bed of the sea
near the coast, has been deepened as well as elevated by earth

quakes. In addition to this, there are submarine forests on some
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parts of the English coast, particularly of Yorkshire and Lincoln
shire, which may be seen, at low water, extending far into the sea.
The trees are broken off near the roots, but their stumps are erect,

proving that they are in the position in which they grew: this fact

clearly indicates a submersion of that part of the country at no very
remote epoch. If ancient traditions could be relied upon with as
much certainty, as the records of nature imprinted on the crust of
the globe, we might cite the fact of ancient continents having sunk
down, since the world was peopled by the human race. Plato, in
his dialogue entitled Timeus, says, that Solon received an account
from the priests of Sais in Egypt, that there was formerly a vast

country called the Atlantides, situated beyond the Straits of Gibral
tar, the inhabitants of which were highly civilized and flourishing;
but the whole country was ingulfed in the ocean, during a violent

earthquake.
The upheaving of extensive islands or continents, was probably

always accompanied by the depression of other portions of the crust
of the globe: the oscillations of the surface may be the result of some

general laws of subterranean motion, as regular and definite in their

operation, as the laws which regulate the motions of the planetary
system. These laws may remain, for ever, undiscovered by human

intelligence, but our ignorance respecting the causes which have re

peatedly submerged and elevated various portions of the earth's sur

face, does not invalidate the fact, that such submersions and eleva

tions have taken place at various epochs. The admission of this

fact has been progressively gaining ground, and is supported by a

mass of evidence that cannot be refuted.
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CHAPTER XXIII.

ON THE FORMATION OF VALLEYS, AND THE GEOLOGICAL THEORIES
RELATING TO VALLEYS AND DENtYDATIONS.

On the Causes that have broken the Surface of the Globe.-Erosive Action of
running Water, illustrated by the Process called Hus/ti'iu.-Bursting of Lakes.
-Some valleys originally formed by Elevation or Subsidence, and subsequent
ly enlarged by the Action of Water.-Different Theories respecting the Forma
tion of Valleys.-Theory of Werner-oI' Huuon.-Of Elevaiion.-Of the retir
ing Waters of the Ocean .-Theory of Excavation and Denudation by Deluges.
Modification of this Theory by Sir James Hall; its Application to Explain De
nudations, and Transportation of Blocks of Granite from the Alps.-Particular
Phenomena, presented by the scattered Blocks in the Vicinity of Geneva.-De
nudation of Stratified Rocks, effected by the same Causes which have broken the
Primary Rocks, and scattered their Fragments into distant Districts.

FRoM what has been stated in the preceding chapter, respecting
the elevation and submersion of the earth's surface, the geological
student might infer, that such elevations and submergences offer a sat

isfactory explanation of the formation of valleys, but the inference
would be erroneous. There are two distinct causes which have
modified the surface of the globe; the one internal, dependent on the

atmosphere which surrounds it; beside these, there is the ceaseless
flux and reflux of the ocean, dependent on the attractive forces of
the sun and moon, and on the earth's diurnal revolution on its axis.
The two former causes have been principally concerned in the for
mation of valleys; and there are few valleys in which the combined
effects of both these causes may not be traced. The inequalities of
surface produced by the upheaving of mountain ranges, or the emer

gence of continents from the ocean, must have originally determined
the course of the retiring water, or of atmospheric water precipitated
in rain. Of the power of atmospheric water, to act upon the sur
face of the globe, we can form but a very feeble idea, from what
we observe in our own country. In warm climates, as much rain
will sometimes fall in one hour, as falls at different times, during
three months, in northern latitudes: added to this, when the rain de
scends in mountainous regions, the water is suddenly collected into

powerful rivers, rushing with incredible violence to the lower valleys.
At remote epochs, it is highly probable that many elevated depres
sions, which are now mounttin valleys in alpine regions, upheld the
waters and formed lakes, that have subsequently burst their barriers,
and have ploughed a passage for the succeeding rivers, when the

drainage of the' country became more regular.
To enable the reader to form some notion of the force of falling

water, carrying with it loose stones that occur in its passage, it may
be useful to describe a process called hushing,, in Westmoreland.
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The quarrymen, when in search for good beds of slate, where the
side of a mountain is covered with stones and vegetation, form a lake
or pool near the top of the mountain, by damming up a rivulet where
it passes through a depression or small valley. When the water has
accumulated in sufficient quantity, they dig a trench near the dam,
to direct the current where they wish it to flow, and then break down
part of the dam. The water flows first through the trench, and rush
ing with accelerated velocity clown the mountain, carries with it the
stones near the surface, and in a very short time ploughs a deep chan
nel in the rocks, exposing every bed to view. Thus, in a few hours
is effected, what the labour ofmany men, continued for months, could
not have accomplished. I have been informed, that in the tipper
part of the valley of Long Sleddale, when the process of hushing
takes place, the river Ken, (as it flows by Kendal, twelve miles dis
tant,) is made turbid for some days, by the quantity of debris carried
into it. If such an effect can be produced by the small quantity of
water thus pent up, it will not be difficult to believe, that the bursting
of extensive mountain lakes, may have scooped out passages for

mighty rivers. Even the bursting of a' small mountain lake, in the

valley of Bagnes, in the year 1818, produced the most terrific effects.
The lake had been formed by a barrier of ice damming up the river
at a great elevation : this barrier suddenly gave way, and precipitated
the water into the great valley of the Rhone, near Nartigny, tearing
down and overturning every obstacle it met in its passage. From
the quantity of' mud and stones which it bore along, it resembled a

moving mass of stones and earth. An English gentleman who was

descending the valley at the time, observed his horse exhibit by its
motions, great trepidation, of which he could not discover the cause,
until a loud rushing noise occasioned him to look back, when he be
held what appeared like a wall filling up the bottom of the valley, and

advancing rapidly towards him. He instantly alighted, and scram
bled up the adjacent rocks, leaving his horse to its fate. Two years
afterwards, when I was at Martigny, the desolating ravages of this

catastrophe were apparent.
Many of the valleys in the Alps have, evidently, once been lakes.

The upper valley of the Rhone, from its source to Martigny, formed
one lake: the whole valley of Geneva, between the Alps and the
Jura, formed a lower and more extensive lake, before a passage was

opened for the water at Porte PEcluse. When a fissure was once
made by earthquakes or by subsidence, the rushing of water charged
with stones, would enlarge and deepen the passage, and thus lay dry
and reduce the ancient lakes in a comparatively short period. In
the year 1819, part of a mountain immediately above the river Isère,
and opposite to the city of 1'1outiers, in the Tarentaise, suddenly fell
down into the river, and formed a dam across it, over which persons
might pass from one side to the other. When I was there in the

year 1821, all this mass of stone, had been carried away by the nv-
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er. The action of rivers in extensive and level valleys, tends rather
to fill them with debris, brought from the more elevated countries in
which the rivers had their origin, than to excavate them deeper.
The formation of the greater number of valleys cannot be explain

ed by the action of water alone. There are valleys of elevation
formed by the raising of the strata on each side-valleys of subsi
derce, formed by the sinking of the ground, leaving the adjacent
rocks unmoved-valleys formed on the line of faults, in which the
rocks on one side have been thrown up or depressed-valleys of dis
ruption, where a range of mountains, or an extent of country has
been rent by earthquakes or by subsidence. Most of the valleys
formed originally by these causes, have been subsequently enlarged
or modified by the action of water. There are, indeed, instances
of valleys and ravines formed entirely by the continued erosion of
water; such is the valley of Niagara, between Queenstown and the
Falls. (See the frontispiece to the present volume.) Other instan
ces might be cited, in which the action of water is equally evident.
In many cases, however, where water appears to have been the sole
agent in excavating rocks, I am inclined to believe, that an original
break or fissure has greatly accelerated the process. In many broad
er valleys, the excavation must often have been effected by more
powerful agents than any which we perceive in present operation;
and when a broad outlet is once made, the subsequent drainage of a

country may work its way to the sea in a very sinuous course; but
this sinuous course, does not prove that the valley had been originally
formed by the river that flows through it.

Besides the action of mountain torrents, the bursting of lakes, and
the regular flowing of rivers, many geologists believe that the exca
vation of valleys, and the transportation of loose rocks, have been
effected by the more powerful agency of the ocean, thrown over
the surface of the land by the great convulsions that have upheav
ed mountain ranges and continents. For the benefit of the geolo
gical student, I shall endeavour to give a brief outline of the princi
pal theories that have been maintained respecting the formation of

valleys; but the first of these theories is now admitted to be un
tenable.
The formation of valleys has been ascribed to the following caus

es :-
1st, To the original unequal deposition of the earth's surface.
2d, To excavation, by the rivers that flow through them.
3d, To the elevation or subsidence of part of the earth's surface.
4th, To excavations, caused by the sudden retreat of the sea from

our present continents.
5th, To excavations by inundations or deluges, that have sudden

ly swept over the surface of different parts of the globe.
I shall notice the leading facts that favour or oppose each of these

theories. The disappearance of large portions of strata from districts
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which they have once evidently covered, is also a phenomena of fre

quent occurrence; and its explanation must be sought from some of
the same causes, that have excavated valleys. This appearance of
the strata is called a denudation.
The first of the above theories is that of Werner: be supposed

that all the matter of which primary, transition, and secondary rocks
are formed, was originally held in solution by water, and that the
water, so saturated with mineral matter, covered the whole globe.
The primary rocks of granite were formed by chemical precipitation,
and their peaked summits and declivities were the result of their ori

ginal deposition. On the steep sides of these primary mountians were

subsequently deposited the different schistose rocks, and all the sec

ondary strata. During the time that these rocks were depositing,
the water, though nearly saturated with mineral matter, was capa
ble of supporting animal life, and the shells and remains of zoophytes
and fish, were enveloped in the strata, at the period of their deposi
tion. According to this theory, when the water retired from the pres
ent continents, the mountains and valleys were already formed.
The theory of Werner requires for its support the admission ofcon

ditions, which appear in the present state of our experience impos
sible, and it is at variance with existing phenomena. The vertical

position of beds of puddingstone, sandstone, and the tertiary strata

in the Alps, could not have been their original one; nor can the

bendings and contortions of the strata, so common in Alpine coun

tries, be explained by original deposition. A further account of part
of Werner's theory is given, Chap. IX. p. 148. Werner's theory of

valleys is altogether distinct from that theory which ascribes the for

mation of valleys to inequalities of the surface, subsequently enlar

ged by the erosion of water.
The second theory, that all valleys have been excavated by the

rivers that flow through them, was maintained by Dr. Hutton and

Professor Playfair: it formed a part of their general theory of the

earth; the leading propositions of which are, that the surface of the

present continents is wearing down by the action of the atmosphere
and by torrents, and that the materials are carried by rivers into the

sea, and there deposited. At a future period, these materials will be

melted or consolidated by subterranean heat under pressure of the

ocean, and subsequently, by the expansive force of central fire, the

bed of the ocean will be elevated, and form new continents. Accor

ding to this theory, our present continents have been also formed from

the ruins of a preceding world, and elevated by a similar cause. It

is only with that part of the Huttonian system, which relates to the

excavation of valleys, that we have at present any concern.

It is remarkable, that a theory which maintains that the continents

were raised from the ocean by subterranean fire, should limit the for

mation of valleys o the action of the rivers that run through them;

for if the land were raised by an expansive power acting from be-
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neath, it seems to follow as a necessary corollary, that the surface
would be unequally elevated and broken into inequalities by the same
cause; unless we suppose, that every part presented an equal degree
of resistance to the moving force. There must, therefore, have
been originally, inequalities or valleys, which determined the direc
tion of the water-courses in the first instance, though the form of
these valleys may have been subsequently modified by the action of
water. That all valleys have been excavated by the rivers that flow

through them, is opposed by many decisive facts. Before their ex
cavation, the water must have had less force than at present, as the
fall would be gentle; and the present effect of rivers in large valleys,
is not to excavate them deeper, but to fill them with alluvial de

positions.
There are numerous deep valleys in the Alps, that are closed at

one end by steep mountains or perpendicular walls of rock, and
which were originally closed, and are now nearly closed, at the other
end also. Such are the valley of Thones, near Annecy, the valley
of Chamouni, and on a larger scale, the valley of Geneva. It is
evident that the valley of Thones, and that of Geneva, have once
been filled with water, and formed lakes: by an earthquake, or by
the erosion of water, a fissure has been made, which has drained the

greater part of these valleys; but it is obvious that the valleys could
not have been formed by the original lakes, or by the rivers that
flowed into them. If valleys were formed by the erosion of rivers,
the lakes through which these rivers flow, must have long since been
filled up by the materials brought into them. To say that the lakes
were once deeper than at present, is giving up the theory; for lakes
are only the deeper parts of valleys.
Had the valley of Borrowdale, in Cumberland, been excavated

by the water that flows from it, the lake of Keswick, at its entrance,
must have received all the materials, and been long since choked up.
Or had the valley of the Rhone, ten thousand feet deep and sixty
miles in length, been excavated by the Rhone, the quantity of matter

brought down by this river, would not only have filled the lake of
Geneva, into which it empties itself, but the broad valley in which
the lake lies, must also have been filled up, and raised to the height
of the Jura. That the Lake of Geneva, and all lakes into which

large rivers flow, are gradually filling up, has been before stated;
but the valley of the Rhone is not, nor are other valleys becoming
deeper. The upper part of this valley, as before stated, has evi

dently been itself a lake, closed in, or nearly so, by the rocks at

Martigny.
The action of torrents in Alpine districts may have been sufficient

to widen fissures already made, or to scoop out glens, in the softer
beds on the sides of mountains; but they appear inadequate to the

original formation of large longitudinal valleys. Water-courses run

ning on the edges of nearly vertical beds, may scoop out a portion
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of a softer bed, placed between two hard rocks, and thus form small
longitudinal valleys. I have observed several instances of such val
leys in the Alps, which may probably have been furrowed by moun
tain torrents in the course of ages. Some values, as Les Echelles,
near Chambery, are closed at one end by a perpendicular wall of
rock; through this rock a tunnel has been cut for the road: but it is
impossible to conceive, that any action of water courses could have
formed such a valley. There is only a feeble stream that flows from
it.* Malham Cove, at the head of the valley of the Aire, in York
shire, is a perpendicular wall of limestone 200 feet high: at its feet
the river rises; but no conceivable action of the river could have
originally formed this valley. Whatever extension we may reasonably
grant to the action of rivers, it will not be found sufficient for the
excavation of valleys, except in particular situations.
The third theory, which attributes the formation of valleys to the

elevation of mountain ranges, appears to assign a cause, that will ex
plain, in a simple manner, the formation of many valleys; but on ex
amination, it will be found inadequate to explain the phenomena of
other valleys, without the concurrence of inundations or the action
of water.

If the crust of the globe were broken, and raised in parallel ridg
es, they might form mountain ranges, with valleys between them,
like what are observed bordering the central range of the Alps; the
arched stratification of many of the calcareous mountains, and the
vertical position of the beds, favour this hypothesis.
In some instances, where the beds of a mountain are raised from

an horizontal, to a nearly vertical position, they would leave a chasm

proportionate to the part that had been raised; and this might form
the bed of a lake. The steep escarpments, which the calcareous
mountains in Switzerland and Savoy present to the lakes which they
border, indicate that the beds of the lakes were formed in the hol
lows that had been left by the elevation of the mountains. The beds
of the mountains on the side opposite to the escarpments, general
ly slope down to the lakes; hence M. Dc Luc inferred, that these
mountains had sunk down, and left the chasm which forms the bed
of the lake. Indeed it is highly probable, that when the beds of rock
were broken and elevated in one part, the beds adjoining would sink
down, leaving vast chasms, which were soon filled with water, and
formed lakes. It seems quite certain, that the lakes in the valleys
of mountainous countries, could never have been excavated by the
rivers that flow into them. The great lakes of North America are
situated upon a vast extent of table land, about 800 feet above the
sea; but the country is so level, that the rivers which flow into the

* For a particular account of the structure of this valley, see Travels in the
Tarantaise, vol. j. p. 169. 1 there ascribe its original formation to subsidence.
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lakes, and those which empty themselves in the gulf of Mexico, are

only separated at their sources, by elevations not exceeding a few
feet, and when swelled by rain, the northern and southern rivers
sometimes interlock. In this plain there are no mountains. These
lakes were probably formed by partial subsidences, at the epoch
when the whole country was upheaved from the ocean. The ef
forts of elevation and depression have been described in the prece
ding chapter.

Transversal values, or those which cut through mountain ranges,
nearly at right angles to the direction of the ranges they intersect,

may have been originally fissures or openings, made either at the

period when the ranges were elevated, or subsequently, by the
same causes that have rent and displaced the secondary strata.
These fissures may have been afterwards widened by the erosion
of water.

Geologists seem now generally agreed, that the action of rivers is
not sufficient to explain all the phenomena of valleys, and still less
to account for the fragments of rocks scattered over extensive plains,
at an immense distance from Alpine districts, where rocks similar to
these fragments occur. Another phenomenon, of more importance,
is altogether inexplicable by the action of rivers. Immense tracts of
the secondary strata, several hundred feet in depth, have in some dis
tricts been torn off, and the materials entirely removed, except de

tached patches, which here and there form isolated caps on distant
hills; and incontestably prove, that they were once parts of one con

tinuous stratum or formation. Numerous instances of this might be

cited in our own island. It is probable that the beds of chalk that

form the north and south downs of Sussex, once extended over the
Wealden beds. See p. 192. This local disappearance of a stra
tum or formation, has properly been called Denudation. The the

ory advanced by Mr. Farey, to explain these denudatioris, was, that
the surface had been broken and swept away, by the near approach
of a comet. But the most rational explanation that can be offered,

is that which ascribes the effect to a mighty deluge, sweeping over

the surface of the globe, tearing off part of its crust, and transport

ing the fragments into distant regions, or into the ocean. The case

is one which may be truly said to be dignus vindice nodus, and the

geologist is compelled to call in the aid of Neptune; for none of the

causes in present activity (however we may imagine them to be in

creased in power or magnitude,) will be found adequate to produce
the denudation of an extensive district, and the disappearance of the

stony materials, by which it was covered.
The fourth theory, which attributes the formation of valleys to the

sudden retreat of the sea from our present continents, is founded on

the admitted fact, that the sea has once covered them; and wheth
er we suppose that the bed of the ocean was deepened in one part

by a sudden subsidence, which drew off the water from another part;
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or that the continents emerged, by an expansive force acting beneath
them,-the effect on the water would be nearly the same. This ef
fect, in scooping out valleys, has been compared to what may be ob
served in miniature "by the drainage of the retiring tides on muddy
shores, especially in confined estuaries, where the fall is considerable
and rapid," the water cutting out channels for its passage, as it drains
off. The retiring of the ocean suddenly from the present continents,
would be a cause sufficient for the excavation of valleys; but I have
stated, in the preceding Chapter, the reasons for believing, that con
tinents emerged from the ocean, by the long continued action of an

upheaving or expanding force.
The fifth theory, which ascribes the formation of valleys, and the

extensive' denudations of the strata, to deluges that have suddenly
swept over different parts of the globe, has been maintained by Pro
fessor Pallas and Sir James Hall. The former conjectured, that
the inundations that have covered parts of the Asiatic continent with
blocks of stone, beds of gravel, and marine remains, were occasion
ed by the formation of volcanic islands in the Indian ocean. Within
the period of authentic history, extensive inundations have been oc
casioned by volcanoes and earthquakes, which afford probability to
the opinion of Pallas. In the year 1650, anew volcanic island rose
from the sea in the Grecian Archipelago; and according 'to the ac
count of Kircher, a contemporary writer, it occasioned the sea to
rise forty-five feet in height, at the distance of eighty miles, and de

stroyed the galleys of the Grand Signior in the port of Candia. The

principal damage done by earthquakes to cities adjoining the sea, is
often effected by an enormous wave, the sea, retiring from its bed in
the first instance, suddenly returns with a prodigious swell, and in a
few moments rushes over the adjacent country.

Sir James Hall has given greater extension and consistency to this

speculation. He supposes that the upheaving of a large island, like
Sumatra, might take place so suddenly as to drive the ocean with

great impetuosity over the summits of the highest mountains, and

strip off the glaciers, and transport them into distant countries. Ice

being specifically lighter than water, the glaciers would carry away
with them, the blocks of stone that had fallen from the impending
rocks, and had become encased in ice. This theory of Sir James
Hall's would, I conceive, offer a better explanation than any other,
for the occurrence of groups of fragments of particular rocks, un
mixed with fragments of other rocks. Each glacier, loaded with

stones from the rocks above it, may be regarded as a ship freighted
with specimens of its native mountains, which it deposits, by thaw

ing, in the place where it ultimately rests. Nor would a wave or
swell of the sea, that had covered the highest mountains, suddenly
subside; it would sweep repeatedly over the whole surface of the

globe, at a lower and lower level each time; breaking down oppo
sing obstacles, opening new passages for the water, and scooping out
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valleys and cols in the softer beds and strata.* Or the whole, the

theory of Sir James Hall, affords perhaps the most satisfactory ex

planation of diluvian agency, that has yet been advanced. But
whatever difficulties may oppose the admission of this or any other

theory, the fact that the present continents have been subjected to
the action of a mighty rush of waters, seems confirmed by many
coincident phenomena.

Granting the agency of a deluge, or a succession of deluges, there
are still phenomena left, that their action will not satisfactorily ex

plain. In the midland counties of England, for instance, there are
beds of gravel, and fragments of rock, scattered over hills, that are
not only far distant from the rocks which have supplied the frag
ments, but which are separated from them by deep valleys, over
which it is supposed that the fragments-could not have been carried,

by any power of diluvian agency; for in England, we have not the

glaciers to assist in their transportion. It has not been imagined, that
these fragments and beds of gravel, were deposited in their present
positions before the intervening valleys were scooped out. But any
subsequeut deluge, sufficiently powerful to scoop out valleys must have

swept away the loose stones on the surface. The local elevation of
the surface would appear to offer a more satisfactory explanation.
The blocks of granite torn from Mont Blanc and the adjacent gran
itic range, are scattered over the calcareous mountains, and in the

valleys of Savoy to the distance of 60 miles or more, from the pa
rent rocks, and some of these blocks have traversed the Jura into
France a distance of 100 miles. Two hypotheses have recently
been formed respecting them: the one, that these blocks of granite
were thrown from the mountains by an expulsive force at the period
of their elevation; the other, that the calcareous mountains have
been subsequently raised with their load of granitic blocks upon
them. There are facts opposed to both of these theories, which ap
pear to render them less satisfactory, than that of Sir James Hall
before stated.

If any readers of this volume should visit Geneva, I would rec

ommend them to devote a day to visiting the mountains called the

* Those depressions in a'range of mountains which oflcr the easiest access in
crossing from one valley to another, are in the Alps called Cui.. I observed that
these cols were all in the softest beds; and their foiination admits of an easy ex
planation by cliluvial action. Sec Plate II. fig. . " A range of' mountains, with
their beds highly, elevated, is extended from a to dd. At cc the beds are of very
soft slate or shale, which has been excavated so as to oiler a passage over the
range, though the highest part is several thousand fbet above the valley. Such is
the Col de Balm above Chaniouni. The beds probably extended, at the period of
their elevation, in the direction of the dotted lines. These cols could not be
formed by rivers, as very little water flows from them. The valley of Derwent,
(see Plate IV. fig. 1. between the bills 3 and 6,) was evidently formed by the ero
sion of water, and not by the elevation of its sides; as the beds on each side are
the same,
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Great and Little Saleve, in the immediate vicinity of that city.
They present their steep escarpments of limestone to the valley of
the Rhone, but slope down on the south side to the valley of the
Arve. On this southern side may be seen, not the remains of an
ancient temple or city, but the magnificent ruins of mighty mountains
and the monuments of an overwhelming catastrophe, which trans

ported these ruins into their present situation. The snow-clad moun
tains from which they were torn rise magnificently to the view,

though fifty miles distant. On the Little Saleve, at the height of
fourteen hundred feet above the valley, are scattered numerous
blocks of granite of vast size, not at all water-worn and almost as
fresh as it recently torn from their parent mountains; they are of
that kind of granite called Protogene, in which talc or chlorite is one
of the component parts, and are identical with the granite of Mont
Blanc, while the Saleve on which they lie, and the surrounding
mountains are calcareous. On the Great Saleve adjoining, there is
one block of this granite seven feet in length, and at the height of
2500 feet above the valley. Saussure has remarked, that these
blocks are not broken or shattered as they would have been, had

they been hurled with violence from the Alps; neither do the lime

stone strata beneath them present any appearance of having been
fractured or indented by their fall: on the contrary the blocks lie

upon the surface. Two of these blocks of granite rest upon pedes
tals of limestone, a few feet above the general level of the ground.
The blocks have evidently protected the limestone beneath them

from disintegration, and thus would serve as chronometers, to indi

cate the period when they were deposited, could we ascertain the
thickness of surface worn away in a given time.

I observed a few of the blocks were cracked, but this was, in all

probability, effected by the percolation of water, and its expansion

by frost. Another circumstance pointed out by Saussure is, that

these blocks, in their passage from the Alps, appear to have taken
the course of the present valleys, and where they have been carried

as far as the Jura chain, they rest at various heights on the sides of

that range of mountains, exactly opposite to the mouths of the Alpine

valleys. Saussure, however, supposes, and with much probability,
that the whole of the valley of Geneva, and the valleys that run

from the Alps, and all the lower mountains of Savoy, were covered

by the sea at the period when the great catastrophe took place, and

that the rocks were torn oft; and transported by a sudden rush of wa

ters. He further supposes, that the specific gravity of the blocks

being diminished by the medium in which they were borne along,

they might be carried to a great distance by the violence of the cur

rent, and deposited at considerable altitudes. The floating of Al

pine glaciers loaded with fragments of rock, would perhaps better re
move the difficulty attending the explanation of these occurrences
at the height of fifteen hundred feet and more above the valleys.
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That these valleys were formed before the transportation of the

granite blocks, seems evident from the circumstance before stated,

that the blocks occur in groups, opposite to the embouchures of all

the Alpine valleys, that open into the great valley of Geneva. These

valleys or depressions, were therefore formed before the country
emerged from the ocean, not by the erosion of rivers, but by the ele
vation and fracture of the beds on each side. The summits of the

mountains that border the present valleys may have directed the

course of the rush of water by which the blocks were transported.
The valley of the Arve, in the upper part has evidently been a lake

or series of lakes, originally formed by elevation and depression: the

waters have cut passages through the barriers of these lakes at a

subsequent period, and the river Arve has afterwards cut through
the deep mass of sand and rounded stones, that fill the bottom of the

lower part of the valley, from Bonneville, to the junction of the Arve
with the Rhine. The transportation of the granite blocks was pos
terior not only to the original formation of the Alpine valleys, but also

took place at a later period than the deposition of the deep mass of
sand and rolled stones, that forms the bed of the lower part of these

valleys, for the blocks often rest upon it. Blocks of similar granite

may be seen in the lake of Geneva between that city and Thonon,
which indicate that this part of the lake has undergone no great
change, since these blocks were deposited. The transportation of
the granite blocks appears to have been effected suddenly; but the
rounded blocks and sand at the bottom of the valleys, must have

been long subjected to the violent agitation of water.
There are numerous instances of transported masses of rock,

scattered over our own island, and various parts of the continent,
but none of them appear so immediately to elucidate the enquiry
respecting the origin of valleys, as the granite blocks in Savoy and

on the Jura. Seated on the side of a mountain among a group of
these blocks (as on the Saleve, near Geneva;) you may see, at the

same time, the distant rocks from which they were torn, the valleys
or depressibns along which they have been trasported, and the orig
inal situations on which they were deposited, and where they remain
and may probably continue till another revolution of the globe. By
whatever force the granite was torn from the nearly vertical beds of
the Alps, the same force, acting on the level secondary strata, might
tear offa large extent of surface and uncover the lower beds: this is
what is understood by a denudation.
The geological student is requested to observe that though I have

denominated these transported masses of rock in Savoy, granite
blocks, because they are principally granite, yet blocks of tile other

Alpine rocks are also frequently intermixed with them.
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CHAPTER XXIV.

obi THE ANCIENT TEMPERATURE OF THE EARTH.-ON CENTRAL
HEAT, AND ON ASTRONOMICAL PHENOMENA ILLUSTRATIVE OF
GEOLOGICAL THEORIES.-CONCLUSION.

Fr is now generally admitted by geologists, that the temperature
of the earth was, at a former epoch, at least in northern latitudes,
much higher than at present. The facts on which this opinion is
founded are very numerous, but they are dependent chiefly on the

organic remains found in a fossil state. The animal remains of the

large mammalia, such as the elephant, the rhinoceros, and hippopo
tamus, are abundant in some of the tertiary and diluvial beds. The
bones and teeth of elephants in Siberia, and the borders of the Icy
Sea, are so numerous, that it is evident the animals must once have
existed in immense multitudes in these high latitudes. On the Oys
ter Bank, off Hasburgh, on the Norfolk coast, many hundred grind
ers of elephants have been found, and a vast quantity of their bones.
S. Woodward's Syn. Tab.) Teeth of the elephant have also been
ound in almost every county in England, and in all the northern

kingdoms of Europe. Remains of lizards of enormous size occur
in many of the English strata: these animals, in a peculiar manner,
seem to require a high temperature for their full development.
The fossil remains of vegetables prove the high temperature of

the countries in which they flourished, more decidedly than animal
remains. Fossil trunks and leaves of the palm tree, the tree-fern,
and of gigantic reeds, analogous to what are now growing in equa
torial climates, abound in the coal strata of northern latitudes. It

may be objected, that the large mammalia, (such as the elephant or

hippopotamus,) belong to the order of Pachydermata, or thick-skinned
animals, and like the pig, which belongs to that order, might be con
stituted for living both in polar and equatorial regions. Indeed, it is
known, that some of the fossil elephants had a covering of hair or
wool, which must have been intermixed as a defence against cold.
A race of elephants with shaggy hair, (according to Bishop Heber,)

inhabit the cool regions of the Himmalaya Mountains. From the
remains of these large mammalia alone, we could not therefore provo
the high former temperature of northern laitudes. But these ani
mals would require a constant supply of food throughout the year,
which they could scarcely obtain in a frozen climate; and when we
farther observe, that the vegetation of the ancient world was analo

gous to the vegetation of the warni regions which the elephant and
the rhinoceros now chiefly inhabit, we can scarcely refuse our assent
to the position, that the temperature of the earth at a former period
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was much higher than at present. n addition to this, we have in our
strata, the fossil bones of enormous amphibious reptiles, and the shells
of marine animals like the nautili, that exist at present in equatorial
seas: we thus obtain an accumulation of evidence, both from the
water as well as the land, in proof of the same position. The pres
ent temperature of the earth appears to be dependent on two causes,
the radiation of heat from the sun, and internal fire. That the tem

perature of different latitudes is in a considerable degree dependent
on solar radiation will not be disputed: it increases with the increase
of the sun's meridian altitude as we advance towards the equator,
and it increases and decreases in the same latitude, with the increase
and decrease of the sun's altitude in different seasons. The tem

perature of different countries in the same parallels of latitude is

very much modified by various causes: between the tropics, at the

height of about fifteen thousand feet, we meet with eternal snow.
In the Swiss and Savoy Alps, the line of perpetual congelation is
about seven or eight thousand feet: yet in the canton of the Vallais,
the upper valley of the Rhine, surrounded by snow-clad mountains,
is subjected to an oppressive heat in the summer months. Thus,
difference of elevation has, in all latitudes, a certain effect on tem

perature.
Large elevated continents in high latitudes, greatly decrease the

temperature of the air, by presenting a great surface of snow and
ice to the atmosphere. On the contrary, near the equator, large
continents raise the temperature greatly, by the constant radiation of
heat from the ground. The ocean, in different seasons, preserves a

more uniform temperature than the land; hence, islands surrounded

by large seas, possess a more equal temperature throughout the year,
than continents in the same latitudes. The lines of equal tempera
ture (called isothermal lines) are not parallel to the lines of latitudes,
as they would be, were temperature not affected by the causes before
stated. Quebec, with its Siberian winter, is nearly in the same par
allel of latitude as Rochelle, in France, and is not two degrees north

of the latitude of Bourdeaux; a difference not greater than between

London and Nottingham, which in this country produces scarcely a

perceptible effect on the climate. In some countries, the summer

temperature is much greater than that of other countries in the

same parallel of latitude, yet the average annual heat, or what is

called the mean temperature, as measured by the thermometer, is

the same in both; because, though the summers may be hotter, the

winters are proportionally colder, which reduces the average temper
ature to an equality. But though the mean temperature maybe the

same, the greater periodical increase and decrease of temperature in

one country than in the other, occasion a considerable difference in

the vegetation. If, on a good map, we examine, in the same parallel
of latitude, two situations which possess very different degrees of

temperature, we may generally observe a variation in the relative
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portion of land and water, which may serve in a considerable degree
to explain, why one situation should enjoy more heat than the other.
Mr. Lyell has advanced a theory respecting the former high tem

perature of northern latitudes, in which, by many local illustration3
and ingenious arguments, he attempts to prove, that a great change
in the relative position of the land and sea, would be sufficient to ac
count for the excess of the former temperature, over that now en

joyed in northern regions. He states two extreme cases, which.,
could they ever occur, must produce an important change in the cli
mate of Europe. Were the land between the tropics to be sub

merged under the ocean, and an equal portion of mountainous land
to be raised in the polar circles, the cold of those regions would be
much increased, and the heat between the tropics would be very
greatly diminished; by the joint operation of these causes, the cli
mate of the southern parts of Europe might become as cold as that
of Siberia. On the contrary, were all the land in high latitudes to
be submerged, and an equal quantity of land to be raised above the
sea, near the equator, the mean temperature of a great part of Eu

rope might he sufficiently increased, to support the vegetation of

tropical climates. The theory of Mr. LyelI is entirely original, and
throws much light on the causes which affect the climate of various
countries in the same parallels of latitude; and could we grant that
the change of land and sea had ever been so complete as what he
has imagined, the conclusions deduced therefrom would be undeni
able: but so many conditions are required to effect such extreme

changes, that we must regard their occurrence as merely possible,
and La Place, in his "Essai Philosophiquc sur les Probabilis," has
shown, that between events which are merely possible, and those
which the philosopher should regard as probable, there is an almost
immeasurable interval. Nor can the theory of Mr. Lyell be well
reconciled with the occurrence of the remains of such immense
multitudes of tropical animals and plants, in countries bordering the
arctic circle, because, to increase the temperature of Europe in a
considerable degree, the theory would require all the land in high
northern latitudes to be submerged; but this is precisely the very
land on which the elephants flourished.
The cause which has effected a change in the temperature of the

earth, must probably be sought for, either in the earth itself, or in
some change in its orbit, or in the relative position of its axis. Did
the severe laws which analysis and observation have established in

astronomy, allow the geologist to admit a slow revolution of the globe,
round two opposite points of the present equator, each part of the
earth would in succession be brought between the tropics; and if
we could suppose the axis of diurnal rotation, to preserve the same
inclination to the ecliptic as at present, we should have all the con
ditions required, for explaining the former high temperature of polar
regions. The spheroidal form of the globe appears, however, to
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preclude the admission of this hypothesis; nor does it derive any
support from astronomical abservations continued for 2000 years.
Even an increase of the obliquity of the earth's axis to the ecliptic,

without any other change, would produce a great effect in the climate
of northern latitudes, by increasing the summer heat; but the win
ters would be colder than at present. There is, indeed, an annual

change in the obliquity of the ecliptic, but it appears to be confined
within limits too small to produce a sensible effect on the tempera
ture of any part of the globe. The effects that might be produced
by a change of the earth's orbit remain to be noticed.
A change in the form of the earth's orbit, if considerable, might

change the temperature of the earth, by bringing it nearer to the sun
in one part of its course. The orbit of the earth is an ellipsis, ap
proaching nearly to acircle: the distance from the centre of the or
bit, to either focus of the ellipsis, is called by astronomers the "ec

cen¬ricity of the orbit." This eccentricity has been for ages slowly
decreasing, or in other words, the orbit of the earth has been ap
proaching nearer to the form of a perfect circle; after a long period
it will again increase, and the possible extent of the variation has not
been yet ascertained.* From what is known respecting the orbits of

Jupiter and Saturn, it appears highly probable, that the eccentricity
of the earth's orbit, is confined within limits, that preclude the belief
of any great change in the mean annual temperature of the globe
ever having been occasioned by this cause.f
The heat from solar radiation, may possibly have been greater in

remote ages than at present ir Wm. J.-Ierscflel interred, from the
variable spots on the sun, that the mean temperature of the earth was
increased or decreased in certain years; or, in other words, that the
earth received an unequal annual supply of heat from the sun. We
have, however, no data from which to ascertain that there has ever
been any considerable change of temperature effected by this cause.;
to appeal to the high former temperature of the globe in proof of it,
would be to substitute vague hypothesis in the place of facts.

Beside solar radiation, it is believed by many philosophers, that

there is a source or subterranean heat within the earth itself; this

opinion is by no means new, but it appears to have received support
from numerous observations and experiments made in a compara

tively recent period. The evidence by which the theory of central

* Sir J. W. Herschel, in a paper on the subject read to the Geological Society,
states that a variation in the eccentricity of the earth's orbit, from the circular
form to that of an ellipse, having an eccentricity of one fourth of the major axis,
would produce only an increase of 3 per cent. in the mean annual amount ofsolar
radiation.

t Un autre phônomène également remarquuble du systême solaire, est ]e peu
d'cccentricité desorbes tIes piantes et des satellites, tandis que ceux des comètes
sont très-aUongés. Nous sommcs encore forces tie reconnaltre ici l'etfet d'une
cause régulire, le hazard n'eut point donnC une forme presque cireulaire aux
orbes de toutes ics planCtes et de leurs satellites."-La Place, sir ics ProbabiliUs.
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heat is supported, is derived first, from the occurrence of volcanic
fires in almost every degree of latitude north or south: secondly,from submarine volcanoes: thirdly, from the occurrence of numer
ous thermal springs in countries remote from active volcanoes: lastly,
from direct experiments made on the temperature of the earth, at
various depths in mines, and by sinking and boring into the earth.

Whether there exist a mass of heated matter under the whole sur
face of the globe may be uncertain; but that there is subterranean
fire, under a" considerable extent of the surface, can scarcely be
doubted. The volcanoes that are thickly scattered over both the
northern and southern hemisphere, the long period of their activity,
and the connection that appears to subsist between the volcanoes in
distant districts (see Chap. XVIII.), prove the depth and extent of
the source of volcanic fire. The volcanoes that break out from un
der the sea, and overcome the vast pressure of the incumbent ocean,
farther indicate, that the explosive force is situated at a great depth.
Thermal waters, prove the extensive effects of subterranean heat;
for though many hot springs rise in volcanic districts, and are prop
erly a part of volcanic phenomena, yet other thermal waters are far
removed from any active volcanoes. Some hot springs have flowed,
without any known diminution of temperature, for nearly two thou
sand years; this is the case with the waters of Bath, which have no
volcanoes nearer to them, than those in Iceland and the south of

Italy. That thermal waters derive their temperature from a deep
seated internal source of heat, and not from any local cause, or from
chemical changes near the surface, is rendered probable by various
circumstances. In many of these waters there is scarcely any ad
mixture of saline or mineral matter, which there would be, were the
heat derived from chemical decomposition. Most warm springs are
situated near to crystallized primary rocks, or to basaltic rocks or

dykes, as I observed to be the case in the Alps. Hot springs often
rise among the loftiest mountain ranges in Asia and America. The

temperature of thermal waters in low situations, is frequently reduced

by admixture with cool springs near the surface, and this I believe to
be the principal cause why thermal waters so rarely rise in the upper
secondary strata, as I have more fully stated in an account of the
thermal waters of the Alps. (See dppendix.) It could scarcely
have been expected, that an enquiry relating to the temperature of
the central part of our planet, could be broughtwithin the limits of

human observation and experiment, as the depth to which we can

explore by boring or by excavation, bears so inconsiderable a pro
portion to the diameter of the earth; yet from numerous observations
on the temperature of the earth in deep mines, and from experi
ments on the temperature of water at different depths, it would ap
pear, that this temperature increases in a very remarkable degree,
as we descend lower from the surface. In France, the subject has
been recently investigated with considerable activity, and the prac-
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tice, which is becoming general in that country, of boring for water,
to form what are called Artesian wells, has greatly facilitated the in
vestigation.*
M. Cordier has particularly directed his attention to this subject,

and from numerous experiments made by himself and others in mines
and Artesian wells, he has drawn the following conclusions :-lst.
that there exists a subterranean heat in the terrestrial globe inde

pendent of solar radiation, and which increases rapidly with the

depth :-2nd. that the increase of heat does not follow the same
line in all parts of the earth; indeed, he supposes the differences
may be twice or three times as great in one country as in another:
3rd. these differences are not in constant relation with the longitudes
and latitudes of places where the experiments have been made :
4th. that the heat increases with the increase of depth, in a much

greater degree than was previously believed. M. Cordier farther
maintains, that there is a source of intense heat in the earth, and that
the external crust may be from 50 to 100 miles in thickness, and
that all within this crust is a mass of melted matter: that originally
the whole globe was an entire mass of melted matter before the ex
ternal crust became solid, by throwing out its heat into space; and
that, in this manner, the solid crust is constantly growing thicker,
and the internal beat diminishing.
The spheroidal form of the earth indicates an original state of

fluidity, and whatever might be the tenacity of the fluid matter, the

rapid rotation of the earth on' its axis, would swell out the equatorial
parts, and form a spheroid of rotation. Intense heat appears to be
the only natural agent we are acquainted with, that could retain the
mass of the earth in a fluid state :-farther, the granitic crust of the

globe most probably owes its crystalline structure to slow refrigeration
from a state of igneous fusion. Thus both the form of the earth,
and the structure of its crystalline crust, are favorable to the theory
of central heat. If this theory can be established, it will offer a sat

isfactory explanation of the former high temperature of the globe,
and of its subsequent progressive refrigeration :-also of another cir
cumstance equally remarkable; for it would appear, from the fossil
remains of vegetables in different latitudes, that every part of the

globe once enjoyed nearly the same degree of heat; the cause of
this equality must have been independent of solar radiation, and de
rived from the earth itself. There are certainly numerous circum
stances that favour the theory of central heat, but it must be con-

* Boring for Artesian wells has become genetai in many parts o4' Italy and
Germany. In France, it is kuiid that the average increase of heat, above the
mean temperature of the surlhce, is about one degree of' Fahrenheit's thermome
ter, for every lbrly-live ket in depth ; or one degree of the centigrade scale, for
twenty-five metres: but this is liable to variation of' increase or decrease in difler
ent situations. For a further account of the temperature of mines and wells see
Appendix.
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fessed, that it is also accompanied with difficulties not easily to be 

If the earth be composed of a solid crust or shell surrounding a 
fluid mass, this internal fluid would be subjected to [he attraction of 
the sun and moon, or, in other words, would have its regular tides. 
We are not acquainted with any counteracting influence, to prevent 
the impulse of these tides upon the solid shell. I am, however, fully 
~ersuaded, that the internal parts of the earth do not consist of an as- 
semblage of chaotic elements, but that they are arranged with as 
much wisdom as the parts of the external universe, and that the 
earth itself is the vast laboratory, in which were prepared, according 
to-definite laws, all the mineral substances found on its surface, and 
in which are now preparing the elements of future changes. There 
is one difficulty attending the theory of central beat, noticed by Pro- 
fessor Sedgwick, which it may be proper to state. " If," says he, 

during any period the earth has undergone any considerable re- 
frigeration, it must also have undergone a contraction of dimensions; 
and also, as a necessary consequence of a well-known mechanical 
law, an acceleration round i ts axis : but direct astronomical observa- 
lions prove, that there lias been no sensible diurnal acceleration dur- 
ing the last 3000 years ; and, therefore, during that long period, 
there lias been no sensible diminution in the mean temperature of 
the earth. This difficulty does not, however, entirely upset the pre- 
vious hypothesis ; it only proves, that the earth had reached an equi- 
librium of mean temperature, before the commencement of good as- 
tronomical observations." 

If the terrestrial globe has ever been a fluid ignited mass, it is ob- 
vious that the atmosphere must have undergone great changes during 
the progress of refrigeration. In the original ignited slate of the 
earth, all the aqueous panicles that form the ocean, and all the more 
volatile mineral substances, would have existed in the form of va- 
pour, and have constituted a nebulous medium of vast extent, reaem- 
bling the atmosphere of a comet, or the nebulosity surrounding the 
newly-d iscovered planets, Juno, Ceres, and Pallas. By progressive 
refrigeration, the volatile mineral matter would be concreted, and the 
aqueous prticles precipitated, until the constitution of the airnos- 
pilere became fitted for ihe support of animal life. It is not improb- 
able, that the animals of the earliest creation, might have been con- 
stituted to breail~e denser  atmosphere lhan the present one. Such 
an atmosphere would, in a considerable degree, equalize the mean 
temperature of the earth ; and the excess of moisture and of carbo- 
nic acid gas, would also be favourable to the rapid development of 
vegetation. 

vest to In slating these hypotI1esesJ my only object has been to sue., 
the reader, the various causes which may have affected the lormer 
temperature of the and I shall leave him lo determine how far 
any of them appear to be supported by analogy and probability. 
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The original fluidity of the globe appears to be indicated by its

present spheroidal form; and in the large planets that compose part
our system, the spheroidal form is more fully displayed, particu

larly in the planet Jupiter. Now it well deserves attention, that the
conditions under which this form was impressed on the earth and

planets, cannot recur again by any known causes now in operation,
or by any other conceivable cause, except the fiat of the Creator.
Thus we are brought, at once, to a commencement of the series of

geological changes, which could not have been the result of any se

condary causes, that come within the limit of our present experience.
About a century ago, it was the fashion among philosophers to ex

plain all the phenomena of nature, even thunder and muscular ac
tion, by the operation of known causes; that is, by the established
laws of mechanics, and by chemical fermentation. The discoveries
of Franklin and others subsequently proved, that there were more

things in heaven and earth than had been dreamed of in past philos
ophy. It would, indeed, be astonishing if, with our limited powers
and ephemeral existence, we have now discovered all the causes
that have effected changes in the former condition of the globe.

One part, one little part, we dimly scan
Through the dark medium of he's feverish dream."

The senses given us by the Creator, as the inlets of knowledge,
are sufficient for all the useful purposes of life on our planet; but it
would be extremely rash to infr, that they are adequate to discover
or perceive all the properties of matter, or the changes these proper
ties can effect. Some material powers or agents cannot be made

perceptible to any of our senses, except by their effects; such are

universal gravitation, magnetism, and crystalline polarity; and ages
had elapsed, before the existence or operation of such powers was
even suspected. If we extend our views to the planetary system, we

may discover a state of things which implies that the elementary mat
ter of which the planets are composed, is essentially different from
terrestrial matter ; and the difference must be such, that it would re

quire an organization and constitution of the inhabitants (If they be

inhabited,) altogether so unlike what we are acquainted with, that we

are as incapable of forming any distinct idea respecting them, as a

blind man is of forming an idea of colours. This may be clearly in
(erred from the different density of the planets. The density of Sat
urn is stated by astronomers to be about one tenth that of the earth,
or scarcely half the density of pure water. Most of the Saturnian
metals and minerals must be lighter than cork wood ; and no fluid

like water, can exist any where but in the centre of the planet. But

Saturn has an atmosphcre and variable clouds or belts; it must there

fore have a fluid on its surface, that performs the functions of water;

yet this fluid must be chemically and essentially different from water,

or from any fluid on our earth. The properLies of matter, and the
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laws of definite proportion, cannot be the same on Saturn as upon
the earth, and it is highly probable, that different senses would be
required to make these properties perceptible. If from the body of
Saturn, we turn our attention to the double ring by which it is sur
rounded, we must admit a former condition of that planet, which can
never return by any known secondary causes in present operation.
Thus both geology and astronomy lead us to acknowledge a first
Almighty cause, and a commencement of the present order of things,
dependent upon his will.

In offering the preceding remarks, I have not been influenced by
a desire to oppose the opinions of others, but to support what ap
pears to me to be the truth.

I shall now take leave of the reader in the words with which the
last edition was concluded.

It may be right to advert to an enquiry that has frequently been
made-What advantage can be derivedfrom the study of geology
The value of every science must ultimately rest on its utility: but

in making the estimate, we ought not to be guided, alone, by the
narrow view of immediate gain. The material universe appears des
tined to answer two important purposes: the first of which is to pro
vide for the physical wants of its various inhabitants. Now, in rela
tion to this purpose, the science which teaches us the structure of the
earth, and where its mineral treasures may be found, can scarcely be
deemed devoid of utility, by a nation deriving so much of its com
fort and wealth from its mineral resources. But, beside supplying
our physical wants, the external universe is destined to answer a no
bler purpose; its various objects appear intended to excite our curi

osity, and stimulate our intellectual powers, to the discovery of those
laws by which the successive events we observe in nature are gov
erned. Without this excitement, man would for ever remain the
mere creature of animal sensation, scarcely advanced above the
beasts of the forest; and the universe would be to him a mute and

unmeaning succession of forms, sounds, and colours, without connec
tion, order, or design. In those sciences which have attained the

highest degree of perfection, the skill of the Creator, and the ends
and uses of the different parts are most apparent. Geology has not

yet made sufficient progress to carry us far in this path of enquiry;
but we see enough to discover, that the apparent disorder into which
the strata on the surface of the globe are thrown, and the inequalities
which it presents, are absolutely necessary to its habitable condition.
The distribution of its mineral treasures, and particularly of coal, to
the cold and temperate regions of the globe, is well deserving atten
tion, and implies a prospective regard for the wants of civilized man:
but a cold-hearted philosophy, under the sanction of a quaint ex-



266 CONCLUSION.

pressIon of Lord Bacon,* has (to use the words of Dugald Stewart)
"made it fashionable to omit the consideration of final causes entire

ly, as inconsistent with the acknowledged rules of sound philosophi
zing. The effect of this has been to divest the study of Nature of its
most attractive charms, and to sacrifice to a false idea of logical
rigour, all the moral impressions and pleasures, which physical knowl

edge is fitted to yield."
Geology discovers to us proofs of the awful revolutions which have

in former ages changed the surface of the globe, and overwhelmed
all its inhabitants: it reveals to us the forms of strange and unknown
animals, and unfolds the might and skill of creative energy, display
ed in the ancient world : indeed, there is no science, which presents
objects that so powerfully excite our admiration and astonishment.
We are led almost irresistibly to speculate on the past and future con
dition of our planet, and on man its present inhabitant. What vari
ous reflections crowd upon the mind, if we carry back our thoughts
to the time when the surface of our globe was agitated by conflicting
elements, or to the succeeding intervals of repose, when enormous
crocodilian animals scoured the surface of the deep, or darted through
the air for their prey ;-or again, to the state of the ancient conti
nents, when the deep silence of nature was broken by the bellow

ings of the mammoth and the mastodon, who stalked the lords of the
former world, and perished in the last grand revolution, that preced
ed the creation of man. Such speculations are somewhat humbling
to human pride on the one hand, but on the other, they prove our

superiority over the rest of the animal creation; for it has been re

garded by the wisest philosophers in ancient times, as a proof of the
high future destiny of man, that he alone, of all terrestrial animals, is
endowed with those powers and faculties, which impel him to specu
late on the past, to anticipate the future, and to extend his views and
exalt his hopes, beyond this visible diurnal sphere.

The following observations on the study of geology, taken from
Professor Sedgsvick's truly eloquent address to the Geological Society
of London, in 1831, are so just and beautiful, and are so closely rela
ted to what I have before stated, that I am certain my readers will be
highly gratified by their insertion.

If I believed that the imagination, the feelings, the active intellect
ual powers bearing on the business of life, and the highest capacities
of our nature were blunted or impaired by the study of our science
(Geology,) I should then regard it as little better than a moral sepul
chre, in which, like the strong man, we were burying ourselves and
those around us, in ruins of our own creating. But I believe too firm
ly in the immutable attributes of that Being, in whom all truth, of

*" Causarum nR1iUm inquisitio sterilis est, et tanquam virgo Deo consecrata
nihil pant:'
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whatsoever kind, finds its proper resting place, to think that the prin
ciples of physical arid moral truth can ever be in lasting collision. And
as all the branches of physical science are but different modifications
of a few simple laws, and are bound together by the intervention of
common objects and common principles; so also, there are links, less
visible, indeed, but not less real, by which they are also bound to the
most elevated moral speculations.
"Geology lends a great and unexpected aid to the doctrine of final

causes; for it has not merely added to the cumulative argument, by
the supply of new and striking instances of mechanical structure ad

justed to a purpose, and that purpose accomplished; but it has also

proved that the same pervading principle, manifesting its powers in
our times, has also manifested its power in times long anterior to the
records of our
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SUPPLEMENT TO CHAPTER VIII.

ON THE GREAT COAL FORMATIONS

"
BESIDE what has been already stated respecting the freshwater

origin of the coal strata, I wish the reader to bear in mind, that the
marine or freshwater character of formations, must be determined by
the general assemblage of the organic remains, and not by a few in
dividuals, or a few species of shells, which differ from the general
character of the fossils; particularly as we now know, that several

species supposed to be marine, are capable of living in fresh water.
In the great coal formation of England, the upper and middle beds,

for many hundred feet or yards in thickness, abound in the remains
of terrestrial or of marsh plants with some freshwater shells, but
without any admixture of marine species. The whole mass of the
coal measures, however, rest on marine limestone; and in some

parts of England, the lowest measures alternate with beds of lime
stone, and also contain some shells supposed to be marine. Though
the upper and middle parts of all the English coal fields are
freshwa-terformations, we can have no doubt, that the limestone on which
all the coal fields rest was deposited under the ocean; but many
circumstances tend to prove, that its elevation was a slow and long
continued process, and that the lower part of the coal measures was

deposited when nearly on a level with the sea, or in situations subject
to interruptions of marine water; or else the ground was subject to
oscillations, which brought it, at different times, below the level of

high tides.
The great valley of the Mississippi contains the largest coal field

in the known world; and what is now annually taking place in some

parts of that valley, appears to confirm in a remarkable manner, the

opinions I have advanced (pages 113 to 118) on the formation of coal
and the cause of the frequent recurrence of the same series of strata
at different depths, in the same mine; which I attribute to the peri
odical filling and desiccation of lakes. In the second volume of
Mr. Stuart's interesting "Travels in the United States," there is a

very instructive account of the Valley of the Mississippi, quoted from

an American review. I shall here insert the parts immediately con

nected with the present subject :-
"What is called the Valley of the Mississippi is not in reality a

valley, but an extensive elevated plain, without hills or inequalities
deserving notice. It extends west from the western slope of the Al

leghany Mountains, to the sand plains near the Missouri, a distance
of about 1500 miles, and south from the valley of the northern lakes,

to the mouth of the Ohio, about 600 miles. No part of the globe

possesses such an extent of uniform fertilhity. The difference in ele-



GREAT WESTERN AMERICAN COAL FIELDS* $69

vation is only a few feet, as ascertained by actual survey. The gen
eral elevation of this plain, is above 800 feet above the sea. It is
crossed by the great rivers Missouri? Mississippi, Ohio, and their bran
ches. As we go westerly up the Missouri and Arkansas to the sand

plains, we find nearly the same elevation. The great and numer
ous rivers that cross this plain, instead of forming valleys, do but in
dent narrow lines or grooves into its surface, hardly sufficient to re
tain their floods. As the currents of these rivers roll on in their
courses, they sink deeper into the plain; hence the large rivers Ohio,
Missouri, and others, seem bordered with hills of several hundred
feet elevation, towards their mouths; but the tops of these hills are
the level of the great plain.
"The base of this whole extent of plain appears to be transition or

mountain limestone, in neary horizontal beds: it has been perforated
to the depth of 400 and 600 feet. It contains trilobites, orthocera
tites, the productus, and other fossils that characterise the transition
limestone. The uppermost stratum of limestone is not many feet
below the surface, and supports, nearly over its whole extent, strata
of bituminous coal and saline impregnations. The limestone ex
tends under the Alleghany Mountains in the east, and the sand plains
on the west, and rest on the granite ridges of Canada on the north.

This coal field would cover half Europe, having an extent of
900,000 square miles; or 1500 miles in length, by 600 miles in
breadth. The coal is pure, and lies above the beds of the rivers,
and costs about twenty cents (the fifth part of a dollar) per ton to

quarry it. Iron ore abounds generally, but in Missouri there is a
mass of this ore 300 feet in height, and five miles in extent, which

yields 75 per cent. of fine malleable iron. The lead districts of
Missouri and Illinois cover 200 square miles." It is not mentioned
in the above account, but there can be no doubt, that the mines are

situate in the limestone, which identifies that formation still farther
with the mountain limestone of England.

In the geological position and physical structure of this vast coal
field, we may, I think, trace, in a satisfactory manner, the mode of

its formation. Were the outlet of the waters that drain this large
surface to be only partially closed (as we may suppose the mouth of

the Mississippi to be) by an earthquake or upheaving of the surface,

then in the time of annual periodical inundations, the whole extent
of this level plain would be covered with fresh water, and form an
inland sea, which would gradually become dry as the inundations sub

sided. This plain would then become a vast swamp, suited for the

rapid development of vegetation, in this manner thick beds of de

composed vegetable matter might every year be formed, and subse

quently covered with strata of mud and earthy matter, deposited du

ring the inundation.
Now let us advert to what actually takes place in the lower valley,

or plain of the Mississippi, every year. When those mighty rivers,
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the Mississippi and Missouri, are inundated, by the melting of the
snow near their sources, they pour down immense floods, which fill
their banks,. and absolutely choke up the mouths of the large second
ary rivers that enter theni, and throw their waters back for many
miles, charged with the mud of the great descending waters. The
waters of these secondary livers in their backward course, overflow
their banks, and spread over the lower parts of the level plain, form

ing lakes of twenty miles or more in length: after some time these
lakes are gradually drained by the subsidence of the rivers. The
inundations are, however, prolonged by another circumstance. The
Missouri and Mississippi rise in different latitudes, and their periodi
cal inundations do not take place at the same time. When one of
these mighty streams is inundated, it blocks up the passage of the
other, and this reacts on the secondary streams, and prolongs the
time of periodical inundation. Thus in these temporary lakes of
fresh water, we have the conditions required for the formation of fu
ture coal fields-swamps promoting the rapid development and de

composition of vegetables-and periodical inundations of water,

charged with sand and mud, to cover the vegetable beds with earthy
strata. It is further deserving notice, that over a large part of the

plain of the Mississippi, the rapid annual growth of grasses and this
ties, exceeds any thing of which this part of Europe affords an ex

ample: this enormous mass of vegetation perishes every winter.
In the account of the probable duration of the coal of Durham and

Northumberland (page 124.), first published in the third edition, I
have stated the period of exhaustion to be about 350 years from the

present time. In evidence on the subject, given before the House
of Commons, the period has been extended to 1727 years; a differ
ence so great as to require some animadversion. In the first place,
all evidence given before Parliament, by commercial or public bod
ies, who have a particular object to establish, must, be received with
considerable caution. The coal owners in the north were alarmed,
lest some restriction should be laid on the unlimited export of coal,
if it were known that the coal fields of Northumberland and Durham
could afford a regular supply of fuel only for a very limited number
of years. It was stated beibre the House of Commons, that there
are 837 square miles of coal strata in Northumberland and Durham,
and that only 105 square miles have been worked out. It was as
sumed, that each workable bed of coal spreads under the whole ex
tent of the coal fields, but this is very far from being the fact. Ma

ny of the best and thickest coal beds crop out long before reaching
the western termination of the coal field, or are cut off by faults or
denudations. The thickness of the beds was also overstated. Pro
fessor Bucidand estimated the duration of the Northumberland and

Durham coal, according to the present rate of COIlStlIllptiOU, at 400

years, which agrees very nearly with the period of exhaustion I had

assigned.
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APPENDIX.

AN INDEX OUTLINE OF THE GEOLOGY OF ENGLAND.

THE outline of the geology of England, and the map that accompa
nied it, given in the first and second editions of this work, presented
(the author believes) the first distinct general view of the geology of
England that had ever been published; and though several parts of
our island have since been more fully examined, the examinations
have confirmed the correctness of the leading facts, slated in the edi
tions of 1813 and 1815.
The author has, since, revisited a considerable part of England and

Wales, and collected materials for a more ample detail of their geol
ogy; but the limits of the present volume will not admit of their in
sertion, and it is his intention to publish them in a separate form.
This index outline will serve more fully to explain the map and sec
tions, by references to the chapters where the different classes of rock
are described.
In tracing the great outlines of the physical geography of conti

nents and islands, we may generally perceive, that they are deter
mined by the ranges of primary and transition mountains that trav
erse them: these have been compared to the skeletons, on which the
other parts of a country are constructed.
The length of Britain is determined by different groups of moun

tains, which, viewed on a large scale, may be regarded as one moun
tain range, extending north and south (with its ramifications) along
the western side of England and Wales, from Cornwall to Cumber
land, and from thence to the northern extremity of Scotland. All the

highest mountains in England and Wales are situated in this range,
which, in reference to our island, may be called the great Alpine
chain. This chain is interrupted by the intervention of the Bristol
Channel, and again by the low grounds of Lancashire and Cheshire,
which divide it into three groups or ranges; these, for the sake of dis
tinction, may be denominated the Devonian range, the Cambrian

range, and the Northern range. They form the Alpine districts of

England (coloured red in the map.) The mountains of the great Al

pine chain from Cornwall to Cumberland, are composed of primary
rocks and of other rocks, which belong chiefly to the class of transi
tion rocks, described in Chaps. V. VI. and VII. Those parts in

which the primary rocks chiefly occur, are shaded by hoes. In some

few parts, east of the Alpine district, the primary arid transition rocks

also make their appearance, uncovered by the secondary strata. A

range of primary and transition mountains appears once to have ex

tended from the Devonian range, in a north-east direction, into Der

byshire;-the transition and basaltic mountains of that county, the
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Cbarnwood Forest hills, the sienitic greenstone of Warwickshire, the
transition rocks of Dudley, the Malvern Hills, and the trap rocks of
Gloucestershire, Somersetshire, and Devonshire, were probably parts
of one range, and were much loftier than at present. It may deserve
notice, that the granitic rocks, in this range, are closely allied to rocks
now generally supposed to be of igneous origin.

It was this range that appears to have determined the extent of our
island in that direction, and to have formed the western border of an
ancient sea or lake, in which the upper calcareous strata of the mid
land, eastern, and southern counties were deposited. It also appears
to have determined the extent of the upper calcareous strata, that
cover the eastern side of England, and are bounded by the line A A A.
This boundary marks the direction of a range of calcareous hills, that
extends through England in a waving line, from the western extremity
of Dorsetshire, to the eastern side of the county of Durham. East of
this line, there are no beds of good mineral coal in any part of Eng
land. Between the line A A A and the Alpine districts (coloured red),
we have the under secondary strata (coloured green.) All the prin
cipal coal formations in England occur in diflrent parts of this dis
trict, which, for the sake of distinction, we shall call the middle dis
trict: it is however partly covered by beds of red marl and sandstone.
The upper calcareous district, east of the line A A A (and coloured
yellow in the map), is in some parts covered with beds of clay and
sand of a more recent formation, belonging to the tertiary strata:
they are coloured brown, and are bounded in the map by the lines
o o o o. Other low parts of this district are covered by alluvial dep
ositions, and marked 1 1 1.

England and Wales may thus be divided into three geological dis
tricts :-the Alpine district, consisting of primary and transition
rocks,-the Middle district, comprising the coal formation and the
lower secondary strata of new red sandstone,-and the Upper Calca
reous district, comprising the has, the oolite and chalk formations;
the latter partly covered by tertiary formations. Each of these dis
tricts has its appropriate characters and mineral productions. In or
der to give the reader a clear idea of the relative position of the rocks
and strata of these three divisions, let him take three sheets of paper,
and cut out the form of England in each. Let the lower sheet be red;
cover this with green paper, cutting out all the parts on the western
side, which will leave the parts marked red in the map uncovered,
and also the small parts where the Malvern 1-tills and Charnwood
Forest hills are situated. Cut out the third sheet of yellow paper, so
that its edge may correspond with the line A A A. Then cut out pieces
of darker-coloured paper, and place them over the parts marked 2 22,
for the tertiary strata ; and place dark patches on the parts marked
1 1 1, for alluvial and diluvial depositions ; raise the western edge a
little, so as to make the sheets of paper incline to the south-east;
and we shall then have a model of the geology of England, which
would be more complete, provided we could raise the parts marked
red above the level of the green paper. The red paper, which
spreads under time whole, and represents the primary and transition
rocks of the Alpine districts, may be conceived to extend under the
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sea, and to rise again in Ireland, France, Sweden, and Germany, and
thus to be connected with all the granitic ranges of the old continent.
It is scarcely requisite to remark, that, in presenting a general view
of the arrangement of the different classes of rocks in this manner, the

partial wavings or irregularities of the strata, and the inequality of
surface, presented by hills and valleys, must be necessarily- disre

garded.
The primary rocks of England and Wales are described in various

parts of Chaps. V. and VI. in the present volume. The transition
rocks, including mountain limestone, are described in Chapter VII.
The coal formations in England, within the middle district (coloured
green in the map), extend on the eastern side of Northumberland and
Durham, from Berwick-on-Tweed to the river Tees; but from thence
to the river Air (near Leeds), only the lowest beds of the coal forma
tion occur, which contain but little workable coal. The Yorkshire
and Derbyshire coal-field commences a little north of Leeds, and ex
tends in breadth east and west about twenty-five miles, from Halifax
to Abberford, and in length about seventy miles, from Leeds to near

Nottingham and Derby. The breadth decreases southward, being lit
tle more than twelve miles in Derbyshire.
South-west of Derbyshire, there are a few small coal-fields near

Ashby-de-la-Zouch, and near Tamworth, Atherstone, and Coventry.
The latter coal-field, is the most southern situation in which mineral
coal has been discovered in the midland counties.
On the north-west side of England, there is a small coal-field bor

dering the sea in Cumberland, which extends from Whitehaven to
the north of Mary-port. This coal-field, though small in extent, con

tains seven beds of excellent workable coal. From its contiguity to

the sea, and its remoteness from other coal-fields, it may be consid

ered, in proportion to its extent, as one of the most valuable coal

districts in England. In one mine, the coal is worked at the depth of

298 yards. The workings of some mines have been extended under

the sea. The next considerable coal-field is that of Lancashire: it is

separated from the Yorkshire coal-field by a range of lofty hills, on

the borders of the two counties, extending, on the west side of Come,

to Blackstone Edge, and from thence to Axe Edge, on the border of

Derbyshire. These hills are principally composed of millstone grit
and shale, but are not covered by coal strata. On the western side

of these hills, the coal strata of the Lancashire coal-field commence,

dipping westward; but they are broken and deranged by numerous

faults. The principal beds of coal are,-one of six feet in thickness,

and a lower one called the three-quarter bed. In some parts the

sandstone strata are of a deep red colour. The breadth of this coal

field, from Macclesfield to Oldham, does not exceed five or six miles;

but from Oldham it. extends westward to Prescot, near Liverpool, and

from Prescot it extends in a north-east direction to Caine.

Not far from the southern extremity of the Lancashire coal-field,

there is a small but valuable coal district, which supplies the potteries
near Newcastle in Staflbrdshire: this may properly he considered as

an extension of the Lancashire coal-field. The next important coal

field is that of Dudley and Wolverhampton: it. is about twenty miles
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in length, and varies in width from four to seven miles. It contains
the thickest bed of coal in Great Britain. (See page 10.) There is
a narrow coal-field on the north-eastern border of Wales, extending
from Mostyn in Flintshire, to Chirk in Denbighshire. There are also
a few smaller coal-fields on the north-eastern side of Herefordshire,
which extend into Shropshire. The Clee Hills, near Ludlow, con
tain, on their sides, two or three small detached coal basins. The
summits of these lofty hills are capped with basalt.
The coal basin of the Forest of Dean, is the next considerable re

pository of coal: it presents, perhaps, the most perfect model of a
coal basin of any in Great Bricain; the coal strata occupy a space of
about ten miles in length, and six in breadth: the millstone grit and
the transition limestone on which they lie, may be distinctly observed
cropping out, on its northern and western boundary.

In Somersetshire and Gloucestershire there is a considerable coal
field on each side of the river Avon: its greatest extent is about twen
ty miles, and its greatest ascertained breadth about eleven miles; but
it is covered in many parts by the secondary strata, consisting of red
marl and has. The deepest coal mine in England is in this coal
field; the depth of the pit at Rcdstock, near Bath, being 409 yards.
The greatest repository of coal in our island is that which extends

on the northern side of the Bristol Channel, 100 miles in length, and
varying in breadth from five to twenty miles. Further information
respecting many of the English coal-fields will be found in Chap.VJII.
A considerable part of the middle district (coloured green in the

map), which is not occupied by the coal formations above enumera
ted, is covered by the red marl and sandstone, described in Chap. XI.
As the sandstone of this formation often covers the coal strata, it be
comes an object of great interest to landed proprietors in the midland
counties, who have estates at no great distance from the coal districts,
to ascertain whether coal may not extend under the red marl and
sandstone. Some observations on this subject are given (pages 121
and 122), which the author is persuaded deserve the attention of land
ed proprietors. The search for coal under the red marl and sandstone
in Somersetshire has been eminently successful; and coal 'has in some
instances been found, by sinking through both has and red sandstone.
The principal repositories of rock salt, and the strongest springs of

brine, are situated in the red marl of Cheshire, and near Droitvitch, in
Worcestershire. (See p. 172.) In this formation the principal beds
of gypsum are found: it is frequently associated with rock salt. (See
Chap. XL.)
One of the most remarkable features of the middle district, is the

occasional occurrence of various rocks (in situ) of granite, slate, and
sienite, belonging to the class of primary or transition rocks : they rise
through the secondary strata, and appear, from various circumstances,
to have once occupied a considerable portion of the midland coun
ties, extending from Leicestershire to Warwickshire, Worcestershire,
Gloucestershire, Somersetshire, and Devonshire. The secondary
strata of England, from has to chalk (coloured yellow in. the map),
are pretty fully described in Chaps. XII., XIII, and XIV. The more
recent or tertiary strata (coloured brown in the map, and marked 2 2),
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are described in Chaps. XVI. and XVII. The basalt dyke of Cleve-
land, which runs through the North Riding of Yorkshire into Dur-
ham, is described, with other basaltic rocks in England, in Chap. IX.,
and the alluvial beds, marked 111, are described in Chap. XXI. A
description of many of the mining districts of England and Wales will
be found in the chapter on metallic veins.

It now remains to notice the sections in different parts of England.
A section, to possess much value, should be made as nearly as possi
ble along the true line of the dip and rise of the strata. We possess
no true line of dip in England, which passes through all the different
classes of rock; and it is only misleading the reader, to represent the
succession of rocks out of their true situation. The section of the
secondary strata, with a small portion of the tertiary, given at page
160, represents the succession of the different secondary formations,
from chalk to the lowest new red sandstone, taken in a line from the
chalk hills north-west of London, to the transition rocks south of the
Malvern Hills, in Herefordshire. But in this line, the lower red
sandstone, and magnesian limestone are wanting.

If we draw another line across England, through Durham and
Cumberland, from the German Ocean, near Sunderland, to the Irish
Channel, (see section, Plate VII.) we may observe the magnesian lime
stone A forms the uppermost rock of the series; all the secondary
strata above this formation are here wanting; it is, however, proba
ble that they may once have extended into the German Ocean, in the
order represented at page 160. The magnesian limestone A lies un
conformably upon the coal strata, which rise to the west B n; at x the
strata are broken by the Burtreeford Basalt Dyke. c c represents the
lower beds of the coal strata, with mountain limestone; they termin
ate at the mountain called Cross Fell, 5. The lower part of this mono
tam is composed of mountain limestone and greywacke; a little to the
west, the beds are broken, by nearly vertical beds of trap and sienite.
In the. Vale of Eden is Penrith Beacon, 4. This vale is covered by
beds of conglomerate and red sandstone. The lofty mountains, B
that surround the lakes of Cumberland and Westmoreland, are skirted
by beds of mountain limestone; but the higher mountains are chiefly
composed of slate, feispar, porphyry, and greywacke. Granite oc
curs at the base of Skiddaw and Saddleback, and at Coldback Fell.
1, is Sea Fell, the highest mountain in this group; 2, Skiddaw; and
3, Helvellyn. Farther west we come upon the coal strata of White
haven, (upping west, and covered by unconformable secondary strata.
Some of the more remarkable rocks in the mountains round the lakes
are described in Chap. VII. Plate II. fig. 4, represents the arrange
ment of the strata in the central part of England, passing in a line

nearly east and west, through the low granite range at Charnwood
Forest, in Leicestershire : e, on the right-hand side of the plate, rep
resents has resting on red marl and sandstone, a. The granite and
slate rocks are represented, b b c c, partly covered by horizontal beds
of red marl and sandstone : d d are the coal strata, near Whitwck,
much elevated as they approach the Forest Hills. A little out of the
line of section, are represented the elevated beds of mountain lime
stone at Breedon and Clouds 11111, part of which limestone is contin-
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tied to the Forest Hills at Grace Dieu. For a more particular account
of this section, see Chaps. X. and XXII.; and for an account of the
sections near Dudley, in Staffordshire, see Chap. VII.
This brief' sketch of the geology of England, with the references to

the map, sections, and chapters in this volume, may suffice to give the
reader a general view of the geology of England, and the situation of
its principal mineral repositories. I shall subjoin an account of the
thermal waters of England, and of a few celebrated thermal waters on
the Continent, and a table of the height of mountains.

Height ofsome of the most remarkable Mov.ntaiis and Hills i Ewglaiui and Wales.

Feet.
Arbury Hill, Northamptonshire 804
Arran Fowddy, Merionethshire 2955
Arrenig, Merionethshire 2809
Axedge, Derbyshire 1751
Bagshot Heath, Surrey 46)
Beacons, Brecknockshire 2862
Bardon Hill, Leicestershire 853
Beachy Head, Sussex 564
Black Down, Dorsetshire 817
Botley Hill, Surrey 880
Bow Fell, Cumberland 2911
Broadway Beacon, Gloucestershire 1086
Brown Clee Hill, Shropshire 1805
Cader Ferwyn, Merionethshire 2563
Cader Idris, Merionethshire 2914
Caermarthen Vau, Caermarthen-

shire 2596
Cam Fell, Yorkshire 2245
Capellante, Brecknockshire 2394
Carnedd David, Caernorvonshire 3427
Carnedd Liewellyn, Caernarvon-

shire 3469
Carraton Hill, Cornwall 1208
Cheviot, Northumberland 2658
Coniston Fell 2577
Cradle Mountain, Brecknockshire 2545
Cross Fell, Cumberland 2901
Crowborough Beacon, Sussex 804
Diebling Beacon, Sussex 858
Dover Castle, Kent 469
Dundry Beacon, Somersetshire 1668
Dunnose, Isle of Wight 792
Dwggan, near Builth, Brecknock-

shire 2071
Epwell Hill, Oxford 836
Fairlight Down, Sussex 599
Farley Down, near Bath, Glouces-

tershire 0,100
Fine Beacon, Sussex 820
Grasmere Fell, Cumberland 2756
Greenwich Observatory, Kent 214
Hampstead Heath, Middlesex 427
Hathersecige, Derbyshire 1377
Hedgehope, Northumberland 2347
Helvellyn, Cumberland 3055
Hensbarrow Beacon, Cornwall 1034
Hghclere Beacon, Hampshire 900
High Pike, Cumbei land 2101

Feet.
Holine Moss, Derbyshire 159
Holyhead Mountain, Anglesea 709
lugleborough Hill, Yorkshire 2361
Ink-pen Beacon, Hampshire 1011
Kit Hill, Cornwall 1067
Leith Hill, Surrey 993
Landinan Mountain, Montgomery 1898
Liangeinor Mountain, Glamorgan-

shire 1859
Long Mount Forest, Shropshire 1674
Long Mountain, Montgomeryshire 1330
Lord's Seat, Derbyshire 1715
Malvern Full, Worcestershire 1444
Mod Fammau, Denbighshire 1845
Nine Standards, Westmoreland 2136
Orpit Heights, Derbyshire 980
Pendle Hill, Lancashire 1803
Penmaen Maur, Caernarvonshire 1540
Pennigent Hill, Yorkshire 2270
Pillar, Cumberland 2893
Plynlimmon Mountain, Cardigan-

shire 2463
Radnor Forest, Radnorshire 2163
Rivel Mountain, Caernarvonshire 1866
Rivington Hill, Lancashire 1545
Rodney's Pillar, (Base of;) Mont-
gomery 1199

Roseberry Topping, Yorkshire 1022
Rumbles Moor, Yorkshire 1308
Saddleback, Cumberland 2787
Sea Fell, (High Point,) Camber-

land 3166
Shooter's Hill, Kent 446
Shunnor Fell, Yorkshire 23,29
Skicidaw, Cumberland 3022
Snea Fell, Isle of Man 2004
Snowdon, Caernarvonshire 3571
Stow Hill, Herefordshire 1417
Stow-on-the-Wold, Gloucestershire 883
Tregarron Down, Cardiganshire 1747
Wendover Down, Buckingham-

shire 905
Whernside, in Ingleton Fells, York-

shire 2384
Whernside, in Kettlewell Dale,
Yorkshire 2263

White Horse Hill, Berkshire 893
Wrekin, Shropshire 1320
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Mountains in Scotland,

Of the height of the mountains in North Britain, I believe there have not hith
erto been any very accurate admeasurements taken. The following are some of
the most considerable, with the heights as given by different writers:-

1ect. Feet.
Arthur's Seat, Edinburgh - - 810 Schehallien - 3291 or 3564
Salisbury Craigs - - - 550 The most southern of the Pans of
Hartfell Dumfries-sbire (supposed
by Mr. Jameson the highest in the
south of Scotland) 2800 or 304

Goatfield, Island of Arran - - 2945
Benlomond, Stirlingshire - - 3262
Benlawers, Perthshire - - 4051:
Ben More, Perthshire - - 3870




Jura - - - - - 2359
Mount Battock, Kincardineshire 3450
Cairngorum - - - - 4050
Ben-Nevis, Inverness-shire - 4380
Macdui, in the Grampians, is stated,
by late admeasurements, to be 60
feet higher than Ben-Nevis,

Highest Mountains in the Pennine Alps.
Mont Blanc - - - - 15,534 Aiguille d'Argentire - - 13,370
Mont Cervin, or the Matterhorn 15,105 The Buet - - - - 10,112
Monte Rosa - - - - 15,410 Dent du Midi - - - - 10,500
Aiguil]e de chant - - 13,984

Highest Mountains in the Swiss Alps.
The Finsteraarhorn - - 14,307 The Eiger - - - - 12,520
The Jungfrau - - - 13,185 The Monch Eiger - - - 12,900
The Schreckhorn - - - 12,872 The Wetterhorn - - -12,130

N. B. All these mountains are seen from the church-yard at Berne.

Highest Mountains in other Parts of Europe.

Northern Pyrenees - - - 11,160 Mont Mézin, the Cevennes, in
Mont Perdu, ditto - - 10,950 France - - - - - 6700
Vigne Male, ditto - - - 10,945 Mont d'Or, ditto - - - 6180
Le Cylindre, ditto - - 10,880 Cantal, ditto - - - - 6150
.tna, Sicily - - - - 10,590 Puy de Dome, ditto - - 4750
Le Gran Sasso, in the Apennines 8455 Vesuvius, Naples - - - 3900
Mont Velino, ditto - - - 7860 Mount Athos, in Greece - - 6780
Loucyra, in Dauphinê - 13,548

Very few mountains in Europe, north of the Alps, exceed the height of 6000
feet. Some of the mountains in the chain that separates Norway from Sweden
rather exceed that height.

Lowest Line of Eternal Snow.

At the Equator - - - 15,720 In Switzerland - - - - 8000
Latitude '20° - - - - 15,000 Latitude 65° - - - - 4800

45° - - - - 8200

Passages of the Alps which lead from Germany, Switzerland, and France,
into Italy.

Passage of Mont Cervin (only The Little St. Bernard - '7200
practicable on foot) - 11,200 Of St. Gothard - - - - 6780

Of the Furka - - - - 8300 Of Mont Cénis - - - " 6750
The Grand St. Bernard - - 8150 Of the Simplon - - - 6610
The Col de Ferret - - - 7600 I The Col de Tende - - - 5880

Passages in the Pyrenees.

Port d'Or - - - - - 9850 Port de Cay-arnie - - - '7650
Port Viel d'Estambé - - - 8400 Passage de Tournialet - - 7130
Port de Pinède - - - - 8200
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Passages in Switzerland.
Feet. Feet.

The Wengen Alp - - - 6750 The Sheideck to Meyringen - 6500

Zl'Ioitntains in Asia.
The Himmalaya Mountains, in Thibet, are the highest at present known, ex

cept two in Upper Peru, which, according to Mr. Peutland, possess an equal alti
tude. According to Dr. Gerard, in the Valley of Sulei, among the Himmalaya
Mountains, there is one village 14,700 feet above the level of the sea. These
mountains are pastured by the Thibetian goat. Crops of rye are grown at the
elevation of 14,900 feet.

Hiznmalay.a Mountains, from Lebanon - - - - - 9500
20,000 to 25,000 Mount Sinai - -5000 to 6000

Elbourz, in the chain of the Cau- Several Islands in the Indian Ocean
casus - - - - - 18,500 10,000 to 13,000

Mountains of Africa.
The geography of Africa is too little known to afford any correct account of its

mountains: those of Abyssinia have been estimated to be equal in height to the
Alps, and the chain of Mount Atlas to equal the Pyrenees.

The Peak of Teneriffe - - - - 12,236 feet.

South America.

Chimborazo, Quito - - 22,700 Sorate - - - - - 25,400
Cotopaxi - - - - 20,320 Antisana, Peru - - - 20,680
*Jlli.mani - - - - 24,350 Pic d'Orizaba, Mexico - - 17,368

Some very lofty mountains rise on the western coast of North America; but
few of the mountains in the Apalachian chain, or the Alleghany on the eastern
side, rise 3000 feet above the level of the sea.

Highest habitable parts of the Globe.

The Farm of ADtisana, Peru 13,200 *Titiaco Lake - - - 12,760
City of Micuipamha - - 11,850 *Posthoase of a ti - - - 14,402
City of Quito 9520 City of Mexico - - - 7401)
*City of Puno - - - 12,830 Hospice of St. Gothard, in the
*Potosj Town - - - 13,350 Swiss Alps - - - - 6190
" Mines - - - 16,080

The mountains and towns marked * are situated in a chain of the Andes, in
Upper Peru, interior to the great western chain, arid distant from the Pacific 350
miles or more. The table laud between the two chains is covered with crops of
maize, barley, and wheat. In this table land is situated the Lake of Titiaca.

Temperature of 11w Thermal Waters in England, and some oilier
parts of Europe.

Bristol -

Matlock -
Buxton -

Bath -

Vichy (Auvergne)
Carlsbad (Bohemia)
Aix la Chapelic (Flanders)
Aix les Bains (Savoy)
Leuk (in the Rant Valais)
Barèges (South of France)




- -
.Pahrenhc1.

- - - - 7-P
- - - - 66
- - - - 82
- - - 11210 and 1] 6
- - - 120
- - - -165
- - - - 143
- - - - 117
- - - 117" to 126
- - - - 120
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ON THE THERMAL WATERS OF THE ALPS.

Tnis paper was published by the Author in the "Philosophical
Magazine and Annals," January 1827; and a nearly similar account
was given in his "Travels in the Tarentaise," in 1823. The ther
mal waters of the Alps had before been regarded as merely local and
unconnected phenomena, scarcely deserving the notice of geologists.
When we approach a range of lofty mountains, like that of the Pen.

nine Alps, and observe the calcareous strata on the outer part of the
range, bent and contorted in various directions; when we further ob
serve beds of limestone and pudding-stone alternating and placed in
an elevated position, as we advance to the central part of the range;
and that the beds of granite in the central part are frequently verti
cal; we feel assured that their present contorted or vertical position,
is not the original one. The opinions of geologists have been much
divided respecting the cause or causes that have elevated mountains,
and given a vertical position to beds that once formed the bottom of
the ocean. Those who maintain that subterranean heat has expanded
and broken the solid crust of the globe, and has raised from vast
depths the ancient bed of the ocean, appeal to a cause that is known
to exist, and which seem sufficient to explain most of the various ap
pearances which Alpine regions present.

In opposition to this theory, it is asserted that there are no remain

ing vestiges of the action of subterranean lire in the Alps: but this I
am convinced is erroneous. It is true that from near the source of
the Rhone, to the foot of the Little St. Bernard, there does not occur

any known rock of a volcanic character, with the doubtful exception
of some rocks in the valley of Sass, and in the Valorsinc. I have ex
amined various parts of this range on the northern side of the highest
mountains in the Alps, along a line of one hundred and twenty miles;
and though I could discover no indications of the action of subterra
nean heat in the rocks themselves, I was greatly surprised to observe
the numerous thermal springs that are abundantly gushing out at the
feet of the primary mountains, near the junction of the mica-slate, or
the dark schist passing into the mica-slate, with the lowest calcareous
beds of that vast series of limestone strata, which forms the outer ran

ges of the Alps. Numerous as these hot springs are on the northern
side of the Alps, and not unfrcquent on the southern side also, it ap
peared to me remarkable, that they had hitherto been regarded as iso
lated phenomena; and that their geological position bad not been no
ticed. It is true, some of the warm springs in the Valais and in Sa

voy had been long known and visited. But the greater number has
been discovered since Saussure published his Voyages thins les Alpes;
and it appears probable that they would every where be found near
the junction of the primary and secondary rocks, were it not for
éboilemen.ts that have covered them with a heap of ruins, or that tor
rents from the glaciers have mixed with them, and reduced their tem

perature. Since I visited Savoy in 1821 and 1822, another considera
ble warm spring has been discovered near the village of Chamouni, at
the foot of a glacicr; and in 1820 several thermal springs were discov
ered in that branch of the Alps which extends to Grenoble.
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I shall here briefly enumerate the principal known thermal waters
in the Pennine Alps, and add some observations and inferences, which
I trust will be acceptable to several of your readers.
NATERS, in. the Ha'ut Valais.-The warm spring rises under a rock

of mica-slate on the north side of the Rhone. The temperature when
I visited the place was 86° Fahrenheit; but it is variable, from the in
termixture with surface-water. At the time of the great earthquake
at Lisbon, in 1755, the mountain above the spring, I was informed,
opened, and threw out a considerable quantity of hot water.
LEUK, in. the Haiti Valais,-situated in a deep gorge on the north

ern side of the Rhone. There are twelve springs, varying in tempe
rature from 117° to 126°. These springs have been long known, and
are visited by patients from various parts of Europe.
THE VALLEY OF BAGNES, in. the Bas Valais.-The warm springs in

this valley were buried under a heap of debris from the fall of part of
a mountain, which destroyed the baths, the village of Bagnes, and 120
inhabitants, in the year 1545. The name of the valley is obviously
derived from the baths. The temperature of the water unknown.
CHAM0UNi.-The thermal waters at this place have been discovered

since I visited Charnoimi in 1821. I have received no account of the

temperature; baths have recently been erected. The situation is
near the junction of mica-slate, with the lowest beds of secondary
limestone.
Sp. GERVAISE,-situated in a deep gorge on the north-east side of

Mont Blanc. The thermal water rises near the junction of mica-slate
and limestone. The temperature 94° to 98°. This spring was dis
covered about the year 1806 it is very copious. Baths have lately
been erected, and are much frequented.
Aix LES BAINS, in Savoy ;-the temperature from 1120 to 1170.

The thermal waters rise in great abundance from two springs, situated
at the foot of a lofty calcareous mountain, and are near the bottom of
the great calcareous formation that forms the outer range of the Alps:
there are also numerous hot springs in the vicinity, which the Sardin
ian government will not allow to be opened. Of the mode of douch

ing at these baths, I have given a particular account in the first volume
of my Travels in Savoy, Switzerland, and Auvergne. The thermal
waters of Aix were well known to the Romans.
MOUTIERS, in. the Tarcntaise.-The thermal waters rise in great

abundance from the bottom of a nearly perpendicular mass of lime
stone. From the position of this rock, and its connection with those
on the opposite side of the valley, in which the hot springs rise, I have
no doubt that it is the lowest calcareous bed in that part of the Alps;
but its junction with mica or talcose slate is not here seen. The ther
mal waters of Moutiers, contain about two per cent. of saline matter,

chiefly common salt. The l)1'0Ce56 of extracting it, I have described
in the Philosophical Magazine, vol. lxiii. p. 86.

BRIDA, in the Tarentaise.-The thermal waters of Brida were no
ticed in the ancient records of Savoy, but they were covered during a
sudden inundation of the valley, and their situation was concealed for

many years. In the summer of 18 19, another inundation, occasioned

by the breaking down of the side of the glacier, laid open the spring
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again. The rock from which the spring rises, is a greenish talcose
slate, passing into mica-slate: it is in conjunction with limestone.
The temperature of the water is from 93° to 97° Fahrenheit. The
geological position of this spring, is more obvious than that of any
of the other thermal waters which I visited, being situated close to the
steep bank of the river Doron, where both the rocks are laid bare.
There are some warm springs on the opposite bank of the river,
which rise in limestone; but the temperature is lower, owing to an in
termixture with common water.
SAUTE DE PUCELLE, or Virgin's Leap.-There is a very copious

thermal spring rising from the bottom of a perpendicular rock near
the Isère, between the town of Moutiers and St. Maurice, at the foot
of the Little St. Bernard; but, owing to the difficulty of access to it, I
did not visit it, to ascertain its temperature.
Beside the above thermal waters in the Pennine Alps, various ther

mal springs were discovered in the adjacent Alps, near Grenoble, in
the year 1820; and it seems probable, that a series of these springs
might be found, were proper search made, extending westward to the
thermal waters of the Pyrenees; for in this line we should approach
the southern border of the volcanic district of France. On the Ital
ian side of the Pennine Alps there are also thermal waters: the warm
baths of Cormayeur and of St. Didier are situated almost immediately
under the southern escarpment of Mont Blanc. I was prevented by
the weather, from examining the geological position of these springs:
their temperature is stated to be 94° of Fahrenheit.*
The inference-that may be drawn from the geological position of

these thermal waters near the junction of the calcareous beds with
mica-slate, or the dark schist which passes into mica-slate, is, that the
waters do not rise from the upper strata, but spring out of the lower or

primary rocks; and as they break out near the feet of the highest
range of the Alps, that extend from the northern side of the Simplon
through the Valais and Savoy into France, we may with much proba
bility infer, that these mountains are situated over or near to one com
mon source of heat, by the agency of which they were originally ele
vated, and their beds placed in a position nearly vertical. This infer
ence is in some degree supported by the well-attested fact, that the

districts where the hot springs are situated, are subject to great and

frequent convulsions, particularly in the upper valley of the Rhone.

In the year 1755, at Brieg, Naters, and Leuk, the ground was agitated

by earthquakes every day from the 1st of November to the 27th of

February; some of the shocks were so violent, that the steeples of

the churches were thrown down, the walls split, and many houses ren

dered uninhabitable: many of the springs were dried up, and the wa

ters of the Rhone were observed to boil. At three different times the

inhabitants abandoned their houses, and fled for safety into the fields.

It has been before mentioned, that the mountain above the warm

spring at Naters, opened during the time of the great earthquake at

* Nearly all the thermal waters in the Alps, emit.suiphureous vapours, and are
slightly saline, except the waters of Leak, which have the highest temperature,
aud are inodurous, and free from saline impregnation.
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Lisbon, and threw out hot water; at the same period the warm saline
springs at Moutiers ceased to flow for forty-eight hours. When the
water returned, the quantitywas said to be increased, and the saline
impregnation was weaker. Former and more formidable agitations of
the earth are recorded in the Haut Valais, particularly in the district
where the principal hot springs are situated. The last earthquake of
consequence in the Valais took place in January, 1803.

I am informed that several of the retired valleys on the Italian side
of the Alps, at the foot of the central chain, are subject to earthquakes,
during which the ground has opened or sunk down in various parts,
though these effects have been too local, to excite attention at a dis
tance. From these facts, it seems as reasonable to infer that the ther
mal waters of the Alps owe their high temperature to subterranean
fire, as that the hot springs in countries that have formerly been vol
canic, derive their warmth from an internal, unextinguished, but qui
escent, source of heat. No person who has attentively examined the
lofty granitic plain to the west of Clermont Ferrmnd in France, and
observed the granite in various parts pierced through by ancient vol
canoes that have poured currents of lava over its surface, or seen oth
er parts, where the granite itself has been changed by its contiguity
to subterranean fire, or upheaved and intermixed with volcanic rocks;
no one, I say, who has observed this, can doubt that the hot springs
of Mont d'Or and Vichy, derive their high temperature from a source
of heat situated beneath the granite mountains, though ages have pass
ed away since the volcanoes of that country have been in an active
state, and the only proof of the present existence of subterranean fire
in Auvergne, is to be found in the hot springs themselves. Nor can
any adequate reason be assigned, for attributing the high temperature
of the thermal waters in the Alps, to any other cause than to a source
of subterranean fire under these mountains,-a cause which is suffi
cient also to have produced their oTiginal elevation. It is, however,
proper to state, that in some of the mountains of the Alps, the tempe
rature may be slightly increased by a cause hitherto unnoticed. In
the upper part of the secondary formations covering the granite, there
are beds of gypsum, and this gypsum is anhydrous; but when exposed
to air and moisture, it combines with water, and passes to the state of
common gypsum: during this combination we may suppose heat to
be evolved; but the process must be extremely slow, and the heat
evolved, must be totally inadequate to raise the temperature of pow
erful streams to 126°. Saussure found the temperature of the water
in the lower part of the salt mines of Bex, which are situated in the
vicinity of gypsum, to be four degrees of Reaumur higher than the
mean temperature of the earth. It is not improbable, though Sans
sure was not aware of the circumstance, that this small increase of
temperature in the mines of Bex, might be partly owing to the combi
nation of water with gypsum: however, an increase of temperature,
it is well known, is observed in deep mines, far removed from the gyp
sum formation.

In reply to what I have advanced respecting the thermal waters in
the Pennine Alps, it may be said, that, few thermal springs have been
yet discovered in the northern range of the Alps which form the Ber-
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mese Oberlanci; but the difference in the geological structure of the
two ranges will, I conceive, be sufficient to explain, why hot springsare more rare in the latter than in the southern range. Most of the
highest mountains in the Bernese Alps are covered with secondarystrata; and the valleys are chiefly excavated in these strata, or in
enormous beds of sandstone and conglomerate, that form a thick in
tervening mass between the surface and the primary rocks, sufficient to
obstruct the rise of thermal waters; for it has before been stated, that
all the thermal waters in the Pennine Alps, issue from the primary
rocks, or near their junction with the lowest calcareous strata.

ON THE TEMPERATURE OF MINES AND WELLS.

IT was stated in Chap. XXIV. that the temperature of the water in
Artesian wells (or those wells formed by boring) had been found in
France to increase about lO centigrade for 25 metres in depth. But
this increase of temperature is sometimes variable in different situa
tions. France has been the scat of active volcanoes at no remote ge
ological epoch; and, in the volcanic districts, there are numerous hot
springs remaining: it is, therefore, not improbable that, in the south
ern and central departments, the increase of temperature with the in
crease of depth in Artesian wells, may be derived from the remains of
volcanic heat. In England, many borings for water have been exe
cuted; but 1 am not aware of any experiments having been made on
the water to ascertain the temperature. At Boston, in Lincolnshire,
water was bored for to the extraordinary depth of 600 feet: the bor
ing, during the whole depth, was in clay; and the experiment was un
successful, no good water being obtained. It is to be regretted that
the temperature of the water at that depth had not been ascertained.
Many experiments have been made on the temperature both of the

air, the water, and the rocks in mines, at different depths; and the
general results of each have indicated a considerable increase of heat
with the increase of depth. In Dolcoath copper mine, Mr. Fox found
the temperature of the water (at about 480 yards from the surface) to
be more than 300 of Fahrenheit above the mean temperature of the
country. A thermometer, plunged into the earthy matter, at the bot
tom of another mine in the same county, 400 yards deep, and which
had been inundated for two days, was raised 38° above the mean tem
perature. I apprehend that in these instances, and in many others
that have been stated, one source of error has not been sufficiently at
tended to, viz. the increase of heat by chemical changes that are ta
king place in the mineral substances in mines, from access to water or
the atmosphere. I was informed by working miners in Cornwall,
that they could generally tell when they were approaching to a cop
per lode, by the increased warmth of the water; but this was not the
case when they came to a lode of tin ore. The cause of this warmth
seems very intelligible: the copper ore of Cornwall is chiefly a mix
ture of iron pyrites and copper pyrites; and it is well known that iron
pyrites is more or less decomposed by the access of air and water,
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and that heat is evolved; but this is not the case with tin stone or
oxide of tin.

In the preceding article, I have pointed out a probable cause of the
increase of temperature in the waters of the salt mines at Bex, in
Switzerland, which had not before been noticed.
On the whole, however, making every allowance for errors from

various causes, the evidence for a considerable increase of heat with
the increase of depth in mines appears to be established, though the
amount of that increase remains to be ascertained.
Humboldt states that, from observations made in. mines and caves

in every zone, it is proved that the heat of the earth is much greater
than the mean temperature of the atmosphere at the same places.

ON THE SURFACE OF THE MOON.

GEOLOGISTS have not hitherto regarded with due attention the pliys
ical structure of the moon: it is the only planetary body placed suffi

ciently near us, to have the inequalities of its surface rendered dis

tinctly visible with the telescope. Attendant on the earth, and hav

ing the same quantity of solar light, and nearly the same density, we

may reasonably infer that the mineral substances of which it is com

posed do not differ essentially from those on the surface of our own

planet. Astronomers now generally admit that the moon is surround
ed with a very clear atmosphere; but which is so low, that it scarcely
occasions a sensible refraction of the rays of light when it passes over
the fixed stars. Many of the dark parts of the moon, particularly the

part called Mare Crisium, appear to be covered with a fluid, which

may probably be more transparent and less dense than water, as the
form of the rocks and craters beneath it are seen, but not so distinctly
as in the lighter parts of the moon's surface. To examine the moon
with a reference to its external structure, the defining power of the

telescope should be of the first quality, sufficient to show the projec
tions of the outer illuminated limb as distinctly as they appear when
the moon is passing over the disk of the sun, during a solar eclipse.
With such a telescope, and a sufficient degree of light and of magni
fying power, almost every part of the moon's surface appears vol
canic, containing craters of enormous magnitude and vast depth: the

shelving rocks, and the different internal ridges within them, mark the
stations at which the lava has stood and formed a floor during differ
ent eruptions; while the volcanic cones in some of the craters resem
ble those formed within the craters of modern volcanoes.
The largest volcanic mountain on the southern limb of the moon,

(called by some astronomers Tycho, and by others Mount Sinai,) like
the largest volcanic mountain on the earth, Chimborazo, and like
Mont d'Or and the Puy de Dome in Auvergne, has no deep crater on
its summit. There are, indeed, the outlines of the crater, but it is

nearly filled up; while, from the foot of this lunar mountain, diverg
ing streams of lava flow in different directions, to the distance of six
hundred miles. The largest currents of lava, from lofty volcanoes on
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the earth, generally issue from their flanks. The longest known cur-
rent of modern lava is in Iceland-it extends sixty miles ; but the vol
canoes in that island bear no proportion to the magnitude of the lunar
volcanoes.

Geologists who are reluctant to admit the extensive agency of fire
on the surface of the terrestrial globe, would have their difficulties re
moved, were they to study attentively the surface of the moon with a
powerful telescope; for there we see the entire hemisphere of a plan
etary body subjected to the agency of volcanic fire.

Since my return from the extinct volcanoes of Auvergne, I have
frequently amused myself in comparing the structure of parts of the
moon's surface with that of the volcanic districts in central France;
and I could scarcely avoid the conclusion, that the summits of many
volcanic mountains in the moon, which reflect so much more light
than the other parts, are, like those in Auvergne, composed of rocks
analogous to white pumice or trachyte. I have suggested these hints,
to direct the attention of geologists and astronomers to our attendant
planet. Is it inhabited? Is it. passing to a habitable state? or does
it present the ruing of a former habitable globe., torn by the power
ful agency of volcanic fire? Its appearance seems most to agree with
the latter condition. Perhaps the perfection to which telescopes are
advancing on the Continent may enable astronomers, at no distantpe
riod, to answer these questions.

ORBICULAR PORPHYRY AND ORBICULAR GRANITE OF CORSICA.

THESE are two of the most rare and beautiful rocks; but little is
known respecting their relation with other rocks in that island. Ac
cording to specimens of considerable size, which I have before me,
this porphyry is composed of compact feispar, varying in colour from
a greenish to a reddish brown. The globules vary in diameter from
one third of an inch to three inches. The most perfectly formed glob
ules have a small globule in the centre of each, from which ranges of
minute globules diverge, giving to the large globules thç appearance of
a radiated diverging structure, more or less regular. In the smaller

globules there are concentric circles, which disappear in the larger
ones, except near their superficies. The paste in which these glob
ules are imbedded contains also minute globules of lighter coloured

felspar, variously arranged. The larger globules are some of them

elongated, as if they had been in fusion. The experiments of Mr. G.
Watt on basalt (see page 146) elucidate the formation of orbicular por-
phyry.
The globular structure was probably developed during the semili

quefaction of the mass, which formed globules, instead of perfect crys
tals, as in common porphyry. The globules in the Corsican porphy
ry can be easily detached from the mass. Common porphyry, in
which the imbedded feispar occurs in rounded spots, is called Vario-
lite.
The orbicular granite of Corsica is better know in this country: it

is a finely granitic rock, composed of white feispar and blackish green
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hornblende, with grains of quartz. In this rock are numerous globules
composed of concentric coats of hornblende and feispar, varying in di
ameter from one inch to three or four inches. In the centre of each
globule there is a particle of hornblende. The globules appear inti
mately united with the rock in which they are imbedded, and cannot be
detached from it. The orbicular granite takes a more even polish
than the porphyry-, and is one of the most beautiful granitic rocks.

ON FRESHWATER FORMATIONS.

DR. MACCULLOCH has claimed the merit of being the first writer
who directed the attention of geologists to the circumstance, that some
species of marine animals can live when removed into fresh water.
But, in the second edition of this work, published in 1815 (p. 461 and
462), I stated my opinion that the evidence of certain species of shells
being marine, or freshwater, rested on too slight a foundation; and
that I was informed by Mr. Leekie of a circumstance which proved that
marine animals have greater facilities of adaptation than naturalists
generally suppose.
"The lake of Lentini in Sicily is stocked with a sea fish called the

Cefalo-a species of mullet caught in the Mediterranean, and thrown
into the fresh water of the lake, where they not only live, but increase
greatly in size and improve in flavour, and are a considerable article
of luxury in the island. This lake has no communication with the
sea, and is chiefly filled with rain water."
The evidence of certain geological formations being marine or

freshwater, cannot rest securely upon the occurrence of a few species
of marine or freshwater shells, but on the general character of the as

semblage of organic remains. If shells belonging to species or gene
ra that are known at present as inhabitants of rivers or lakes, occur
with abundant remains of terrestrial animals and vegetables in partic
ular strata, and no marine species are mixed with them, we can have
little doubt that such strata were deposited in fresh water: nor would
the freshwater origin of the strata be invalidated by the admixture of
a few individuals of marine species; because we might with probabil
ity, infer, either that the animals were capable of living in fresh water,
or that they had been drifted by high tides or inundations. The char
acter of the formation must be taken, as before mentioned, from that
of the assemblage of organic remains.

FURTHER OBSERVATIONS ON THE INTERMIXTURE OF HUMAN BONES
WITH THOSE OF BEARS, IN THE CAVERN OF MIALLET.

The remarkable intermixture of human bones with those of bears,
in the cavern of Miallet, in the department of Gard (see p. 307.,) has
received further elucidation by a subsequent examination of M. Tes
sier, of which an account was read to the Geological Society of



APPENDIX, 387

France, November, 1831. The opening of the cavern is situated on
the steep declivity of a rock of niagnesian limestone, subordinate to
has; it is about 27 feet in height, and 13 feet in breadth. The floor
of the cavern, at some distance from the entrance, rises so rapidly to
the roof, that it is difficult to stand upon it. The soil is composed of
dolomitic sand, more or less intermixed with a greasy mud, and cov
ered, in some parts, with stalagmite. About 170 feet from the en
trance, on the lower part of the ascending floor, under a bed of sandy
mud from eight to sixteen inches thick, human bones are ound in
abundance: they are very fragile and light, and intermixed with frag
ments of pottery. The grotto divides into several low tunnels (boyaux.)
M. Tessier crawled along some of these descending tunnels, and found
numerous bones of bears intermixed with those of men and infants,

among dolomitic sand. But the most remarkable circumstance he
mentions is, that bones of bears are incrusted with mud, and attached
to the roof of the cavern. This proves that the cavern had been filled
with bone mud (li'm.on a ossemens) by the violent action of water,
otherwise the bones of bears that inhabited the cavern would all have
been found at the bottom. It is most probable that the cavern was

originally inhabited by bears, and afterwards inundated by mud and

water; that, at a later epoch, it became the residence or sepulchre of

a rude people; but was subjected to a second inundation, which drift

ed the bones of bears and men into the distant low passages. At a

still later period, the cavern had been occasionally used for a sepul
chre by the Romans, as a skeleton, with a lamp and bracelets, were

discovered on the surface of the floor. M. Tessier says, that the river

Gardon, before it had excavated its present deep bed, might have oc

casionally caused great inundations, which filled the cavern with wa

ter. Whatever theory may be adopted respecting the former inhabit

ants of the cavern of Miallet, the bones attached to the roof prove the

agency of water, and sufficiently explain the cause by which the re

mains of bears and men may have been intermixed.
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GLOSSARY.

Some foSsils tire named in the present volume without any explanation: it has,
therefore, been thought desirable, for the benefit of the geological student, to
annex a glossary, stating the division or class of animals to which they belong.

The letters P. 0. imply that there is a description in the Preliminary Observa
tions; M. L. and T. L. stand for Mountain or Transition Limestone; L. Lias;
Oo. Oolite; G. s. Green sand; Ch. Chalk; Tr. Transition; Sec. Secondary;
Ter. Tertiary; Rec. Recent; Fos. Fossil.

Alcyomi.k's, fossil alcyonia. Zoophytes
nearly allied to syonges, the produc
tion or habitation of polypi. Rec. and
Fos.

A9mnnniitc. See P. 0. Sec.
Au1i'zjtcs, a helmet-shaped echinus.

Fos. Oh.
Aiomia, a bivalve with one valve per

forated.
Baculite. See P. 0. Pos.
Beleni,z,ite. See P. 0. Pos. See.
Bscciiwim. See P. 0. Rec. and Fos.
onjop/Lylli, a branched madrepore
with a star at the end of each branch;
each star has a mouth and tentacula.
M. L. Fos.

Cerit/iitm, a univalve turriculated shell,
Ter.

Cr'inoidcs, lily-shaped encrinites.
D'lullc!,ffossil, trilobite. Plate 5. Tr.
Ecitinitefossil, various species. Sec.
Echiwv.s, sea-urchin.
Encriiie. See P. 0. Tr. and Sec.
Eitroc1tile. See P. 0. M. L.
Eiomp1uztits, univalve un chambered

shell, involute and compressed. M. L.
F'wsiis, a spindle-shaped univalve.
Gri/p/Lea. arciuita., or gryphite, a deeply
curved bivalve shell with a flat lid. L.

G. diltthth't, the sides more expanded.
Oo. Some species of Gryphea are
still living.

Ilarnite. See P. 0. G. s.
Helix, shells of the snail family, terres

trial and aquatic.
Htppitrtle. See P. 0. Ch.
lantAina. See P. 0. Rec.
Inoccra.niits, a bivalve with an oblique

beak. Oh.
Lily cneriitilc. See p. 1G4.
.L-ymii.ca, a fresh-water univalve, Rec.
and Fos.: the shells sometimes called
Lymuites. Tea.




Madrcporcs, stony polypi, with concen
tric lamell, resembling stars. In a
living state, the stony matter is cov
ered with a skin of living gelatinous
matter, fringed with little bunches of
tentacula: these are the polypi: the
skin and the polypi contiact on the
slightest touch.-Cwvicr. Madre
pores are sometimes united and some
times detached: where the lamina
take a serpentine direction, they are
called

JWea?uiriito, or brain stone.
Naittibus. See P. 0. Rec. and Fos.
Niirnm'ulile. See P. 0. Fos. Ter.
O'rt/wecratitc. See P. 0.
Ialitdina., a fresh-water univalve, near

Iv resembling the shell of a snail.
Wealden.

Patella, the limpet shell. Rec. and Fos.
Pcctmnculus, an orbicular bivalve. Sec.
and Ter.

Plamo'rbis, a discoidal univalve 'fresh
water shell, nearly resembling an am
monite, but without chambers. Ter.

Produchis, a nearly semi-globular bi
valve, the lid nearly fiat. M. L.

ScapIitc. See P. 0. G. s.
&plar"ui, stones divided into cells or par

titions, common in argillaceous strata;
sometimes the cells are empty.

Sjiala.ugus, a species of fossil echinus.
Ch.

S'/)il?I./a.. See P. 0.
,S'jnru,es, living and fossil. The flints iii
chalk are frequently silicified remains
of sponges.

Tcrcb'rof'uia, a bivalve with an advanced
and curved beak, which is peribrated.
Numerous species. Rec. and Pos.

Trilobi/c, a cruslaccous lbssil animal.
Sec Plate 5. T. L.

Turriiiic. Sec P. 0. G. s.
Vcgclablefessth. See Chap. It.
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SUPPLEMENT BY THE EDITOR.

.1
INTRODUCTORY REMARKS.

AN outline of the annual course of geological lectures in Yale Col

lege, was annexed to the former American edition of this work, pub
lished in 1829, and was designed, primarily, for tI'e use of the students.

That short tract, including important additions to facts and some modi
fications of opinion in regard to theory, would have been revised and
annexed to the present edition, had not the principal work been so
much augmented by the author, as to render it inexpedient to make it

materially larger.
An elementary treatise, presenting a copious, but condensed, gener

alization of the geology of this continent, and sustained by numerous
and precise facts, is a desideratum.

Mr. Maclure, many years ago, led the way by a masterly sketch,

covering a large part of the United States, and of some of the adja
cent provinces and islands.

Professor Eaton has given us many valuable facts, relating, princi

pally, to the state of New York and to New England; and recently,
Professor I-Iitchcock, with the advantage of all the lights held out by
his predecessors, has ably detailed, in an octavo volume, the geology
of Massachusetts.

We have many good memoirs on particular districts; they are to

be found in scientific journals, in books of travels, especially of the

scientific expeditions sent out by the American government, in the

transactions of learned societies, in detached publications, and some

times even in the newspapers. These materials are of great value;

but much more must be done before they will be sufficiently copious
to enable some master spirit.to reduce the whole subject to order, and

thus to give a full and digested account of American geology. Foreign

geologists will do us the justice to remember, that our field is vast,

while our laborers are comparatively few, and they are, generally, men

occupied by other pursuits; this country is rarely explored by those

whom fortune leaves at ease to follow a favorite pursuit. The learn

ed leisure of Europe, and especially of England, is here almost un

known, and our most efficient cultivators of science are also laborers
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in other fields. Still, when we remember that geology, as .a regular
science, is, in every country of Europe, of recent origin; and that,
in the United States, most of its early cultivators are still on the
stage, we have great reason to take courage and work on.
On the present occasion, we will annex some remarks on the nature

of geological evidence, and its consistency with sacred history, making
use of some portions of the "Outline."

Statement of the subject.

By some, this discussion may perhaps be now regarded as obso
lete. In the minds of well instructed geologists, this is probably, to
a great extent, true. Still, the Vindiche Geologica and the Reliquhe
Diluviana3 of Professor Buckland, the Preliminary Discourse to Man
tell's first volume on the Geology of Sussex, that of Phillips in his

Geology of Yorkshire, that of Conybeare and Phillips in their Outline
of the Geology of England and Wales, some of the lectures of Cu
vier, and, of late, the Geology of Dr. Ure, the Mosaic and Mineral

Geology of Penn and of Higgins, besides the distinct work of Chau
bard, "Offrant Ia concordance des faits historiques avec les faits geo
logiques," and various others of earlier date, sufficiently prove, that
the subject is not quite at rest in Europe.
In this country, the cultivation of scientific geology is of so recent

a date, that many of our most intelligent and 'well educated people
are strangers even to its elements; are unacquainted with its amazing
store of facts, and are startled, when any other geological epochs are

spoken of than the creation and the deluge, recorded in the penta
teuch. But, it is beyond a doubt, that there are innumerable and de

cisive proofs of successive revolutions, and of a gradual progress in

the course of geological events, implying, on the whole, a regular
order in the formation of the crust of the planet, interrupted by oc

casional disorder and convulsion. These events necessarily imply
much time, and cannot be referred, exchsively, to any course of diii

vial action. It is impossible, for instance, upon any sound principles
of philosophical reasoning, to refer to this cause, the extensive, vari

ous and interesting class of facts, relating chiefly to the consolidated

rocks composed of water-worn ruins and fragments, and to those con

taining organized remains, in a mineralized state, entombed in the firm

strata and mountains. This is a vast field of observation and instruc

tion, and it is less known, even to the greater number of intellectual

persons, than almost any department of knowledge. None but geo

logists study it with diligence, and none who have not made themselves
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masters of the facts, are qualified to judge of their importance and of
their bearing. The subject requires, for full illustration, the study
and exhibition of a great mass of facts, either in the fields, mines and
mountains, or, as an imperfect substitute, in the cabinet. Persons
who are entirely ignorant of this species of information, are destitute
of the means of forming a correct judgment on the subject; they can
never have acquired the habit of comparing one fact in geology with
another, and of thus estimating their relation to each other, and to the
entire planet. On the subject of geology, it is, therefore, very diffi
cult to find access, to many minds, otherwise enlightened, and habitu
ated to receive and weigh evidence, with candor and intelligence.
The reason obviously is, that they are not in possession of the first

elementary conceptions; and when the facts are stated, if they are
not denied, they are neglected, because they are inconsistent with

previous and habitual impressions; thus they fail to make the im

pression on the mind which they must always produce, when fully
understood and realized.

In a country like this, where the moral feeling of the people is
identified with reverence for the scriptures, the questions are often

agitated :-When did the great series of geological events happen?
If the six days of the creation were insufficient in time, and the events
cannot all be referred to a deluge, to what period and to what state
of things shall we assign them? This is a fair topic of enquiry, and
demands a satisfactory answer. This answer is given by the whole

series of geological facts, and the question will never remain of doubt
ful issue in the mind of any one who has fully studied and mastered
them. The subject of geology is possessed of such high interest, that

it will not be permitted to slumber; it will proceed with increasing

energy and success; a great number of powerful minds and immense

research are now employed upon it, and many collateral branches of

science are made tributary to its progress. Its conclusions have been

supposed to jar with the scripture history: this is contemplated with

alarm and displeasure by some, and with satisfaction by a few; but

there is no cause for either state of feeling: the supposed disagreement
is not real; it is only apparent. It is founded upon the popular mis

take, that, excepting the action of a deluge and of ordinary causes still
in operation, this world was formed as we now see it, and that all its

immense and various deposits were made in a very short period of time.

Both these are fundamental errors, which have misled both'the learned

and the unlearned, and are still extensively prevalent. Although the

materials were created by almighty power, they were evidently left
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to the operation of physical laws, which laws also affected, more or

less, the fa of the various races of plants and animals that were suc

cessively called into existence. But, there is no reason to believe

that any part of the crust of the earth, reaching even to a fathom

less depth, is now in the condition in which it was originally made;

every portion has been worked over and brought into new forms,

and these changes have arisen from the action of those physical laws

which the Creator established, and which are as truly his work, as

the materials upon which they operate. The amount of time is the

only difficulty, and this will vanish before an enlarged and reasonable

view of the whole subject, taken both in its geological and historical

bearings.




Nature of the evidence.

The evidence is the same which is readily admitted as satisfactory
in the case' of historical antiquities.
Roman coins, weapons, personal ornaments, utensils, baths, roads,

camps and military walls, and defences of various kinds, have been

frequently discovered in Britain. They are ascertained to be Roman,

by their resemblance to, or identity with, the acknowledged produc
tions of that remarkable people, as still existing in Italy and the ad

jacent countries, the ancient seat of their dominion. Had Julius Ce

sar and the other Roman historians and writers been silent as to the

Roman invasion of Britain, and as to the Roman dominion, which,

for more than four centuries, existed in that island; still, could any
one, acquainted with the facts, hesitate to believe, that the Romans had

not only visited Britain, but also remained there, as conquerors and

masters, for a great length of time. Had all historical knowledge of

the Romans been lost, would not the antiquary who examined the

relics named above, and who also extended his observations to other

countries where similar things were found, with perhaps the addition

of splendid aqueducts, and temples, and amphitheatres, all evidently

originating from one and the same people, would he not, without hesi

tation, pronounce them to have been highly civilized, warlike and

powerful; and would he hesitate to assign to them a considerably

high antiquity.
At this moment, the barrows or sepulchral mounds, some of them

of stupendous size, which are so frequent in some parts of England,
and in various parts of Europe and Asia, besides similar structures in

North America, with the stupendous forts, which, in Ohio and Ken

tucky, and other western states, amaze and, confound the Observer;,
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these things enable us to realize the supposition just made respecting
the Romans, and oblige us to say, that all these structures were the
work of unknown races of men, on whose history even tradition
sheds not a ray of light.

It is easy to make the case still stronger. When, in 1738, the
workmen, in excavating a well, struck upon the theatre of Hercula
neum, which had reposed, for seventeen centuries, beneath the lava
of Vesuvius; when, subsequently, (1750,) Pompeii was disencum
bered of its volcanic ashes and cinders, and thus two cities were

brought to light; had history been quite silent respecting their ex
istence, as it was respecting their destruction;* would not all obser
vers say, and have not all actually said,-here are the works of
man, his temples, his forums, his amphitheatres, his tombs, his shops
of traffic and of arts, his houses, furniture, pictures, and personal or
naments, his streets, with their pavements and wheel-marks, worn in
the solid stone, his coins, his grinding mills, his very wine and food,
his dungeons, with skeletons of the prisoners chained in their awful

solitudes, and here and there a victim, who, although at liberty, was
overtaken by the fiery storm.

Because the soil had formed, and grass and trees had grown, and suc
cessive generations of men had unconsciously walked, toiled, or built
their houses, over the entombed cities; and because they were cover
ed by lava or cinders, does any one hesitate to admit, that they were

once real cities, that they stood upon what was then the upper sur
face, that their streets once rang with the noise of business, and their

halls and theatres with the voice of pleasure; and that, in an evil hour,

they were overwhelmed by the eruptions of Vesuvius, and their name

and place blotted out from the earth and forgotten.
All this is legibly read by every observer, and all agree in the con

clusions to be drawn. When moreover, the traveller of the present

day sees the cracks in the walls of the houses of Pompeii, and ob

serves that some of them have been thrown out of the perpendicular
and have been pointed, and plastered, and shored up with props, he

learns, that the fatal convulsion was not the first, and that the doom

ed towns, must have been before shaken on their foundations, by the

throes of the laboring earth.

To establish all this, it is of no decisive importance that scholars

have glearied,here and there, a fragment from ancient Roman classics,

* In the histories of those times, it is only said, in general terms, that cities and
villages were overwhelmed.
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to shcw that such cities once existed; and that they were probably
overthrown by the eruption of the year 79 of the Christian era,
which gave occasion for the interesting letter of the younger Pliny,
describing the death of his uncle, while observing the volcanic storm
which proved fatal to him. In such cases, the coincidences of his
torical and other writings and the gleanings of tradition are indeed
valuable and gratifying, and are of great utility in fixing not only
the order, but the time of the events; but, the nature of the catas

trophe, which buried the devoted cities, is perfectly intelligible from
the appearances themselves, and needs no historical confirmation.
No man ever imagined that Herculaneum and Pompeii, were created
where we now find their ruins; no one hazards the conjecture that

they are a lusus natura, but all unite in giving an explanation consis
tent, alike, with geology, history and common sense.

Application of the Evidence.

In the same manner then, we reason respecting the physial phe
nomena of our planet.

It is full of crystals and crystallized rocks; it is replete with the en
tombed remains of animals and vegetables, from entire trees to lichens,
fuci and ferns-from coal beds to mere impressions of plants; it is

stored with animals from the minutest. shell fish to gigantic reptiles;
it is chequered with fragments, from fine sand to enormous blocks of

stone; it exhibits in the materials of its solid strata, every degree of

attrition, from the slightest abrasion of a sharp edge or angle, to the

perfect rounding which produces globes and spheroidal forms of ex

quisite finish: it abounds with dislocations and fractures; with in

jections and fillings up of fissures with foreign rocky matter; with
elevations and depressions of strata, in every position, from horizon

tal to vertical; it is covered with the wreck and ruins of its upper
surface; and finally, its ancient fires, sometimes for variable periods,
dormant and relenting, have never been extinguished, but still strug

gle for an exit, through its two hundred volcanic mouths. The pres
ent crust is only the result of the conflicting energies of physical for

ces, governed by fixed laws; its changes began, from the dawn of the

creation, and they will not cease till its materials and its physical laws

are annihilated.




Instances.

They are innumerable, and are everywhere at hand; every sys-
tem of geology unfolds them; our author's prcce(ling volume is rich in
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such facts and it remains only to illustrate our position by a few ex

amples, in general, not novel, but duly connected, to sustain the

argument.




Fossil Fish of Mount Bolca.

The beautiful fossil fish* more than 100 species of which are found
in many limestone, in Mount Bolca, near. Verona in Italy, inform us
that they were once living and active beings; just before those hills
were deposited, and when the waters stood over the place where the
fish were entombed, in the bottom of the sea, the rock which con
tains their skeletons was formed around them, doubtless in the state
of a calcareous sediment; this calcareous stratum was then over

whelmed by a submarine eruption of molten rock, and the heat was
not communicated through the bad conducting substance of the marl

to the destruction of the organic forms; then again, and still on the

bottom of the sea, the calcareous rock was formed anew with its

enclosed fish; again the molten rock flowed over the calcareous marl

and so on in several successions. But this is not all; this remark

able formation is now several miles from the Adriatic, the nearest

sea, and it rises 1200 feet above it. It is plain then, not only that the

whole was successively formed beneath the ocean, but that the hill,

with the country to which it belongs, was raised afterwards by sub

terranean power, and that the surrounding waters have also retired

and have, ages since, left only dry land.

Organic Remains in Early Rocks.

In very early, and often deeply seated rocks, coming immediately
after the primitive and usually called the transition, we find the first

traces of organized beings; the perfect impresses of plants, with the

earliest coal, and both the impresses and the entire mineralized bodies

of millions of animals; the deposition of these rocks was therefore

cotemporary with or subsequent to, the creation and propagation of

the organized beings whose impresses, or whose forms they contain,

and it jsjelfevident, that these rocks could not have been deposited

prior to the (late of the animals and vegetables included in them.

Both the plants and animals lived and died at or near the places
where they are found entombed in the rocks; for in most instances,

they present few or no marks of violence, or of accident; their del-

* Of which there arc splendid specimens in the cabinet of Yale College.
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icate parts are, often, perfectly preserved; animals, with all their

organs entire, and plants with their fibres and leaves in full expansions

Occasionally, however, we find one stratum with its included

mineralized organic bodies entire, and a contiguous one having them

more or less broken, mutilated and dispersed."
Both the plants and animals, belong generally to races which are

no longer found alive, or if analogous races exist, they are related

to the ancient ones, rather by generic than by specific characters.

These ancient animals, are commonly either zoophytes or, shell fish;

always having a simple structure, and in many instances, they are

destitute, or nearly so, of the power of locomotion; sometimes, how

ever, they are furnished with organs for that purose. Madrepores
and encrinites, could move very little; the echinus, found abundant

ly in the chalk, a very recent rock of the secondary class, moved

on his spine, which served him for a foot, and some of the early
shell fish, had organs to enable them to rise and fall in the wa

ter. Sometimes, rocks rich in entombed animals, occupy great dis

tricts of country. In the transition marble for instance, animals repo

sing in the bowels of mountains, miles from day fight, often form al

most the entire mass, and they are so firmly united to the rock, as to

constitute a part of its substance. Many of the architectural marbles

owe much of their beauty 'to imbedded animals, rnyriads of which lie

almost in absolute contact; the matter of the rock between them, only

filling up the void occasioned by their angular and confused positions.
The trilobite is one of the early fossilized and imbedded animals;

this animal, having in his back, a jointed articulation, could bend his

body like a lobster, and we find him sometimes doubled, and some

times expanded, as he lies in the rocks.*

Possible Mode of Consolidation.

There is little difficulty in understanding how the marine animals,

for example, the crinoidea that fill, more or less, the transition lime

stone of the Peak of Derbyshire, came to be thus entombed. We cannot

* Grand trilobites, of singular size and perfection, were shown me by the late
Mr. John Sherman, at Trenton Falls, near Utica, (New York,) where they were
obtained. Dr. Eights, of Albany, in a voyage to New South Shetland, found the
trilobite, still a iiVifl.L ll'!vivl.ai. Prof. Green, of Philadelphia, has illustrated this
interesting thinily by a valuable monograph and admirable models, moulded and
colored, in exact fac simile, with the originals.
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doubt that the animals received their existence, and lived and died
in the ocean, and that, at least at the time of their death it was full
of calcareous carbonate either in solution or in mechanical sus

pension, or both.* When they died, they of course subsided to the
bottom, and were surrounded, as they lay, by the concreting calcare
ous matter. Multitudes of them were present, at the same time and

place, in all the confusion of accidental position, and therefore were

enveloped, just as we find them, in every imaginable posture; the in
terstices were filled by the calcareous deposit, and this being more or
less chemically dissolved, produced a firm sub-crystalline mass, a sec
tion of which shews us the animals sawn through, and admitting of a

polish, like the rest of the rock.

If we could suppose that our common clams and oysters, that lie

in the mud of our harbors and inlets, were to become solidified into

one mass, along with the rnatter which envelopes them, the case would

not be dissimilar; only they would be enveloped in earthy, instead of

crystalline matter, and the rock formed from it would be referred to

the most recent secondary, or to the tertiary, unless its texture were

afterwards altered by igneous or other agencies.
It is easily understood, also, how a new stratum, either of the same

or of different constitution, may be deposited upon a previous one;

and with it, the bodies of the animals that lived and died in the fluid;

and these might be the same animals with those of a previous stratum,

or of a different species or genus, it being understood that, in the case

of marine animals, each successive stratum was, in its turn, the bot

tom of the then ocean, and also the upper or last consolidated layer
of the crust of the earth, as it then was at that place.f
As we have no direct historical evidence to the facts, it is impossi

ble to say, precisely, what circumstances would determine the waters

to deposit, different things at different times, for instance at one peri
od, a stratum of limestone, with madrepores and encrinites, and at

another, one of breccia or sandstone, with bivalve or univalve shells.

With respect to marine and aquatic animals, the waters appear to

have been, at different periods, adapted to the support of different ra

ces, and thus their remains became successively solidified; not imply-

* The eruption of a vast calcareous sediment, by submarine igneous agency,
which some have supposed in the case of chalk, is hardly admissible here, as the
transition limestones does not corresponds with the usual appearance of mechan
ical deposits.

t A sitnilar course of reasoning, will apply to fresh water deposits.



398 CONSISTENCY OF GEOLOGY WITH SACRED HISTORY,

ing, however, the entire extinction of all the animals of a particular
race; a multitude were entombed, as is proved by their remains, but
the species often survived; in the mean time, new races were created
and petrified in the forming rocks: again perhaps, the diminished
rate peopled the waters anew, and their relics were solidified in a new

deposition, and so on in succession.

Whether animals and vegetables were deposited in the ocean, or in
seas, in lakes, rivers or estuaries, it is easy to imagine, that if all the
causes necessary to produce the events, were in successive operation,
they might follow each other in the order supposed; and that this
was the fact, cannot be reasonably doubted, any morq than that an

edifice, having granite for its foundation, and sandstone for its base
ment, and marble for its superstructurç, and wood for its roof, and
lead, zinc or iron for its covering was actually constructed of these
materials, by the architect and connected in that order by his intelli

gent design.
The great truths of geology are few, simple and intelligible; need

ing nothing but the application of a sound judgment, enlightened by
science, to the accurate observation of facts, which can often be dis

tinctly observed, and the order of their succession ascertained, wheth

er the proximate causes and the immediate circumstances can be dis

covered or not.

It is a supposition, altogether inadmissible, and unworthy of a se

rious answer, that the animal aad vegetable races, entombed in such

profusion, and buried often under entire mountain ranges, or firmly
cemented into their very bosom, were created as we find them. On

the contrary, there can be no doubt whatever, that they were once

living beings, performing the part belonging to their respective races,

and that at their death, or soon after, they were consolidated, in the

then concreting and forming rocky strata, or that they were, in vari

ous instances, overwhelmed by igneous or diluvial catastrophes.

Animal Remains in Secondary and other Rocks.

The older secondary rocks often abound in shells of molluscous

animals, principally of extinct genera, and there is a progression

through the more recent strata, exhibiting a greater and greater ap

proximation towards the more complicated structure of the most per
fect animals; while the newer rocks of this class, and of the strata

that lie upon them, including the tertiary, contain reptiles, fish, and

even birds, and terrestrial quadrupeds.



CONSISTENCY OP GEOLOGY WITH SACRED HISTORY. 390

Saurians or Lizards.

Within a few years, the skeletons or disjointed bones of some very
large oviparous animals of the Saurian family, namely, ancient croco
diles, the ichthyosaurus or fish lizard, the inegalosaurus or great liz
ard, and the plesiosaurus, have been found in the recent secondary
rocks, especially of England and France, and some of them in the

tertiary.
The Megalosaurus is found in limestories and sandstones lying

higher than the has, and the ichthyosaurus and plesiosaurus are found
also in many of the strata above, and in some of those below that rock.
The fossil crocodile appears to have been, anciently, an inhabitant

of fresh water, and of rivers, as at present. In the West Indies, ac

cording to De La Beche, the crocodiles frequent muddy, and sometimes

brackish ponds; and in shallows, they often remain for hours, with

the tips of their noses out of water. The organization and habits of

crocodiles, do not enable them to contend with the agitations of the

sea, which they shun. It would seem, however, that the organiza
tion of the ichthyosaurus would enable him to swim in the waves.

The crocodile has been continued, perhaps, from the new red sand

stone-certainly from the has, to the present time-and, as its remains

often occur in the interval, it appears to have been a tolerably constant

inhabitant of our globe.
With one exception, that of the opossum, found in the Stonesfield

slate, near Oxford, (Eng.) no viviparous vertebrated animal has been

found below the chalk.* The Stoneslield slate belongs to the oolitic

series, and lies below the chalk.

The remains of the Saurians, found, within a few years, in England

France, and other countries, indicate animals of twenty, forty, fifty,

and seventy feet or more in length. They were generally amphibi

ous, and there is every reason to believe, that when only portions of

England stood out, as islands, above the water, these enormous ani

mals swam and sported about, in the inter-insular waters of primitive

Britain, or basked upon the shores of its seas and estuaries.

Mr. Mantel],, of Lewes, in Sussex, England, has described another

enormous Saurian animal, the Iguanodon, (so called from his resem

blance to the Iguana of the West Inches;) it was an herbivorous rep

tile, and appears to have attained the length of seventy feet or more

with a height of nine or ten feet. Still, his remains are interred in

* Unless it be the East Windsor animal.-Vide Am. Jour. Vol. II.
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solid ferrugirtous sandstone, far below the chalk, and probably more
than one thousand feet beneath the upper strata, that were subse

quently formed over him, many of which have been swept away by
diluvial action, or by other catastrophes.
In July, 1832, another Saurian was discovered in the sandstone of

Tilgate Forest. It is described by Mr. Mantel], in his late work on

the Geology of the South East of England, and a plate of its bones
is annexed. The reptile is named, by Mr. Mantel], the Hylwosaurus',
or Wealden Lizard. Vertebr, ribs, coracoids, and other bones, were

found, either in connexion or in juxta-position, making an imposing
mass, and very firmly cemented into the sandstone. The animal was

gigantic, but its exact dimensions are not given; its tail is supposed
to have been twenty five feet long.
The vegetable remains, as well as the fishes and shells, and rolled

stones, that are found entombed in the same strata, show that they
were once the upper surface and formed part of a vast estuary, which
was subsequently buried by the marine formation of the chalk and its
attendant strata.

Organized Remains in very recent rocks.

It is easily understood, why no land quadrupeds are found in form

ations earlier than the tertiary. Until this period, there was not dry
land enough for terrestrial quadrupeds. When they were created, it

was evidently a period more advanced, than that which produced the

ancient crocodiles; more land was uncovered, but a multitude ofnatu

ral basins, forming lakes, were still full of water, and as the strata

which they now present, were in the course of being deposited, vari
ous quadrupeds, fortuitously conveyed into the water, or perhaps
drowned by accident or by partial inundations, became buried and

solidified, and their remains are now found in the basins of Paris and

London, and of the Isle of Wight. They are much less frequent,
than the marine animal remains of the earlier strata, probably, both

because the animals were much less numerous, and because the cir

cumstances attending their existence and death, were far less favora

ble to their inhumation and preservation.
It is worthy of remark, also, that in the very strata in which they

are contained, the relics of water-born animals are very numerous.

It is believed, by Cuvier and Brongniart, whose elaborate investiga
tion of the Paris strata, has been several years before the world, that
there were successive periods, in which marine and fresh-water shells
were, alternately and successively, produced in the waters.
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Trees and their members, and even entire forests are found in simi
lar situations.

In general, the bones and trees are not mineralized, but are rather,
for the most part, in the condition of grave bones or ancient wood.
The bones could not be found in the older strata, as the animals

were evidently not in existence when those strata were deposited..
Much less could we expect to find human bones in them, for man
was not created till the earth was reduced to order, and many genera
tions of animals and plants, had lived and died; depositing their re
mains in the rocks, whose formation was contemporaneous or immedi

ately subsequent, or whose materials were accumulated, by catastro

phes that also overwhelmed the organized beings.
The relics of plants, (the coal formations excepted,) are far less

numerous than those of animals. It is in no way surprising that their
creation should have been successive, and associated with different
rock formations, and when the same plants occur in repetitions of the
same or of different formations, their seeds or roots might have been

preserved, and transported from other places, by the waters or other

causes.

That state of things which attended a particular rocky deposition,
may have been such, when the same kind of rock came to be depos
ited again, as to favor the production of the saire animal or vegetable
races from the germs, seeds, roots or individuals that had been pre
served.

In the same latitudes, there is now, on the earth, a great regularity
in the vegetable species, and in a less rigorous degree, in the animal

races.

There is every reason to believe, that the creation of animals and

plants was successive; not by equivocal generation-not by atomic

action, but by the fiat of the Almighty.

Early animals-wood-trees-coal.

Among the primitive rocks there are no traces of vegetation, any
more than of animal life. But we repeat in this connexion, that we

no sooner reach the transition rocks, than both animals and plants

begin to appear; the animals, however, are marine, and are vastly
more numerous than the plants. There is no reason to believe that

plants appeared until there were shores, and even marine plants must

have, in general, points of attachment in shallow waters.
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According to Mr. Dc La Beche, wood and terrestrial plants are

found in most rocks, from the old red sandstone upwards, and, in fact,

in the order of rocks immediately beneath, i. e. the transition; prov

ing that dry land must have existed, more or less, previous to, or at

the time of the formation of most of these rocks. We may suppose,
therefore, that ponds, lakes and rivers, existed also.

Arborescent plants, and their branches and roots, are often found

in the coal formations, and in their sandstones, &c. which proves that

the gigantic vegetables were sometimes embraced in those depositions.
It would appear, from the relics of the periods immediately suc

ceeding the transition rocks, that vegetation had increased prodigious

ly upon the earth, and that there were even trees and forests upon
those parts of the surface that had become sufficiently dry.
Bituminous coal, belonging to the era of the earlier secondary,

or, as now agreed, to the transition, seems to have been formed, as

there is great reason to believe, from submerged and inhumed vege
tables, chiefly of cryptogamous plants, whose vestiges are so numer
ous in the coal mines.

Coal, being peculiarly limited in its relations, and often contained

in basins, it seems probable, that it generally arose from local circum

stances, with all its alternating and attendant strata of shaics, sand
stones, limestones, clays, iron ores, pudding-stones, &c.; and, as these

depositions are often repeated several times, in the same coal basin,

and the mines are occasionally worked to great depth, (even to

twelve hundred feet, in some places in England,) it is plain that no
sudden and transient event, like a deluge, could have produced such

deposits, although it might bury wood and trees, which, in the course
of time, might approximate to the condition of lignite or bituminized,
or partially mineralized wood, which is often found under circumstan
ces indicating a diluvial origin.*

Early existence of trees.

It has been supposed, that the plants which have contributed to the
formation of coal were generally succulent, with little or no firm woody
fibre. It appears, however, from two memoirs by H. Witham, Esq.
of Edinburgh, that large trees, strongly resembling the Norway fir
and the yew tree, existed, even anterior to the deposition of the great
bituminous coal-field of the Lothians, around Edinburgh. Near that

city, in 1826, a fossil tree was discovered, three feet in diameter at its

Sc. Am. Jtu. Vol. XXV, p. 101.
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base and thirty six feet long, lying nearly horizontally between the
strata of sandstone. Its composition was carbonate of lime 60, oxide
of iron 18, carbon 9, a)uminc 10.
Another fossil tree has been recently discovered in the quarry of

Craigleith, near Edinburgh, whose geological position is in the moun
tain limestone, and considerably below the great coal basin of the Lo
thians. Its elevation is seventy five feet above the level of the sea,
and its roots were in the bottom of the quarry. The length of the
stem was forty seven feet-a large branchiess trunk-in some parts
much flattened, so as to aflhrd an elliptical section. At the largest

place, its diameter was five feet by two, and at the smallest, nineteen
inches by, sixteen. Its branches, and many feet of its top, are gone;
it was probably sixty feet long, and the incumbent mass of sandstone

appears to have been one hundred feet thick; the bark is converted

into coal. The composition of this tree is, carbonate of lime 62,

carbonate of iron 33, carbon 5, with the sp. gr. 2.87. It was a conifera.

In the great coal-field of the North, in Britain, fossil plants are usu

ally found lying parallel to the strata, but much broken and compress
ed, and their parts scattered; but some vigorous plants, generally Si

gillarhe, appear to have been so strong as to resist the torrents and

to remain in their natural position.
It results from Mr. Witham's discoveries, that plants with their or

gans of fructification apparent, (gymnospermous phancrogamic,) are

much more frequent in the coal formations than has been imagined,
and that proper trees, of true ligneous fibre and of great size, existed

even earlier than the bituminous coal.*

More rcccnt fossil trecs and plants.

Among the more recent secondary rocks, vegetables increase in

quantity and variety, as we approach the tertiary, in which we find in

humed wood in the form of lignite, or bituminized wood, or wood

slightly mineralized; eventually we find wood unchanged; and thus

we trace the vegetable families, from their commencement on the

borders of the primitive, quite down to our own times. In the loose

sand, gravel, and detritus, we often find trees, at every depth, be

tween the surface of the ground and the fixed rocks below; the sur

face is often covered by bowlders of travelled stones, and the deposi

tion is evidently diluvial.

Am. Jour. Vol. XXV, p. 109.
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Organized Remains deposited from Water, but not from a Tran

sient Deluge.

It is scarcely possible to doubt, that the process of animal and veg
etable deposition in a mineralized state described above, was that

which really happened. Whatever may have been the operations of

fire, at preceding or subsequent periods, it is impossible that it should

have been concerned in the first formation of the mineral strata,

which contain numerous organized remains. Animal or vegetable
life could never be produced or sustained in the midst of fire; and in

deed, it is quite incredible, that strata, containing distinct organized
remains, were ever melted; nor is it easy to imagine, that they could

be even softened, in any great degree, without destroying or material

]y deranging the organized structure.*

It appears evident also that the mineralized plants and animals

of the solid strata have not been collected in these situations, by any
sudden and local, or even general catastrophe, for as an author re

marks, "among the immense number of fossil shells, many are re

markable for their extreme thinness, delicacy and minuteness, of parts,
none of which have been injured, but on the contrary are most perfectly

preserved." Among the plants of the coal formation situated some

times hundreds and thousands of feet below the surface, and covered by

many beds of solid rocks, their leaves, many of which are of the most

tender and delicate structure, are often found fully expanded, in

their natural position, in regard to the rest of the plant, and laid out,
with as much precision as in the hortus siccus of a botanist. It is
often true that the minutest parts do not appear to have suffered attri

tion or injury of any kind..

Fragmentary Rocks.

The rocks composed of fragments and rounded water worn pebbles
afford us the strongest evidence of progressive destruction, deposi
tion and consolidation.

Among the transition rocks, we find (in general) for the first time,

fragments both rounded and angular of all the previous rocks; some-

* October 21, 1S33.-A day or two since, I observed a common hard baked
brick, lying in the pavement of a street in this town, (New Haven, Conn.) bear
ing a distinct and beautiful impression of a senilop shell (pecten); the shell was
gone, being clonbtkss destroyed 1.13, the fire, while its impress remained. Strata
that have been ignited may therefore retain the forms of organic bodies, which
would of course be destroyed by the heat.
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times, these fragments are united by crystalline matter of a different
nature, forming the paste or cement, which holds them together; at
other times, the paste is composed of nearly or quite the same mate
rials with the fragments, but in a state of much finer division, and at
other times there is little interposed cement.
But many of the rocks of this class are most palpably fragmentary,

and the fragments are of all sizes, from those that are scarcely visible
to the naked eye, to those whose dimensions are measured by in
ches and even by feet.




Instance.

The brecciated marble of the Potomac, employed in the public buil

dings at Washington, is a remarkably firm rock, composed of angu
lar and ovoidal pebbles, the latter of which have evidently, received
their shape from friction in water. The cement is a more minutely
divided substance of the same kind, but calcareous matter is not ex

clusively the material either of the pebbles or of the cement.
The fragmentary rocks of Rhode Island, extending by Providence

to Boston, and which are very conspicuous in Dorchester, Roxbury,
Brooklyn, and other neighboring towns, are fine examples of early
formations of this kind. They are very interesting five miles east of

Newport, at a place called Purgatory, where a large mass of the rock

separated by the natural seams which are found in it, running parallel
for a great distance, and cutting the pebbles in two, has fallen out,

having been undermined by the sea, whoe waves, when impelled by
storms, break and roar frightfully in this deep chasm.

The pebbles are here chiefly quartz-they are ovoidal in form and
of every size from that of a birds egg to that of a common keg, and

they lie generally with their transverse diameters parallel.
The pebbles of the fragmentary rocks about Boston are very va

rious in their composition, obviously however the ruins chiefly of

primitive rocks. The pebbles, whicirthere lie in the roads and fields

have proceeded from the disintegration of this pudding stone.

The great sandstone deposit of the valley of the Connecticut pre
sents every variety in the size and form of the parts that have been

broken up from previous rocks,-transported-more or less rolled,

and cemented into rock again.
In East Haven, near New Haven, the rocks often contain massy

pebbles of granite, gneiss-mica slate and clay slate, and of the indi

vidual minerals of which they are composed. Water worn-pebbles
arc in some places as common in these rocks as on the sea shore:
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they form mighty strata, which have been tilted out of the horizontal

position, into an inclination of 15 or 20 degrees from the horizon.
The Cattskills, are conspicuous monuments of geological revolu

tions. Not only at the base, but at the summit, from two to four
thousaxd feet above the level of the Hudson river, we find these
mountains composed extensively of fragmentary rocks, rounded and

angular, and their rude piles inform us, that the materials of which

they are built were once loose and rolling about, in the waves of an

early ocean, encountering friction and violence in their various modes

of action, and we see not how to avoid the conclusion that these moun

tains, after consolidation, have been raised from the depths of the sea.

Origin.

If we enquire whence arose the mighty masses of ruins of every

shape and variety, composing not merely accidental fragments, or

here or there a stratum or a hill, but covering myriads of square
miles, which are sometimes the basis of countries, and rise occasion

ally even into high mountains, we must look for an adequate cause.

Such are the effects and proofs of crystallization, as exhibited in

the early primitive rocks, that the contrast afforded by the fragmentary
rocks, must appear very striking; and connected with their relative

position, can leave no doubt on the mind, that they arose from a sub

sequent and totally different state of things.
What were the causes that broke up portions of the primitive rocks

and left their ruins the sport of the waves, destined in the progress of

time, to be cemented again into firm masses?

Besides the wearing effects of the weather and the seasons, powers
still constantly in action, and of the vicissitudes of temperature, we

can add the convulsions of earthquake, tempest, flood and fire, by
which our planet is still occasionally agitated. Beyond these, facts do

not enable us to go, but the causes that have been named would in the

course of ages, perform the work, great as the results may now ap

pear.
The breaking up of primitive and other rocks by violent convul

sions, and the transportation of their ruins, often to distant places:
the frequently rounded form of the fragments, presenting pebbles of

every size, from that of a pea, to that of a hen's egg,-a human head,

or a barrel,.-quartz being not unfrequently the material; the recon

solidatjon of these masses into firm rocks,-their stratification at first

horizontal and then rising, at various angles of inclination; the alter

nation of such strata with slate and coal and other deposits, their ex-
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traneous contents of innumerable organized beings, and the elevation
of the whole, sometimes hundreds or thousands of feet above the
ocean level; all these facts leave not a doubt that the fragmentary
rocks, required much time for their formation, consolidation and ele
vation, and could never have been the work of a short period, or of
a transient deluge.




Diluvial Deposits.

As regards the wreck and ruin, with which the surface of our planet
is every where covered; their extraordinary position, and, to some
extent, their production, are justly and generally attributed to diluvial

agency; to mighty floods and rushing torrents of water.
The effects of a deluge are not forming, but destroying; they, are

chiefly mechanical, and very little if at all chemical. There is not the

least reason to believe, that any solid rock was produced by the gene
ral deluge, nor that any firmly imbedded and petrified organized re

mains belong to such a catastrophe; to the action of waters, agitated

by a mighty moving force; turbid in the extreme, and filled with mo

ving rocks, stones, gravel, and coarse and fine sediment-and with

extirpated and floating vegetables, and drowned animals.

Diluvium is found every where. The almost universal deposits of

rolled pebbles, and bowiders of rock, not only on the margin of the

oceans, seas, lakes, and rivers; but their existence, often in enormous

quantities, in situations quite removed from large waters; inland,

imbedded in high banks, or scattered, occasionally, in profusion, on

the face of almost every region, and sometimes on. the tops and de

clivities of mountains, as well as in the valleys between them; their

entire difference, in many cases, from the rocks in the country where

they lie-rounded masses, and pebbles of primitive rocks, being de

posited in secondary and tertiary regions, and vice versa; these, and

a multitude of similar facts, are among the most interesting of geolog
ical occurrences. Curvilinear stones may, possibly, in given instan

ces, be formed, by decomposition of the angular portions-by various

chemical agencies, aiding those of a mechanical nature; but pebbles,

present unquestionable evidence of having been brought to their

rounded form by friction, and they can scarcely be confounded with

those produced in any other way.
The attrition of the common waters of the earth, and even that ex

erted during the short period, of the prevalence of the deluge descri

bed in Genesis, would do very little towards producing so mighty a

result; and we must assign this operation to an earlier and much
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more extended course of mechanical agencies, produced by long agi
tated waters.

We must charge to moving waters the undulating appearance of
stratified sand and gravel, often observed in many places, and very

conspicuously in the plain of New Haven, and in other regions of Con

necticut and New England; exhibiting frequently, a delicacy of flex

ion, in the layers of gravel and sand, which makes them appear as if

they had, but a moment before, received their impulse and position
from undulating water, and as if they had copied the very eddies and

gyrations. of the wave.*
" Bowider stones, consisting of fragments of primitive rocks, proba

bly from the regions north of the great lakes, are found abundantly
on the secondary regions of Ohio, New York and other states; the

fragments of the primitive Alps, on the Jura chain, (the lake of Geneva

intervening;) the ruins of the Scandinavian mountains on the seconda

ry and diluvial plains of Prussia and Northern Germany, (the Baltic

being between,) and the fragments of the northern counties of Eng
land, cover the southern and middle regions.

In many cases, bowlders and pebbles can be traced to their native

beds, and frequently they are strangers to the regions where they are

found.

Deserts of sand, covering tracts more or less extensive, such as

those in South Africa, and in the Zabara, stretching in a vast belt,

from the Atlantic ocean to the desert of Lybia; the sandy plains of

Arabia, Germany, and Russia; the great desert at the foot of the

Rocky mountains, and all similar deposits, in situations where no ex

isting causes could leave them, are, with great propriety, referred to

diluvial agency.




Diluvial torrents-lakes-valleys.

That diluvial torrents had sufficient power to roll even bowider

stones and disjointed columnst to great distances, or to precipitate

them into the valleys, is sufficiently evident, from what we know of

the energy of torrents in our own time.

Beds of sand, gravel, clay, loam, pebbles, and bowiders, are found,

as already stated, to compose the loose materials of every country,

These strata would probably now be arranged with the tertiary.
t Such as the columns of trap, sometimes of enormous size, which are found

scattered, up and down, through the great Connecticut valley, often at a great dis

tance from their parent ridges. The most remarkable case in this range, is ten
miles west of Hartford, on the Albany turnpike.-See Tour to Quebec.
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and they invariably exhibit the appearance of deposition from water,
sometimes tranquil, sometimes more or less agitated.

Diluvial waters appear to have first transported, and then, in a state
of comparative quietude, to have arranged these masses by sediment

ary deposition.
The effects of diluvial devastation are in a considerable degree veil

ed, by the gradual depositions of sedimentary matter, during the de
cline of the waters.

Granting that the earth has been, from any cause, covered by wa
ter, and that it has been in any way withdrawn, there must evidently
have been a multitude of local lakes, determined, by the basin shape,
so often traced by contiguous hills and high grounds; in these, sepa
rate and independent deposits were doubtless going on, for a length
of time, perhaps even after the earth began to be peopled at the crea
tion, or repeopled after the deluge; for this view will apply equally to
the waters which covered the earth originally, and to those that return
ed upon it by an universal deluge. Those lakes that had no perma
nent supply of water, would, of course, be exhausted by soakage and

by evaporation: others would burst their barriers, or gradually wear
them down, and during their escape, renew the dilu'vial ravages;
while those only would be perennial, which were fed by streams or

springs.

Many valleys of denudation, as they are called by Prof. Buckland,

were probably produced by diluvial action. Such valleys are con

spicuously seen in the South of England: similar strata are found

capping contiguous hills, projecting at their sides, and running be

neath their foundations; a curve or hollow having been scooped out

between, thus indicating the effects of great rushing torrents, attend

ed perhaps by convulsions, that more or less, broke up the superficial
strata.*

It is not intended that all valleys were produced in this manner;

many doubtless were thus formed, and many more were thus deepen
ed and modified, but a multitude of them were probably among the

original features of the planet, or produced by early convulsions.

Extraneous contents of the diluvium.

Single bones, parts of skeletons, and entire skeletons of the larger
animals, often of extinct species, but mostly of known genera, are

* See this subject ably investigated and illustrated in the Reliquke Diluviane.
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found abundantly in the diluvium of all countries, where curiosity and

intelligence exist.
Whales, sharks, and other fishes; crocodiles, and other amphibia;

the mammoth or the extinct elephant; species of elephants, nearly
or quite like those of modern times; the rhinoceros, the hippopota
mus; hyenas, tigers, deer, horses; various species of the bovine fam

ily, and a multitude more, are found buried in the diluvium, at a great
er or less depth; and in most instances, under circumstances indica

ting that they were buried by the same catastrophe which destroyed
them; namely, a sudden and violent deluge.

It appears, from Dr. H. H. Hayden's Geological Essays, that under
the diluvium of the Atlantic portion of the middle and southern states,
there lie buried a great quantity of the bones of whales, sharks, por
poises, mammoths, Asiatic elephants, and other large animals, along
with numerous trees, sometimes with their fruit. Layers of marine
mud are also found, deep beneath the diluvium, below the present
low water mark.

There are also vast quantities of shells, and especially of a gigantic
oyster, in many parts of the southern states. They are found, not

only in digging for wells, but they form vast beds in various places.
Near Tours, in France, is a bed of oyster shells twenty seven mile

long and twenty feet thick.

But the beds of the southern states far exceed this. A stratum, on
the whole continuous, although mixed, more or less, with the general
diluvium, and other materials of the country, has been traced from
the Eutaw springs, in South Carolina, to the Chickasaw country; six
hundred miles in length, by ten, or from that to one hundred, in
breadth.*

There can be little doubt that many of the beds of oyster shells,
which have been attributed to the aboriginal Indians of this country
are diluvial deposits.
The bones and skeletons of large animals, especially of the mam

moth, are found in wide dispersion, and in very remote countries; in

both Americas, in Europe and in Asia. In northern Asia, the tusks

of the extinct elephant, are discovered in the diluvial banks of almost

every river, and the ivory is found in such abundance, as to be a regu
lar article of commerce. An enormous carcase of the northern or
Asiatic elephant, a few years since, by the gradual thawing of the

frozen bank, in which it was imbedded, high above the water, fell

down and exhibited the flesh in full preservation; the long bristly

Mr. Finch.
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lair and vast massy hide, requiring a large number of men to carry
it, afforded proof irrefragable, of the existence of the animal in those

rigorous climates, and of his sudden extinction, inhumation and con

gelation, with so little interval of time, that putrefaction bad not com
menced, and has not since taken place, during a long succession of

ages.
Indeed, there is but one view which appears to carry with it the

least probability, as to the cause of the wide dispersion and sepulture
of the gigantic races; especially of extinct animals in the various

quarters of the world. It seems evidently to have been the work of
a deluge, which at once drowned, and in many instances extinguish
ed, whole races of animals, and buried their bodies in the wreck of
the planet with which those waters were evidently filled. Such a
scene of awful devastation, was as well fitted to produce these effects,
as it was ill adapted, to the comparatively tranquil life and death of
the successive generations of marine and aqueous animals, that peo
pled the earlier oceans.
As organized remains are found at very high levels, not only miner

alized, but loose or in diluvium, the prevalence of the ocean, at differ
ent periods and under very different circumstances, is thus proved.

It is said that the skeleton of a whale lies on the top of the moun
tain Sandliorn, on the coast of the northern sea. The mountain is
three thousand feet high, and there is no cause that could have convey
ed the whale to that elevation, except a deluge rising to that height.
So late as June, 1824, the remains of a whale were found on the

westernmost Stappen, a mountain in Finmarck, at an elevation of

eight hundred feet above the ocean. The specimens, which were re

ported to be vertebrze, were lost by shipwreck on their passage to

England. Similar remains are said to exist also in North Fugeloe,
another mountain in those rcgions.-Penn.

It is common to find trees and their members, not only in the dun-
vium, but also in the known alluvium of rivers, &c. In general, they
are not much altered; sometimes they are partially bituminized or

verge towards lignite, or perhaps are really lignite; at other times,

they are penetrated by acids and saline substances, and metallic min

erals, as pyrites, are occasionally formed upon or in them.

As there is no difference in the nature of the operations by which
diluvium and alluvium are produced, we must resort to an induction
of particulars, in order to enable us to distinguish between them; but
in most situations, especially those that are remote from rivers and

moving waters, there is very little occasion for hesitation, in forming
an opinion.
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Beautiful Arrangement of Loose Materials.

Nothing in geology strikes the observer, with more interest, than
the beautiful arrangement, in strata, of the beds of sand, gravel, clay,
loam and pebbles, which may be observed in every conntry.* A sec
tion of a bank of any of these deposits-or better still, an avulsion
r fall, which leaves the stratification exposed, without being obscured

by the rubbish, produced by digging, or by the sliding of loose sand
-never fails to exhibit the effects of sedimentary deposit; sometimes
horizontal-sometimes inclined at various angles, great or small

sometimes undulatory, and recording, in a language that cannot be

misunderstood, the effects of subsiding water. The beds are not al

ways in the order of the magnitude of the parts. Sometimes coarser

gravel, or even pebbles, will form a layer, above fine sand, and then

perhaps the order will be reversed, indicating that there were currents;

and these, relenting and increasing, alternately, as they were impelled

probably by tides or storms, so that coarser or finer materials were

transported and deposited, as the waters were more or less agitated;
for currents must have existed to the last. Could these sedimentary

deposits be now all removed, we should see the naked, scarred and

devasted skeleton of the planet, exhibiting the most decisive proof
that it had been swept by violence, of which we find evident marks in

the scratches and furrows, found in the fixed rocks, that are covered

by liluvium.

If a section of the deepest diluvium could be made quite down to

the solid rock, there can be little doubt, that, on the whole the mag
nitude of the parts would correspond with the depth, and the larger

fragments of these materials would often be found at the bottom.

This does not render it improbable, that bowider stones should be oc

casionally deposited on the surface, especially when they are found on

the firmer materials, or on rocky ledges.

Contrast between Diluvial, and Tranquil Aqueous Ageney.

The agency of water, whether fresh or salt, in sustaining, deposit

ing and burying organized bodies, (except the eflects of occasional

convulsions) was, evidently, tranquil and long continued; giving time

for many generations of the same or of different races; and for all

the alternations and successions of different strata with different or

ganized bodies.

.* For our present purpose it is immaterial whether these depositions be referred
to tertiary deposits, or to those that are strictly diluvial.
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The occasional intervention of igneous irruption, whether subma,
rine or subterrene, below or among the strata of aqueous origin, or

'upon them, only increases the necessity of time, and when these co.
incidences occur, they add to the evidence of grand geological cycles.
But diluvial agency is, usually violent, sudden, and of short diua.

lion.

If the universal deluge recorded in Genesis, be taken as the type of
diluvial action and the time and the elevation stated in the history be
taken into the account, nothing could be more violent, destructive,

overwhelming; and certainly upon the face of the earth are every
where recorded, in legible characters, the necessary physical effects

of such a debacle.

It has entered but little into the views of any except geologists to
discriminate between these two classes of effects. They are as wide

apart as possible, and nothing in science is more unskilful or more

unhappy than to confound them.

The surface of our planet has been swept by violent,, agitated tor-
rents of water, which covered the earth every where with its- -Owh

ruins, but probably this catachlysm did not form any of the firm
strata filled with organized remains.

Miscellaneous Illustrations, from Mantell's Geology qf the South

East of England.*

From this volume, the most recent in time, and not surpassed in

authority by any work on Geology, we now cite some miscellaneous

facts and conclusions, principally in the words of the respected au

thor.

His labors, ably seconded and illustrated by the talent and taste of

Mrs. Mantell, have shed a most unexpected light on the geology of the

South East of England; and with the efforts in the same region, of

Webster, Murchison, Fitton, Buckland, and other eminent men, have

amassed materials upon which are erected general conclusions of the

greatest importance. Mr. Mantell's publications on local geology en

title him to rank with Cuvier and Brongniart, whose grand work on

the environs of Paris, led the way in this species of research, which,

has since, been so ably and successfully followed in many places, and

in several countries.

Chapter XI of Mr. Mantell's late work, from which our citations

will now be made, forms the conclusion of the volume, and presents

* The preface of which is dated in April, 1833.
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the "Results" of a course of detailed and exact induction, involving
extensive and precise knowledge of several collateral sciences, and

especially of conchology, botany, and comparative anatomy.
The chapter, although detached from its documents, is mainlyin

telligible without them, and presents a fine example, of the course of
induction now pursued by the most able geologists and is precisely in

point in support of our present argument. Mr. Mantel), remarks:-

Happily, the evidence of the great physical mutations, and impor
tant changes in organic life, which have taken place in this part of the
earth during the geological periods to which our researches refer, is
so clear and satisfactory, that even the general reader will perceive
that our deductions, extraordinary as they may appear, naturally re
suit from the facts themselves.
The several formations or groups of strata, previously described,

may be regarded as geological chronometers, marking certain distinct
epochs or periods; the lowermost or most ancient of which (as we
have already noticed) is of fluviatile origin, and reposes on the Oolite,
a marine formation of great extent, that forms an important feature in
the physical structure, not only of England, but also of the Continent.
The Portland Limestone constitutes the uppermost division of the
Oolite, and contains marine remains only; it is succeeded by the

fresh-water strata of the Isle of Purbeck, which may be considered
as the lowermost deposits of the Wealcien.
But there is a fact connected with the history of the Portland and

Purbeck beds, so highly interesting, and which illustrates in so stri

king a manner the nature of one of those grand geological mutations
which have taken place in the south of England, that it will be neces

sary to notice it here, although it occurs without the limits of the dis
trict, which it is the professed object of this work to describe.

In the island of Portland, the oolitic limestone is extensively quar
ried for architectural purposes, and supplies most of the cities and
towns in the south-east of England. On these oolitic strata are pla
ced deposits of a totally different character. Immediately on the up
permost marine stratum (which abounds in ammonites, terebnr, tn

gonia, &c.) is a bed of limestone, much resembling, in appearance,
some of the tertiary lacustrine limestones. Upon this stratum is a

layer of what appears to have been an ancient vegetable soil; it is

of a dark brown colour, contains a large proportion of earthly lig
nite, and, like the modern soil on the surface of the island, many
water-worn stones. This layer is called the dirt-bed by the quarry
men; and in, and upon it, are a great number of silicified trunks of
coniferous trees, and plants allied to the recent cycas and zamia.

Many of the stems of the trees, as well as the plants, are still erect, as
if petrified while growing undisturbed in their native forest; the for
mer, having their roots in the soil, and their trunks extending into the

superincumbent strata of limestone. On a late visit to the quarries, a

large area of the surface of the dirt-bed having been cleared, prepara-
tory to its removal for the purpose of extracting the building-stone
from beneath, several stems, from two to three feet in height, were
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exposed, each standing erect in the centre of a mound or dome of
earth, which had evidently accumulated around the base and roots of
the trees; presenting an appearance as if the trees had been broken,
or torn off; at a short distance from the ground. Portions of trunk
and branches were seen, some lying on the surface, and others imbed
ded in the dirt-bed; many of these were nearly two feet in diameter,
and the united fragments of one tree measured upwards of thirty feet
in length. The silicified plants allied to the cyca are found in the in
tervals between the trees; and I dug up from the dirt-bed several that
were standing erect, evidently upon the very spot on which they grew,
and where they had remained undisturbed amidst all the revolutions
which had subsequently swept over the surface of the earth. 'The
dirt-bed extends through the north of the Isle of Portland, and traces
of it have been observed in the coves at the west end of Purbeck;
and a stratum, with bituminous matter and silicified wood, occurs in
the cliffs of the Boulonnois, on the opposite coast of France, occupy
ing the same relative situation with respect to the Purbeck and Port
land formations. A similar bed has also been discovered in Bucking
hamshire. and in the Vale of Wardour, proving that the presence of
this remarkable stratum is coextensive with the junction of the Port
land and Purbeck strata, so far as they have hitherto been exam
ined.'*
Above the dirt-bed are thin layers of limestone, the total thickness

being about eight feet, into which the erect trunks extend, but no oth
er traces of organic remains have been noticed in them. These lime
stone beds are covered by the modern vegetable soil, which scarcely
exceeds in depth the ancient one above described; and instead of giv
ing support, like the latter, to a tropical.forest, can barely maintain a

scanty vegetation, there being scarcely a tree or shrub on the whole
island.t

Here, then, we have recorded in characters which cannot be mis
taken the nature of the changes which took place in this part of the

globe, after the sea of the oolite had deposited the marine strata of
Portland. A portion of the bed of that sea was elevated above the
surface of the waters, and became clothed with a vegetation, which,

reasoning from the close resemblance of the fossil plants to the recent

Cycadea, must have enjoyed a climate of a much higher temperature
than is known in these latitudes at the present day. How long this
island, or continent, (for of its extent no correct estimate can be form
ed,) remained above the level of the ocean, cannot be conjectured;
but that it was dry land for a considerable period, is manifest from

* Vide Geology of Hastings, p. 76. et seq.
t The appearance of the large quarry on the northern brow of the Island of

Portland was, at the time of iny visit (in July, 13'), peculiarly interesting; and
although prepared by a perusal of the excellent Memoirs of Mr. Webster, and Dr.
Buckland, (Geol. Trans. d series, vol. ii.) for the phenomena presented to my
view, I was struck with astonishment at the extraordinary scene; the floor of the
quarry was literally strewed with fossil wood, and beibre me were the remains of
a petrified tropical forest, the trees and the plants, like the inhabitants of the Cit
in Arabian story, bcin converted into stone, yet still maiutaiing the places whic
they occupied when alive.



416 CONSISTENCY OF GEOLOGY WITH SACRED HISTORY.

the number and magnitude of the petrified trees which remain, It i

equally evident, that it was submerged before the Purbeck and Weal
den strata began to be deposited; for the dirt-bed, and its contents,
are covered by the freshwater limestone of the former. The tropical
forest of Portland must, therefore, have gradually and tranquilly sub
sided (like many subterranean forests of the modern epoch) beneath a

body of fresh water, sufficiently profound to admit of the accumulation
of the limestone arid fiuviatile strata that compose the Wealden.
What contemporaneous changes took place in other parts of Europe,
it would be foreign to our purpose, and perhaps, in the present state
of our knowledge, in vain to enquire; but we may remark, that the

submergence of so extensive a tract of country, probably produced in
other regions important mutations in the relative level of the land and
water. At this epoch, then, the land and its tropical forest sank to
the depth of many hundred feet, and became the bed of a vast lake or

estuary, into which we have the clearest evidence that a river flowed,
and formed a delta, made up of the debris of the rocks which compo
sed its bed, intermixed with the remains of the animals and vegeta
bles of the country from whence its waters were derived; for, as Mr.
Bakewell has sagaciously remarked, a river that could form a delta of
such extent a the Wealden, it must have required the drainage of a
vast continent to supply.*
The proofs of the Wealden having been the delta of some ancient

river, are so fully stated in the preceding chapter, that it is unneces

sary to dwell upon the subject. Of its original extent, our conjec
tures must necessarily be extremely vague: Dr. Fitton has, however,

ingeniously instituted a comparison between the known superficial
surface of the Wealden, and the deltas of some modern rivers. As

suming that the occurrence of the Wealden strata at Beauvais is es
tablished, this eminent geologist computes that the remains of the delta
of the Iguanodon period, are from west to east, or from Lulworth
Cove, to the boundaries of the Lower Boulonnois, about 200 miles;
and from north-west to south-east, or from Whitchurch to Beauvais,
220 miles; the total depth or thickness being about 2000 feet.t This
but little exceeds the modern deltas of the Ganges, and the Mississip
pi; and is not equal to that of the Quorra, or Niger, which forms a
surface of 25,000 square miles, being equal in extent to one half of
England.
We have no data from which to calculate the probable duration of

the Iguanodon epoch; it is, however, manifest that no brief period
could have sufficed for that profuse evolution of animal life, of which
we have such positive evidence in the organic remains. It may here,
too, be remarked, that the vegetables and animals of this era, like the
forest of Portland, denote a tropical climate, and belong to species and

* Had the fossil vegetables of the Wcnlden been identical with those of the Isle
of Portland, it might have been supposed that the latter was dry land at the Iguan
odon period: but although the vegetable remains in both deposits indicate the
floras of tropical climates, they are totally distinct from each other, and belong to
different species and genera.
t Geology of l1a.tittgs, p. 5.
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genera, wholly unknown; and, as we have elsewhere observed, the
fossil bones of the oviparous quadrupeds are so enormous, that it is
even difficult to believe the evidence of our senses, when we attempt,
from these remains, to restore the forms of the extinct monsters of the
ancient world.
The next great change is the subsidence of the Wealden into the

abyss of that extensive and profound ocean which deposited the chalk
formation. Whether this mutation were effected suddenly, or by
slow degrees; whether the Wealden subsided entire, or were broken
up previously to its submergence; or whether, like the Isle of Port
land, it constituted dry land at some remote period antecedently to its
being buried beneath the sea, we have no data to enable us to decide.
The principal lines of elevation of the 'W calden are clearly referable to
those movements which up-heaved the chalk and incumbent strata:
but we may observe, that the deeper beds exhibit traces of extensive
faults and dislocations, which seem to belong to previous disruptions,
for the fissures and chasms are filled up with broken shale, and clay,
and sand, the debris of the 'Wealden, and contain no intermixture what
ever of the marine deposits which may be supposed to have once cov
ered them.
The ocean of the chalk appears to have been of vast extent; it bu

ried beneath its waters a considerable part of Europe; and, probably,
like the Atlantic, its waves reached the western world, and covered a

portion of the continent of North America.* The nature of the strata,
and the organic remains which they enclose, prove that the chalk was
deposited in the tranquil depths of a profound ocean; the abundance
of Ammonites, Nautili, arid other multilocular shells that inhabit the
bottom of the deep; the almost entire absence of pebbles and gravel;
the perfect state in which the fishes and other perishable organic bod
ies occur-not as in the Wealden, crushed, and disjointed, but as per
fect as if they had been enveloped by a soft paste when living, or even
while in a state of progression-all bear evidence in favour of such a
conclusion.
There are but few, if any remains of terrestrial animals and plants,

to throw light on the nature of the climate during the cretaceous
epoch; we may, however, infer from the nautili and other tropical
shells, as well as from the presence of the stony polipidoms, or corals,
that the temperature was not much inferior to that of the Iguanodon
period, for this division of zoophytes is not known to exist in low lati
tudes in our modern seas.t The cretaccous strata of the chalk, with

* The. occurrence of the remains of the ososaur'us, that extraórdinary reptile
of the Maestricht beds, in the strata of the United States, previously mentioned, i
a remarkable fact in corroboration of such an inference. See Dr. Morton on the
Fcrruiiwu. Sand Furntaiitnt f Nortit America, 8vo. 1 vol. with plates. Phila
delphia. 1833.
t M. Larnouroux observes, that in the colder latitudes the Cclkirias, and Sctu

laruc alone are to he found; with a few closely woven sponges, and a small num
ber oi' alcyonia. The miii ute Pcntacrinws Enropu.s, recently discovered by Mr.
Thompson in the Cove of Cork, is an exception; but the recent Pe'n1acriw'ts Ca
Pitt Mcflllsu, to which the peutacrinal stems that occur in the chalk bear consider
able analogy, is found in the sea o11 the West India Islands.
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their nodules and veins of flint, have more the character of a chemi
cal production, than of a mere mechanical deposit; and may perhaps
owe their origin to precipitation from thermal waters. The shells and
crustaceous coverings of the echini are invariably changed into calca
reous spar; and in many instances the terebrttil are twisted and
contorted in every direction, without the shells exhibiting a single
fracture; changes which probably resulted from the influence of a
high temperature under considerable pressure.
With the exception of the pentacrinus, the teeth of fishes resem

bling those of the shark, the teeth of crocodiles, and perhaps a few
shells,* the organic remains of the chalk diilbr entirely from all known

existing species, as well as from the fossils of other formations. The
thickness of the chalk, which is estimated at upwards of 1200 feet,
and the immense variety and numbers of its organic remains, evince
that the agents which produced it were in full activity through a long
period of time.t Although we have no satisfactory evidence to deter
mine whether the chalk were deposited over the entire surface of the
Wealden (as seems most probable,) or whether the latter were under

going elevation during the deposition of the chalk, and were but par
tially covered by the cretaceous strata, yet there can be no doubt that
the chalk originally very much exceeded its present limits. It is true
that gravel, and partially rolled flints, occur but rarely on the Weal
den, the diluvial covering of the latter chiefly consisting of its own de
bris; yet this fact may have resulted from the action of the sea during
the elevation of the strata, or many other causes, and cannot be admit
ted as affording conclusive evidence that the Wealden was neverwhol
ly covered by the chalk. Our limits will not allow us to examine this

interesting question in all its bearings, which will be fully elucidated
in the 3d volume of 11r. Lyell's "Principles of Geology," now in the

press; and we proceed to the consideration of the next geological
era-that in which the older tertiary strata were deposited.
The epochs we have already noticed are marked by immense muta

tions in the relative situation of the land and sea; yet these changes
appear to have been effected in such a manner as to have occasioned

comparatively but little derangement in the strata, and to have been
succeeded by periods of repose of long duration. In the tertiary era,
on the contrary, it is manifest that the disturbing forces were in fre

quent and violent action, and produced elevations and subsidences,
and enormous dislocations and fissures, throughout. the whole mass of
the strata of the south-east of England. In the anticlinal axis of the
Forest ridge, from whence the strata diverge to the south-cast in Sus
sex and the north-west in Kent, we have evidence of a force having
acted from beneath, in a direction from east to west, by which the
Wealden beds have been elevated above the chalk formation, and the

* Even these few exceptions are very equivocal, and probably the species will
hereafter prove to be distinct from their supposed analogues.

The fossils of the chalk of' Sussex are enumerated in the Catalogue in the Ap
pendix to this work. In the list of the orgnnic remains of the cretaceous strata of
Europe, given by M. Dc la Beche, there are, of' Rep!iles, 6 or 8; Fishes, 10 or 1;
Crusiacea, 15; Mo)lus, ; Conchifeta, H5; Annulata, 110; Radtana, 90;
Vegetable remains, 2() specie., 16 of which are marine,
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cretaceous strata broken up, and swept away from the whole central
area of Kent and Sussex. On these phenomena Dr. Fitton observes,
that, 'whether the fractures and up-heavings took place entirely be
neath the sea, or after the strata were in part or wholly raised above
its surface, at once or at distant epochs, we have no facts to enable us
to decide ; it b, indeed, not impossible that the very act of rending the
strata may itself have effected their protrusion from beneath the
waves.* If, however, we consider that the chalk was upwards of
1200 feet in thickness, and extended over the whole southern denuda
tion, it seems probable that elevation and destruction were going on
simultaneously. So soon as the first ridge of chalk on the anticlinal
line protruded above the surface of the ocean, it would become expo
sed to the action of the waves; and as elevation proceeded, degrada
tion would proceed also, until the whole of the chalk strata were car
ried away, and the \Vealden beds in their turn became exposed to the
same destructive agency. The debris of both formations would thus
become intermixed and deposited in the hollows of the chalk, giving
rise to those accumulations of transported materials of which the ter
tiary strata are principally composed. During these important and
extensive changes, the tertiary ocean which then covered the south
east of England, must have been studded with islands, formed by the
most elevated portions of the chalk and Wealden ;t the marshes of the
then existing continent were peopled with tribes of extinct animals
allied to the Tapir (the palotiierians,) and the lacustrine formations
of Hampshire and the Isle of Wight were deposited.
The organic remains of the tertiary epoch difir entirely from those

of the chalk upon which in the south-east of England they repose.
In the Isle of Wight, in the Paris Basin, and many contemporaneous
deposits on the continent, they consist of alternations of marine and
freshwater shells, indicating the existence of lakes communicating
with the sea. The ammonites, and other ancient pelagian shells, en

tirely disappear, and a small proportion of recent species occurs in
the most ancient, and a much more considerable number in the newer

deposits. With these are associated the remains of the Palotheria,
of crocodiles, turtles, birds, and fishes; and the stems and leaves of
palms, and other vegetables characteristic of an equatorial climate.
In the tertiary strata of the south-east of England, no traces of mam
malia have been discovered; the organic remains consisting of shells,
the bones and teeth of fishes, and the leaves and stems of vegetables.
The next era is marked by the existence of the fossil elephant, or

mammoth, in these latitudes, having for contemporaries a species of
deer, ox, and horse; and in other parts of England, the rhinoceros,

hippopotamus, &c. The teeth which lmve been found in Sussex be

long to a species nearly allied to the Asiatic elephant, and the deposits
in which they occur are decidedly of a more recent date than those

* Geology of Hastings, p. 83.
t Vide the Principles of Gcolov,' vol. ii. In the map illustrating the extent of

the tertiar sea, or sons, it. will be seen that Mr. LyeIl has delineated a range of
chalk islands in the south-eastern part of England, agreeably to this theory of the
gradual elevation of the laud.
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above described, for they contain boulders of tertiary sandstone, and
breccia; while, in the older tertiary, the remains of the elephant. havc
not been discovered. The perfect state of the teeth in the deposits at

Brighton, forbids the supposition that they were transported from a
distance: and we have, too, the remarkable fact, that while the shin

gle on which the elephant bed reposes, is composed not only of chalk
pebbles, but of boulders of granite, porphyry, and other primary rocks
which must have been brought from a distant part of the country, and
of tertiary sandstone and breccia, and the sand beneath contains the
bones of whales, no remains of elephants have been found therein. It
would seem, therefore, that the sand, and the shingle, were formed in
an estuary, and that when the upper beds were deposited, all commu
nication with the ocean was cut off; for neither the bones, nor the
materials of which the bed is composed, appear to have suffrred from
attrition, nor is there any intermixture of marine exuvit. These de

posits were evidently of considerable extent: there are outlying
patches on the chalk along the coasts of Sussex and Kent, and also at
Etables, and other points on the opposite shores of France. Similar
beds occur on the banks of the Loire, and probably the same series is

represented by the Crag, overlying the London Clay, on the eastern
shores of England; facts which tend to prove that the estuary once
extended over a considerable portion of the area now occupied by the
British Channel. The geological relations of this group of deposits
are as yet but imperfectly known. The zoological characters which

distinguish them from the older tertiary strata, are the absence of the

palotFieria, and the occurrence of the remains of the mammoth, rhi
noceros, and other mammalia, whose bones are so constantly found in
the super1c.ial gravel of Europe, intermixed with those of recent spe
cies.
To this epoch we may probably refer the existence of hyenas, ti

gers, and other carnivorous animals, whose skeletons are entombed in
such immense numbers in caverns, and fissures, and in beds of super
ficial gravel, in various parts of England, and the continent. One sol
itary instance only is known of the occurrence of remains of this kind
in the south-east of England. The lower jaw and a few fragments of
other bones of a hyena were discovered, a few years since, in a chasm
in a stone quarry at Boughton, near Maidstone.
The next era is that during which the Crag, and the tertiary strata,

and the chalk on which they repose, were lifted up to their present
situations; the channel which separates England from France was
broken through, and the transverse valleys of the North and South
Downs were produced or enlarged; for, although these valleys are
now river courses, yet it is obvious that they originated in disruption,
for the strata, in every instance which I have observed, diverge from

*Mr. Samuel W'oodward, of Norwich, the author of the 1.14ynopiicai Table of
British Organic Remains,' (a work md ispcnah1c lo the practical geologist) stales,
that in the crag on the coast ui Norftdk, the rcinn iiis of l\Thinmotlis are so
abund-ant,that on the oyster-ground oil Ha rborougli, the grinders Of these animals which
have been found must have belonged to upwards of 500 individuals.
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the line of fracture.* We should doubtless err in assigning all these
mutations to one and the same period; the phenomena are extremely
complicated, and an appearance which may seem to have been pro
thiced at the same time, and by a single operation, may have been the
result of many and varied changes. There is, however, one fact res
pecting which there can be no hesitation, namely, that the disturbingforces which have broken up the tertiary deposits came into action
after the clep.ant epoch. These elevatory movements and convul
sions were manifestly of great intensity, and materially changed the
physical geography of the south-east of England, and the contiguous
parts of the continent, and occasioned the vertical position of the
strata in the Isle of Wight and Hampshire. These alterations in the
surface of the country, must, too, have been attended with great
changes in the hydrography of Hampshire, Surrey, Kent, and Sussex;
the waters resulting from the drainage of the land, and which, before
the existence of the transverse fractures, probably flowed through the
longitudinal valleys towards the east, would be thrown into different
channels, and find their way to the ocean by the existing river courses.
Traces of these revolutions remain in the boulders and superficial
loam and gravel, which occupy the valleys and low elevations of the
south-east of England.

Subsequently to these last mentioned changes, the surface of the
country appears to have undergone no material alteration; the ordi
nary effects of the atmosphere, the degradation of the shores by the
action of the sea, the erosion by river currents of the strata over
which they flow, and the formation of deltas, and the silting up of
valleys, being the only physical changes that have taken place in the
south-east of England during the modern epoch, and which are still
in active operation.
The existing rivers in this district are producing on a small scale

the same effects as the mighty river of the Iguanodon period; bring
ing down from the interior the debris of the strata over which they
flow, mixed with the bones of animals, and the trunks, branches, and
leaves of vegetables, and imbedding a portion in the chalk valleys, in
a deposit of mud or silt, and transporting the remainder to form del
tas at their entrance into the ocean.
The levels near Lewes, described in a former part of this volume,

afford so interesting an illustration of the silting up of the disrupted
valleys of the chalk, during a comparatively very recent period, that
we subjoin the following summary of the sequence of events which
they 'record.t First, there was a salt-water estuary peopled for many
years by marine testacea identical with existing species, and into which
some of the large cetacea, as the sea-unicorn and porpoise, occasion
ally entered. Secondly, the inlet grew more shallow, and the water

* Mr. Woodward arrives at the same conclusion from an examination of the
chalk valleys of Norfolk. "These," he observes, "are valleys of disruption,
that is, they 'were formed by the elevation of the chalk and its consequent frac
ture, as is evident from the strata of chalk and flints on each side of the valley
being now found to decline from the line of clevation."-Correspondence with 1/ic
Aul/,iir.

t Principles of Geology, vol. ii. p. 276.
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became brackish, or alternately salt and fresh, so that fresh-water and
marine shells were mingled in the blue argillaceous sediment at the
bottom. Thirdly, the shoaling continued until the river water pre
vailed, and was no longer habitable by marine testacea, but fitted only
for the abode of tiuviatile species and aquatic insects. Fourthly, a
peaty swamp or morass was formed, into which trees and terrestrial
animals, as deer, were occasionally drifted by land floods. Lastly,
the soil, being only subject to periodical inundations from the river,
became a verdant plain, through which the narrow Ouse now winds
its way to the British Channel. It is in alluvial deposits of this kind
that the remains of man first appear: human skeletons, and the rude
instruments of a half-civilized race, are found associated with the bones
of animals which still inhabit this country, and in some instances in
termixed with the osseous remains of a few species that appear to
have been extirpated by man.

Such are the results which a review of the geological phenomena
of the south-east of England offers to our consideration. We have
evidence of great physical mutations of the surface of the earth-of
vast changes in the temperature of the climate; and we perceive that
these revolutions were accompanied by a corresponding alteration in
the forms of organic life: these are general conclusions, which can
not be disputed, although the laws that governed these co-existing
phenomena may be concealed from our view. It is, however, obvi
ous, that the great changes which have taken place in the relative

proportion of the land and water, must have materially influenced
the temperature of the climate, and consequently the geographical
distribution of animals and vegetables. Mr. Lyell has treated this

question in a very luminous and admirable manner, and has shown
that there is every reason to conclude that since the commencement
of the tertiary period, the dry land in the northern hemisphere has
been increasing; not only because it is now greatly in excess beyond
the average proportion which land generally bears to water on our

planet, but because a comparison of the secondary and tertiary strata
affords indications throughout the space occupied by Europe, of a
transition from the condition of an ocean, interspersed with islands,
to that of a large continent: and to this increase of the land in the
northern hemisphere we may probably attribute, in a great measure,
that gradual diminution of temperature which the organic remains of
the different periods denote. "The climate was hottest when the
northern hemisphere was for the most part occupied by the ocean;
and the refrigeration did not become considerable until a very large
proportion of that ocean was converted into land and replaced in
some parts by high mountain chains: nor- did the cold reach its maxi
mum until these chains attained their greatest elevation, and the land
its utmost extension."
The changes that have taken place in the forms of the animal and

vegetable kingdoms, are not less striking than those which we have
above described in the inorganic world. The animals and plants of
the more ancient strata, are not only such as could not now exist in
the latitudes which they formerly inhabited, but almost all the spe
cies, and very many of the genera, are no longer to be found in any
part of the known globe. In the newer deposits, on the contrary,
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we perceive an intermixture of existing with extinct species; the

proportion of the former increasing according to the more recent
formation of the strata, till, in the deposits of the modern era, the
remains of existing species alone are discovered, and, as we have al

ready remarked, in these accumulations of debris, the skeletons of
man, and traces of the works of art of the early tribes of our race,
are sometimes found imbedded.
The extinction of whole genera of animals and plants has, no doubt,

depended on various causes. In the earlier revolutions, the vicissitudes
of climate, and the mutations of land and water, were, probably, the

principal agents of destruction: but since man became the lord, of the
creation, his necessities and caprice have occasioned the extirpation
of many tribes, whose relics are found in the same superficial strata
with those of species concerning which all human history and tradi
tion are silent.*
The obliteration of certain forms of animal life (and perhaps the

creation of new ones) appears, therefore, to be dependent on a law in
the economy of nature, which is still in active operation. Of this we
have a remarkable instance in the case of the Dodo, which has been
annihilated, and become a denizen of the fossil kingdom, almost be
fore our eyes. The Dodo was a bird of the gallinaceous tribe, larger
than the turkey, which existed in great numbers in the Mauritius and

adjacent islands, when those conntries were first 'colonized by the
Dutch, about two centuries ago. This bird was the principal food of
the colonists; but it was incapable of domestication, and its numbers
soon became sensibly diminished. Stuffed specimens were sent to
the museums of Europe, and paintings of the living animal were exe
cuted, and copied into the works on natural history. The Dodo is
now extinct: it is no longer to be found in the isles where it once
flourished, and even all the stuffed specimens are destroyed; the only
relics that remain being the head and foot of an individual in the Ash
inolcan museum at Oxford, and the leg of another in the British mu
seum. To render this history complete, the fossilized remains were
alone wanting, and these have actually been found beneath a bed of
lava in the Isle of France, and are now in the museum of the Jardin
des Plantes at Paris; affording the most unexpected and conclusive
evidence of the truth of what was formerly considered one of the
most startling propositions in modern geology.f

Another highly interesting and important fact is proved by the phe
nomena that have been presented to our examination, namely, the

comparatively recent period at which man became an inhabitant of
the earth, and exercised dominion over the animal creation; a fact in

* In Great Britain, we may instance, as belonging to species which formerlyexisted in this country, and are still living in other parts of the globe, the beaver,
bear, wolf, hyena, tf.c.; and, as wholly extinct, the Iuis1 Elk and MarnnLoUt, with
whose bones existing species of shells are sometimes found associated. Consult
Dr. Flcm,i'n.'s Britis/ An.imals, 1 vol. 8vo. 18: also an excellent Memoir, bythe same author, in the Edinburgh Philosophical Journal, No. xxii,
t Sec an excellent paper on the Dodo, by Mr. Duncan, Ztmiosica.l Journal for

Jauua.ry, 1828: also, "Contributions towards the History of the Dodo, (Diditin
epivi,) by J. V. Thompson, Esq., Miit, Nat. lust.. vol. ii. p. 41; and Mr. Lycil's
Principles of Geology, vol. ii. p 111.
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strict accordance with those sacred records which reveal the moral

obligations and destiny of the human race.
With these observations I conclude this volume; entreating the in

dulgence of the geologist for much prolixity on subjects with which
be was already familiar, but which without such detail would have

presented but little interest to many; and assuring the general reader
who may feel desirous of further information, that the more he be
comes acquainted with the nature and objects of geological enquiries,
the more he will find them to possess in an eminent degree the charms
and advantages which are so eloquently described by Sir John Her
schel, as being inseparably connected with the study of every branch
of natural philosophy. "To the natural philosopher there is no nat
ural object unimportant or trifling. From the least of nature's works
he may learn the greatest lessons. The fall of an apple to the ground
may raise his thoughts to the laws which govern the revolutions of the

planets in their orbits; or the situation of a pebble may afford him
evidence of the state of the globe he inhabits, myriads of ages ago,
before his species became its denizens. Accustomed to trace the

operation of general causes, and the exemplification of general laws,
where the uninformed and unenquiring eye perceives neither novelty
nor beauty, he walks in the midst of wonders: every object which
falls in his way elucidates some principle, affords some instruction,
and impresses him with a sense of harmony and order; while the ob
servation of the calm, energetic regularity of nature, the immense
scale of her operations, and the certainty with which her ends are at
tained, tends, irresistibly, to tranquillize and re-assure the mind, and
render it less accessible to repining, selfish and turbulent emotions.
And this it does, not by debasing our nature into weak compliances
and abject submission to circumstances, but by filling us, as from an
inward spring, with a sense of nobleness and power which enables us
to rise superior to them; by showing us our strength and innate dig
nity, and by calling upon us for the exercise of those powers and
faculties by which we are susceptible of the comprehension of so
much greatness, and which form, as it were, a link between ourselves
and the best and noblest benefactors of our species, with whom we
hold communion in thoughts, and participate in discoveries, which
have raised them above their fellow-mortals, and brought them nearer
to their Creator.'*

* Discourse on the Study of Natural Philosophy, p. 14-17.
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IGNEOUS FORMATIONS.

1. Products of Active Volcanos.

It is sufficient, for the purpose of our present argument, simply to

name the products of active volcanos. They are well known; their

causes are now in active operation, and lava beds and currents are

still frequently forming, in many countries. They often bear, in their

very texture and features, palpable marks of the agency of fire, and
thus they inform us, in very intelligible language, that they are indeed

ignigenous: even when these features are not distinctly legible, it

often happens that the geographical and geological position of the

masses does not permit us to entertain a doubt of their volcanic ori

gin. We observe their currents, and we recognize their birth from

fire, even when they form beds of solid rock, which have no appear
ances of scorize, cinders, glass, or gaseous inflation, except, perhaps,
on their upper surfaces. No one doubts that volcanic currents over

flow whatever lies in their way, and therefore we find them covering,

occasionally, every geological formation, and every work of man

which can withstand the action of heat.

This topic was sufficiently illustrated in the introductory remarks,

and every one admits (what is indeed only a single instance of a gen
eral truth in geology) that the superincumbent mass is, generally, of

more recent origin than that upon which it lies. The evidence pre
sented by the eruptions of active volcanos, and the igneous formations

which they produce, goes then to establish the truth of geological
succession, but does not necessarily imply that its events are more

ancient than the commencement of organic life. This remark is lim

ited to volcanos strictly so called, and is not intended to include the

unstratified rocks, concerning the igneous or aqueous origin of which,

there has been, heretofore, much discussion and opposition of opinion,

although they are now generally attributed to the agency of heat.

2. Products of Extinct Volcanos.

Much philosophical scepticism formerly existed with respect to ex

tinct volcanos. They were vaguely referred to, but without decisive

proof of their real volcanic origin; and many persons, very imper

fectly qualified to judge of such questions, were sufficiently inclined

to infer the existence of volcanos of former ages, wherever they saw

a conical hill, or almost any bill, with a hollow on its summit; and

porous stones, of whatever kind, were referred to a similar origin.
It was a very imposing and sublime idea, that volcanic fire, still active
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in our planet, and still bursting forth, in many places, with destructive

energy, had, in times long past, exerted agencies still more extensive

covering provinces with ruins, and operating, even in the bed of the

primeval oceans. The speculation seemed to claim quite as much af

finity with poetical, as with philosophical conceptions, and it was not
till the middle of the last century, that the subject of extinct volcanos

began to be investigated with accuracy and skill.
It will be sufficient to name the much disputed country of Auvergne,

Velay, and Vivorais, in France, which has been often visited and ex
amined by able geologists, and we believe, that within a few years
past, no one of them has left that region, without being convinced
that it is of volcanic origin. This district lies upon the river Rhone,

nearly in the angle formed by it with the Mediterranean, and covers a

square area of forty or fifty leagues in diameter.
Craters, regularly formed, often entire, sometimes with the thin and

scorified edge of the lip in fine preservation, and occasionally of vast
dimensions; here, black, rugged and scathed with fire-there, over

grown with trees, and there, filled with water, forming lakes; cur
rents of lava, lying where they flowed from the crater, or where

they burst from the side or foot of the ruptured mountain, extend

ing many miles, and many leagues, traceable directly to their source,

winding along the gorges and the sinuosities of the values, now and
then diverted from their course by rocks, hills, and other obstacles;
sometimes damming up rivers, whose beds they have crossed or
obstructed, and thus forming lakes of considerable dimensions; ex

hibiting all the varieties of lithoid lava, from that which is compact
and rock-like, to that which, in an incipient, or in a prevailing degree,
is porous and vesicular; crowned or mixed with slag, scothc, pumice,
olivine, and other exuvhe of known and active volcanos; displaying
frequently a structure, now spherical, ovoidal and concentric; now

prismatic and columnar, and fronting streams, and bounding valleys,
with ranges of columns, equalling or rivalling the regularity of the

famous colonnades of Fingal's Cave and the Giant's Causeway; these

are a few of the most striking features of these countries, which are
so affluent in proofs of igneous origin, that there is nothing needed,
but to select, carefully and judiciously, those facts which will be the

most decisive, especially with respect to minds not familiar with such

contemplations.
The volcanos of the Auvergne, &c. are regarded as of different

ages; some appear to have been active before the formation of the

present valleys, and some since; where the currents of lava have
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been cut through, by those causes which formed the present valleys,
they are then obviously older than the valleys, and where these cur
rents have flowed into valleys, beds of rivers, &c. they are as evi
dently of a more recent date.

Although the formation of these volcanic regions was anterior to
the records of history, it was, evidently, in the most recent portions,
posterior to the existence of organized beings, which are found im
bedded in the volcanic tufa.
The recent researches of Humboldt, "Jiave greatly extended our

knowledge of the volcanic tracts of our globe; he has shown the
whole country round the Caspian to be a vast district of this nature,
a "pays cratere," exactly resembling, in its general outlines, the tele

scopic appearance of the moon; he liiis also pointed out another great
seat of volcanic action, the chain of Thion Chou, south of the Altai,
and running about 42° lat. N. and between 70° and 800 loig. E. of
London. This vast ignigenous district extends over two thousand
five hundred square leagues, and being generally remote from every
sea, shows that marine contiguity, although a common, is by no means
an indispensable concomitant of volcanic action.*
For our purpose, it is not necessary to go any farther into detail,

with respect to this class of rocks. All that is true of modern erup
tions from active volcanos, considered as proofs of succession in geo
logical events, is true in the present case. Every thing was occasion

ally covered by the currents that issued from the ancient volcanos, and
there is no reason to doubt, that, as happens in connexion with mod
ern volcanic convulsions, destructive earthquakes preceded and attend
ed their eruptions.

It is not our purpose, on this occasion, to enter into the considera
tion of the theory of volcanos. It is undoubtedly obscure, and at
tended with many difficulties, especially in the extent to which the

view of igneous action is carried by most of the geologists of the

present day. ,It is impossible, (says Conybeare,) to propose, as ex

planatory of volcanic phenomena, any probable theory, which does

not, at the same time, embrace the entire structure of the globe, in

all its generality."t

3. Ancient Rocks of Igneous Origin.

With respect to the extent of this class of rocks, there has been

great diversity of opinion.

* Discourse of Prof. Conybeare on Geology, at Oxford University, 1832.
t Discourse at Oxford, 1832.
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Trap, porphyry, and pitchstone, have long been consigned over to

an igneous origin, and a there is no longer any difference of opinion
on this subject, it is not necessary here to enter into the discussion.*
Nor is it important to our argument, to adduce the proofs in favor

of the extension of the agency of fire, to the formation even of gran
ite itself, with all its family of rocks. The igneous origin of granite
is now generally, although not universally, admitted. It is, however,

of no importance to this discussion, whether granite, as well as the

other unstratified rocks, is of aqueous or igneous origin, since the

proofs of geological succession, which is all that our argument re

quires, are, in either case, sufficiently decisive.
The intrusion of the rocks supposed to be of igneous origin, among

those that are superincumbent, producing dykes and veins, often
much ramified; the elevation and disruption of the upper strata;

the confusion often induced among them; the chemical changes pro
duced upon the contiguous masses, and the profuse and rich crystalli
zation of many of the primitive rocks, both in the minerals proper to

their constitution, and in those foreign ones which they contain im

bedded: all these afford decisive proofs of geological order, event,
succession, and time sufficient for the phenomena.

Crystallization in Rocks.

No person in the least acquainted with the subject, hesitates to ad

mit that crystallization implies a previous state of corpuscular mobili

ty either in fluid, in fusion, in vapor, or at least in a state of softness

arid diminished coheion. Although crystallization is not confined to

any one geological period, it is eminently conspicuous in the primi
tive rocks.

They present to the eye of one who has been accustomed to ex

amine the results of chemical deposition, very decisive proofs that

their particles have been in that state of mobility, which leaves them

at liberty, to unite according to the laws of corpuscular attraction;

the heterogeneous particles being connected by chemical, and the ho

mogeneous by mechanical attraction. Thus in feldspar, (if we in

clude both its necessary and occasional constituents) oxygen is an cl

ement in all the binary compounds that enter into its constitution;
in the silex it is united to silicon; in the potasa to potassium; in

* For a view of this subject, the reader is referred to Dr. Cooper's lecture, in the
fourth volume of the American Journal of Science.
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the soda to sodium; in the lime to calcium, and in the usual con-

taminating oxide, to iron. Supposing these to be the ultimate ele-

ments of the mineral, the proximate principles would be produced,
first by their uniting, chemically, to form these binary compounds;
which would still farther unite, but still chemically, to form the inte

grant particles of the mineral and these particles united mechanically

by cohesion, would form the mineral itself.

The same reasoning may be applied to every variety of rocks and

minerals. Limestone, consisting for its immediate principles, of lime

carbonic acid and water, contains, for its ultimate elements, accord

ing to the present state of our knowledge, calcium, carbon, hydrogen
and oxygen; the latter principle being united with each of the former

ones, so as to produce the lime, (oxygen and calcium,) the carbonic

acid,. (carbon and oxygen,) and the water, (oxygen and hydrogen.)
If the limestone were a magnesian one, then we must add oxygen
and magnesium, and so of other earths, as silex or alumine, if they
were present.
How far back, and how near to the isolated, independent state, we

are to trace each element, we cannot determine. Whether the ele

ments were created, in the first place, in a state of perfect freedom,

and their earliest movement was, not so much, that of elemental war,

as of elemental combination; or whether, they were combined in

pairs, and those pairs again combined, to form more complex results

we can never know with certainty; and all our suggestions on this

subject being necessarily hypothetical, ought of course to be concisely
stated.

But the discussion of these questions, which might easily be extend

ed to the most complex rocks, and to all their imbedded minerals,

however curious and even interesting, is in no way material to our

proceeding to reason intelligibly-may we not say even conclusively,

upon the act or process, which must, according to physical laws, have

preceded the concretion of the materials of the primitive rocks.

Suppose the elements which are to form granite, to have already
united, and a previous state of chemical mobility, to have rendered

such a result possible, a simultaneous deposition of the different min

erals must of course happen; the quartzy particles must find their

fellows, those of feldspar will do the same, and those of mica the

same, and the three minerals, born at the same moment, will find re

pose in the same cradle. In the same manner, their ornamental com

panions, (not essential to the rock, but often studding it, like gems set

in royal robes)-the emeralds, the topazes, the garnets, the tourma-
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lines and other crystallized minerals which sparkle in the bosom of
the primitive rocks declare a common birth..*

True it is, that creative power would call the rocks into being,
without any arranging process in their parts, but no analogy counte

nances the truth of such a supposition, and neither moral nor physi
cal reasons oblige us to admit so improbable a supposition.
'Who has contemplated the stupendous garnets of Fahiun-the

equally gigantic quartz and feispar crystals of the Alps-the more

delicate emeralds of Brazil and Ethiopia-the variously colored tour

malines of Chesterfield, and Goshen, Mass., and of Paris in Maine

-the fluor and calcareous spars of Derbyshire and Cumberland-the

idocrases of Vesuvius, and the rubies and sapphires of Ceylon and

other regions of India, the bubbles of air included with water and

other fluids in quartz-the fibres of ainianthus-the crystals of titani

um-the filaments of native copper and silver shut up in the same

mineral-the successive crystallizations of galena-sulphate of bary
tes-calcareous spar-quartz and fluor spar, often included in the

same group-the splendid amethystine and other geodes-little grot
toes lined with polished and beautiful geometrical figures-who has

seen all these things-the ornaments of our cabinets, and has doubted

that they were as truly the results of crystallization, as any of the

products of art, which are formed in our laboratories?

Crystallization is indeed not exclusively the attribute of primitive

regions; but in such regions it is eminently conspicuons, and if we

find crystals in the productions of every geological age, we are thus

furnished with proof, that these agencies continued to operate, al

though with less frequency and energy, through all succeeding peri
ods, and that they have not ceased even in our own times,t for mine

ral crystals are, every moment forming around us.

* Prof. Hitchcock, in his geology of Massachusetts, considers the simultaneous

and mixed crystallization of the different minerals in granite, as affording decisive

proofof its igneous origin, since, as he avers, aqueous solutions of different sub

stances crystallize, always successively, and never in promiscuous confusion.

t I have obtained crystals of calcareous spar.-.of sulphate of barytes and of

sulphate of lime and some of them repeatedly as accidental results in chemical

processes: I have seen even quartz crystals form rapidly under my eye, and others
have cited them as slowly produced with regularity and beauty, from the fluoric
solution of silex. Crystals of pyroxene-specular iron, titanium and other mine
rals have been produced by volcanic and furnace heat; more than forty species of
minerals have been observed in the stags of furnaces, and white pyroxene has been

produced by the action of fire upon the constituents of this mineral, and after fu
sion, it has re-crystallized, in the same form.-An. Jour. Vol. 10. p. 190.
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Still no one finds in the upper secondary rocks-much less in the

tertiary, the numerous and grand crystals that are common in the

primitive, and even to a degree in the transition and early secondary
formations, nor does any one look for those grand crystal cavities,

fours a cristaux, as they have been fancifully called,* except in the

ancient mountains, and in the veins and beds by which they are in

tersected.

No person who has been conversant with chemical effects can easily
confound them with those of mere mechanical deposition. Take a

piece of the most beautiful granite-its quartz is translucent if not

transparent-its feldspar is foliated in structure, presenting two regu
lar cleavage planes, united at definite angles-its mica is perfectly, fo

liated, and splits into innumerable thin lamina, each of which, is per

fectly transparent and has a high lustre, and this last property is com

mon (sometimes in a less degree,) to the quartz and the feldspar.
Gneiss and mica slate and saccharoidal limestone are distinguished, in

a greater or less degree by similar characteristics. Now, translucen

cy-transparency---lustre--cleavage-planes, and regular structure,

are known and established results of chemical deposition and are

never the effect of mechanical aggregation. Compare the above

properties, with those found in a piece of clay, and no person, how

ever unskilled in physical characteristics, can possibly attribute them

to a similar origin. The latter has as obviously sprung from me

chanical as the former from chemical laws ;-mechanical suspension
must have preceded the one, and solution, fusion or sublimation the

other.

Crystallization is the most exalted agency of the mineral kingdom
and it answers to organization in the animal and vegetable. It results

in the production of regular solids-often of beautiful figures, bound

ed almost always, by plane faces, which constitute the outline of beau

ty in the mineral kingdom, as the curve line does in the organized king
doms.-IIavy.

Proximate Causes of Crystallization in. the Earth.

Of the original state of the materials of our planet, as first formed

by the Creator, we know nothing. It is, however, in the highest de

gree improbable, that the innumerable crystals of so many different

substances and forms, which we find in the earth were originally crea-

* Patrius mineralogical travels.
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ted as we now see them. Crystallization by natural laws is constant

ly going on, around us and we can at pleasure, form crystals of many
substances; in some cases, we produce those that never have been dis
covered in nature, and in others we can surpass them in size and beau

ty. Although, as already remarked, it is possible that crystals might
have been the first forms of mineral matter, it is in the highest de

gree improbable; it is far more reasonable and philosophical to admit
that wherever we find a crystal in the earth, it has been formed by the
laws of crystallization operating upon the crude materials and there
is no reason to doubt that we could always imitate natural crystals,
provided we could command the powers and circumstances which ope
rated in the original crystallization of mineral bodies. In all the

geological epochs, after the primitive, there is decisive evidence of

great mechanical changes,* operating first on the primitive rocks, to

produce the materials for the derivative rocks, which often exhibit

unquestionable proofs of mechanical destruction and mechanical form
ation; 'in a word, of changes from the pristine state of the materials

in the primitive rocks, greater than crystallization implies in relation
to the constituent or integrant particles, which we may presume to

have, been originally created.

As to the proximate causes of crystallization among minerals it

can be referred only to two agents, heat and solution. The only pow
ers with which we are acquainted, that are at all equal to the effect,

are water, and fire, aided by various acid, alkaline, saline, and other

energetic chemical agents, which, in large quantities, we now find

actually entering into the constitution of the rocks, and which were

therefore originally provided in the grand store-house of created ma

terials.

The solution theory, once almost universally prevalent, has now

given way to the igneous, which not stopping with actual or extinct

volcanos or with trap, porphyry or pitchstone, has taken possess
ion of the granite mountains and of the very centre of the earth.

It undoubtedly explains with great felicity, the appearances of gran
ite veins and of many other phenomena, although neither the igneous
nor any other theory has explained every feature of the planet.

It is allowed by nearly all geologists, that the ocean has for a long
time occupied all countries. It is now evident also, that ignition
and fusion have always existed in the earth on a great scale, and this

* Among the primitive rocks, mechanical force is exhibited in fractures, eleva
tions, &c.
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is admitted by all whether they believe in the fusion of the central
nucleus or not. Internal fire still prevails to a great extent in the in
terior of our planet, and its effects appear to have been the greatest,
and the most extensive in the earliest periods. Volcanic mountains
and islands are known to have risen, even in modern times, from the
bosom of the ocean and islands are still existing where in former

ages the sea raged uncontrolled. The sub-marine volcanos also oc

casionally project flames, smoke, and red-hot stones through the ocean,
and thus inform us, that water cannot always subdue fire, that even
now, there are strata, at the bottom of the sea, where extreme igni
tion and extreme hydrostatic pressure, operate conjointly, upon the
firm materials; and that both, aided by the principal chemical agents
which we know to exist in the constitution of our globe, may unite to

produce results of which our trifling experiments can give us but a
feeble conception. An attempt for instance, to dissolve granite by
boiling it in water is just as rational as an attempt to melt it in a com
mon fire; neither experiment can possibly succeed; but the former
would not prove that, granite was never dissolved nor the latter, that

granite was never melted; because, the circumstances which may have

operated in the interior of the earth are not under our control and our

experiments are therefore nugatory.
In volcanic countries, silex is certainly dissolved by hot alkaline

water under great hydrostatic and steam pressure, and granite is as

certainly melted in the intense heat of deep seated fire.*
We should accept with equal readiness the aid of fire or water, or

other agents, as they may appear best adapted to explain a given ef

fect, and we should not hesitate to call in all the great natural powers
whether mechanical or chemical, as there may be occasion.

There is no doubt that fire and water and other powerful chem

ical agents have operated in all ages in producing mineral crystalliza
tion. Of these however, fire appears to have been by far the most

active, and although it is not proved by actual experiment, or even

by rigorous observation, there is every reason to admit that even

granite has been melted in the bowels of the earth and therefore may

crystallize from a state of igneous fusion. If this be true of the prop
er crystals of granite, it may be also true of the imbedded crystals
'which it contains, and therefore of all other crystals. Those which

* It appears now to be generally conceded, agreeably to the conclusions ofCor
dier, that the temperature of the earth increases as we descend. Sources of er
ror have been indeed pointed out, but they appear to be local and accidental.
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contain much water of crystallization may present a serious difficulty,
but perhaps pressure may have retained the water and as the parts
of the mineral concreted, in cooling, the molecules of water may have
taken their place in the regular solid. Still we can see no reason for

excluding water and other dissolving agents, acting with intense ener

gy under vast pressure and at the heat of even high ignition, from

playing a very important part in crystallization.
If we give granite to igneous fusion it is hardly possible to avoid

admitting the conjoined action of water on the crystallized slaty rocks
that usually cover it.

Nature and Application of the Argument.

It is we trust obvious that we have 'been occupied, not in the su

perfluous labor, of giving a complete system, but in selecting from

the great store house of nature, a few facts taken from the principal
geological classes.and epochs, to evince that our planet, before it was
inhabited by man, was subjected to a long course of formation and ar

rangement, the object of which evidently was, to fit it for the recep
tion, first of plants and animals, and finally of the human race.

In that remote period of which he who recorded the fact probably
knew not the date :-in the beginning God created the heavens and
the earth, and established the physical laws, the ordinances of heaven,

by which the material world was to be governed.
The earliest condition of the surface of the planet, appears to have

been that of a dark abyss of waters of unknown depth and continu
ance, which repressed the deep seated forces of internal fires.
The structure of the crust of the planet affords decisive evidence of

along series of events, in relation both to the formation of rocks, and
to the creation and succession of organized bodies, of which many of

them contain such astonishing quantities.
Time and order of time ; event, succession and revolution are plain

ly recorded in the earth; and sacred history expressly states that the
events involved both time and order of time.

Geology cannot decide on the amount of time, but it assures us
that there was enough to cover all the events connected with the for
mation of the mineral masses, and with the succession of the genera
tions of living beings, whose remains are found preserved in the
strata.

It i9 obvious that ages must have passed, while the various geolo-
gical events, which are recorded in the structure of the earth, were

happening, and particularly while the innumerable organic forms,
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after their creation, were in the course of reproduction, life, death,
deposition, consolidation, and preservation.
We will not enquire whether almighty power inserted plants and ani

mals in mineral masses, and was thus exerted in working a long series
of useless miracles, without design or end, and therefore incredible.
The man who can believe, for example, that the Iguanodon, with his
gigantic form, seventy feet in length, ten in height, and fifteen in girth,
was created in the midst of consolidated sandstone, and placed down
one thousand or twelve hundred feet from the surface of the earth, in
a rock composed of ruins and fragments, and containing vegetables,
shells, fish, and rolled pebbles; such a man can believe any thing,
with or without evidence. If there are any such persons, we must
leave them to their own reflections, since they cannot be influenced

by reason and sound argument; with them we can sustain no discuss
ion, for there is no common ground upou which we can meet.
The order of the physical events, discovered by geology, is the

same as that recorded by the sacred historian; that is, as far as the
latter has gone, for it was, evidently, no part of his object to enter

any farther into details, than to state that the world was the work of
God, and thus he was naturally led to mention the principal divisions
of natural things, as they were successively created.

The Bible is not a book of physical science, and its allusions to

physical subjects are, in the main, adapted to common apprehensions.
Still, the creation and the deluge, although they have a momentous
moral bearing, are, in their nature, entirely physical. Why should

any one refuse to attend to a history of these two stupendous events,

merely because that history professes to have proceeded from the same
author as the work itself; and why should we suppose that the brief
notices of the great physical facts, connected with a physical creation

and a physical destruction., are not correctly stated, in this earliest

and most venerable of histories?

If all our discoveries regarding the surface and the interior of the

planet tend, when properly understood, to confirm the credibility of

both these events, and to enable us to discriminate between the cir

cumstances and evidence which belong to them respectively-what
moral consideration can, in this case, forbid a happy application of

the discoveries of science, and why should science refuse to lend its

aid to the support of moral truth!

The question then recurs;-how can the amount of time be found,

consistently with the Mosaic history, for the order of time is the same.
The solution of this difficulty has been attempted in the following
modes.
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1. The present earth wasformedfrom the ruins andfragments of
an earlier world, re-arranged and set in order during the six days
of the creation..

This explanation has been given by men of powerful minds-strong
ly impressed with the overwhelming evidence which the earth presents
of innumerable events, and of progressive development through suc
cessive ages. It therefore honestly meets the difficulty, and fully
grants the necessity of allowing sufficient time for the series of geo
logical formations. It is, however, unsatisfactory; because it does
not provide at all for the regular successions of entombed animal
and vegetable races, and for the progressive consolidation, often in

long continued tranquillity, of the strata which are formed around
the organic bodies, and also for the numerous alternations and repeti
tions of these strata, frequently, as in the coal fields, in a regular or
der. All this demands time, and seasons of protracted repose, inter

rupted indeed by occasional elevations, subsidences, and other con
vulsions and catastrophes. In order that the solution above stated

may prove satisfactory, it is necessary that the earth should be, what
it actually is not, a confused pile of ruins, not only of loose fragments,
such as are now found on its surface, but they must be consolidated,
to form all its mountains and strata. Ruins, the mountains and strata

do indeed, in many places, contain, but they form only a portion of a

vast structure, in which ruins have no part.
The earth is unlike Memphis, Thebes, Persepolis, Babylon, Balbec

or Palmyra, which present merely confused and mutilated masses of

colossal and beautiful architecture, answering no purpose, except to

gratify curiosity, and to awaken a sublime and pathetic moral feel

ing;-it is, rather, like modern Rome, replete indeed with the ruins of

the ancient city, in part rearranged for purposes of utility and orna

ment, but also covered by the regular and perfect constructions of

subsequent centuries.

This theory, if it provide at all for the primitive rocks, must assign
their crystallization and consolidation to a period of indefinite geolo

gical antiquity, and it must also admit that they have undergone more

recent modifications, particularly in being upheaved by subterranean

force, and thus elevating, not only themselves, but the superincumbent
strata.

The hypothesis has, however, great merit, inasmuch as it admits, in

the long-gone-by ages, of just such events and successions as geology
has proved to have taken place; but it adds a general catastrophe,
which has not happened, and it implies a reconstruction of the crust.
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of the planet, entirely out of its own ruins, a supposition which is in-

consistent with the state of facts.

2. The present crust of the planet has been regularly formed be

tween the first creation "in the beginning,"* and the commencement

of the first day.
It appears to be admitted by critics, that the period alluded to in

the first verse of Genesis, "in the beginning," is not necessarily con

nected with the first day. It may therefore be regarded as standing

by itself, and as it is not limited, it admits of any extension backward
in time which the facts may require.t

By asserting that there was a beginning, it is declared that the world

is not eternal, and the declaration that God made the heavens and the

earth, is a bar, equally, against atheism and materialism. The world
was, therefore, made in time by the omnipotent Creator.

The creation of the planet was no doubt instantaneous, as regards
the materials, but the arrangement, at least of the crust, was gradual.
As a subject either of moral or physical contemplation, we can say
nothing better, than that it was the good pleasure of God that this
world should be called into existeiice; but, it was also his pleasure,
that the arrangement, by which it was to become a fit habitation for
man, should be progressive.
This is in strict analogy with the regular course of things in the

physical, moral and intellectual world. Every thing, except God, has
a beginning, and every thing else is progressive. The human mind,

* "Of old, hast thou 'aid the foundation of the earth, and the heavens are the
work of thy hands." Ps. cii. 25. "And thou, Lord, in the beginning, host laid
the foundation of the earth." Heb. i. 10.
t "This statement appears to be entirely distinct from all that follows."-W. M

Higgins, F. G. S.; the Mosaic and Mineral Geologies: London, 1833.
"In this view I find no difficulties, either as a divine or a philosopher."-.-privatc

correspondence of the Editor with an eminent biblical critic and divine.
Dr. Chalmers says-" Does Moses ever say, that when God created the heavens

and the earth, he did more, at the time alluded to, than transform them out of pre
viously existing materials? Or does he ever say, that there was not an interval of
many ages betwixt the first act of creation, described in the first verse of the book
of Genesis, and said to have been performed in the beginning, and those more de
tailed operations, the account of which commences at the second verse, and which
are described to us as having been performed in so many days Or, finally, does
he ever make us understand, that the generations of man went further than to fix
the antiquity of the species, and of consequence that they left the antiquity of the
globe a free subject for the speculations of philosophers."-Evid. Christ. Rev. in,
Edin,. Encyc.
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the bodily powers, the inception and growth of the animal arid vegeta-
ble races, the seasons, seed time and harvest, science and arts, wealth,
civilization, national power and character, and a thousand things more,
evince, that progression is stamped upon every thing, and that nothing
reaches its perfection by a single leap.
The gradual preparation of this planet for its ultimate destination,

presents therefore no anomaly, and need not excite our surprise.
It is of no importance to us, whether our home was in a course of

preparation, during days or ages, for the moral dispensations of God
to man could not begin until his creation.
The abyss of waters which existed at an early unknown period, be

fore the time of the final arrangement of the surface, which preceded
the creation of man, and continued, we may suppose, for an unlimited
time, is just such a state of things, in coincidence with the operation
of internal fire, as is demanded for the formation of the central rocks,
and for their elevation, as far as facts may justify us in supposing that
it took place so early.
The supposition now before us is equally consistent with both the

igneous and the aqueous theory of the earth; and indeed it would be

impossible to account for the appearance of things, without the con

joined agency of internal fire, and of an incumbent ocean; the latter

repressing the expansive and explosive power of the former, causing
its beat greatly to accumulate, even to the fusion of the most refrac

tory materials; preventing the escape of gaseous matter, as, for in
stance, of carbonic acid gas from the limestones, and by its pressure
and slow cooling, from the small conducting power of water, pre
venting melted rocks from assuming the appearance of volcanic cin
ders, slags, scori, and other inflated masses.
The incumbent ocean is therefore indispensable to the correct de

ductions of the theoretical geologist, even if he believe in the igne
ous origin of the primitive rocks: still more, if he attribute these

rocks to dissolving agencies.
With these views, then, the historical record happily agrees, and

geology has no quarrel with the sacred history.
During the period when this dark abyss of waters prevailed, the

earth was without form, and void, or better, as Hebricians say-" the

earth was invisible and unfurnished ;" we may presume that then
the early operations of geological formation and arrangement began,
by producing the fundamental rocks, and thus providing materials
for all the derivative strata, which, in the course of their consolida
tion, were destined to embosorn such an endless diversity of extra

neous contents.
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This theory then is satisfactory as far as it goes: like the one pre
viously discussed, it fairly recognizes and encounters the real difficulty
in the case, and it would be quite sufficient to reconcile geology and
the Mosaic History, as usually understood, did not the latter assign
particular events to each of the successive periods called days; the
most important of these events are, the first emergence of the moun

tains, and the creation of organized and living beings. It seems ne

cessary therefore to embrace the days in the series of geological pe
riods; and the difficulties of our subject will not be removed, unless

we can show that there is time enough included in those periods
called days, to cover the organic creation, and the formation of the

rocks, in which the remains of these bodies are contained.

3. The days of the creation were periods of time of indefinite

length.
Instead of most of the observations, which we might otherwise

have made on this head, we shall substitute a comment on some of

the lectures of the late illustrious Cuvier, by a distinguished philoso

pher, Prof. Jameson, of Edinburgh.* It is not necessary to speak of

the eminence of those gentlemen in science, or of their attachment to

the sacred writings; both are well known.

We would observe, that while we fully accord with Prof. Jameson

in the general course of his argument, we leave his particular criti

cisms on some minor points, to those who are qualified to judge of

their merits, Cuvier remarks:-
" The books of Moses shew us, that he had very perfect ideas re

specting several of the highest questions of natural philosophy. His

cosmogony especially, considered in a purely scientific view, is ex

tremely remarkable, inasmuch as the order which it assigns to the

different epochs of creation, is precisely the same as that which has

been deduced from geological considerations."

This, then, is the issue, in the opinion of Baron Cuvier, of that sci

ence, which has been held by many persons to teach conclusions at

variance with the Book of Genesis,-when at last more matured by a

series of careful observations and legitimate induction, it teaches us

precisely what Moses had taught more than three thousand years ago.
* * * * * *

The first chapter of Genesis is written in a pure Hebrew. This

was the language spoken, and afterwards extensively written, by the

people whom Moses conducted to Palestine from the land of Goshen.

* Am. Jour. vol. xxv. pa. 26.
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That it differed greatly from the language of the Egyptians, we have
full proof in the Coptic remains of the latter, in the Egyptian proper
names preserved in the Hebrew writings, and also in the circumstance
that Joseph, when pretending to be an Egyptian, conversed with his
brethren by means of an interpreter. Yet, in the chapter in ques
tion, we find no foreign terms, no appearance of its being translated
from any other tongue; but, on the contrary, it bears every inter
nal mark of being purely original, for the style is condensed and
idiomatical in the very highest degree. Had Moses derived his sci
ence from Egypt, either by oral communication, or the study of Egyp
tian writings, it is inconceivable that some of his terms, or the style of
his composition, should not, in some point or other, betray the plagi
ary or copyist.

But the conjecture that Moses borrowed his cosmogony from the

Egyptians, must rest, moreover, on a supposition that the order which
he assigns for the different epochs of creation, had been determined by
a course of observation and induction, and the correct application of

many other highly perfected sciences to the illustration of the subject,
equal at least in their accuracy and philosophical precision, to those

by which our present geological knowledge has been obtained.

Nothing less than this can account for Moses' teaching us precisely
what the modern geology teaches, if we allow knowledge to be mere

ly human. How comes it to pass, then, that while he has given us
the perfect and satisfactory results, he has been enabled so totally to
exclude from his record every trace of the steps by which they were
obtained? The supposition of such perfection of geological knowl

edge in ancient Egypt, implies a long series of observation by many
individuals, having the same object in view. It implies of necessity,
also, the invention and use of many defined terms of science, without

which there could have been no mutual understanding among the dif

ferent observers, and of course no progress in their pursuit. These

terms have all totally disappeared in the hands of Moses. He trans
lated, with precision, the whole science of geology into the language
of shepherds and husbandmen, leaving no trace whatever of any one
of its peculiar terms, any more than of the curious steps in its pro

gress.
But there is a phenomenon in his record still more unaccountable

upon any supposition that his science is merely human. His geolo
gy, acknowledged by the highest authority in this age of scientific im

provement to be thus accurate, dwindles down in his hands to be a

merely incidental appendage to an enunciation of the most rational
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and sublime theology. This latter he did not learn in Egypt, for it
was in the possession of his ancestors while they were yet inhabitants
of Canaan.

Shall we, then, conjecture that Moses borrowed theology from the
Hebrews on the one hand, and geological science from the Egyptians
on the other, to compound out of them that brief, but unique and per
fect system of both, which is presented to u in the first chapter of
Genesis; or, is it possible that we could adopt any conjecture more
absurd, and this, too, in utter destitution of all proof that the Egyp
tians possessed any knowledge of geology in the sense in which we
use the term?

The result of our inquiry is, that the geology of Moses has come
down to us out of a period of remote antiquity before the light of hu
man science arose; for, to suppose that it was borrowed from, or pos
sessed by any other people than the remarkable race to which Moses
himself belonged, involves us on all hands in the most inextricable dif
ficulties and palpable absurdities..* Of that race, it has been long
since justly remarked, that while in religion they were men, in hu

man learning and science they were children; and if we find in their
records any perfect system of an extensive and difficult science, we
know they have not obtained it by the regular processes of observa
tion and induction, which, in the hands of European philosophers,
have led to a high degree of perfection in many sciences.
Let us now, then, inquire into the true value and necessary result of

Baron Cuvier's statement, "that the cosmogony of Moses assigns to
the epochs of creation precisely the same order as that which has been
deduced from geological consideration."

Before we proceed to that detail and comparison of particulars which
are necessary in the due prosecution of the inquiry, we purpose to
shew that a right understanding of the terms employed by Moses,

* We believe that the opinion of Calmet may be maintained by very extensive
and highly satisfactory internal evidence, that Moses, in the book of Genesis, has
transmitted to us the successive writings of the earlier Patriarchs) just as the
Prophets) who succeeded him, have transmitted to us that book and his own wri
tings. We believe, likewise, with Bishop Gleig, that the opinion generally enter
tained ofthe late invention of alphabetical writing, is no other than a vulgar error,
and that such writing must have been practised before the flood of Noah.

Sir William Jones, when he hazarded the conjecture, or rather opinion, that the
language of Noah is probably entirely lost, must have quite overlooked the inter
nal evidences, that the original language of Genesis can be no other then the lan
guage of both Noah and Adam. But these questions are too important and exten
sive to be more than thus briefly alluded to in a note.
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will lead us to several more agreements between his statements and
the results of the modern geology, than are indicated by our common

English translation. This will lead us into a critical examination of
several of these terms. We do not mean to hinge much of these crit
icisms on grammatical niceties, but to rest them chiefly on an examin
ation of other passages of Hebrew Scriptures, where the terms are al
so employed, and where the context throws such light on them, as

puts an end to all doubt about their true import. This is a process of
criticism which is universally allowed to be quite satisfactory, where
we have sources for employing it, as happens to be the case in the

present instance.
To make our criticisms intelligible, without the labor of turning to

the passages quoted, we shall quote' the common English translation
to such an extent as may be necessary.
The term, the meaning of which we shall first investigate, is "day"

(in the Hebrew, yom.) The interpretation of this, in the sense
11
epoch or "period," has been a subject of animadversion, of an un

necessary severity in some cases. A careful examination of the first.

chapter of Genesis itself, leads unavoidably to the conclusion, that our

natural day of one revolution of the sun cannot be meant by it, for we

find that no fewer than three of the six days had passed before the

measure of our present day was established. It was only on the

fourth day, or epoch of the creation, "that God made two great lights
to divide the day from the night, and to be for signs, and for seasons,

and for days and for years." The very first time that the term oc

curs in the Hebrew text, after the history of the six days' work, and

of the rest of the seventh, as if to furnish us with definite information

regarding its true import, we find it employed in a similar manner to

that in which we must understand it here; for, in Gen. ii. 4, we have,

"These are the generations of the heavens and the earth, in the day

(beyom) that the Lord God made the earth and heavens." The use

of the term in this indefinite sense is so common in the Hebrew wri

tings that it would be a great labor to quote all the passages in which

it is found; and we shall satisfy ourselves by at present referring to

Job xviii. 20, where it is put for the whole period of a man's life,

"They that come after him shall be astonished at his day" (yomu) ;
and Isaiah xxx. 8, where it is put for all future time, "Now go note

it in a book, that it may be for the latter day (leyom), for ever and

ever." It is quite obvious, from these examples, that the Hebrews
used the term (yom) to express long periods of time. The very con
ditions of the history in this chapter, prove that it must be here so un

derstood.
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They who object to this interpretation of the term here, immedi

ately quote against it the reason added to the fourth commandment,
"For in six days the Lord made heaven and earth, the sea, and all
that in them is, and rested the seventh day, wherefore the Lord bless

ed the Sabbath-day and sanctified it." This is, however, no more than
a brief reference, and the terms of it must therefore be strictly inter

preted in accordance with those of the detail to which the reference is

made.

It has been said that such an interpretation goes to nullify the rea
sons assigned for the sanctification of every seventh revolution of the
sun; but this does not follow. In point of fact, the rest from the
work of creation (we use this form of speech from the example before
us) did not endure for only one revolution, of the sun, but has contin
ued since the creation of man; and we have no grounds on which to
establish even a conjecture of the time of its coming to a close; so

that if we were urged to adopt a period of twenty four hours as the

meaning of yom, that the six days of creation might literally corres

pond with our six working days, we should then find the apparent dis

agreement, which, by this process, we would endeavor to avoid, trans

ferred to our weekly period of rest, and the rest from the work of
creation.

It will surely be readily allowed, that the sanctification of the Sab

bath has respect to man and his duties; and since his Creator has been

made known to him, and the order of the six successive epochs in
which the earth was rendered fit for his habitation; if we are to allow
what surely no reflecting mind will ever deny, that it is his duty to
reflect with gratitude on the blessing he has received, and to main
tain in his heart a sense of his dependence upon, and responsibility
to him, who made the heavens and the earth, and all that they contain,

no method could have been devised better calculated for preserving
these feelings in constant activity than appointing some definite por
tion of time, returning at short intervals, to be devoted to the con

templations that awaken them, nor any interval more appropriate
than that which so directly recalls the order of the events of the

creation.

Since we have introduced the subject of the measure of our pres
ent clay, we would offer an observation regarding the work of the
fourth day, which includes the sun, moon and stars. Respecting the

period of their creation, geology, from its nature, gives us no precise
ly definite indications. The history regarding them is from the 14th
to the 18th verses, and we would observe of it, that the terms employ-
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ed are such as do not not absolutely imply that these bodies were at
this epoch first created, but admit of the interpretation that their mo
tions were then first made the measures of our present days and sea
sons. We had found i already stated in the 1st verse, that the heav
ens and the earth were created in the beginning, antecedently to the
work of the six days, by which they were reduced to their present
order, and the earth was peopled with organized beings. It would
seem an unwarrantable interpretation to exclude the sun, moon and

stars from among the objects expressed-by the general terms, the

heavens and the earth. It is the most obvious interpretation, that

they were then created, and were lighted up on the first day, but that

it was only during the fourth epoch, that they were made, the greater

light to rule over the present day, and the lesser light to rule over the

present night, and to be for signs, and for seasons, and for days and

for years, according to the measures of time, which we now find es

tablished by them. This part of the history, then, when interpreted
in consistency with the 1st verse, and without any violence to the

terms, implies, (in the common language of men, which, in all na

tions, refers the diurnal and annual revolutions of the heavenly bodies

to the motions of these bodies themselves,) that the earth was during
this epoch, finally brought into its present orbit.

The work of the third epoch was the appearance of the dry land,

and the creation of the vegetable kingdom. The history of the latter

in our common translation, is v. 11, "God said, Let the earth bring
forth grass (in the margin tender grass,) the herb yielding seed, and

the fruit-tree yielding fruit after his kind, whose seed is in itself, upon
the earth: and it was so." V. 12, "And the earth brought forth

grass, and the herb yielding seed after his kind, and the tree yielding
fruit, whose seed was in itself, after his kind." The terms grass (in
Hebrew, deshe,) herb (Hebrew, oeseb,) and tree (Hebrew etz,) are

here all put disjunctively in the Hebrew.; there being only one conjunc
tion in the twelfth verse between herb and tree, which does not affect

the disjunctive character of the three terms, as it is a common prac
tice in the Hebrew writing to couple, in this manner, the two last of

a series of disjunctive terms, as, for example, the names of the four

kings in Genesis xiv. 1. In the two last of these terms, herb and

tree, we find a recognition of a remarkable natural distinction among
the vegetable tribes, and this very circumstance would lead us to infer

that the first term, which has obviously presented a difficulty to our

translators, since they have given two interpretations of it, i intend

ed to express some class or tribe of the vegetable kingdom, naturally
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distinguished from herbs and trees, as they are from one another. The

term in question (deshe) is a noun from a verb, which, from Joel ii.

22, we learn the meaning is to spring, to shoot, to vegetate, "Be not

afraid, ye beasts of the field, for the pastures of the wilderness do

spring, (dashen.") In the 11th verse under consideration, we find

both the verb and the noun, for the words translated "Let the earth

bring forth" are (tadeshe haaretz,) which, in accordance with the

obvious sense in Joel, would be better rendered "Let the earth shoot

out." From this meaning of the verb, then, the noun, would signify
-the springing or shooting plant, and as used here in contradistinction

to both herbs and trees bearing seeds, it is surely not recommending

any forced interpretation to suggest that it is meant to express that

class of vegetables, which all botanists recognise as being naturally

distinguished by the obscurity of their means of reproduction.
It lends to support this interpretation, that the Hebrew has a dif

ferent term for grass, the common food of cattle (chatzir,) which the

lexicographers have shewn is derived from its tubular structure. Thus,

in Job, xl. 15, we have "he eateth grass (chatzir) as an ox;" and,

Psalm civ. 14, "He causeth grass (chaizir) to grow for the cattle."

In several passages besides this of Genesis, we find deshe contra

distinguished from both ocscb and chatzir, as in Deuteronomy xxxii. 2,

"As the small rain upon the tender herb (deshe), and as the showers

upon the grass (oeseb) ;" and Psalm xxxvii. 2, "They shall soon be

cut down like the grass (chaizir), and wither like the green, herb

(deshe);" and 2d Kings xix. 26, "They were as the herb (oeseb) of

the field, as the green herb (deshe), as the grass (chatzir) on the

house tops. These quotations shew the want -of uniformity with
which the English translators have rendered these terms, and go to

support the sense we would assign to deslie.

But we must not conceal that there are three passages in which this

word occurs, that might seem to imply, until cinsely examined, that
we should not be warranted to restrict the sense of it in the manner

proposed. One is in the 23d Psalm, "The Lord is my shepherd, I
shall not want. He maketh me to lie down in the pastures of tender

grass (deshe)." On this we have to observe, that the word render

ed here in. the pastures, has been rendered in the Vulgate, in various

places where it occurs, and by the Septuagint in some instances, de
sirable or beautiful places, and their accuracy in doing this seems
confirmed by the circumstance, that the Hebrew has another term for

The marginal translation: which is the literal one.
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pasture; and if this interpretation of that word be admitted, then
deshe might signify here plants rather fitted for lying down on, as the
mosses and ferns, than for pasture, which would make out a consistent

image expressed in this clause or sentence, in opposition to the one
derived from the abundance of pasture, which is evidently already
sufficiently completed in the terms, "The Lord is my shepherd, I
shall not want." This passage, then, when rightly understood, rather
serves to confirm the meaning which we have suggested for deshe.
Another passage is Job vi. 5, "Doth the wild ass bray when he hath

grass (deshe), or loweth the ox over his fodder?" but no stress can
be laid upon this, when we consider that both the ass and the horse
eat, of choice, various species of ferns and equista, a fact which it is
not unreasonable to suppose might be known to the author of a book
which contains so much accurate and interesting natural history as
this of Job. The plants, whatever they might be, which formed a

supply for the wild ass, are at least obviously set in contradistinction
to those which formed the fodder of the ox. The third passage is
Jeremiah 1. 11, "because ye are grown fat as the heifer at grass
(deshe)." But there is, in a great number of manuscripts, a various

reading for deshe here, by which the meaning becomes, 'lye are

grown fat, like a heifer thrashing, or treading, out the corn;" and sev

eral circumstances shew the latter reading to be the more probably
.correct one.

It remains, then, very highly probable, upon the whole, that de.she,

in the 11th and 12th verses, is intended to express the eryptogamous

vegetation.
In our observations n the terms emplyed in the history of the cre

ation of the animals, we shall arrive at some important conclusions

that are more absolutely certain.

The first thing that we would observe in regard to this, is, that there

are two distinct words, of very different origin, which the English
translators have rendered, promiscuously, creeping creatures or thing,
and also moving creatures, following, no doubt, the authority of the

Septuagint, which has given for both; thus occasioning a great
confusion instead of a clear and perspicuous order of creations exhib

ited in the Hebrew text. The first of these words is sheretz, as in

verse 20th, in the history of the fifth day's work, "God said, Let the

waters bring forth abundantly the moving creature (sheretz) ;" in the

margin, the creeping creature. This word is from a verb, which sig
nifies to bring forth, or to increase, or to multiply abundantly, being
the very verb which is rendered bring forth abundantly in the 20th
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verse, "Let the waters bring forth abundantly," (is heretzu harnaim).
We find the verb obviously having this meaning in other passages, of
'which we shall quote examples; Gen. viii 17, "That they may breed

abundantly (vesharetzu) in the earth, and be fruitful and multiply in
the earth;" Exod. i. 7, ,And the children of Israel were fruitful and
increased abundantly (vaisheretzu), and multiplied, and waxed exceed

ing mighty, and the land was filled with them;" Exod. viii. 3, "And
the river shall bring forth frogs abundantly (vesharatz),

* * * and
the frogs shall come up both on thee and on thy people, and upon all

thy servants."

From all this it appears that the proper translation of the nouns

sheretz is not the creeping but the rapidly multiplying creature..

The creatures expressed by this noun were part of those which were

created during the fifth epoch.
The other word translated creeping thing is (remes), and the crea

tures expressed by the noun were created during the sixth epoch..
We shall afterwards shew that it has a very different meaning from

sheretz.

In the history of the fifth day's work, the translators have rendered

the Hebrew word (oph), by fowl. This limits its meaning so as to

include only the birds. But the term includes also the winged insects,

as is evident from Leviticus xi. 20, "All fowls (haoph) that creep, go

ing upon four." The proper translation of the term is not fowl, but

flying thing, including the tribes of all kinds that can raise themselves

up into the air; as is indeed rendered obvious by the expression in

the 21st verse of the 1st chapter of Genesis itself (cal oph canaph),

"every flying thing that bath wings."
In the 21st verse it is said, "God created (hathananim hagedolim),"

which Hebrew words, our translators, following the Septuagint, (which

has given for them c sVccXcL,) have rendered great whales.

We have abundant resources to shew that this translation is erroneous.

In fact, neither the Greek nor the English translators have been con

sistent with themselves in translating the Hebrew word (than) or

(thanim), for it occurs in both these forms. We find them in other

places translating it severally by the term paxv, and dragon. It

would be tedious to quote the passages where they have thus varied

from themselves. We shall refer to Ezekiel xxix. 3, for the latter

sense, "I am against thee, Pharaoh, Icing of Egypt, the great dragon

(hathanim hagadol) that lieth in the midst of his rivers," where the

Septuagint has qov ccxovqa. To p.s7cv. The figure in this passage is

evidently borrowed from the crocodile of the Nile, and this circum-



448 CONSISTENCY OF GEOLOGY WITH SACRED HISTORY.

stance of itself would sliew that dragon, in place of whale, would be

a better translation in Genesis. But (thanin) has a still more compre
hensive meaning. We find two words formed from it, one of which

(Leviathan) is the specific name of the crocodile, as is obvious from

the descriptions of Job chap. xli. and of Isaiah chap. xxvii. 1, in which
last passage (thanin) is also used,-and the other (Pethan) is the spe
cific name of some serpent, as is obvious from the reference to its

poison, in Job xx. 14, and Deuteronomy xxxii. 33. In this last pas

sage we also find poison ascribed to the thanin; "Their wine is the

poison of dragons (thaninim), and the cruel venom of asps (pethanim);"
so that here it is evidently meant to express a serpent, as in Ezekiel

and Isaiah, as we have seen above, it signifies one o- the lacértine

species.
These references, which we could have greatly extended, were it

necessary, are sufficient to.prove that (than) or (thanin) was a sort of

generic, or rather classical, name, to designate the serpent and lizard

tribes; and that instead of great whales in the 21st verse, the trans

lators should have given the words great reptiles.*
The result of our criticism is, that the work of the fifth epoch, as

described in Genesis, was the creation of the inhabitants of the waters;

of the birds, winged insects, and reptiles; in fact, of the oviparous
races named in detail, with some omissions which are to be accounted

for by the uniformly condensed and brief form of the whole narration.

We proceed to the work of the sixth epoch, which concluded with

the creation of man.

In the English translation we find creeping things again included.

among the beings which were created during this period, and these

English terms, in their most commonly received acceptation, imply
some of the insect or reptile tribes. We have seen that the Septua

gint countenances the interpretation creeping things; but the Hebrew

term (remes) does not. This is derived from a verb which signifies

to move, and which is 80 far from being limited in its application to

the insects or the reptiles, that, in Psalm civ. 20, 21, we find it applied

to the beast of the forest and the young lions: "Thou makest dark

ness and it is night, wberein all the beasts of the forest do creep (tire-

* There is only one passage in which (than) means, with certainty, any thing
else than a serpent or reptile, which is Lamentations iv. 3, where probably a seal

is meant; but the passage is highly poetical, and no authority can be given to it to

supersede the uniform meaning of the term in all the earlier writers, which we

iave established in the text.
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mos). The young lions roar after their prey." In the 24th and 25th
verses, (remes) is grouped with cattle (behemach), and beast of the
earth (haith haaretz). Proofs are abundant, and too tedious to be all
referred to, that by (behemah) the Hebrews generally expressed the

larger herbivorous animals, and by (haith haaretz) the larger beasts of

prey. (For the former see Genesis xxxiv. 23, and for the latter Le
viticus xxvi. 22.) Thus we find races of mammalia expressed by
these terms, and to comprehend the whole class we must understand

(remes) as referring to its other tribes. It is at least no race of insects
that can be meant by the term, for, in point of fact, where any of these"

are obviously meant in other Hebrew passages, either the name (she
retz) is given-to them, as in Leviticus xi. 42, "Whatsoever doth mul

tiply feet among all creeping things," (hasheretz), or the name (oph),
as we have already seen.

It is true that remes is applied to the oviparous tribes, but not as a

noun or name, but as a verb to express their motion, just as in some

passages above quoted, we have seen sheretz applied as a verb, but

not a name to mammalia.

Previously to setting down the following table of coincidences be

tween the first chapter of Genesis and the results of geological obser

vation, it is necessary to make a remark on one passage in Hum

boldt's table of geological formations, which possesses a classical ce

lebrity over Europe. In that table, following an earlier authority, he

has placed the formations of transition, in the limestones of which

are found several species of shells, intermediately between the primi
tive formations and those containilig bituminous coal; and his table

would thus indicate that an animal creation had preceded any vege
table one. We shall not need to discuss the question, whether the

formations, named transition, are considered in a right point of view,

when they are placed between the primitive and pit-coal strata, since

it is sufficient for our present purpose to remark, that several obser

vations, among which we may particularly refer to those of Thomas

Weaver, Esq. F. R. S., on the geological relations of the south of Ire

land, have proved that the anthracite or glance coal of the transition

formations, with some of its accompanying strata, are full of impress

ions of various plants ;* so that in the transition strata a vegetable

creation is discovered as well as an animal.

In the following table we have taken the geological fa'cts from va
rious authorities. The passages quoted, are selected chiefly on ac
count of their brevity. In the quotation from, and reference to Genesis,
the events on which geology can throw no certain light are in italics

This is true, on a vast scale and in innumerable instances, in the anthracite
mines of Pennsylvania; not to mention that most geologists now include the bitu
minous coal in the transition class.-Ed.
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Table of coincidences between the Order of Events as described in Genesis, an
that unfolded by Geological Investigation.

In Gene.s. Discovered by Geology.
Gen. I. 1,2. In the begin-

ning God created the heav-
ens and the earth. And the It is impossible to deny, that the waters of the
earth was without form and 1 sea have formerly, and for a long time, covered
void; and darkness was up- those masses of matter which now constitute our
on the face of the deep; and highest mountains;
the Spirit of God moved up-
on the face of the waters.

3, 4, 5. creation of light, and,
6, 7, 8. Creation of the ex- 2 further, that these waters, during a long time, did

pansion or atmosphere. not support any living bodies.-Cnvier's Theory
9, 10. Appearance of the of the Earth, sect. 7.

dry land
1. Cryptogamous plants in the coal strata.-Ma-

ny observers.
2. Species of the most perfect developed class,

11, 12, 13. Creation of the Dicotyledonous, already appear in the period
shooting plants, and ofseed- 3 of the secondary formations, and the first traces of
bearing herbs and trees. them can be shown in the oldest strata of the sec-

ondary lbrmation; while they uninterruptedly in-
crease in the successive formations.-Prof. Jame-

- son's remarks an the Ancient Flora of the Earth.._______________________________
14 to 19. Sun, moon and

stars made to be for signs,
and for seasons, and for
days and for years.

Shells in Alpine and Jura limestone.-Hnrn-
boldt' tables.

20. Creation of the inhab- 4 Fish in Jura limstone.-Do.
itants of the waters. Teeth and scales of fish in Tilgate sandstone.-

Mr Manicil
Bones of birds in Tilgare sandstone.-Mr. Man-

Creation of flying things. 5 tell., Geological Transactions, 1826.
Elytra* of winged insects in calcareous slate, at

" Stonesfield.-Mr. Mantel
It will be impossible not to acknowledge as a

certain truth, the number, the largeness, and the
variety of the reptiles, which inhabited the seas or
the land at the epoch in which the strata of Jura

21. The creation of great 6 were deposited.- Cvvier's Ossem. Foss.
reptiles. There was a period when the earth was peopled

by oviparous quadrupeds of the most appalling
magnitude. Reptiles were the lords of Creation.-
Mr Mantel
Bones 01' maminiferous land quadrupeds, tumid

24, 25. Creation of the 7 only when we come up to the l'oimations above the
mammalia. coarse limestone, which is above the challct-Cn-

- ncr's T/nt'r!/, sect. 20._____________________________
No human remains among extraneous fossils,

Cu nicr's TIteor', sect. 32.
26, 27. Creation of man. But found covered with mud in caves of Bize.-

Journal.
The crust of the globe has been subjected to a

Genesis, VII. The flood great and sudden revolution, which cannot be da-
of Noah, 4200 years ago. Led much farther back than five or six thousand

years ago.-'uvier's Theory, 32, 33, 34, 35, and

-

Bnclian.d's Rcliq. Dilvv.
" Sheaths.
One solitary exception is since discovered, in the calczu'eoiis slate of Stonesfield, in the bnnes

of a dideiphia, an opossum, a tribe whose position may be held intermediate between the ovipa
rous and mainmiferous races.
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In the above table, we have not taken advantage of the distinction
which we conceive, we have gone far to prove, is expressed in the

Hebrew text between the cryptogamous and the other classes of plants
but have set down the whole vegetable kingdom as forming only one
element in the table. We shall also allow that the 4th, 5th, and 8th
Nos. maybe liable to be interchanged among themselves, in respect
of place and shall hinge no argument upon them, farther than what

arises from the circumstance that they are all placed in one group.
Yet, after these abatements from the number of particulars, the coin

cidences here shown between the order of the epochs of creation as

signed in Genesis, and that discovered by geology, are calculated to

excite the deepest attention. Human science, in the probabilty of

chances, as illustrated by La Place, has put us in possession of an

instrument for estimating their value; and we feel amply entitled to

take advantage of it for that purpose, for no case could well be point
ed out, where it would be more correctly applicable than in this,

where the coincidences assume a definitely successive numerical form.

We are entitled to adopt even the very language of La Place, and to

say, "By subjecting the probability of these coincidences to compu

tation, it is found that there is more than sixty thousand to one

against the hypothesis that they are the effect of chance.*

It is thus, then, that the discoveries of geology, when more ma

tured, instead of throwing suspicion on the truths of revelation, as the

first steps in them led some persons to maintain, have furnished the

most overpowering evidence in behalf of one branch of these truths.

The result of these discoveries has been, in this respect, similar to

those of the Chinese and Egyptian histories, and the Indian astrono

my, but much more striking. Eminent men had pledged their fame

in setting up these histories, and that astronomy, in opposition to the

chronology of Genesis; but further and more careful inquiry into

their true characters, discovered that, when rightly understood, they

only tend to confirm it.

We are not afraid that we shall have here quoted against us the

words of Bacon, "Tanto magis hac vanitas inhibenda venit, et coer

cenda, quia ex divinorum et humanorum, male sana admixtione, non

solum educitur, philosophia pliantastica, sed etiam religio hzeretica."

We have only endeavored to illustrate and point out the consequen

quences of the statement of Baron Cuvier, "that the order which the

cosmogony of Moses assigns to the different epochs of creation, is

Syst. du Monde, book v. chap. 5.
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precisely the same as that which has been deduced from geological
considerations." We have been guilty of no improper mixing up of
divine and human things. We have examined the meaning of the
terms in the first chapter of Genesis, in consistency with the acknowl

edged rules of criticism, and only by the light contained within itself,
or that thrown upon it by the other books, in the same language with
which it is associated. The human science we have not extracted
from any part of the Holy Scriptures; we have taken it simply as
we find it in the works of eminent geologists. As the latter is not a

philosophia phantastica, but a deeply interesting science, constructed

by that method of careful observation and cautious induction, which
Bacon was himself the first to reccommend; so neither can the sense
of the Scriptures present to us a religlo ha3rctica. If our science,
thus constructed, and our religion speak so obviously the same lan

guage, as we see they do on one important point, what else in the
strictest application of Bacon's philosophy, can we deduce from the
circumstance, but that both are certainly true?

It does not come under our present subject to discuss the historical

and moral evidences of the divine revelation of the Scriptures; but
both are so full, even to overflowing, and impose upon us so many

insuperable difficulties, in the way of our being able to account for

the quality and consistency of these remarkable books, excepting on

the ground which has been all along assumed by themselves, that they
are of more than human origin, that in estimating the accuracy of

any part of the matters contained in them, the fastidiousness of hu

man science appears to be carried to an unreasonable extent, not to

take these evidences into calculation. In this country, where for a

long period, we have had the scriptures in our hands as a popular
book, they among us who have been the most eminent for human

learning and science, and whose fame has been in every view the most

unsullied, have been so convinced by the force of these evidences,

that they have in general been the most strenuous defenders of reve

lation.

Will not human science, then, condescend to borrow some light to

direct the steps of its own inquiries, from a record, the accuracy of

which it has itself proved, and which is supported by oilier proofs of

the highest order? Or,* what should we say to the illustrator of the

relics of Pompeii and Ilerculaneuni, who should reject the light

* The other part of this argument, we attempted to illustrate, in the first pages
of the present discussion.-Ed.
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thrown on them by the letters of Pliny, authenticated as these are

by the existing remains of the buried cities, as well as the historical

evidence which is proper to themselves?

Among the questions which geology is at present attempting to

solve, is that of a different temperature of some regions of the earth

at a remote age. The discoveries of Pallas and Adams, of a rhi

noceros and elephant in Siberia, having coverings of hair fit to pro
tect them from the cold of the northern regions, would seem to de

cide the question, so far at least to show, that there has been no

change of temperature since the creation of animals. But the ques
tion does not seem yet so satisfactorily answered, so far back as to the

age of the creation of vegetables. Does not the statement of Gene

sis, that the establishment of our present days and seaons was inter

mediate between the creation of vegetables and that of animals, give
us a clew to direct our path in the inquiry?"

* * * * * * * * * * 0

Having finished this long, but very important and apposite quota
tion from Prof. Jameson, we proceed to remark that we are aware,

from much communication on this subject with eminent biblical crit

ics and divines, bow tenacious they are, of the common acceptation
of the word day. On points of biblical criticism we have no right to

speak with great confidence. But we may be permitted to remark,

that from the best consideration we have been able to give the subject,
aided by the light, afforded both by criticism and geology, it does not

appear necessary to limit the word day in this account, to the period
of twenty four hours.

1. This word could have had no definite application, before the pre
sent measure of a day and night was established by the instituted re

volution of the earth on its axis, before an illuminated sun, and this
did not happen until the fourth day.

2. The word day, is used even in this short history, in three senses,

-for light as distinct from darkness,-for the light and darkness of a

single terrestrial revolution, or a natural day; and finally for time at

large.
3. In the latter case then, the account itself uses the word day in

the sense in which geology would choose to adopt it, that is, for time

or a period of time.

* On submitting the criticisms of Professor Jameson to an eminent Hebrew
scholar, no fault was found with them, although the inferences with respect toge
ology, were not admitted.-Ed.
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In the recapitulatory view-of the creation in the beginning of the

2d chapter of Genesis,-allusion is made to the whole work in the

expression "in the day that the Lord God made the heavens and the

earth."

4. If the Canons of criticism require that one sense of the word day
should be adopted and preserved throughout the whole account, how

are we to understand this verse? "These are the generations of the

heavens and the earth when they were created, in the day that the

Lord God made the heavens and the earth." Which of the three

senses shall we adopt? If the last, then the whole work was perform
ed not in six days, but in one day-of twenty four hours, in the pop
ular sense ;-in a sufficient period of time, according to the geolog
ical view. The canons of criticism were made by man and may be

erroneous, or at least, they may be erroneously applied; the world

was made by God, and if the history in question were dictated by

him, it cannot be inconsistent with the facts.* 'Why then, should we

not prefer that sense of the word used in the history itself, which is

in harmony with the structure of the globe. It is said indeed, that

the account in the 2d chapter of Genesis is a different one from that

in the first. With this the geologist can have no concern; since he

finds both adopted in a connected history, he receives them as one.

It is agreed on all bands, that the word here used for day, is that

which in the Hebrew, usually signified a period of 24 hours and the.

addition of morning and evening is supposed to render it certain that

this is the real sense and the only sense that is admissible, especially
as this view is supported by the peculiar genius of the Hebrew lan-

guage.
But, we would ask, is it unusual to preserve this allusion to morn

ing and evening, when the word day is used for time; we speak for

instance of the life of a man as his day, and in the same sense and in

harmony with this rhetorical figure, we speak of the morning and the

evening of life.

* No opinion can be heretical but that which is not true. Truths can never

war against each other. I affirm, therefore, that we have nothing to fear from the

result of our inquiries, provided they be followed in the laborious but secure road

of honest induction. In this way, we may rest assured, we shall never arrive at

conclusions opposed to any truth, either physical or moral, from whatsoever source
that truth may be derived; nay, rather that new discoveries will ever tend support
and illustration to things which are already known, by giving us a larger insight
into the universal harmonies of Nature.-Professor Sedgwick's Addressto tile Geo

logical Society, February 19, 1830.
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In all ages, countries and languages, this use of the word day is.

fully sanctioned, and it is frequently used in the scriptures in the
same sense.* Indeed, it might not be too much to suppose that the

arrangement by which the sun was to measure time was not comple
ted until the evening of the 4th day, and then our difficulties will be
confined to one day, namely, the 5th. The first three days, obvious

ly, could not have had the present measure of time applied to them
and the work of arranging the crust of the planet was so far finished,

by the evening of the 5th day, as to fit it for the reception of terres
trial quadrupeds, which first appeared on the 6th day, and finally,
man was created, as would appear, at the conclusion of the same day
of course, the great geological revolutions, beneath the bed of the an

cient ocean, must have been so far finished that the continents had

emerged, and thus dry land was provided, both for terrestrial quadru

peds and for man, neither of which could, before this period, have

existed on the earth.

In the usual mode of understanding the account, all the immense

deposits of coal, and of vegetable and aquatic animal remains, with

their vast strata and mountains, must have been made within 72 hours,

for there was no dry land until the third day, and consequently no

vegetables; they appeared on that day, aquatic animals on the 5th,

and land animals, with man, on the 6th; but the latter could not, as

observed above, have appeared until the continents had emerged, and

consequently marine formations had, in a great measure, ceased, ex-

* Luke xvii. 24.-So also shall the son of man be in his day.
John viii. 56.-Your father, Abraham, rejoiced to see my day; and he saw it

and was glad.
2. Peter iii. 8.-One day is with the Lord a thousand years, and a thousand

years as one day.
Genesis ii. 4.-These are the generations of the heavens and of the earth when

they were created in the day that the Lord God made the earth and the heavens.
Job xiv. 6.-Turn from him that he may rest till be shall accomplish as an hire

ling his day.
Job xviii. 20.-They that come after him shall be astonieci at his day, as they

that went before were affrighted, (speaking of the life of the wicked.)
E:e1ieZ xxi. 25.-And thou profane wicked princie of Israel, whose day i

come when iniquity shall have an end.
Proverbs vi. 34.-For jealousy is the rage of a man; therefore he will not spare

in the day of vengeance.
"When day is used in the plural number, it often signifies a year. It is thus

used in Leviticus xxv. '29.-If a man sell a dwelling house in a walled city, then
he may redeem it within a whole year after it is sold."-Higin.s' Mosaical and
Miucral Geologies, p. 161.



456 CONSISTENCY OF GEOLOGY WITH SACRED HISTORY.

cept such as may have been going on ever since. According to the

popular understanding, the transition and secondary mountains with
their coal beds, plants and animals were therefore, formed, in two
or three natural days, by physical laws, which is incredible, because
it is impossible.
We cannot conceive therefore, that even the limitation of morn

ing and evening is decisive against the extension which we would
claim, and we are left at liberty to interpret the word day in harmony
with the facts of geology.

It is granted that Moses himselfmight have understood the word day
according to the popular signification and that this sense would be the
most obvious one to every mind not informed as to the structure of
the globe; even those who are learned on other subjects, but ignorant
of geology, always adopt, in this case, the literal and obvious meaning.
This however proves nothing; for the truths of astronomy, are in ex

actly the same situation. Until the modern astronomy arose, no one

whether learned or unlearned, entertained a doubt that the earth is
an extended plain; that it stands on a firm foundation, even on pillars,
and that the sun and starry heavens and the azure canopy revolve

around it as a centre.

Such is still the impression of barbarous nations, but few even of

the common people of enlightened countries would now fall into so

gross an error; and no one in this age fears that he shall, like Galileo,
be thrown into prison for declining (on this subject) to understand the

scriptures in their literal sense.'

It is objected that as the Sabbath is a common day and that as it is

mentioned in the fourth commandment, and in other parts of the

scriptures, in connexion with the other six days, they ought to be

limited to the same time.

" When the present system of astronomy was introduced, it met with the most
violent opposition and the following is the "Judgment pronounced at Rome, in
1622, only two hundred and eleven years ago, on the Philosophy of Galileo, and
on the Philosopher himself; by the seven Cardinal Inquisitors." "To affirm that
the sun is in the centre, absolutely immoveable, and without locomotion, is an
absurd proposition, false in sound philosophy, and moreover heretical, because it
is expressly contrary to Holy Scripture. To say that the earth is not placed in
the middle of the world, nor immoveable, is also a proposition absurd and false
in sound philosophy; and considered theologically, is at least erroneous with res

pect to faith." "Whereupon Galileo so refuted, was compelled on his knees to

abjure, curse and detest, the absurdities, errors and heresies, which the sagacity of
the Cardinal Reviewers and Inquisitors had discovered in his writings."-Pem'm's
Compar. Estimate, 4'.c. 2d. Ed. Vol. I. p. 37.
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We cannot see that this consequence follows. The Sabbath is a
moral enactment; all that precedes was physical, relating merely to the
creation and arrangement of matter, and to irrational organized beings;
the Sabbath could have no relation to rocks and waters: it was ordained
for man, as a rational being, and in mercy as a day of rest to the animal
races that were to labor for him: it was a new dispensation and although
the same word is applied both to this period.and to those that prece
ded, it does not appear to follow that they are necessarily of the same

length. The first three days that preceded the establishment of the

relation between the sun and the earth could have no measure of time

in common with our present experience, and it appears to be no un

warrantable liberty to suppose that they may have been of any length
which the subject matter may require, although those three days
were also verbally limited by morning and evening, and that at a peri
od of the creation when there could have been no morning and eve

ning, in the sense in which those words are now used.

The revolution of the earth on its axis in presence of an illumina

ted sun, was necessary to constitute morning and evening, and it must

revolve with the same degree of rapidity as now, in order to have con

stituted such a natural day, with its morning and evening as we at pre
sent enjoy. But the sun was not ordained to rule the day until the

fourth of those periods, and it is not certain that the early revolutions

of the earth on its axis were as rapid as now. May we not there

fore suppose that the historian, as he must employ some term for his

divisions of time, adopted one that he found in familiar use, but that

it is not necessarily restricted to the common acceptation of the word.

Is it asked whether Moses had any mental reservation, a dpuble sense

for the word day-one for the common people and one for geologists;
we answer that it is very possible he had no geological knowledge be

yond the order of time in the creation which his history exhibits. It is

very probable that fossil and entombed organized remains and fragmen

tary rocks and indeed most of the facts which geology has developed
were unknown to him and that, as lie told a story for mankind at large,
he told it in the same spirit and with the same understanding with which

it is commonly received. This however decides nothing more than in

the case of all the sacred writers who relate astronomical events, or

who allude to astronomical appearances in the vulgar sense, which is

in direct contradiction to the actual state of facts in astronomy; where

as geology contradicts nothing contained in the scripture account of

the creation; on the contrary, it confirms the order of time and re

quires only that the time should he sufficiently extended to render it
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physically possible-without calling in the aid of miracles in a case
where natural successions are sufficient to account for the facts.

4. It has been supposed' that the succession of geological events

may have happened in the first ages of the world, after the creation

of man.

This supposition is wholly irreconcilable with facts. The great se
ries of geological events was inconsistent with the existence of man

upon the earth: they precluded even the existence of terrestrial quad
rupeds, which both geology and the scripture history assign to a late

period in the order of things, the same period in the close of which
man himself first appears; they were, until the period immediately
preceding, incompatible with the existence of any beings that re

quired more land than amphibious reptiles; and the vast deposits of

fossilized and of crystallized rocks that preceded the period of rep
tiles, demanded an alternate and concomitant prevalence of water on

the surface, and of fire beneath, which were entirely hostile to the

quiet and firm state of the surface, such as we see it now. Beyond
the effects of just such agents as are now in operation, water, tem

perature, storms, volcano, earthquakes, &c. we have no reason to

suppose that the earth has undergone any very important changes,

affecting the integrity of its entire crust, since man appeared in the

world.

5. It has been supposed that a general deluge will account for all

the geological events that have been described.

This view is entirely inadmissible, except as to those superficial
ruins which have been already spoken of as diluvial. In geology,
without reference to sacred history, a deluge is a sudden rise and

overflow of water. It has no exact limit in time, altitude or violence.

The facts revealed by geology demand many partial deluges, arid

they are admitted by all geologists, with greater or less extent, to

account for the transport anti deposition of those things which water

alone could convey; it is necessary also to suppose, that both fresh

and salt water, either by rise of water, or subsidence of land, alter

nately prevailed and retired after continuing an indefinite period;

sufficiently long, however, to give time for the various animals and

plants to be deposited and entombed, which we find in successive
strata, now marine or littoral, or pelagian, now of fresh water, fluvia
tile, or lacustrjnc. The rise and subsidence of the land, by subter
ranean efforts and collapses, arising from igneous action, was the

probable cause of these alternate movements.
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Our concern, however, in this discussion, is with the general deluge,
described in the book of Genesis, for, we are writing for the sake of

those who believe in the genuineness and authenticity of that history.
From many things that have been already said, it is obvious that the

amazing geological depositions of the earth cannot be ascribed to that
short, violent and transient catastrophe. Its genuine effects are ex

actly those which all geologists ascribe to diluvial action; namely, the

transportation of the loose ruins of mineral masses, and of the or

ganic world, which are found strewed every where over the surface

of the earth.

Professor Buckland, in his Reliquia Diluviana, has most ably illus

trated this subject; and it is obvious, that the former practice, of at

tributing the organized remains found in the solid strata, to this catas

trophe, is founded entirely in an imperfect acquaintance with the sub

ject, and that no man, at the present period, who had studied geology

thoroughly, would fall into such an error.

It is not supposable, however, that all deposits of gravel, &c. are

attributable to a general deluge, and it may be difficult to draw the

line between a local and a general flood. It is not important to dis

cuss that topic, nor the objections of those who reject the Mosaic ac

count of a general deluge. To them it is sufficient to say, that as the

earth bears every where marks of diluvial action, and is strewed with

diluvial ruins, every observer will for himself assign to local deluges,
or to a general debacle, as great a portion of the effects as may in

his view be proper.
To those who would assign to the agency of a general deluge, the

vast work of depositing the immense solid geological formations, with

all their varied stores of animals, and plants, and fragments, and di

versified successions, we can ay only, that such elThcts, from such a

cause, are physically impossible, especially within the limits of time

and under the circumstances assigned in the Mosaic account. It is

not necessary to go again into the induction of particulars.
As to the loose materials, their actual disposition and arrangement,

as we now see them, is to be attributed, chiefly, to a diluvial ocean

no other cause being capable of reaching the regions remote from, and

elevated above the present great waters of the globe.
The arrangement of the loose materials, on shores and in outlets,

and in regions occasionally flooded, is, at least to some depth, and to

some extent, to be referred to agencies now in operation.
It is also true, that water-worn pebbles are produced at the present

time. No one who, on the sea shore, has observed the incessant lash-
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ing of the waves, and has listened to the hollow hum of the stones
and pebbles rubbing against each other, with ceaseless friction, can
doubt, that rounded, water-worn pebbles are now every moment form

ing; and were they found no where else,-except on the shores, and in

moving waters, there would generally be no difficulty in assigning their

origin to this cause. But rounded stones, water-worn pebbles, and

bowiders, are found in every country, on the surface and in the soil,
and in regions the most remote from the ocean. This of course proves
the universal prevalence, sooner or later, at once or successively, of
diluvial waters.

Why not attribute the rounding, as well as the position of the inland

water-worn stones to the diiuvial ocean? The answer which must be
returned, is, that the time allotted by the deluge described in Genesis

is too short for the process of grinding down hard stones, which would

occupy a very long period. A general deluge could transport immense

masses of these ruins, and deposit them where, to a great extent, we
now find them; but it was not possible that it could, in so limited a

period, have effected much, in grinding down the angular fragments
of quartz and of other hard stones, into ovoidal and globular pebbles,
and bowiders. That effect appears to have been, principally, the work

of the earlier oceans.

The form of the loose materials, that cover the rocks, more or

less, in every, country, is attributable chiefly to the wearing effects

of agents, operating, in all time, to produce disintegration and de

composition; their present position may be fairly attributed to dilu
vial agency.
An ingenious author, Mr. Penn, convinced that the deluge could not

account for the geological successions, has supposed them to be form

ed in the ocean, between the creation of man and the deluge, at which

time the then existing continents were, as he thinks, sunk, and the bed

of the ocean raised, to form our present continents, bringing up, of

course, all the marine deposits of sixteen centuries.
It is not necessary to discuss this theory. It is disproved by the

discovery in caverns, and in the loose wreck, on the surface of the

ground, of immense deposits of the bones of terrestrial animals, which

have not existed in those countries within the limits of human knowl

edge, and many of which could not live in the present climates of

those countries; for instance, 'the tropical animals, elephants, tigers,

* Topaz pebbles are found on the shores of New Hulland: we have one which
is perfectly ovoidal.
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hyenas, hippopotami, rhinoceros, &c. are found now abundantly
in the diluvium of England, and consequently England was dry
land before the deluge that buried these remains, and therefore the

existing continents have not been raised from the ocean since the

creation of terrestrial quadrupeds, unless they were submersed after

that epoch and then raised again, of which there is no proof. The
coal beds also present indubitable proofs of having been formed from

terrestrial vegetables, and therefore they were not submarine, although
the occasional occurrence of a few marine shells or plants may prove
that some of them were formed in islands or estuaries, where the sea

had occasional access.

The result of all our enquiries, then, is this.

We find that the geological formations are in accordance with the

Mosaic account of the creation; but more time is required for the ne

cessary events of the creation than is consistent with the common un

derstanding of the days. The history is therefore true, but it must be

understood so as to be consistent with itself and with the facts.

It is agreed on all bands, that there may be time enough for the

primitive rocks before the first day, and if the days be regarded as

periods of time, so as to allow room for the events assigned to them,

relating to organic beings, and to the masses in which they are en

tombed, all difficulty is removed.

On the contrary, if they are restricted to the usual popular sense,

it is not physically possible that the events should have happened
within the time assigned; but they did happen, and as there was no

call for miracles in cases where natural operations alone were suffi

cient, there can be no doubt that sufficient time was allowed.

It is scarcely necessary to remark, that after the order and arrange
ment of the creation were fully established, and man appeared on the

earth, the measures of time were, without doubt, the same as now, and

therefore we are not at liberty, as there is clearly no occasion, to re

gard them in any other than the usually accepted sense.

It is no valid objection to the supposition of more time than is com

monly allotted to the week of the creation, that there were no human

beings to be spectators of the work. Even upon the popular view,

they were excluded, because the human race did not appear until the

very last act of the creation. Had they, however, been co-existent,

they would scarcely have understood what was passing, as most of the

geological facts were veiled by the ocean. But there were not want

ing spectators; God, and angelic beings, far superior in intelligence
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and dignity to man, looked on, and in the beautiful and highly figura
tive language of the history-" the morning stars sang together, and
all the sons of God shouted for joy."

Before closing these remarks, we will respectfully submit a few sug
gestions for tb consideration of two very different descriptions df per
sons, namely, those who deny, and those who defend, the truth of the
Mosaic history.
To the former class, so far as they are geologists, we will say, that,

in relation to geology, any attempt to disprove the truth or genuine
ness of the Pentateuch, and of Genesis in particular, is wholly super
fluous, and quite aside from any question that can, in this age, be at
issue between geologists. No geologist, at the present day, erects any
system upon the basis of the scripture history, or of any other history.
Still, historical coincidences with natural phenomena have always
been regarded as interesting, because they are mutually adjuvant and

confirmatory. The letter of Pliny, describing the death of his uncle,
would have been true, although }Ierculaneum and Pompeii had never
been discovered; and it would have been true that those towns were
overwhelmed by a volcanic eruption, although the letter of Pliny had

never been written; or being written, if it had been false as to the
main fact of the death of the elder Pliny, or of there having been an

eruption at the time assigned in that writing. But the existence of

the letter, and its coincidence with the facts revealed by the discov

ery of the buried cities, flash conviction upon every mind, and afford
some of those firm points of reliance upon which our confidence re

poses with delight. Now if there is not sufficient proof in the appear
ance of the earth, that it was for a long time covered by water, and
that the waters deposited, in the then forming strata and mountains,
those organic bodies, of aquatic origin, which we find entombed in

them, then no geologist of the present day would, on the authority of

the first chapter of Genesis alone, assume the fact of terrene submer

sion, as the basis of his reasoning and as the foundation of a geolo

gical system.
In the same manner, if he find on the face of the earth no proof's

of diluvial devastation; if there be nothing to evince, that mighty
rushing waters have torn up and transported to a distance the move
able materials of the surface; then, as a geologist, he will never as
sume the Mosaic account. of the deluge as the basis of a system of dilu
vial agency, any more than he will build similar conclusions upon the

poetry, fables and mythology, or even upon the history, of the ancients.
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But if he discover proofs, and those too, generally admitted by well

instructed geologists, of both the stupendous events named above, or

of a succession and diversity of such events, sufficient, on the whole,

to mark the entire earth, by their appropriate effects; if then he finds

a history of high antiquity, and generally revered wherever it is known,

describing such a state of things as the condition of the planet reveals,

what rule of science or of philosophy can debar him from bringing
the two into comparison, for mutual illustration, as is always done in

the case of other antiquities. Why should any one object to his apply

ing the terms of the history, as he understands them, and then meas

uring the phenomena by them, and them by the phenomena. If they

agree, surely, it is reasonable that conviction should receive augment-
ed strength in his mind. Should they, however, disagree, the

phe-nomena,if correctly observed and correctly reported, will still be true,

and the credit of the history will, of course, be impaired. Should,

moreover, the genuineness or authenticity of the history be disproved,
from other sources than the phenomena, the latter will still remain in

all the obstinacy of fact, which history may indeed illustrate, but can

not, on the contrary, disprove. If the history, on the other hand, be

confirmed by the natural phenomena, it has then received the greatest
confirmation possible, and may well exult in so powerful an ally.

Should it, in the case of the penlatcuch, be proved even, that there

was never "any such person as Moses, or that the books that pass
under his name were written by others, or that they are compila
tions of ancient and vague traditions, or even of reputed or real fables,

this would not, in the least, affect the system of geologieI truth that

has been erected by an ample course of investigation and induction.

But, as long as the Mosaic history is admitted to be both genuine and

true, any geologist who receives the history in that character, may,
with strict historical and philosophical propriety, illustrate the history

by geology, and compare geology with the history.
This he will do merely on the ground of historical and geological

coincidence, and without drawing for the support of his scientific

views upon any portion of his moral feeling, towards a work which,

as an individual, he may revere as a communication from his Maker

for purposes far more important than the establishment of physical
truth.

To personal imputations on his motives, his science or his skill, or on

those of eminent philosophers with whom he has the honor to think and

to act, while he leaves the case, with the grand inquest of the learned,

the candid and the wise, he will reply in no other manner than by ex-
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pressing the hope that powerful and cultivated, but unbelieving minds,

may be influenced to see the harmony of all truth, whether histori

cal, moral or physical, and to remember that man is, after all his ac

quirements in knowledge, a being, so darkly wise and rudely great, that

he is constantly in danger of deviating into error, especially on subjects
that have a moral, as well as a physical bearing. While, therefore,

in geology, as well as in other sciences, we fully approve, and hum

bly follow the course of rigid induction-(the only safe and truly phi

losophical process of investigation, and basis of physical truth,) we

hold it to be entirely proper in a scientific view, to avail ourselves of

every apposite historical fact, from whatever credible source it may
be derived. Indeed, no geologist hesitates to cite history, travels,

personal narrative, and even poetry and tradition, in confirmation or

illustration of earthquakes, floods, or volcanic eruptions; of the ri

sing or sinking of islands; of alluvial increase or destruction; of rup
tures of the barriers of lakes, irruptions of the sea-or whatever other

fact may be the subject of his investigation. Why then should the

scripture history form the only exception among historical author

ities!

Having made these suggestions to those geologists who are not

believers in divine revelation, we will now add a few remarks to be

lievers who are not geologists.
The subject before us is not one which can be advantageously dis

cussed with the people at large. A wide range of facts, and an exten

sive course of induction, are necessary to the satisfactory exhibition

of geological truths, and especially to establish their connexion and

harmony with the Mosaic history. It is a subject exclusively for the

learned, or at least for the studious and the reflecting; but it can no

longer be neglected with safety, by those whose province it is to il

lustrate and defend the sacred writings. The crude, vague, unskilful,

and unlearned manner, in which it has been too often treated, when

treated at all, by those who are, to a great extent, ignorant of the

structure of the globe, or who have never studied it with any efficient

attention, can communicate only pain to those friends of the bible,

who are perfectly satisfied, after full examination, that the relation of

geology to sacred history, is now as little understood by many theo

logians, and biblical critics, as astronomy was in the time of Galileo.

There is but one remedy; theologians must study geology, or if

they will not, or from peculiar circumstances, cannot do it, they must

be satisfied to receive its demonstrated truths from those who have
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learned them in the most effectual way, not only in the cabinet, but

abroad on the face of nature, and in her deep recesses. They will

then be convinced that geology is not an enemy, but an ally of reveal
ed religion; that the subject is not to be mastered by mere criticism;
that criticism must be applied to facts, as well as to words, and that
there is, at most, only an apparent incongruity-an incongruity which

vanishes before investigation.
The mode in which the subject is now treated, or neglected, by

many theologians and critics, (not by all, for there are honorable ex

ceptions,) is not safe, as regards its bearing on the minds of* youth.
If they go forth into the world in the stiffness of the letter, and

without the knowledge or proper application of the facts, it is im

possible that they should sustain themselves against those who, with

great knowledge, and no reverence, may too powerfully assail what

they cannot defend. In the pulpit, however, geology can be but

very imperfectly explained, even by him who understands it; for it

is impossible that he should there, intelligibly and adequately ex

hibit his proofs; they rest on a multitude of facts unknown to a

common audience; and they are too dependent on specimens, sec

tions and other graphical illustrations, to be understood in such

circumstances, especially by those who have enjoyed no mental prep
aration in kindred sciences, and in courses of inductive reasoning.
As the subject has no other connexion with our faith as Christians,

than so far as it affects the credibility of the early scripture history, it

is therefore wise, as to the literal sense of the days, not to disturb the

early and habitual impressions of the common people, or even of the

enlightened, who are ignorant of geology. Any discussions before

such audiences, and in such circumstances, will be misunderstood, or

not understood at all, and will only prejudice the reputation of the

speaker, without benefitting the hearer.

This, however, does not excuse the theologian from being fully

prepared to meet the subject, in other places, and in situations, where

it will be forced upon his attention. It is a part of the panoply of

truth, in, which he should be fully clad, although he may rarely draw

his bow, and perhaps never let fly an arrow from his appropriate

watch tower.

As the case now stands, with respect to most theologians in this

country, the geological arguments in support of the Mosaic history,

although powerful and convincing, are unknown and 'neglected, or

they are avoided; and of course they can be, and they actually are,

by some few geologists, turned, with too much success, against the
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sacred records; it remains with the defenders of those records to say,
whether the purloined weapons shall be returned to the armory where

they properly belong, and from which they may be again at any time
drawn forth, for efficient use.

Theologians who were trained before geology was understood, and
before it was possible to acquire, in our seminaries, an adequate knowl

edge of its elementary truths, are not included in these remarks, and
we are happy to observe the increasing attention which is paid to the

subject by most of the students in theology who come within our

personal view.

These suggestions have been hazarded, with the sincere and earnest

hope of doing good, especially to those who greatly neglect a subject
of high interest, which it must concern them to know. But it will be
no new case, should a mediator between hostile armies fail to

conciliate either party, and only provoke the artillery of both; nor
would it create either surprise or displeasure, should the writer

of these remarks be regarded as being too geological for the theolo

gians, as he is certainly too theological for some of the geologists.

Among the latter are, however, not a few who regard moral truth

with quite as high interest as physical, and who are anxious to prove,
that where others discover only discord, there is a principle of harmo

ny, which a skilful hand may draw forth, in tones delightful to every

discriminating ear.




REMARK.

Supposing that there are inhabitants at the poles of the earth, bow

might they understand the days of the creation? to them a day of light
is six months long, and a night of darkness is six months long, and

the day, made up of night and day, covers a year, and it is a day too,

limited by morning and evening.
Such persons, therefore, must suppose, upon the popular under

standing of the days of the creation, that at least six years were em

ployed on the work. So at the polar circles, there is, every year,
one day, that is one continued vision of the sun for 24 hours, and one

continued night of 24 hours; while, every where within the polar cir

cles, the days and the nights respectively are for six months, more

than 24 hours, extending even as we advance towards the poles,

through the time of many of our days and nights. How are these

people to understand the week of the creation, if limited to the popu
lar view entertained in countries between the polar circles?
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INDEX.

A.

Abymes de Myans, 316.
Adamantine spar, or crystallized ala
mine, 32.

Agate, nodules of in wacke and basalt,
143.

Ages, relative, of rocks and strata, 47,
53; bow to be ascertained, '237, 238
evidence of from position and organic
remains, 238; of the fa.lnms of the
Loire, 244; of volcanoes, 281.

Age, geological, of paltotheria, of mas
todons, of elephants, 243.

Aignilles, or needle-shaped granitic
rocks in the Alps, 53, 59.

Aiguille de Dru, a pyramidal granitic
mountain, 4000 feet high, 59.

Alpine limestone, or calcaire a/pin, 100;
errors concerning it, 154.

Alpnach, strata of, tooth of the masto
don found there, 225; series of the
strata, 225.

coal mine, bones of large mam
malia in it, 121.

Alluvial depositions, or, mud and sand
brought down by rivers, 313; instan
ces of in the Yellow Sea, 391; in the
Gulf of Mexico, ib.; in the Nile, 322.

Alternation, of marine and frcshwatcr
formations, 219.

Alnmine, or pure clay, one of the rarest
substances, 32; the sapphire is crys
tallized alumine, ib.

Alum s/tale, 181, 183.
America, North, great western coal geld,
the largest in the known world, 368.

American sea serpent, conjectures re
specting it, 213.

lakes, a table of, 217.
Amphibole. See Hornblende.
Ainigdaloid, 130; containing kernel
shaped cavities filled with mineral
matter of a different kind, 38, 130, 143.

Amjgdaloidal basalt or wacIe, 143; co-
rallite found in, ib.; alternates with
limestone, 144.

Ancient condition of England, Mr.
Mantell's description of, 196.

Andes, seat of active volcanoes, 67;
Humboldt's account of, ib.

Angle of incii'nat.nnz explained, 39, 43.
Anhydrousgyp.c?1n, devoid of water, 43;

occurs in beds in the Alps, ib.; harder
than common gypsum, ib.; and see
Gsipsunz.




Anintai kingdom, division of b Cuvierinto radiated, articulated, mclluscous,and vertebrated, 21.
Amoplvuteriitrn, an extraordinary quad

ruped, found in the Paris gypsum, 228.
Anthracite, a species of coal that burns
without smoke, 109, 110; of Penn
sylvania, a variety of common coal,
123.

Amliclinal line, what, 43.
Argillaceous sc/tis/'u.s. See S/a/c.
Artesian, walls. borings for, general in
France andermany, 369.

Articulated. animals, 21, 22.
Asbcst'us occurs in the partings between
beds of serpentine, 78.

Ashbi-de-la.-Zouch coal field, section of,
116.

Asia Minor, tremendous earthquakes
in, about the fourth century, 253.

Astronomical causes that might increase
the ancient temperature of the globe,
359.

Atmosphere, probably denser in a former
state of the globe, 363.

Ann-i/c, 80.
Aiii'ergnc, geology of, 296; basalt of,

143.
Az'a, fossil bones from, 334.
D'Avilla., M., his interesting work on

conchology, and the habits of mollus
cons animals, 29.

B.

Bagshal. Heath. sand beds rest on Lon
don clay, 232.

Bake well, Mr. 1?obe'ri, of Dishley, his
experiments on varieties of breed in
difièrenanimals, 241.

Baikstone, 92.
Basalt, one of the family of trap rocks
(Chap. IX., composition and varie
ties of, 130; passage of basalt into
phonoliteor din kstone, and into pitch
stone and trap-porphyry and trachyte,
ib.; passage of basalt into a remarka
ble porphyry at Christiania in Nor
way, 131; basaltic dykes, 133, 134;
Cleveland basalt (tyke. 135; remark
able expansion of abasaltic dyke, 137,
and cut of, 138; imbedded basalt, 138;
protruded basalt, 139; columnar ba
salt of the Giant's Causeway, 141;
the Isle of Egg, 142; of Iceland and
Auvergne, 143; earthy basalt or
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wacke with agates at Woodford
bridge, 143; organic remains in, 144;
alternations of basalt with limestone
in Sicily, 144; basalt, experimenteon,
by Mr. G. Watt, 146; by Sir James
Hall, ib.; theory of basalt by Wer
ner, its opposition to facts, 148; basalt
of Massachusetts and Nova Scotia,
149.

Bears, fossil species found in caverns,
supposed to be extinct, 307.

Beaumont, M. Etie de, his division of
the tertiary strata, 243; on the eleva
tion of mountain ranges. See Ele
vation.

Beds. If a stratum exceed two or three
yards in thickness, itis generally call
ed abed, 39.

Bind or clwmch, argillaceous beds in coal
strata, 103, 116,

Birds, fossil remains of rare, 24; found
in Stonesfield slate,23; and inthe Pa
ris bason, 24.

Bitumen, 111.
Black-lead, or plumbago, 110.
Blocks of rock, transportation of, 314;

scattered on distant mountains, 355;
speculations on the mode of their
transportation, ib.

Blue Jo/Lu. See Fluor Spar.
Boiling springs. See Thermal waters,

Bones,
267.




analyses of, 26.
fossil. See Organic Remains.

Botallack nvimc in Cornwall, 290.
Roue, M., a distinguished continental

geologist, his opinions respecting fos
sil conchology. See Preface.

Bovey or wood coal, 112, 120.
Breccia, angular fragments of rocks ce
mented together, 38.

Brighton thfs, in some parts similar to
Norfolk Crag, 236; teeth of the ele

r
hant and horse found in them by Mr.
tantel.1, lb.

Brougniart, ill. .eld.ol. his geological
classification of vegetables, 30, 111.
__$ .2W. Alex. [15, 218.
fiuclthnd, Professor, his discoveries at
Kirkdale cave gave a new 'impulse to
geology, 308; his account of cavern
bones, 309; conjectures respecting the
flying lizards at Stonesfteld, 23.




Burntwood quarry, 115; vegetable re
mains in, ii.'.
urr/L stones or millstones, 23g.

C.

Cader Idris, crater of, 132; columnar
basalt of, 142.

Calcaire grossier, or, coarse limestone
of Paris, 226; organic remains in, ih.;
not found in EngIand.227; formation
of in South America, Th.




Calcaire siliceiu of the Paris baso
227; furnishes mill-stones, ib.; sill
ciate of magnesia discovered in, ib.

Calcareous sandstone of Australasia, of
Cornwall, of Guadaloupe, 15, 329.

spar, crystallized limestone,
many hundred forms of, 37.

strata, formation of, Chap.
XV. 206.

tufa, 325.
Carbon, or charcoal, forms a constituent
part of many slate rocks, 33; the
principal constituent part of coal, ib.;
combined with oxygen forms carbonic
acid, ib.; an original element, lii,
the principal constituent part of veg
etables, 101; from whence derived,
110.

Carbonate of lime, or limestone, 37.
Carbonic, acid, or fixed air, forms a con

stituent part of limestone rocks, 33;
favorable to vegetation, 111.

Carboniferous limestone, an inappropri-
ate term, 97.

Caverns, formation of, Chap. XX. 300;
chiefly occur it limestone rocks, ib.;
subterranean currents and rivers in
caverns, 300-304; at Adlesberg, 301,
305; in the isle of Thermia, 302; of
Gaylenreuth, 305; of Kirkdale, 308;
of Miallet, 307, 386; caverns in the
south of France, &c., with human
bones and bones of extinct species of
quadrupeds, 305, 307; cavern of Ran
cogne, near Angoul4me, full of hu
man and quacli'upedal bones, 306; tra
ditions of its having been a place of
refuge, ib.

Caverns, English, in which fossil bones
have been discovered, 308.

Caw/c, or sulphate of barytes, 293.
Cellular, full of pores or rounded cavi

ties, as iii some lavas, 55.
plants, 39.

Cells ancient, resided in caverns, 306
destroyed by Csar in their caverns,
h.

Central beat, in the earth, 3, 282; opin
ions respecting it, 301-363.

Cctaeewzi.s aninals allied to the whale
and seal; fossil remains of not coin
mon, 24.

C/taiccdo'n', 203.
C/Ikslra, formation of' by aqueous
eruptions, holding calcareous earth in
solution or suspension, 208, 209.

Chap. XIV. 200; scarcely any
trace of in Scotland, but occurs in
Ireland, ib.; fossil remains in exclu
sively marine, 200, 203; vegetable re
mains in very few, 204; equivalent
of, discovered by Dr. Morton, in North
America, associated with tertiary
beds, ib. ; lignite, bed of, in the lower
chalk near Rochelle, ib. scaglia in
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the Tyrolese Alps, a variety of chalk,
205; occurs with ]ias and oolite in
Savoy, tb.; in a liquid state, ejected
from the volcano of Macaluba in Si
cily, 209; the foundation rock round
Paris, 218.

Cluiriw.,ood Forrest, granite or, more
ancient than that of the Alps, 152,
336; sandstone of, rests unconforma
bly on beds of slate and granite, 336.

CVták'a Lan4on, freshwater limestone
or marble of, 232.
hcrt, in mountain limestone, 94.

Cheshire, rock-salt of, 171.
Chili, earthquake there in 1822, 68;coast permanently raised by, i/i.
Chimborasso, in the chain of the Andes,
above one mile higher than Mont
Blanc, 62.

Chlorite (from chioros, green), nearly al
lied. to talc, 35; constituent parts of,
ib.

Classification, general, of rocks, 6; new
classification into igneous and aque
ous, 55; classification of primary
rocks, 56; of transition rocks, 83;
coal formation intermediate between
transition and secondary, 101; secon
dary strata, classification of, 159; of
the secondary strata of Germany, by
R. 3. Murchison, 189; classification
of tertiary strata round Paris, 219; of
the upper tertiary strata in various
parts, Chap. XVII. 237; classification
of the animal kingdom by Cuvier,
21; of the vegetable kiodom, 26.

clay slate. See Slate.
- stone, 130; of Braid Hill resembles

the trachyte of Auvergne, 278.
Cleavage of slate mistaken for stratifica

tion or strata seams, 45.
Ciermont. See Anvcrgnc.
Cleveland, basaltic dyke, 135; hills of,
arrangement of strata in, 188.

Clinkslonc, or phonolite, 130, 133.
ctoiul's Hill dolomite limestone, singular




stratification of, 90.
Cl'uuch, or indurated clay, 103.
Coal, Chap. VIII. 101; mineral vane

ties of, 109; coal basons or coal fields,
foundation rocks on which they rest,
101, 102; series of strata comprising
a coal field, 103; coal fields deranged
by faults, 105, 106; coal strata, posi
tion 01; illustrated, 107; iron stone ac
companying coal, frequent alterna
tions of, 115; sinking for coal, 108;
searching for coal in new situations,
122; coal held of Derbyshire, depth
and structure of, 102; coal field 01
Stalrordshire, remarkable bed in, 107;
of Ashhv Wolds, section of, 116; coal
field of South Wales, the largest in
Great Britain, 104, 126; coal, dura
'iou of in Northumberland and Dur-
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ham, 124, 370; coal, conversion of
vegetable matter into, 118; coal, for
mation of in freshwater lakes and
marshes, 101, 113; lower coal forma
tions intermixed with marine beds
103; coal called wood coal or lignite:112, 120; at Cologne, 112; wood coal
elucidates the formation of mineral
coal, 112.

Coalfield of the valley of the Missis-
sippi, the largest in the world, 369;its position illustrates the formation of
coal fields, ib.; 369.
- fields, principal of England and
Wales, 373.

-formations in France, 123.
- strata in the Yorkshire oolite, 185.
Coast of Mala.bar, elevation o1 321.
Con.iibeare, the Rev. W D., on fossil
saurian animals, 180, 181.

Cal de l3alme, 53.
Gals, or depressions in mountain ranges,
their formation explained, 354; pas
sages over the Alps made by excava
tions in beds of soft slate, 52.

Cóhtmnar, or prismatic structure, 40.
Compact, without any distinguishable

parts, 38.
Compact feispar, or eurite, 65.
Covcho1ogy, fossil, not sufficient for the

identification of strata in distant coun
tries, 29.

ConJarmable position, 43,
transit on 'rocks, observations on, 99.

Conglomerates, large fragments ofstone,
whether rounded or angular, and im
bedded in clay or sandstone, 38, 86,
167.

Contcmporancavs, the term explained,
151; formations, 154.

Coral islands iO1'Lfled by polypi, 75
Captain Beechy's account of, 76; co-
ral reef 700 miles in length, west of
Australasia, 330.

rag, 186, 188.
Cc1rdicr, M., his mechanical analyses
of lava, 280; his theory of central
heal, 362.

Coves or caves of Yorkshire, :302.
Crag of Norfolk, Mr. Woodward's ac
count of its extent, 219.

Craters of eruptions, and craters of ele
vation, Von Buch's theory of. 262.

Craven., limestone of, t)3.
Crich Cliff, arched stratification of, 95;
metallic veins in it, ib.

Crocodiles, fossil remains of, very coin
mon, 24; head of, found by E. Spen
cer in the Isle of Shepper, '292.

Cropping out, in miners' language, 10k,
Cross courses in veins, 290.
Crust of the globe, comparative thick-
ness of, 4, 1'29.

Crystalline or prima ri limestone (Chap.
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VI) often intermixed with mica slate
and serpentine, 74; veins of metallic
ore occur in it, ib.; the white variety
is called statuary marble, ib.; contains
a considerable quantity of siliceous
earth, ib.; no true statuary marble in" England or Wales, 75; an imperfect
variety in Scotland, ib.

Cnm.ca, ancient city of, founded, 1200
years before Christ, in the crater of a
volcano, 267.

Curved strata., where the strata encircle
the mountains like a mantle, 45; in
stances of, in the Lake of Bourget,
46; the Montagne de Tuille 47.

Cnvier's classification of the animal
kingdom, 21; his remarks on com
parative anatomy, 230.

D.

Danbeny, Dr., Chemieal Professor at
Oxford, on the geology of Sicily, 144;
on the extinction of the volcanoes of
the Rhine, 274.

Density of the earth, 3; of Saturn, and
other planets, 365.

Dent d'Alençon, 316.
Den.v.dations, 51,352.
Des/uyes, M, his attempt to establish

the relative ages of formations by or
ganic remains, independent of super
position, 239; objections to his sys
tem, 241-243.

Desnoijers, M, his observations on the
human bones found in caverns, 305.

Diahase. See Greenst.one.
Ditthleret mountains, fossil remains on

their summits, 153.
Diallage, or schiller-spar, crystallized

serpentine, 37, 77.
Dicotyledonons plants, 27.
Diinvian agency, its effects in denuda

tions and transportation of blocks of
rocks, 354.

Dilnviv.rn, or diluvial beds, 313; fossil
remains of large quadrupeds in, 330.

Direction of a metallic vein, 286.
Disin.legra.tiom, or wearing down of

rocks, 313; instances of in England,
314; of Mont Grenier, 316; rapidly
going on in the Alps, 313; causes of,
319; advantages of, 322.

Dolerite, composed of feispar and au
gite, 80.

Dolomite, a magnesian limestone, 77;
forms vast beds in the western Alps,
ib.; Von Buch's theory respecting it,
ib.

Dome-shaped monnialas in Auvergne,
their origin, 269.

Drnses, or hollows in metallic veins,
287.

Dudley, transition limestone of', 88; ba
salt of, 145.




Dudley fossil. See Trilobite.
Durham and Nort/Lnmbertan(j coal
mines, probable duration of, 124; fur
ther remarks on their duration, 370.

Dye earth, 89.
Dy/ce, signifies a wall, 105; basaltic 134.

E.

Earth, form and density of, Chap. I. 3;
temperature of, higher at a former
epoch than at present, 357; observa
tions on various sources of heat, 358
-363; spheroidal figure of, indicates
an orignal state of fluidity, 364.

Earths, simple, of which rocks are prin
cipally composed, when pure are in
fusible, 31.

Earthy, composed of minute parts, re
sembling dried earth, 38.

Earthquakes and volcanoes, Chapter
XVIII. 250; connection, ib.; distance
to which earthquakes extend, 251;
affect distant springs and wells, ib.;
earthquake at Geneva, 252; frequen
cy of earthquakes at particular peri
ods, ib.; at Lisbon, and over Europe,
254; earthquakes more powerful in
mines than on the surface, 255; earth
quakes in England, 255; electric the
or-"of earthquakes, ib.; earthquake
at Valparaiso, 68.

Ebontements, 315, 319.
Elementary substances, of 'which the

solid matter of the globe is composed,
31.

Elephant, fossil, in ice, discovered in Si
beria, 25, living elephants in the Him
alayan Mountains with shaggy hair,
ib.; fossil, supposed by Cuvier to dif
fer from elephants now living, ib.;
some species fitted to live in cold cli
mates, 34; probably migratory, ib.;
immense numbers of their bones and
tusks found near the Frozen Ocean,
ib.; teeth of, found by hundreds on.
the Norfolk coast, 357.

Elevation of granite, 153; of rocks,
two epochs of; 168.

of mountain raugacs and con-
tine its, (Chap. XXII.), 335; of the
granite of Charnwoorl, more ancient
than that of Mont Blanc, ib.; of the
Cote d'Or, &c., 337; of the Pyrenees,
338, 340; of the western Alps, 338;
Provence and Mont Blanc, 338.

of large continents distinct
from that of mountain ranges, 341;
of the Himalaya Mountains, 343; re
cent instances of, 344.

of mountains and strata, 52;
by subterranean heat, 69.

Elk, bones of, found in Ireland, 333.
Elvan. of Cornwall is a porphyritic eu

rite or white stone, 81.
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England, geological map of, explained,
10; index outline of, 371.

E7&t'reveincs coal mine, 120.
Equivalents, geological, the term ex

plained, 151.
Eruption, of Cotopaxi, heard at the dis

tance of 600 miles, 259.
Escarpment, the steepest side of a moun

tain, 51; generally on the side of a
mountain range nearest the sea, ib.

Estuary near Lewes, how filled up at no
distant period, 247.

Et.na., eruptions from, immene mass of,
257; eruptions of frequent, 258.

E'up/iem.ia ingulfed by an earthquake,
251.

Eu.piwtidc. See Saussurite.
Eurite, or white stone, a variety of gran

ite in which feispar predominates, 58;
in its most compact form, becomes a
porphyry, ib.; also called a compact
lèlspar, 65.

External structure of rocks, 39.
Extinct species ofanimals, probable mis

takes respecting them, 333.
Extraneous fossils. See Organic re

mains.




F.

Fall of mountains, cause of, 315; of
Mont Grenier, 316; instances of, 318;
at Pleurs near Milan, 319.

Fainus, or mans of the Loire, 244.
Faults, or breaks, 105. See Dukes.
Faulty ground in coal fields, 107.
F'elspar, or feldspar, less hard than

granite, 34; analyses of, 35; consti
tutes the principal part of porphyries,
ib.; liable to decompose from the pres
ence of potash, ib.; fusible without
the addition of alkalies, and forms
glass, 34.

porphyry of Cornwall, 65.
Fe/spat/tic granite, in which feispar is

the principal ingredient, 58; called,
by W'erner, white stone, ib.

Fibrous, composed of long minute fi
bres, 38.

Fire clay, 104.
- damp, 122.
- stone, or upper green sand, 201.
Fish, thrown out during volcanic erup

tions, 266.
Fittom Dr., on the wealden, 191, 198.
Flint, in and under chalk, its origin,

202; a siliceous earth nearly pure,
203; flints often fall to pieces when
taken out of the chalk beds, ib.

Flinty slate contains more silex than
common slate, 85; when it ceases to
have the slaty structure becomes
horustone or petro-silex, ib.; if it con
tains crystals of feispar, becomes horn
scone porphyry, ib.; localities of, ib.




47'

Floctz, or parallel rocks of Werner,
83.

Flour spar mine near Castleton, 288.
Flying Lizard, or pterodactyle, found

fossil, 24.
Foliated, like thin leaves laid over each

other, 39.
Folk-stone marl, or gait, 201.
Fontaiiibteau sandstone, 231.
Footmarks in new red sandstone, 166.
Forest marble, 185, 188.
Formations, geological, explained,

42.
Fossils. See Organic remains.
Fossil conchology, 29; observations on

the extent of its application to geolo
gy, 34).

Freestone. See Oolite.
Freshwater formations, in the lakes of
North America, 216; in the Paris ba
sin, 220; in the Isle of Wight, 233,.
234; at (Eningen, '248, 249.

limestone, 232; formed in
recent lakes, 326.

Fuller's ear/h, 188.




G.

Gait, or Folkstone marl, 201.
Geodes, found in green sand near Sid
mouth, 200.

Geological map, Plate 6., explained, 10;
index, outline of, 371.

Geology, advantages to be derived from
the study of, 65; Professor Sedg.
wick's remarks on the study of, 366.

Gergovia., bones of land animals found.
there in freshwater limestone, 229.

Gle'mtill, in Scotland, peculiarities of
granite there, 64.

Globular structure, 40; in basalt, ex
plained, 146.

Giant's Causeway, 141
Gneiss, a schistose or slaty granite, 64;

alternates with massive granite, ib.;
Chap. VI. 71; called secondary gran
ite by some geologists, ib.; has often
a waved form, 72; contains most of
the metallic ores, ib.; the principal
rock formation of Sweden, ib.; not a
stratified rock, ib.

Gold, native, found in England and Ire
land, 298.
- mines in Carolina, 297.
Gordal Sear 93.
(i anit veind of Saussure an incipient

gneiss, 71.
Granite, Chap. V.; composition of, 57;
sometimes globular, 59; vertical beds
of, 59; Mont Blanc, the highest point
at which it is known to occur, ib.; lo
calities of 69; at a lower level in
North America than in Europe, ib.;
identity with sienite maintained by
Dr. Mac Culloch, 66; relative ages
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of,67, 151.; elevation of, 67,152; sup-
posed protrusion of among secondary
rocks, 69.
ramitic mountains, aspect of, 59.

vcins shoot up into superin
cumbent rocks, 63; instance of at
Mousehoie in Cornwall, ib.; also at
Glenilt, 64.

-Granular, composed of grains, 38.
Gravel, beds of on the summits of de
tached hills, 354.

Green marl of the Paris basin, 229.
- sand, the arenaceous beds below

chalk, so called, position of, 197; cle
scription of, '200; upper and lower
green sand separated by a bed of stiff'
clay called gait, 201; the lower green
sand generally ferruginous, ib.

Greenslonc, the diabase of the French,
sometimes called trap, 99, 129.

Grès rcge, grès dcs Vosges, gras bi
garrd, 163.

Greywacice, or greywacke slate, German
grawwack, French traumaic, 86; a
coarse slate containing particles of
other rocks and minerals, ib.; when
the particles are very minute, passes
into common state, ib.; when the frag
ments are numerous, and the slate
scarcely perceived, resembles coarse
sandstone or gritstone, ib.; described
by the French as a transition sand
stone, ib.; formation of, 86; conglom
erate associated with, ib.

Guad.alonpe, skeleton of a woman found
in the calcareous sandstone, 14.

Gijpseons mart and gypsum, detached
hills on the banks of the Marne and
Seine, 227; gypsum formation, ib.;
organic remains in, ib.; bones of large
quadrupeds found in, 228; bones of
birds found in, ib.; freshwater shells
in, separated from the marine shells
by a bed of green marl, ib.

Gypsum, or sulphate of lime, called also
plaster stone and plaster of Paris, less
abundant than carbonate of lime, 37;
constituent parts of, ib.; accompany
ing rock salt in the Alps, anhydrous,
175, 176.




H.

Hadi'mg, or dipping of a metallic vein,
286.

Hall, Sir James, his experiments to ex
plain the formation of basalt, 146; on
limestone and chalk, ib.; on sand
stone, 210; his theory on the forma
tion of valleys and on diluvian agen
cy, 354.

Halley, Dr., hypothesis, 3.
Hastings sand, or iron sand, 192.
tither, Bishop, his account of the ele-




phants of the Himmalaya Mountains,
'25.

Height of mountain; table of. See Ap
pendix, 376.

Herbivorous quadrupeds, remains of in
tertiary strata, 25.

High Stile Mountain, 132; crater of,
133.

Himmalaija or Hinrmaleh Mountains,
ten thousand feet higher than Mont
Blanc, 61; believed to be composed of
seconda.ry strata, 62; elephants of,
with shaggy hair, 25.

Hippopotamus, fossil remains of, com
mon in England, France, &c., 331;
tooth, cut of, 330.

Hone, or Whetstone slate, 85.
Hornblende rock, called by the French

amphibole, 36; melts easily into black
glass, ib.; forms trap rocks, ib.; anal
yses of, ib.; granular and lamellar, 98.

slate fibrous, and has a vel
vet lustre, 79; passes by gradation
into serpentine, ib.; rare in England,
but abundant in Scotland, 80; forms
part of the principal mountain ranges
in Europe, ib.

Horustonc, or petrosilex, infusible with
out the addition of alkalies, 50.

Hot springs. See Thermal waters.
Human bones not discovered in a fossil

state, 13, 25, 333; not more perishable
than those of quadrupeds, note, 25.

skeletons in caverns, intermixed
with bones of extinct species of quad
rupeds, 305, 307.

Humboldt's account of the formation of
new islands, 49; on volcanoes and the
extent of volcanic fire, 252, 258, 260,
268.

Hushing, used in Westmoreland for dis
covering beds of slate, 346.

H'uttoniam theory respecting granite,
66; of metallic veins, 292; on the
formation of valleys, 349.

Hyena, bones of in Kirkdale cavern,
308.

Hylaosaurus, or forest lizard, bones of
discovered by Mr. Mantell, 197; un
like any known species, ib.

I. and J.

Jasper, 34, 79; beds of in the. Apen
nines, 98.

Java, volcanic eruptions in, 265.
letItyosaurus, 24; skeleton, cut of, 181;

conjectures respecting its being an in
habitant of the present ocean, 213.

Jet, 119.
Iguanodon, an enormous fossil herbiver
ous reptile, discovered by Mr. Man
tell; teeth, cut, of, 195.

Imbedded rocks, 48.
Inclination of strata, 43.
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Insects rarely found fossil, remains of in
Stonesfield slate, 187.

Institutes of 1I'Zenn., 15.
Intermediate or transition rocks, Chap.VII.
Internal or central heat of the earth,

282, 360; indications of, 361; obser
vations on, 362, 363.

Innmdations of the sea, occasioned byvolcanic eruptions, 353.
Iron, a COflStiLuent part of numerous

rocks, 32.
- stone, in the coal strata, probablya freshwater formation, 115; numer
ous regular alternations of in the
the Ashby-de-la-Zouch coal field, ib.,
116, 117; occurs in the freshwater
beds of Sussex, which formerly sup
plied a great part of England with
iron, 193; enormous mass of iron ore
in the Valley of the Missouri, 369.

Islands formed by submarine volca
noes, 260; recent formation of an is
land near Sicily, phenomena that at
tended its appearance, 261, 262; is
lands formed of coral: see Coral. Is
lands, temperature of, more equal
than that of continents in the same
latitude, 358.

Isothermal lines, or lines of equal tem
perature, not parallel with lines of
latitude, 358.

Jn'mgfra.v, mountains, 69.
Jnra range of mountains, 100, 154.

K.
Kamenoi, a volcanic island raised in a

solid mass, 263.
Kaolin, soft earthy granite used for

porcelain, 66.
Katavotrons, gulfs in the central Morea,

303.
Kellowaij,ock, 186.
Kenper, a name given by the Germans

to the red marl above the new red
sandstone, 159.

Kitla.s, Cornwall, 64.
Kimmeridge clay, 186.

L.

Lakes, filling up by alluvial matter, 322;
bursting of, 347.

of Nor/li. America, extent and lev
els of, 216, 217.

Lameil.a.r structure, 39.
Lava, 280; fluidity of, 281; passage into

basalt, 143.
Lias, clay and limestone, mineral char

acters of, 178, 179; fossil characters,
181; extent of the Has formation, ib.;
182; has of part of Germany, its po
sition, 189.

Lignite. See Wood coal.
Lime, 32; its use as a manure, 328.
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Limestone, analysis of, 37; Primarylimestone, secondary and tertiarylimestone, see under the different
classes.

Line of dip, and line of bearing, described, 39, 42.
Lizards, fossil, 24, five gigantic speciesof in the Wealden beds, 195.
Locke, John., his opinion of the growth ofstones and minerals, 312,
Lodes, or metallic veins, 290.
London clay, 220; characters of, 221;
organic remains in, 222; crocodiles
found in, 222; water from, impregnated with mineral matter, 224.

Liduzn stone, 98,162.
Lajeit, Mr., his account of fossil speciesin the sub-Apennine range, 245 his
theory respecting the temperature of
the earth, 359.




M.

Macahtba., in Sicily, eruption of chalky
matter from, 263.

Mac Cullocit, Dr., on the formation of
coal, 118; on the growth of peat, 328.

Mackenzie, Sir George, on the basalt of
Iceland, 143.

.iWadreporc.s and eoraUine poli/pi, their
labours in forming new islands, 75,
330.

Magnesia, 32, a component part f ma
ny rocks, 77; found in some chalk
rocks, 202.

Magnc.sian limestone, or dolomite of the
Alps, 77; magnesian limestone com
mon in mountain limestone, 91; mag
nesian secondary limestone, its posi
tion and extent in England, 168; 170;
forms durable stone for architecture,
170; not unfavorable to vegetation, ib.

1'iantmoM, or fossil elephant, 331.
Mum To-t-, in Derbyshire, 102.
Alan, his recent appearance on the earth
adduced as a proof that the former
condition of our planet was different
from its present state, 213, 214.

Manganese communicates a reddish
colour torocks, 33; occurs in the green
sand near Sidmouth, 201; irregular
beds of, in Devonshire, 286.

Mantel, Gideon, his discoveries of new
species of immense lizards in the
Wealden beds, 194; his observations
on the ancient condition of the coun
try in which the strata of Tilgate
Forest were deposited, 196, 197; in
teresting objects in his museum, 195,
206; his observations on chalk, 208;
on the Brighton cliffs, 236.

Manures, in what way they improve the
soil, 323.

Marine andfreshwater formations, their
alternations in the Paris basin, 219,
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232, in the Isle of Wight, 233, 234;
marine and freshwater animals of
great size, singular intermixture of
their remains at Castello Arquata,
247.

Marl, composed of calcareous earth and
clay, 32; its use in agriculture, 324.

Mastodon, skeletons of, in North Amer
ica, 332; believed by the Indians not
to be extinct, 307,332; teeth of, found
at Alpnach, 225; a cut of, ib.; found
in the Andes, ib.; in Norfolk crag,
236.

Mattock High Tar, arched stratification
of, 95; a cavern and lake recently dis
covered in, 302.

Megalosawrns, an enormous fossil liz
ard, discovered by Dr. Buckland in
Stonesfield slate, 194; by Mr. Man
tell, in the Wealden beds, ib.

Mcgatkeriitm, an enormous carnivorous
animal, found fossil in America, 332.

Metallic beds, 285; minerals, 284; ores,
rocks in which they occur, 298; found
in the sands of rivers, 297.

veins, their structure and for
mation, 286, 295.

Mica, description of, 35.
-slate, description of, 71: its affinity

to slate (clay slate), 73; allied to
gneiss, ib.; occurs in Anglesea and
in Ireland, and in various alpine dis
tricts, ib.; minerals common in mica
slate, 74.

Millstone grit, 102.
Mill-stones, or burrh stones, brought
from France, 232.

Mines, temperature of. See Appendix.
Mississippi, great valley of, contains the

largest coal field in the world, 368,
369; structure of, 368.

Molasse, or soft tertiary sandstone, 220
221.

Molluscons animals, 21, 23.
Monkeys, no fossil remains of, 25, 333.
Mont Blanc, structure and vertical stra

ta




of, 59.
- Grenier, in Savoy, fall of, 316.




Morains, piles of stones transported by
glaciers, 315.

Mountain chains and ranges, 51, 52.
limestone, or upper transition

limestone, 89, 90; changes in, 92;
highly metalliferous, 90, 98; not to be
confounded with the caicaire a.Ipiii. of
foreign geologists, 100, mountain lime
stone of England and Wales, 90-97.

- ranges, elevation t; Chap.
XXLI. passim.

Mountains, table of heights of, 376.
Mnschel kaU, a series of calcareous
strata between the red sandstone and
red marl in France and Germany,
wanting in England 164; muscliel
kalk of Germany, 190.




Muscle-bind, a stratum containing fresh-
water muscles in the coal strata of
Yorkshire and Derbyshire, 113.

!V1rc1tisom, R. J., his account of the se
condary strata of part of Germany,
189; of the freshwater strata of
Eniugen, 248.




N.

Nagel flue of Swite'rland, or sandstone
conglomerate, 220.

New red sandstone, probable formation
of, 16!; lower new red sandstone be
low magnesian limestone, discovered
by Professor Sedgwick, ib.: new red
sandstone and marl above magnesian
limestone, 162; arrangement of the
new red sandstone, where all the beds
are fully developed, in the Vosges,
163; middle beds of the new red
sandstone, the grs rouge and grès des
Vo.gcs of the French geologists, ib.;
the upper or variegated red sandstone,
the. grês bigarré of the French geolo
gists, ib.; muschel kalk in France de
posited between the variegated sand
stone and the red marl, or ?narncs ir
riscs of the French, ib.; red marl,
the upper part of the new red sand
stone formation in England, ib.;
chiefly formed by the decomposition
of rocks of trap and sienite, ib.; low
er new red sandstone, its arrangement
with magnesian limestone, and the
upper new red sandstone and marl,
given by Professor Sedgwick, 167;
red sandstone formation near White
haven, 177.

Niagara., Falls of, 216.
Norfolk crag, the most recent of the ter

tiary beds in England, 235; Mr. S.
Woodward's account of, ib.; Mr.
Taylor's account of, ib.; rests on
London clay, ib.; organic remains in,
'236; tooth of a mastodon found in,
ib.; a similar formation said to be
discovered near Calais, ib.; Brighton
cliff's in some parts resemble it, ib.;
extent of the crag, 249.

Nottïn.g/tam sand rock, 166, '212-

0.

Obsidian., 130, 279.
Ocean, depth and saitness of, 4; once
covered the present continents, 12, 13.

(En,zucrcn. freshwater strata of, 248,
'249.

OW red sandstone, a variety of grey-
wacire, 1'26.

Ontario take, 216.
Oulite formation., extent of in England,

183, 184; mineral and fossil charac
ters, 14-186; triple division of the
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oolite formation, 185; carboniferous
strata in oolite, 187; Oxford or clunch
clay separates the lower from the
middl oulites, 186; middle oolite,
division of, ib.; Kiinmeridge clay
separates the middle from the upper
oolite, ib.; upper oolite, 186, 187.

Outite of Yurks/trc and the bath district
of Germany compared, 188, 189.

Organic remains, fossil, Chap. Ii.
Osseous breccia of New Holland and
Gibraltar, 310.

Oxford., or clunch clay, 186.
Oyster beds, many miles in extent, occur
in European seas, 713.

P.

Pacitydermata, thick-skinned animals,
fossil remains of, abundant in the ter
tiary strata, 25.

Parion, an extinct volcano in Auvergne,
cut of, '271.

Paris basin, strata of, '218, 219, 226
'231; remarkable fossil animals in,
229-231.

Partings in rocks, 72.
Peat, a vegetable production, 326,327;
peat moors, 327; formation of; de
scribed, 328; human bodies preserved
in, 328.

Pebbles, stones rounded by attrition,
qpinions respecting, 312.

Penta.criitus, recently found living, 22;
description and plate of; see Prelim
inary Observations.

Pepperi mu, a volcanic tufa, 281.
Petuifaclions, 19.
Fthiiort/i, or Sussex marble, 193, 197.
Phonolile, or cliukstone, 130.
P/z,osp/uiric acid, a constituent part of
animal bone, combined with calcare
ous earth, 33; rare in the mineral
kingdom, ib.

Pilc/&stone, 130.
Plaster stone, a common name for gyp
sum, 37.

Plastic clay, 220.
Plcsiosamrus, a fossil saurian animal,

description of, 24; cut of, 181.
Flu mba.go, or graphite, 110.
Pool's Hole, 93.
Purphyritic struci itre, what, 38, 80.
Porphyry, 12, 131, 166; trap porphyry,

130, 133; felspar porphyry, 130; of
the Andes, 133; of Norway, 131; of
England, lb.; of Devonshire, 166.

Pot stone, or lapis u/loris, used for culi
nary vessels; its use of great anti
quity, 7ft

Po o1ai a, 281.
Pie/in iic, first discovered as an English
mineral h the author, 111.

Primary roc/.5, 7; and Chap. V.; clas-
sifications 01; 55, st.
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Progressive development of organic life,observed as we advance from the older
to the more recent rock formations,
doctrine of maintained, 26, 28, 210,
214.

Protoginc, a variety of granite in which
talc or chlorite supplies the place ofmica; the highest granite of Mont
Blanc is of this kind, 58.

Protrusion of basalt among beds of
sandstone and limestone, 139, 140,
145; protrusion of granite, 69.

Pudding stone, rounded stones cement
ed by am ineral paste, 38.

Pumice stone, of Lipari, 278; some
times thrown up by submarine volca
noes, 279.

Purbeck limestone or marble, 193, 197.
Pui,s, extinct volcanoes in Auvergne so

called: Puy de Chopine, 273; Puy de
Dome, ib.; Puy de Pariou, descrip-
tion and cut of,

'270-272-Pyritesdecompose and ignite by expo-sure to air and water, '275.

Quartz, 34.
rock, 98.




Q..

Quaternary, or more recent tertiary
strata described, Chap. XVII.; ex
tent of these strata, 233.

Quito, whole mountainous part of, one
immense volcano, 268.

R.

Radiated animals, 21.
structure of minerals, 39.

Red marl. See New red marl and Sand-
stone.

Rent..s in rocks, 72.
Rctin.asp/iallunz., 112.
R/timuceros, fossil remains of, 330; tooth

of', cut, ib.
Rocks. Sec Classification, Structure, cj'"c.

POSSE/n.
Rock-salt., depositories of, Cheshire, 171,

172; Droitwitch, 172; Cardona, in
Spain, 173; various localities of rock
-salt, 171-176.

Rues/one. See Ool.iic.
Rot/ac ladle lweiulc, or lowest bed of
new red sanastone, 163.

Rowlc!/ ra-,basal t near Dudley so called,
experiments on, 1413.

Ru.hii, or rumilly beds in coal strata, are
partly composed of fragments or loose
materials, 118.




S.

Saddic-sIz.opcd strata, 43.
,$Uf(1'C, great and (i/lie, near Geneva,

blocks of stones scattered on these
mountains, 355.
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Saline springs, 171, 172, 173. See also
Rock-salt.

Salt, quantity of in the ocean, 5.
-works of Bex, 175; of the Taren

taise, ii'.
Sand, inundations of, 329; in Lybia, ib.;
in Cornwall, ib.; in Guadaloupe, 330.

Sandstone. See New red sandstone, Old
red sandstone, and Moiassc.

Sapphire, crystallized alumine or clay,

Saturn, density of, 364.
Saurian animals, or lizards, fossil re-
mains 01; ˆi.

Sanssnre, account of his ascent up Mont
Blanc, 60; the fatigue is supposed to
have abridged his life, 61.

Sanssnrite, crystallized serpentine com
bined with jade or felspar, 78; one of
the hardest and heaviest of rocks, 79;
blocks of it scattered in the valley of
the Rhone, ib.; immense beds of it.
in the valley of Sass, ib.; also in the
Apennines, ib.

Scaglia, a mode of chalk, 201; account
of; in the Tyrolese, 205.

Scattered blocks of granite, in the Alps,
355, 356; in Cumberland and Wales,
314.

Schist. See Slate.
Sea, encroachments of, 462.
Seams, or partings in rocks, how to be

distinguished from strata, 45.
Secondary rock formations, abound in
remains of testaceous animals, 157;
the fitz or fiat rocks of Werner, ib.

strata (Chap. XI.) 158; min-
eral and fossil characters of, iii.; suc-
cession and tabular arrangement of,
158; section of, 160; secondary strata
of Germany, 163.

&dwick, Professor, on the protrusion
of trap rocks, 137, 139; on red sand
stone and magnesian limestone, 167,
168; observations on the study of geo
logy, 366.

Selemite, or crystallized gypsum, 37.
Septaria, or balls of imperfect ironstone,
occur in London clay, 222; Parker's
cement made of them, ib.




$erpentine, analysis of; 36; description
of, 77; localities of, 78; passage of
into potsione, jade and diallage, ib.;
remarkable position of; in the. Apen
nines, 79; serpentine sometimes pass
es into trap when the latter rock is in
contact with limestone, ib.; minerals
associated with it allied to talc, 17;
sometimes magnetic, ib.; a beautiful
variety in Auglesea, approaching to
noble or precious serpentine, 78.

Sixt, valley of, 342.
Shale, soft slate with an excess of car

bon, 150; called also slate clay.




Sheep, varieties of, might be mistaken
for distinct species, were their skins
only found in a fossil state, 241.

Shell marl, 328; remains of land quad
rupeds found in it, ib.

Sienite, a variey of granite in which
hornblende supplies the place of mica,
58; occurs in Malvern and in Charn
wood Forest, 80; when hornblende is
abundant, is denominated greenstone,
129, 131.

Sicnitic granite, 65; its passage into
greenstone and trap, ib. and 130.

Sites, or siliceous earth, 32; flint, chert,
opal, agate, &c., modifications of, 34.

Sill, synonymous with stratum, 138.
Silver ore, vein of, at Uspalata, 290; ex

tends ninety miles, ib.
Simple minerals composing rocks, enu
merated, 31, 33.

Skeletons, human, in Guadaloupe sand
stone, 14; in various caverns in
France and Germany, 305-307.

Sky, Isle of, the crystalline limestone
there, more like the secondary or
has, 75.

Slate, called also clay slate and argillace
ous sehistus, 37; roof slate, the purest
form of; ib.; component parts of, 38.

(Chap. Vii.) 82; cleavage of; 84;
when magnesia prevails, passes into
talcy slate and chlorite, ib.; carbona
ceous matter first discovered in slate
rocks as they approach the secondary
strata, 85; impressions of vegetables
in slate rocks, i1.; impressions of
ferns in the slate of Mont Blanc and
Mont Cenis, ib.; effects of crystalli
zation evident in slate, ib.; localities
of; ib.; mountains of, have often a
sharp, serrated outline, ib.; the most
metalliferous of rocks, principally
lead and copper, 86.

clay, or shale, a soft kind found in
coal strata, 84; differs from clay slate,
ib.; more properly called shale (which
see) ii'.

Slat,', or laminar, composed of straight
parallel thin plates, 39.

Soda exists in great abundance in sea
water and rock suit, 33.

Soil, formation of; 327.
Solar radiation, Sir W. Herschel's ob-
servations on, 360.

Stalactites, described, 310.
Stalagmites, described, 310.
S/a 1ua.r,i warble, localities of a spurious.

sort in Scotland, 75.
Stone./icld slate, 185; description of,
1.6; extraordinary fossil remains in,
23, 187.

Strata,
- Seats, 45.

Stratification (Chap. IV.) 41; the know!-
edge o1 most. important for geologists,
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42; how to obtain a distinct idea of it,
ib. 47.

Stratified rocks, 39.
Stream works, 297.
Structure of rocks, 38.
Sub-Apennine strata, remarkable fossil
remains in, 245, '246,; singular inter
mixture of animal remains in part of
these strata, 246.

£ubmariiie volcanoes, 142; near lee
land, ib.

Submersion of coal strata, 342, 343; of
the Wealden beds, 198.

Subterranean fire, granitic mountains
owe their elevation to it, 68.

Succession, or superposition of rocks,
remarks on, 150.

Sulphur, not a constituent part of rocks
except in the form of sulphuric acid,
33.

Supcrcrctaceous, a term improperly giv
en to the tertiary strata, '215.

.Superposition, 4!; whenever similar
beds occur together, they lie in the
same order of superposition, ib.

Swallow holes, 92.
Swilleijs, or small coal basins, 112.

T.
Tables of the rocks in which vegetable
organic remains occur, 27; of the in
ternal structure of rocks, 38; of the
secondary formations, 158; of oolite
and has strata in the Bath district and
in Yorkshire, 188; of the secondary
strata of Germany, 189; of the Weal
den beds, 197; of the American lakes,
216; of the Paris basin, 218; of the
strata at Alpnaeh, '225; of the rocks
in which different metallic ores are
generally found, '298; of the tempera
ture of thermal waters, 378.

Tabular, or in large plates, 39; struc
ture of rocks, 40.
- arrangement of red sandstone
and magnesian limestone, by Profes
sor Sedgwick, 167.

Talc, resembles mica in appearance, 35;
plates flexible, not elastic, ib.; is in
fusible, ib.; supplies the place of mi
ca in most of the granite of Mont
Blanc, ib.




Talcous slate, structure laminated, 74;
saponaceous and sectile, ab.; nearly
allied to chlorite slate, ib.

1'areniaise, gypsum of, 175.
Temperature of the earth, 28, 115,
(Chap. XXIV.) 357; proofs of its
having been higher at a former epoch,
ib.; supposed causes of, 358; Mr. Ly
eli's theory of, 359; difficulty of ex
plaining its former high temperature
by astronomical causes, ib.; tempera
ture of Artesian wells, 362; of mines.
See Appendix.
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Tenerife, Peak of, eruptions from, 258.
Tertiary strata, the lower or more an
cient formations described, Chap.
XVI.; of England and the Paris ba
sin, table of, 217, 218; description of,
ib.-233; more recent tertiary or
quaternary, Chap. XVII.; in vari
ous parts of France, 239-.-.244; sub
Apennine strata, 245; upper fresh
water strata of uingen, 246.

Thermal waters and hot springs proba
bly derive their heat from subterra
nean fire, 361; thermal waters ofEng
land, &c., table of' their temperature,
378; of the Alps, 379.

Ti/gate Forest, conglomerate of, 193;
Mr. Mantell's discoveries in, 194.

Toads/one of Derbyshire, 294; alternates
with the inetalliférous limestone, ib.

Tournal, M, his opinion respecting hu
man bones found in caves, 306.

Tow, or combustible clay in coal mines,
104.

Trach?/le, 133, 280.
Tra'nsit.ion limestone, 87,88-97; singu-
lar contorted beds of, 88.

rocks (Chap. VII.) 82; the
lowest rocks in which fossil animal or
vegetable remains are found, ib.; the
principal repositories of metallic ores,
ib.

Transportation of loose stones and
blocks of granite and other rocks to
distant countries, 312, 354; instances
of, in our own island, 314, 354.

Trap rocks, 66; composition of, 80; va
rieties of, 128-131; passage of into
granite, 131; various phenomena pre
sented by them, 133-145; ages of,
147; formation of, 145; varieties of,
129-131.

Trauma/c, or greywacke, 86.
Trebra, M., his observations on the for
mation of ores, 295.

Trilobite, 22; peculiar to transition
rocks, 99.

Troubles in coal-fields, 107.
Tint1enberg copper mine, the deepest in
the world, 287.

Tuj'a, calcareous, 325.
volcanic, 272; beds of, formed of

comminuted trachyte, '280.
Turtle, fossil remains of, 194.

U. and V.

Vale of Thames, section of explained,
291.

Va/ic!, of les Ec.helles, 221.
Valleys, longitudinal and transversal,
50; theories of their formation, Chap.
XXII!.; many valleys in the Alps
were formerly lakes, 347; valleys of
elevation, of disruption, of subsidence)
348; of erosion ib.; original valleys,
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or valleys formed before the land
emerged from the ocean, 356.

Valparaiso, coast of, raised by an earth
quake, 68.

Vegetables, structure of, 26; fossil organ
ic remains, classification of, 27; their
importance in geology, 29; vegetable
remains in coal strata, 113-118; in
the strata above the Portland oolite,
187; in the Wealden beds, analogous
to those of tropical climates, 196.

Veins of granite, rising into the slate
rocks of Cornwall, 63, 65; into gneiss
at Aberdeen, 64.

metallic, their structure and for
mation, 286 to 295; flat veins, 288;
pipe veins, lb.; rake veins, 288, 289;
observations on, 292-297; junction
of veins, forming what are called ac
cumulated veins, 289; variation of the
quality of the ore, as the veius pass
through different beds of rock, '292;
veins intersected by beds of toadstone
in Derbyshire, 293.

Veinstone, matrix, or gangue; the min
eral matter associated with metallic
ores in veins sometimes arranged in
successive layers with the ore, 286.

Verde antique, 77.
Vertebraled animals, division of into
four classes, 23.

Vertical beds, or strata, mistakes res
pecting them, 45; remarks on, 52;
vertical beds of Mont Blanc, 61, 69;
in the Alps, 151, 335, 336; vertical
beds of limestone and granite in junc
tion, observed by the author in the up
per part of the valley of Lauterbrun,
70.

Vesicular structure, 39.
Vesuvius, long periods of repose be
tween some of its eruptions, 258.

Volcanoes. Description of their erup
tions, 256, 257; volcano of Sumbawa,
ib.; periods of repose, 258; height of
volcanoes, 259, '260; volcano of Popo
catapeti, 259; submarine volcanoes,
260; recent submarine volcano near
Sicily, 261; craters of eruption, and
craters of elevation, 262-263; aque
ous eruptions with mud, 207, 263;
volcanoes occur in groups, 264; con
Eection of distant volcanoes with each
other, 265; sinking down of volca
noes, ib.; ancient volcanoes, their im
mense magnitude, 267; extinct volca
noes of Auvergne, '269; volcano of
Parion, cut of, '271; Puy de Dome,
273; Puy de Chopine, a mountain of
granite in the crater of a volcano,
ib.; extinct volcanoes on the Rhine,
274; volcano near Mecca, in Arabia,
275.




Volcanic rocks and products, 276; age
of; 281.

fire, seated far below the cra
ter, which is merely the chimney of
the volcano, through which the solid
or gaseous matter escapes, 257; ob
servations on, 282.

Von Bch, his observations on dolomite,
168; on craters of elevation, 262, 263.

Vosges ?mountains, geology of, 163.
Unco9!forniable position, 9, 44,48.
Upheaving of new tracts of land, 321.
Upper tertiary beds, See Chap. XV1I.
U'ralian mountains, 62.

w.

Wacke, 130; earthy basalt, 143.
Watt, Mr. Gregory, experiments on lava
and basalt, 146.

Way-boards, 94.
Wealden beds (Chap. XIII.) 191; of
Kent and Sussex, ib.; map of, 192;
wealden of Dorsetshire, 193; Mr.
Mantell's luminous account of, 194;
organic remains in, lb. 196; submer
gence and elevation of, 198.

Webster, Mr., his account of the strata
of the Isle of Wight, 233.

Wells, the waters in, sometimes connect
ed with subterranean currents, 303;
wells, Artesian, become general in
France and Germany; the tempera
ture of the water increases with the
depth; see note, 362; and Appendix.

Werner's theory of the origin of basalt,
147,148; of metallic veins, 293; of
the formation of valleys, 348.

WeymoutiL, burning cliff of, 275.
Whetstone, or hone, a variety of talcy

slate with quartz, 85.
Whin Hill, geology of, 50.
JVhinstone sill, 138; Professor Sedg-
wick's account of, 139; Mr.' W. Hut-
ton's account of, 145.

White stone, a variety of granite in
which feispar is the principal
ingre-dient,58.

Wild measures, 88.
Wood coal, or brown coal, 109; its ori

gin, 112; at Bovey, ib.; at Cologne,
ib.; a resinous substance found in it,
i/i.; more recent than common coal,
ib.

Wmdward, Mr. S, his account of Nor-
folk Crag, 235, 949.

Wren's i')st Hill, 88, 145.

Y.

Yellow River of China, mud brought
down by, 321.

Yordas cave, 93.
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Z. surface, 75; may have the power of
secreting the calcareous matter of

Zoophytes and mollnscons animals.- which their fossil remains are chiefly
Their organic remains form no in- composed, 76.
considerable portion of the earth's Zetchstein, or magnesian limestone, 170.

ERRATA ET ADDENDA.

Page 25, line 35, after discovered, add in solid strata.
240, line 10, for Dnx, read Dax.
343, line 18 from bottom, for miles square, read square leagues in extent.
356, line 1.6, for Rhine, read Riurne.
358, line 18, for Rhine, read R/wne.
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