,

WD e T s
-t 25553

1 PRINCIPLES

CKED - 15:3

GEOLOGY:

s
AN INQUIRY HOW FiR THE FORMER CHANGES OF
THE EARTES SURFACE o 54553
ARE REFERABLE TO CAUSES mmr;;;émm.o»
P
xY (,\

CHARLES LYFEL ., Eso BRS™ =

FOREIGN SECKETARY 70 THE GE00GICAL SOCIVTY: OF. LOXDOY.

=3

b tostui tho seas and the.
Mlnmmwm;mm:mwbuww—g&m.mmg
"PLxTas, Dhestrationsofthe Huttonien Theors, 576,

| Iv zoum vormams. 47
VOL. L &

HE THIRD EDITION.

28
LONDON:

7 Tk T
JOHN MURRAY, ALBEMARLE STREET.




Lowan:
ot by & Srerramocn,



PREFACE.

Iy the Preface to the former edition of the
« Principles of Geology,” I gave a brief account
of the progress of the work up to the publication
of the Third Volume in'1888. This account I
shall now repeat with some omissions, and with
the addition of such information as I think will be
useful to the reader respecting the latest alter-
ations made in the work.

The original MS. of the * Principles of Geo-
logy” was delivered to the publisher at the close
of the year 1827, when it was proposed that it
should appear in the course of the year following,
in two volumes octavo. Many causes concurred
to delay the completion of the work, and con-
siderably to modify the original plan. *In May,
1898, when the preliminary chapters on the His-
tory of Geology, and some others which foliow
them in the first volume, were nearly finished,
1 became anxious to visit several parts of the
cmmnent, in order to acquire more mformxunn

ing the tertiary formati
a2
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T set out in May, 1828, in compeny with Mr.
Murchison, on a tour through France and the
north of Italy, where we examined together many
districts which are particularly described in this
work. We visited Auvergne, Velay, Cantal, and
the Vivarais, and afterwards the environs of Aix,
in Provence, and then passed by the Maritime
Alps to Savons, thence crossing to Piedmont by
the Valley of the Bormida.

At Turin we found Signor Bonelli engaged in
the arrangement of a large collection of tertiary
shells obtained chiefly from the Ttalian stratas
and as T had already conceived the idea of classing
the different tertiary groups, by reference to the
proportional number of recent species found fos-
sil in each, T was at pains to learn what number
Signor Bonelli had identified with living species,
and the degree of precision with which such iden-
tifications could be made. 'With a view of illus-
trating this point, he showed us suites of shells
common tothe Subapennine beds and of the Medi-
terraneans pointing out that, in some instances, not
only the ordinary type of the species, but even
the different varieties had their counterparts both
in the fossil and recent series. The same natural-
ist informed us that the fossil shells of the hill
of the Supergs, st Turin, differed as a group from
those of Parma and other localities of the Sub-
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apennine beds of northern Ttaly; and, on the
other hand, that the characteristic shells of the
Superga agreed with the species found at Bor-
deaux and other parts of the South of France.

I was the more struck with this remark, as
Mr. Murchison and myself had already inferred
that the highly-inclined strata of the Valley of the
Bormida, which agree with those of the Superga,
were older than the more horizontal Subapennine
marls, by which the plains of the Tanaro and the
Po are skirted.

‘When we had explored some parts of the Vi
centine together, Mr. Murchison re-crossed the
Alps, while I directed my course to the south of
Ttaly, first staying at Parma, where 1 studied, in
the cabinets of Signor Guidotti, a beautiful col-
lection of Italian tertiary shells, many of which
had been identified with living testacea. Signor
Guidotti had not examined his fossils with refer-
ence to their bearing on geological questions, but
computed, on a loose estimate, that there were
about 30 per cent. of living species in theSubapen-
nine beds. I then visited Florence, Sienna, and
Rome, continuing my inquiries respecting the
tertiary strata as exhibited in those territories.

On my arrival at Naples I became acquainted
with Signor O. G. Costa, who had examined the
fossil shells of Otranto and Calabria, and had

as
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collected many recent testacea from the seas sur-
rounding the Calabrian coasts. His comparison
of the fossil and living species had led him to a
very different result in regard to the southen
extremity of Italy, from that to which Signors
Guidotti and Bonelli had arrived in regard to the
north; for he was of opinion that few of the ter-
tiary shells were of extinct species. In confirm=
ation of this view, he showed me a suite of fossil
shells from the territory of Otranto, in which
nearly all the species were recent.

In October, 1828, I examined Ischia, and ob-
tained from the strata of that island the fossil
shells named in Appendix IL. Vol. IIL, p.57. of
the first edition. They were all, with two or
three exceptions, recognized by Signor Costa as
species now inhabiting the Mediterrancan; a cir-
cumstance which greatly astonished me, as I pro-
cured some of them at the height of two thousand
feet above the level of the sea (Vol. I11. p. 890.).

Early in November, 1828, I crossed from Na-
ples to Messina, and immediately afterwards ex-
amined Etna, and collected on the flanks of that
mountain, near Trezza, the fossil shells alluded
to in the third volume (p. 395., and Appendix 11,
b 58, first edition). The occurrence of shells
in this locality was not unknown to the naturalists
of Catania; but, having been recognized by them




PREFACE. i

as recent species, they were supposed to have
been carried up from the sea-shore to fertilize
the soil, and therefore disregarded. Their posi-
tion is well known to many of the peasants of the
country, by whom the fossils are called roba di
diluvio.”

In the course of my tour, I had been frequently
led to reflect on the precept of Descartes, that
“aphilosopher should once in his life doubt every
thing he had been taught; ” but I stll retained so
much faith in my early geological creed as to
feel the most lively surprise, on visiting Sortino,
Pentalica, Syracuse, and other parts of the Val
di Noto, at beholding a limestone of enormous
thickness filled with recent shells, or sometimes
with the mere casts of shells, resting on marl in
which shells of Mediterranean species were im-
bedded in a high state of preservation. (See
Book 1V. Chap. V1) All idea of attaching a high
antiquity to a regularly stratified limestone, in
which the casts and impressions of shells alone
were discernible, vanished at once from.my mind.
At the same time I was struck with the identity
of the associated igneous rocks of the Val di Noto
with well-known varieties of  trap” in Scotland
and other parts of Europe; varicties which I had
also scen entering laxgely into the structure of
Etne. I occasionally amused myself with spe-

A4



viii PREFACE.

culating on the different rate of progress whick
Geology might have made, had it been first cul-
tivated with success at Catania, where the phe-
nomena above alluded to, the great elevation
of the modern tertiary beds in the Val di Noto,
and the changes produced in the historical era by
the Calabrian earthquakes, would have been fa-
miliarly known.

From Cape Passaro I passed on by Spacca-
forno and Licata to Girgenti, where I abandoned
my design of exploring the western part of
Sicily, that I might return again to the Val di
Noto and the neighbourhood of Etna, and verify
the discoveries which I had made. With this
view, I travelled by Caltanisetta, Piazza, Caltagi-
rone, Vizzini, Militello, Palagonia, Lago Naftia,
and Radusa, to Castrogiovanni, and from thence
to Palermo, at which last place I procured the
shells named in Appendix IL, p. 55, first
edition. The sections on this new route con-
firmed me in my first opinions respecting the Val
di Noto.” o

When I again reached Naples, in January,
1829, I found that Signor O.G. Costa had
examined the tertiary fossils which I had sent to
him from different parts of Sicily, and declared
them to be for the most part of recent species. I

* See the 6tb, 6tb, and Sth chapters of Book IV.
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then bent my course homeward, seeing, at Genoa,
Professor Viviani and Dr. Sasso, the last of whom
put into my hands his memoirs on the strata of
Albenga (see Vol. IV. p. 16.), in which I found
that, according to his list of shells, the tertiary
formations at the foot of the maritime Alps con-
tained about 50 per cent. of recent species.

I next re-visited Turin, and communicated to
Signor Bonelli the result of my inquiries respect-
ing the tertiary beds of the south of Italy, and of
Sicily, upon which he kindly offered to review
his fossils, some of which had been obtained from
those countries, and to compare them with the
Subapennine shells of northern Italy. He also
promised to draw up immediately a list of the
shells characteristic of the tertiary green-sand of
the Superga, and common to that locality and
Bordeaux, that I might publish it at the end of
my second volume; but the death of this amiable
and zealous naturalist soon afterwards deprived
me of the benefit of his assistance.

T had now fully decided on attemptitg to esta-
blish four subdivisions of the great tertiary epoch,
the same which are fully illustrated in the
present work. I considered the basin of Paris
and London to be the type of the first division ;
the beds of the Superga, of the second; the Sub-
apennine strata of northern Italy, of the third ;

a5



x PREFACE.

and Ischia and the Val di Noto, of the fourth. I
was also convinced that I had seen proofs, during
my tour in Auvergne, Tuscany, and Sicily, of
voleanic rocks contemporaneous with the sedi-
mentary strata of three of the above periods.

On my return to Paris, in February, 1829, T
communicated to M. Desnoyers some of the new
views to which my examination of Sicily had led
me, and my intention to attempt a classification
of the different tertiary formations in chrono-
logical order, by reference to the comparative pro-
portion of living species of shells found fossil in
each. He informed me that, during my tour, he
had been employed in printing the first part of
his memoir, not yet published, on « the Tertiary
Formations more recent than the Paris Basin,” in
which he had insisted on the doctrine ¢ of the
succession of tertiary formations of different ages.”
At the end of the first part of his memoir, which
was published before I left Paris , he annexed
a note on the accordance of many of my views
with his $wn, and my intention of arranging
the tertiary formations chronologically, accord-
ing to the relative number of fossils in each
group, which were identifiable with species now
living.

At the same time I learned from M. Des-

* See Ann. des Sci. Nat., xvi. p. 214,
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noyers, that M. Deshayes had, by the mere in-
spection of the fossil shells in his extensive
‘museum, convinced himself that the different ter-
tiary formations might be arranged in a chronolo-
gical series. I accordingly lost no time in seeing
M. Deshayes, who explained to me the data on
which he considered that three tertiary periods
‘might be established, the two first of which corre-
sponded to two which I was prepared to adopt
(the Eocene and Miocene), and the last of which
embraced the Subapennine beds, as distinguished
from those of Bordeaux and the Superga. I at
once perceived that the fossils obtained by me in
my tour would form but an inconsiderable contri-
bution to so great a body of zoological evidence as
M. Deshayes had already in his possession. I
therefore requested him to examine my shells
when they arrived from Italy, and expressed my
great desire to obtain his co-operation in my
work; in which, as will appear in the sequel, I was
fortunate enough to succeed.

The preparation of my first volumé had now
been suspended for nine months, and was not re-
sumed till my return to London, in the begin-
ning of March, 1829. During the spring of that
year, I printed, jointly with Mr. Murchison, three
‘memoirs, containing observations made by us in
1828, in Auvergne, Cantal, and the country of

a6
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Aix in Provence.* In consequence of this and
other delays, my first volume was not completed
when another summer arrived, and I again took
the field to examine * the Crag,” on the coasts
of Essex, Norfolk, and Suffolk. The volume
at length appeared in January, 1830, after which
T applied myself to the revision of what I had
written on ¢ the changes in the organic world;”
a subject which merely occupied four or five chap-
ters in my original sketch, but which was soon
espanded into a small treatise. While thus oc-
cupied, another summer overtook me, and I set
out on a geological expedition to the south of
France, the Pyrenees, and Catalonia.

On my return to Paris, in September, 1880, I
studied for six weeks in the museum of M. Des-
hayes, examining his collection of fossil and recent
shells, and profiting by his instructions in con-
chology. As he had not yet published any of
the general results deducible from his valuable
collection, I requested him to furnish me with
lists of thdSe species of shells which were common

 These papers were all read before the Geologieal Society of
London, and were as follows : — On the Escaation of Vlleys,
illustrated by the Volcanic Rocks of Central France. Edin. Ne

Phil. Journ., July, 1329, — Sur les Dépdis Lacust. Tertisires
du Cantal, avec les Roches Primordiales et Volcaniques. Ann.
des Sci. Nat., Oct. 1829, — On the Tertiary Freshwater Forma-
tious of Aix in Provence, Edin. New Phil. Journ., Oct. 1829
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to two or more tertiary periods, as also the names
of those known to occur both in some tertiary
strata and in a living state.  This he engaged to
do, and we agreed that the information should
be comraunicated in a tabular form. After several
modifications of the plan first proposed for the
Tables, we finally agreed upon the menner in
which they should be constructed, and the exe-
cution was left entirely in the hands of M. Des-
hayes, in whose name they were to appear in my
second volume.

The tables were sent to me in the course of the
following spring (1831), and additions and cor-
rections several months later. They contained
not only the information which I had expected,
but much more, for the names of several hundred
species were added, as being common to two or
more formations of the same period ; whereas it
was originally proposed to insert those only which
were known to be common to two or more distinct
periods.

The names thus added greatly inceased the
value of the tables themselves, but caused them
rather to exceed the limits which could reason-
ably be allotted to fossil conchology in a geolo-
gical work. In such works we can only hope to
illustrate the more important theoretical points
by catalogues of shells which characterize par-
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ticular periods, as being exclusively confined to
them, or which show the connection of two pe-
riods, by being common to each. The tables,
although printed in the spring of 1851, were not
published till two years afterwards; for, in the
summer of 1851, T made a geological excursion
to_ the volcanic district of the Eifel, and on my
return determined to extend my work to three
volumes, the second of which appeared without
the Tables, in January, 1852, This volume I de-
dicated to my friend Mr. Broderip, then Vice-
President of the Geological Society, in acknow-
ledgment of the valuable assistance which he had
_afforded me in several departments of natural
history.

During the emly part of the year 1832, I
printed the first half of the third volume; but, in
the spring, asecond edition of the first and second
volumes being called for, some time was occupied
in their correction. Finding that I should be
unable to finish the last volume before the sum-
mer, 1 communicated to the public my views
respecting the tertiary formations in a course of
lectures delivered in May and June, at King’s
College, London. I then made a tour on the
continent up the valley of the Rhine to Switzer-
land, and on my way home visited the Valorsine,
where 1 had an opportunity of verifging the ob-
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servations of M. Necker on the granite veins and
altered stratified rocks of that district.

The third volume was at length published in
May, 1833, having been carefully revised by my
friend Mr. Lonsdale of the Geological Society, who
had suggested many improvements. It was dedi-
cated to Mr. Murchison, as containing, among
other matters, the results of some of our joint
labours in the feld, in Auvergne, Velay, and
Piedmont.

After a tour, in the summer of the same year,
through part of France, Belgium, Wurtemberg,
and Bavaria, I found, on my return to England
in the autumn, that the second edition of the first
volume was nearly out of print. Ithen applied
myself diligently to the revision of the whole
work, having resigned the Professorship which 1
had held for two years at King's College, in
order that nothing might thenceforth interrupt
my labours in the closet or the field. More than
six years had elapsed since the first chapters of
the * Principles” were written; and when I con-
sidered the quantity of new facts brought to
light in the interval, the new memoirs and trea-
tises published in England, Germany, and France,
and the old opinions which required modification
or rejection, I was often reminded of Waller's
lamentation, that the poems of Chaucer had so
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soon become antiquated, and his anticipations that
his own and those of his contemporaries would
soon share the same fate : —
4 We wrtein sand, our language grows,
And, ke th tide,aur work oerors.~
It would be impossible for me to enumerate all
the minor corrections which I have now made,
but it may be useful to those who have already
studied my work, to refer at once to the places
where new matter has been introduced, or where
opinions formerly expressed bave been modified
or renounced.  Of these I subjoin the following
list:—

List of the principal Additions, Alterations, and Omis-
sions in the Third Edition.*

34 B IstEn  2dEn.
1. 4 Geology compared to History - L 2. L. 5.
55 Doctioeof the Guranics (sca) 1 20.
29, Works of 3 a1 24,
31, Allegorical passsge from e Arse
Kazwini - e 2.
27, Steno’s theory - - s 52
15, Thebiry of Leibuitl - - 40 p
- s6.
R 3.
6. 8.
102, Remarks on the modern grognssof
gy . s2.

* This Edition is called the Third to prevent confusion, two
out of three volumes having previously passed through two
editions.
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54 En. Lit of dditions, . IstEo. 24 En.

oL, ». oL e vou e
1.108. Chap. v. book i. On the assumed

discordance of ancient and modern

causes (recast) L s Loss
148, Speculations on plants of tropical

forms living in arctic regions - 100. 16,
160, Moximum density of slt-water - 108 125
168, Difference of climates of northern

and southern hemispheres - e ren

79, Changes in physical geography as
connected with climate, with a new
map, showing the position of land

aad sea which might produce the
extremes of heat and cold 199,
203 Theory of central heat - 162,
206. s.r Jobn Herschel on the astro-
43, 165
219, Fou pari and theory of pro-
gressivedevclopment. - - 1. 160,
229, Recent origin of man (remainder
chapixvecwt) - - 14 s
235. Removing power of ico s 208
262. Theory ofsprings, and observations
on Artesian wells (added) 198 oom.
999, Level of the Baltic, and supposed
elevation of land in Seandinavia - 927 265,
361. On the quantity of sediment in the
waters of the Ganges - %6 ess
78 Cowses of currents - . ggn.  s05
401 Lowestoff Ness - B ST
407. Reculver and Tle of Thanet - 276, 315,
TL. 16, Precipitation of salt in the Medi-
wrnan . [
80, Doggerbank - - son sso.
41, Volcanos of the Andes -84 sen
46. Barthquakes in Canada - an ses

55 Samothracian deluge - - 820, g6t
82. Phenomena of fuid lava - see sen
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SAEn.  Lis of dddiions, §e. I Ep. 2d Ep.
vou 1, o x. vou ¥,
IL 144, Submarine voleanos and Grabam

L s L 446

) 35 ase
178, erhquke - . g0l 46z
194 Cucheurthquke(withanew map) 405, 466,
194. Quebec cartbquales a0, 4w,
202, Dalomien on effcts of Calabrien

rthquake - a4
291, Refleetons on the smountof human
suffiing caused by earthquakes - 195.
208. Earthquake in Hindostan 504,
243, Reweat o the sea during eari-
quakes = a0
268. When the Temple of sm“ sk
mdrose - 456
275, 0 the causes of soleanc” heat
(this chapter almost endiely new) 461 531
296. On the causes of carthquakes (3
great part of ths chapter alsonew) b, i,
523, Tntroductory observations - IL 1. IL 1.
9 Weworsote Loviogs -~ ot on

TIL. 22. Diffusion of birds by m ERET )

96. On thesupposed numbmnmu
of animals and plants 187,
102, Tniroductory observations 181,

113, (Controversial mateer omitted here) 194, 201
20. Change of climate by lesiog of

150, Fosils, &c. in blown sand (s
rengement of e i) - 240,
146. Allaviom 24,
150. Preservation of organic remains in
ves and flssures—origin of
v iovoes e Moven - 916, 585,
201, Submrin fores 268 274

250. Concluding remarks Lo
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sd En. List of dddtions, §.

oL 1.
TIT, 501. Subdi
(This chapter recast and enlarged in_con-
sequence of the omission of the tables of

shells by M. Deshayes).
s16. Anewmap of part of Siclly - -
in the earth’s

sions of the tertiary epoch =

erus
598, Parallel beaches, &c.
403, Rgoent imestone, &c. of Timer and Avs-

a Emnc blocks
. Losss of the Vl.lkyuf the mae (reem,
and several of jected) -

1, Gl Terme e e \‘I:ynn

20. Modern delta of the Kander in wauﬂhnd

54, Lake eraters of the Eifel, and age of Rhine
voleanos (coneluding part o i chapter re-
cast, with edditions and corrections)

79. Tertiary strata of Mayence S

0. Tertiary strata of Osnabruch S

o0 Il ek o o) -

155. Vicentine formatio

197 Broots that b eevstion of he Weld wae

lual

167, Valleys of elevation, how caused

198, The concluding part of this chapter recast
and newly illustrated

211, Sketehof the princial secondary fm—m-uons
(this chapter greatly enlarged)

246. This chapter on the elevation of mountain-
chains in pare re-written and condensed

281, Alterations by dikes an imperfect analogy, &c.

284. Faraday on carbonic acid becoming gascous

105,
132,

186,
138,

151,

170.

T must also mention the important omission
from the Appendix of M. Deshayes’s Tables of
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Shells, and some lists of tertiary fossils formerly
given, which together would have occupied eighty
pages had they been reprinted, augmenting con-
siderably the size and cost of the work. I
have by no means altered my opinion in regard
to the scientific value of the tables; but they have
already circulated extensively among geologists ;
2500 copies of the third volume having been
printed, and some few of these being still unsold
and to be had separately by such as desire o pos-
sess the Appendis in full.

I have now only to express my acknowledg-
ments to Dr. Fitton, for the many valuable hints
which he has afforded me in revising many parts
of the third edition. At his suggestion, and that
of Mr. Lonsdale, I have prefixed to the table
of contents a brief summary of the whole work,
in order to show the connexion of its several
parts. If any of my readers should be lost in
the details, especially those relating to natural
history in the third book, and should be unable
to see the- direct bearing of these on the more
strietly geological parts of the work, they are in-
vited to refer from time to time to the summary,
and to consult at the same time the abridged table
of contents which follows it.

The glossary at the end of the fourth volume
will assist those beginners who are unacquainted
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with the elements of geology, especially in read-
ing a part of the first book, where, as T have
stated (Vol. L. p. 126.), the novice is carried be-
yond his depth by the discussion of certain contro-
Verted theories, which were thought well calculated
tostimulate curiosity, and to lead to the more dili-
gent study of the facts afterwards described.*

* The explanation of the Plates will be found in the pages
sehere the Binder is directed to insert them.  In the smaller Map,
Plate V., the dotted line o a expresses the occasional chanmels
through which the waters of the Indus flow during inundations.

Zondon, May 20, 1851,



SUMMARY
oF THE
PRINCIPLES OF GEOLOGY.

(See Preface, p. xxiv.)

Acrrer some observations on the nature and objects
of geology (Chap. L), a sketch is given of the pro-
gress of opinion in this science, from the times of the
eatliest known writers to our own days (Chaps. IL.
IIL IV.). From this historical sketch it appears that
the first cultivators of geology indulged in a succes-
sion of visionary and fantastical theories, the errors of
which the author refers for the most part to one
common source,—a prevailing persuasion, that the
ancient and existing causes of change were different,
both as regards their nature and energy; in other words,
they supposed that the causes by which the crust of the
earth, and its babitable surface, have been modified
at remote periods, were quite distinct from the oper-
ations by which the surface and crust of the planet
are now undergoing a gradual change. The prejudices
which have led to this assumed discordance of ancient
and modem causes are then considered (Chap. V. to
P-121.Vol. L), and the author contends, that neither
the imagined universality of certain sedimentary form-
ations (Chap. V.), nor the different climates which
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formerly pervaded the northern hemisphere (Chaps.
VI VIL VIIL), nor the alleged progressive develop-
ment of organic life (Chap.IX.), lend any solid sup-
port to the,assumption.

The numerous topics of general interest brought
under review in discussing this fundamental question
are frecly enlarged upon, in the hope of stimulating
the curiosity of the reader. It is presumed that when
he has convinced himself, that the forces formerly
employed to remodel the crust of the earth were the
same in kind and energy as those now acting, or even
if e perceives that the opposite hypothesis is, at least,
questionable, he will enter upon the study of the two
treatises which follow (on the changes now in pro-
gress in the organic and inorganic world, Books L
and TIL) with a just sense of the importance of their
subject-matter.

The first of these treatises which relates to the
changes of the inorganic creation, such as are known
to have taken place within the historical era, is divided
into two parts. In the first an account is given of
the observed effects of aqueous causes, such as rivers,
springs, tides, and currents (Book II. Part 1), while
in the second the effects and probable causes of the
voleano and earthquake are considered (Book II.
Part IL). -

The treatise on the changes of the organic world
s also divisible into two parts, the first of which com-
prehends all questions relating to the variability of
species, and the limits assigned to their duration
(Chaps. 1. to XL). The second explains the pro-
cesses by which the remains of animals and plants
existing ot any particular period may be preserved
(Chaps. X1 to XVIL).
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Under the first of these divisions, the author defines
the term species, and combats the notion that one
species may be gradually converied into another, by
insensible modifications in the course of ages (Chaps.
I.1LTIL and IV.). He also enters into-a full examin.
ation of the evidence regarded by him as conclusive
in favour of the limited durability of species. In
proof of thi ical distributi
of species being partial, the changes constantly going
on in the animate and inanimate world must constantly
tend to their extinction (Chaps. V. to X.). Whether
new species are substituted for those which die out,
is a topic on which no speculations are offered ; but
it is contended that if new species had been introduced.
from time to time & often as others have been lost,
we should have no reason to expect to be able tq
establish the fact during the limited period of our
observation (Chap. XT.).

the second branch of this treatise, the various
circumstances under which aquatic and terrestrial
plants and animals, as also man and the works of
his hands, become fossil, are examined (Chaps. XIIL.
to XVIL).

The fourth book is occupied with the description
of geological monuments strictly so called, the form..
ations termed tertiary being first more falljvexamined
and dassified, the secondary and primary rocks being
afterwards more briefly alluded to. In the course of
this description, it appears that the rocks which com.
pose the crust of the earth have resulted in part from
igneous and partly from aqueous causes, and others
from the combined influence of these agents, the
igneous having operated both upon and far beneath,
the surface. The bearing of the various phenomena

VoL . a
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considered in the second book on the interpretation
of such monuments cannot fail to be seen.

It is, moreover, shown, that the fossil remains of
distinct plants and enimals are plentifully included in
aqueous rocks of distinct ages, and, consequently, that
the same species have not alweys fourished on the
earth. It is principally by the aid of such fossils,
that the chronological arrangement of rocks is deter-
mined; and a careful comparison of the numerous
organic remains of the tertiary formations affords some
indication of a gradual introduction of the species
now living, and a successive extinction of species
which previously existed. It is at least clear that
during the tertiary epoch entire assemblages of spe-
cies were not simultaneously swept away from large
regions, and others perfectly distinct created in their
place. The intimate connection of such conclusions,
with the subjects investigated in the third book, is
sufficiently obvious.
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PRINCIPLES OF GEOLOGY.

BOOK I.

CHAPTER I

Gealogy defined — Compared to History — Its relation to other
Plysical Sciences — Not to be confounded with Cosmogony.

Greorocy s the science which investigates the suc-
cessive changes that have taken place in the organic
and inorganic kingdoms of nature : it inquires into the
causes of these changes, and the influence which they
have exerted in modifying the surface and externgl
structure of our planet.

By these researches into the state of the earth and
its inhabitants at former periods, we acquire a more
perfect knowledge of its present condition, and more
comprehensive views concerning the laws now govern.
ing jts animate and inanimate productions. When we
study history, we obtain @ more profound insight into
human nature, by instituting a comparison between the
present and former states of society. We trace the
long series of events which have gradually led to the
actual posture of affairs; and by connecting effects with
their causes, we are enabled to classify and retain in
the memory a multitude of complicated relations— the
various peculiarities of national character — the dif.

voL. 1. N
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ferent degrees of moral and. intellectual refinement,
and numerous other circumstances, which, without
historical associations, would be uninteresting or im-
perfectly understood.  As the present condition of no-
Hions is the result of many antecedent changes, some
estremely remote and others recent, some gradual,
oehers sudden and violent, so the state of the natural
“vorld is the result of a long succession of events; and
if o would enlarge our experience of the present
conomy of nature, we must investigate the effects of
her operations in former epochs.

We often discover with surprise; on looking back
into the chronicles of nations, how the fortune of
~ome battle has influenced the fate of millions of our
contemporaries, when it has long been forgotten by
the mass of the population. With this remote event
we may find inseparably connected the geograpbical
boundaries of a great state, the language now spoken
by the inbabitants, their peculior maaners, laws, and
religious opinions. But far more astonishing and. ua-
expected are the connections brought to light, when
e carry back our researches into the history of nature.
The form of a coast, the configuration of the interior
of a country, the existence and extent of lakes, valleys,
2nd mountains, can often be traced to the former pre-
Jalence of earthquakes and volcanos in regions which
have long been undisturbed. To these remote con-
vulsions the present fertility of some districts, the
sterile character of others, the elevation of land above
the ses, the climate, and various peculiarities, may be
distinctly referred. On the other hand, many distin-
guishing features of the surface may often be ascribed
%o the operation at & remote era of slow and tranguil
causes—to the gradual deposition of sediment in 2
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lake or in the ocean, or to the prolific increase of
testacea and corals._

To select another example, we find in_certain
localities subterranean deposits of coal, consisting of
vegetable matter, formerly drifted into seas and lakes.
These seas and lakes have since been filled up, the
lands whereon the forests grew have disappeared or
changed their form, the rivers and currents which
floated the vegetable masses can no longer be traced,
and the plants belonged to species which for ages have
passed away from the surface of our planet. Yet the
commercial prosperity, and numerical strength of a
nation, may now be mainly dependent on the local
distribution of fuel determined by that ancient state of
things.

Geology is as intimately related to almost all the
physical sciences, as is history to the moral. An
historian should, if possible, be at once profoundly
acquainted with ethics, politics, jurisprudence, the
‘military art, theology; in a word, with all branches of
knowledge, whereby any insight into human affairs, or
into the moral and intellectual nature of man, can be
obtained. It would be no less desirable that a geolo-
gist should be well versed in chemistry, nataral phi-
Iosophy, mineralogy, zoology, comparative anatomy,
botany; in short, in every science relating ts organic
and inorganic nature. With these accomplishments,
the historian and geologist would rarely fail to draw
correct and philosophical conclusions from the various
‘monuments transmitted to them of former occurrences.
They would know to what combination of causes ana-
logous effects were referrible, and they would often
be ensbled to supply, by inference, information con-
cerning many events unrecorded in the defective

32
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archives of former ages. But as such extensive ac-
quisitions are scareely within the reach of any indi-
vidual, it is necessary that they who have devoted
their lives to different departments should unite their
efforts; and as the historian receivesassistance from the
antiquary, and from those who have cultivated different
‘ranches of moral and political science, so the geologist
should avail himself of the aid of many naturalists, and.
pasticulasly of those who have studied the fossil remains
of lost species of animals and plants.

The analogy, however, of the monuments consulted
i geology, and those available in history, extends no
farther than as regards one class of historical monu-
tments,—those which may be said to be undesignedly
commemorative of former events. The canoes, for
example, and stone hatchets found in our peat bogs
afford an insight into the rude arts and manners of the
carliest inhabitants of our island;_the buried coin fixes
the date of the reign of some Roman emperor; the
ancient encampment indicates the districts once ocu-
pied by invading armies, and the former method of
constructing military defences; the Egyptian mummies
throw light on the art of embalming, the rites of
sepulture, or the average stature of the human race in
ancient Egypt. This class of memorials yields to no
other inwauthenticity, but it constitutes a small part
only of the resources on which the historian relies,
whereas in geology it forms the only kind of evidence
which is at our command. For this reason we must
ot expect to obtain a full and connected account of
any series of events beyond the reach of history. But
the testimony of geological monuments, if frequently
imperfect, possesses at least the advantage of being
free from all suspicion of misrépresentation. We may
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be deceived in the inferences which we draw, in the
same manner as we often mistake the nature and
import of phenomena observed in the daily course of
nature, but our liability to err is confined to the inter-
pretation, and, if this be correct, our information is
ertain.

It was long ere the distinct nature and legitimate
objects of geology were fully recognized, and it was at
first confounded with many other branches of inquiry,
just as the limits of history, poetry, and mythology
were ill-defined in the infancy of civilization. Werner
appears to have regarded geology as little other than
a subordinate department of mineralogy ; and Desmar-
est included it under the head of Physical Geography.
But the most common and serious source of confusion
arose from the notion that it was the business of
geology to discover the mode in which the present
system of things originated, or, as some imagined, to
study the effects of those cosmological causes which
were employed by the Author of Nature to bring the
planet out of a nascent and chaotic state into a more
perfect and habitable condition. Hutton was the first
who endeavoured to draw  strong line of demarcation
between his favourite science and cosmogony, for he
declared that geology was in no ways concerned < with
questions s to the origin of things.”

An attempt will be made in the sequel of this work
to demonstrate that geology differs as widely from
cosmogony, as speculations concerning the mode of
the first creation of man differ from history. But,
before entering more at large on this controverted
question, T shall endeavour to trace the progress of
opinion on this topic, from the earliest ages, to the
commencement of the present century.

B3



CHAPTER IL
HISTORICAL SKETCH OF THE PROGRESS OF GEOLOGY.

Oriental Cosmogony — Doctrine of the successive destruction
and renovation of the world— Origin of this doctrine—

theory of elevation by earthquakes — Pliny — Concluding Re-
‘marks on the kuowledge of the Ancients.

Oriontal Cosmogony.— Tz earliest doctrines of the
Tndian and Egyptian schools of philosophy agreed in
ascribing the first creation of the world to an omni-
potent and infinite Being. They concurred also in
representing this Being, who had existed from all
etemity, as having repeatedly destroyed and repro-
duced the world and all its inhabitants. In the
« Institutes of Mend,” the sacred volume of the Hin-
doos, to which, in its present form, Sir William Jones
ascribes an antiquity of at lesst eight hundred and
eighty years before Christ, we find this system of the
alternate destruction and renovation of the world,
proposed in the following remarkable verses:—

“The Being, whose powers are incomprehensible,
having created me (Mend) and this universe, again
became absorbed in the supreme spirit, changing the
time of energy for the hour of repose.

« When that power awakes, then has this world its
full expansion; but when he slumbers with a tranquil
spirit,then the whole system fades away. . . - - . For
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while he reposes as it were, embodied spirits endowed
with principles of action depart from their several
acts, and the mind itself becomes inert.”

Mend then describes the absorption of all beings
into the Supreme cssence, and the Divine soul itself’
is said to slumber, and to remain for a time immersed
in “the first idea, or in darkness.” He then proceeds
(verse fifty-seven), « Thus that immutable power, by
waking and reposing alternately, revivifies and destroys,
in eternal succession, this whole assemblage of loco-
motive and immoveable creatures.”

It is then declared that there has been a long
succession of manwantaras, or periods, each of the
duration of many thousand ages, and —

«There are creations also, and destructions of worlds
innumerable : the Being, supremely exalted, performs
all this with as much ease as if in sport, again and
again, for the sake of conferring happiness.”*

The compilation of the ordinances of Mendl was not
all the work of one author nor of one period, and to
this circumstance some of the remarkable inequalities
of style and matter are probably attributable. There
are many passages, however, wherein the attributes
and acts of the Infinite and Incomprehensible Being”
are spoken of with much grandeur of conception and
sublimity of diction, as some of the passaggs above
dited, though sufficiently mysterious, may serve to
exemplify. There are at the same time such puerile
conceits and monstrous absurdities in the same cos-
mogony, that some may impute to mere accident any
slight approximation to truth, or apparent coincidence

* Institutes of Hindoo Lavw, or the Ordinances of Mend, from
the Sansert, translated by Sir Williara Jones, 1796.
B
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between the oriental dogmas and observed facts.  This
pretended revelation, however, was not purely an effort
of the unassisted imagination, nor invented without
regard to the opinions and observations of naturalists.
There are introduced into the same chapter certain
astronomical theories, evidently derived from observ-
ation and reasoning.  Thus, for instance, it is declared
that, at the North Pole, the year was divided into a
long day and night, and that their long day was the
northern, and their night the southern course of the
sun; and to the inhabitants of the moon, it is said, one
day is equal in length to one month of mortals.* If
such statements cannot be resolved into mere conjec-
tures, we have no right to refer to mere chance the
prevailing notion, that the earth and it inhabitants had
formerly undergone a succession of revolutions and ca-
tastrophes interrupted bylong intervals of tranquillity.

Now there are two sources in which such a theory
may have originated. The marks of former convul-
sions on every part of the surface of our planet are
obvious and striking. The remains of marine animals
imbedded in the solid strata are so abundant, that they
may be expected to force themselves on the observ-
ation of every people who have made some progress in
refinement ; and especially where one class of men
are exprgssly set apart from the rest for study and
contemplation. If these appearances are once recog-
nized, it seems natural that the mind should come to
the conclusion, not only of mighty changes in past
ages, but of alternate periods of repose and disorder ;—
of repose when the fossil animals lived, grew, and
multiplied — of disorder, when the strata wherein they

* Mend, Tost. c. . 66. and 67.
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were buried became transferred from the sea to the
interior of continents, and entered into high mountain
chains. Those modern writers, who are disposed to
disparage the former intellectual advancement and

civilization of eastern nations, might concede some
foundation of observed facts for the curious theories
now under consideration, without indulging in exagge-
rated opinions of the progress of science ; especially
as universal catastrophes of the world, and exter-
minations of organic beings, in the sense in which
they were understood by the Brahmin, are untenable
doctrines.

We know, that the Egyptian priests were aware,
not only that the soil beneath the plains of the Nile,
but that also the hills bounding the great valley,
contained merine shells* ; and it could hardly have
escaped the observation of eastern philosophers; that
some soils were filled with fossil remains, since so
many national works were executed on a magnificent
scale by oriental monarchs in very remote eras.
Great canals and tanks required extensive excava-
tions; and we know that in more recent times (the
fourteenth century of our era) the removal of soil
necessary for such undertakings brought to light geo-
logical phenomen, which attracted the attention of
a people less civilized than were many of the older
natians of the East.t

* Herodot. Euterpe, 12
+ This circumstance is mentioned in a Persian MS. copy of

the historian Ferishts, in the Library of the East Tndia Company,

relating to the rise and progeess of the Mahomeden empire in

Indis, and procured from the ibrary of Tippoo Sultan in 17
and has been recently referred to at some length by Dr. Buck-

land. — (Geol. Trans. 24 Series, vol. i part ii. p. $89.) — It

55
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But although the Brahmins, like the priests of
Egypt, may have been acquainted with the exist-
ence of fossil remains in the strata, it is possible that
the doctrine of successive destructions and reno-
vations of the world merely received corroboration
from such proofs ; and that it may have been originally
handed down, like the religious dogmas of most nations,
from a ruder state of society. The system may have
had its source in the exaggerated traditions of those
partial, but often dreadful, catastrophes, which are
sometimes occasioned by particular combinations of
natural causes. Floods and voleanic eruptions, the
agency of water and fire, are the chief instruments of
devastation on our globe; and we shall point out in
the sequel the extent of many of these calamities,
recurring at distant intervals of time, in the present
course of nature; and shall only observe here, that
they are so peculiarly calculated to inspire a lasting
terror, and are so often fatal in their consequences to
great multitudes of people, that it scarcely requires
a passion for the marvellous, so characteristic of
rude and half civilized nations, stil less the exuberant
imagination of eastern writers, to augment them into
general cataclysms and conflagrations.

Humboldt relates the interesting fact, that after the
annihilation of a large part of the inhabitants of
Cumana, by an earthquake in 1766, a season of ex-

s stated that, in the year 762 (or 1560 of our era), the king
employed fifty thousand labourers in cutting through @ mound, so
as to form a junction between the rivers Sclima and Sutluj; and
in this mound were found the bones of elephants and men, some
of them petrified, and some of them resembling bone. The

to

©
have belonged to some of the larger pachydermata.
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traordinary fertility ensued, in consequence of the
great rains which accompanied the subterranean con-
vulsions. « The Indians,” he says, « celebrated, after
the ideas of an antique superstition, by festivals and
dancing, the destruction of the world and the ap-
proaching epoch of its regeneration.”*

The existence of such rites among the rude nations
of South America is most important, for it shows what
effects may be produced by great catastrophes of this
nature, recurring at distant intervals of time, on the

f a barbarous and uncultivated race. The
superstitions of a savage tribe are transmitted through
all the progressive stages of society, till they exert a
powerful influence on the mind of the philosopher.
He may find, in the monuments of former changes on
the earth’s surface, an apparent confirmation of tenets
handed down through successive generations, from
the rude hunter, whose terrified imagination drew
a false picture of those awful visitations of floods and.
earthquakes, whereby the whole earth 25 known to
him was simultancously devastated.

Egyptian Cosmogony.— Respecting the cosmogony
of the Egyptian priests, we gather much information
from writers of the Grecian sects, who borrowed
almost all their tenets from Bgypt, and amongst
others that of the former successive destrution and
renovation of the world.+ We learn from Plutarch,
that this was the theme of one of the hymns of
Orpheus, so celebrated in the fzbulous ages of Greece.
It was brought by him from the banks of the Nile;
and we even find in his verses, as in the Indian
systems, a definite period assigned for the duration of

* Humbolds et Bonpland, Voy. Relat. Hist, vl.i. p. 0.

+ Prichard’s Egypt. Mythol. p. 177.

56
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each successive world:# The returns of great cata-
strophes were determined by the period of the Avnus
Magaus, or great year, —a cycle composed of the
revolutions of the sun, moon, and planets, and termi-
nating when these return together to the same sign
whence they were supposed at some remote epoch to
have set out. The duration of this great cycle was
variously estimated. According to Orpheus, it was
190,000 years ; according to others, 500,000; and by
Cassander it was taken to be 360,000 years.t-

We learn particularly from the Timaeus of Plato,
that the Egyptians believed the world to be subject to
occasionsl conflagrations and deluges, whereby the gods
arrested the career of human wickedness, and purified
the earth from guilt. After each regeneration, mankind
wwere in a state of virtue and happiness, from which
they gradually degenerated again into vice and immo-
rality. From this Egyptian doctrine, the poets de-
rived the fable of the decline from the golden to the
iron age. The sect of Stoics adopted most fully the
system of catastrophes destined at certain intervals to
destroy the world. These they taught were of two
kinds;—the Cataclysm, or destruction by deluge, which
sweeps away the whole human race, and anuihilates all
the animel and vegetable productions of nature; and

Ecpysosis ion, which di
itself,  From the Egyptians also they derived the doc-
trine of the gradual debasement of man from a state
of innocence. Towards the termination of each era
the gods could no longer bear with the wickedness of
men, and a shock of the elements or & deluge over-

* Plut. de Defectn Oraculorum, cap. 12. ~ Censorinus de Die
Natali. See also Prichard's Egypt. Mythol. p. 182
+ Prichard’s Egypt. Mythol. p. 162,
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whelmed them ; after which calamity, Astrea again
descended on the earth, to renew the golden age.*

“The connection between the doctrine of successive
catastrophes and repeated deteriorations in the moral
character of the human race, is more intimate and
natural than might at first be imagined. For,in arude
state of society, all great calamities are regarded by the
people as judgments of God on the wickedness of man.
Thus, in our own time, the priests persuaded a large
part of the population of Chili, and perhaps believed
themselves, that the fatal earthquake of 1892 was a
sign of the wrath of Heaven for the great political
revolution just then consummated in South America.
In like manner, in the account given to Solon by the
Egyptian priests, of the submersion of the island of
Atlantis under the waters of the ocean, after repeated
shocks of an earthquake, we find that the event hap-
pened when Jupiter had seen the moral depravity of
the inhabitants.+ Now, when the notion had once
gained ground, whether from causes befure suggested
or not, that the earth had been destroyed by several
general catastrophes, it would next be inferred that the
‘human race had been as often destroyed and renovated.
And, since every extermination was assumed to be
penal, it could only be reconciled with divine justice,
by the supposition that man, at each successivecreation,
was regenerated in a state of purity and innocence.

A very large portion of Asia, inhabited by the ear-
liest nations whose traditions have come down to us,
has been always subject to tremendous earthquakes.
Of the geographical boundaries of these, and their
effects, I shall speak in the proper place. Egypt

* Prichard's Egypt. Mythol. p. 195. ¢ Plato’s Timaus.
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has, for the most part, been exempt from this scourge,
and the tradition of catastrophes in that country was
perhaps derived from the Esst.

One extraordinary fietion of the Egyptian mythology
was the supposed intervention of a masculo-feminine
principle, to which was essigned the development of
the embryo world, somewhat in the way of incubation.
For the doctrine was, that when the first chaotic mass
had been produced, n the form of an egg, by  elf

eternal Bei
fietisnd o this s frahine deml»urg\ls toreduce
the component elements into organized forms.

Although it is scarcely possible to recall to mind
this conceit without smiling, it does not seem to differ
essentially in principle from some cosmological notions
of men of great genius and science in modern Europe.
The Egyptian philosophers ventured on the perilous
task of seeking from among the processes now going
on something analogous to the mode of operation em-
ployed by the Author of Nature in the first creation of
organized beings, and they compared it to that which
govers the birth of new individuals by generation. To
suppose that some general rules might be observed in
the first origin of created beings, or the first. introduc-
tion of new species into our system, was not absurd,
nor inconsistent with any thing known to us in the eco-
nomy of the universe. But the hypothesis, that there
was any analogy between such laws, and those em-
ployed in the continual reproduction of species once
created, was purely gratuitous. In like manner, it is
not unreasonable, nor derogatory to the attributes of
Omnipotence, to imagine that some general laws may
‘e observed in the creation of new worlds ; and if man
could witness the birth of such worlds, he mightreason
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by induction upon the origin of his own. But in the
absence of such data, on attempt has been made to
fancy some analogy between the agents now employed
to destroy, renovate, and perpetually vary the earth’s
surface, and those whereby the first chaotic mass was
formed, and brought by supposed nascent energy from
the embryo to the habitable state.

By how many shades the claborate systems, con-
structed on these principles, may differ from the
mysteries of the « Mundane Egg” of Egyptian fuble,
T shall not inquire. It would, perhaps, be dangerous
ground, and some of our contemporaries might not sit
25 patiently as the Athenian audience, when the fiction
of the chaotic egg, engrafted by Orpheus upon their
own mythology, was turned into ridicule by Aristo-
phanes.  That comedian introduced his birds singing,
in & solemn hymn, « How sable-plumaged Night con-
ceived in the boundless bosom of Erebus, and laid an
egg, from which, in the revolution of ages, sprung Love,
resplendent with golden pinions. Love fecundated
the dark-winged chaos, end gave origin to the race of
birds."*

Pythagorean Doctrines.— Pythagoras, who resided
for more than twenty years in Egypt, and, according
to Cicero, had visited the East, and conversed with
the Persian philosophers, introduced into <his own
country, on his return, the doctrine of the gradual
deterioration of the human race from an original state
of virtue and happiness : but if we are to judge of his
theory concerning the destruction and renovation of
the earth from the sketch given by Ovid, we must
concede it to have been far more philosophical than

* Aristophanes, Birds, 694.
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any known version of the cosmologies of oriental or
Egyptian sects.

“Although Pythagoras is introduced by the poet as
delivering his doctrine in person, some of the illustra-
tions are derived from natural events which happened
after the death of the philosopher. But notwithstand-
ing these anachronisms, we may regard the account as
& true picture of the tenets of the Pythagorean school
in the Augustan age; and although perhaps partially
‘modified, it must have contained the substance of the
original scheme. Thus considered, it s extremely
curious end instructive; for we here find a compre-
hensive and masterly summary of almost all the great
causes of change now in activity on the globe, and
these adduced in confirmation of a principle of per-
petual and gradusl revolution inherent in the nature of
our terrestrial system. These doctrines, it i true, are
not directly applied to the explanation of geological
phenomenas or, in other words, no attempt is made to
estimate what may have been in past ages, or what
may hereafter be, the aggregate amount of change
brought about by such never-ending fluctuations. Had
this been the case, we might have been called upon to
admire 5o extraordinary an anticipation with no less
interest than astronomers, when they endeavour to
divine by what means the Samian philosopher came to
the knowledge of the Copernican theory.

Let us now examine the celebrated passages o
which we have been adverting® :—

« Nothing perishes in this world; but things merely
vary and change their form. o be born, means simply
that a thing begins to be something different from what

* Ovid's Metamor. lib. 15.
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it was before; and dying, is ceasing to be the same
thing. Yet, although nothing retains long the same
image, the sum of the whole remains constant.” These
general propositions are then confirmed by a series of
examples, all derived from natural appearances, except
the first, which refers to the golden age giving place
1o the age of iron. The illustrations are thus conse-
cutively adduced.

1. Solid land has been converted into sea.

2. Sea has been changed into land. Marine shells
lie far distant from the deep, and the anchor has been
found on the summit of hills.

3. Valleys have been excavated by running water,
and fioods have washed down hills into the sea.*

4. Marshes have become dry ground.

5. Drylands have been changed into stagnant pools.

6. During earthquakes some springs have been
closed up, and new ones have broken out. Rivers
have deserted their channels, and have been re-born
elsewhere; as the Erasinus in Greece, and Mysus in
Asin.

7. The waters of some rivers, formerly sweet, have
become bitter, as those of the Anigris in Greece, &c.t

8. Islands have become connected with the main
land, by the growth of deltas and new deposits, as in the
case of Antissa joined to Lesbos, Pharos to Egypt, &c.

9. Peninsulas have been divided from the main land,
and have become islands, as Leucadia; and according

* Elurie mons est deductus in @quor, v. 267. The meaning
of this last verse is somewhat obscure, but, taken with the context,
may be supposed to allude to the abrading power of foods,
torrents, and rivers.

+ The impregnation from ‘new minersl springs, caused by
casthquakes in volcanic countries, is, perhaps, here alluded to.
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to tradition Sicily, the sea having carried away the
isthmus.

10. Land has been submerged by earthquakes: the
Grecian cities of Helice and Buris, for example, are to
be seen under the sea, with their walls inclined.

11. Plains have been upheaved into hills by the
confined air seeking vent, as at Trezen in the Pelo-
ponnesus.

12. The temperature of some springs varies at
different periods. The waters of others are inflam-
mable.

18. There are streams which have a petrifying
power, and convert the substances which they touch
into marble.

14. Extraordinary medicinal and deleterious effects
are produced by the water of different lakes and
springs.}

15. Some rocks and islands, after foating, and
having been subject to violent movements, have at
length become stationary and immoveable, as Delos,
and the Cyanean Isles.}
ke e of Bk, ws o e Cusi t Pier.
‘mala, in the Tuscan Apennines ; and several othe .

+ Hiey of s o s il Sty 8 98
irtues stiH so commonly attributed to mineral waters.

4 Raspe, in a learned and judicious essay (De Novis Tusulis,
.18, e . spper exemcly proabl tha all the

tons of certain slands in the Mediterranean having et some

fmm time frequently shifted their positions, and at length

stationary, originated in the great change produced in

their form by earthquakes and submarine eruptions, of which

there have been modern examples in the new islands raised in the

time of history. When the series of convulsions ended, the
island was said to become fixed.
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16. Volcanic vents shift their position; there was a
time when Etna was not a burning mountain, and the
time will come when it will cease to burn. Whether
it be that some caverns become closed up by the move-
ments of the earth, and others opened, or whether the
fuel is fnally exhausted, &c. &c.

The various causes of change in the inanimate
world having been thus enumerated, the doctrine of
equivocal generation is next propounded, as illus-
trating a corresponding perpetual flux in the animate
creation. *

In the Bgyptian and Eastern cosmogonies, and in
the Greek version of them, no very definite meaning
can, in general, be attached to the term ¢ destruction
of the world ;" for sometimes it would seem 2lmost to
imply the annihilation of our planetary system, and at
others a mere revolution of the surface of the earth.

Opinions of Aristotle. — From the works now extant
of Aristotle, and from the system of Pythagoras, as
above exposed, we might certainly infer that these

* It s not inconsistent with the Hindoo mythology to suppose
that Pythagoras might have found in the East not only the system
of universal and violent catastrophes and periods of repose i end-
Less succession, but also that of periodical revalutions, effected by
the contimed ageney of ordinary causes, For Brahuma, Vishau,
and Siva, the first, second, and third persons of the Hindoo triad,
severally represented the Creative, the Preserving, and the De-
stroying powers of the Deity. The co-existence of these three
sttributes, all in simultancous operation, might well accord with
the notion of perpetual but partial alterations finally bringing
about a complete change.  But the fiction expressed in the verses
before quoted from Mend, of eternal vicissitudes in the vigils and
shumbers of the Infinite Being, seems accommodsted to the
system of great general catastrophes followed by new creations
and periods of repose.



20 ARISTOTELIAN SYSTEM. ook 1.

philosophers considered the agents of change now
operating in nature, as capable of bringing about in
the lapse of ages a complete revolution; and the
Stagyrite even considers occasional catastrophes,
happening at distant intervals of time, as part of the
regular and ordinary course of nature. The deluge
of Deucalion, he says, affected Greece only, and prin-
cipally the part called Hellas, and it arose from great
inundations of rivers during a rainy winter. But such
extraordinary winters, he says, though after a certain
period they return, do not always revisit the same

ces.®

Censorinus quotes it as Aristotle’s opinion, that
there were general inundations of the globe, and that
they alternated with conflagrations, and that the flood
constituted the winter of the great year, or astro-
nomical cycle, while the conflagration, or destruction
by fire, is the summer or period of greatest heatt
If this passage, as Lipsius supposes, be an amplifi
cation, by Censorinus, of what is written in < the
Meteorics,” it is a gross misrepresentation of the
doctrine of the Stagyrite, for the general bearing of
his ressoning in that treatise tends clearly in an oppo-
site direction. - He refers to many examples of changes
now constantly going on, and insists emphatically on
the great results which they must produce in the
lapse of ages. He instances particular cases of lakes
that had dried up, and deserts that had at length
become watered by rivers and fertilized. He points
to the growth of the Nilotic delta since the time of
Homer, to the shallowing of the Palus Meotis within
sixty years from his own time ; and although, in the
same chapter, he says nothing of earthquakes, yet in

* Meteor. lib. . cop. xiis * 4 DeDie Nat,
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others of the same treatise*, he shows himself not
unacquainted with their effects. He alludes, for
example, to the upheaving of one of the Eolian islands
previous to a volcanic eruption.  The changes of the
earth,” he says, « are so slow in comparison to the dura-
tion of our lives, that they are overlooked (rasfave) ;
and the migrations of people after great catastrophes,
and their removal to other regions, cause the event
10 be forgotten."+ P

When we consider the acquaintance displayed by
Aistotle with the destroying and renovating powers
of Nature in his various works, the introductory and
concluding passages of the twelfth chapter of his
« Meteorics” are certainly very remarkable. In the
first sentence he says, « The distribution of land and
sea in particular regions does not endure throughout
all time, but it becomes sea in those parts where it was
Iand, and again it becomes land where it was sea; and
there is reason for thinking that these changes take
place according to a certain system, and within a certain
period” The concluding observation is as follows:
— ¢ As time never fails, and the universe is eternal,
neither the Tanais, nor the Nile, can have flowed for
ever. The places where they rise were once dry,
and there is  limit to their operations, but there is
none to time. So also of all other rivers ; they spring
up, and they perish; and the sea also continually
deserts some lands and invades others. The same
tracts, therefore, of the earth are not, some always
sea, and others always continents, but every thing
changes in the course of time.”

It seems, then, that the Greeks had not only derived

LB *

il cap. 14, 15, and 16. + Tbid,



22 CREATION OF SPECIES. ook 1.

from preceding nations, but had also, in some slight
degree, deduced from their own observations, the
theory of periodical revolutions in the inorganic world :
there is, however, no ground for imagining that
they contemplated former changes in the races of
animals and plants. Even the fact, that marine re-
mains were inclosed in solid rocks, altbough observed
by many, and even made the groundwork of geological
speculation, never stimulated the industry or guided
the inquiries of naturalists. Tt is not impossible that
the theory of equivocal generation might have en-
gendered some indifference on this subject, and that &
Belief in the spontaneous production of living beings
from the earth, or corrupt matter, might have caused
the orgenic world to appear so unstable and fiuctuating,
that phenomena indicative of former changes would
notawaken intense curiosity. The Egyptians, it s true,
had taught, and the Stoics had repeated, that the
earth had once given birth to some monstrous animals,
which existed no longer; but the prevailing opinion
seems to have been, that after each great catastrophe
the same species of animals were created over again.
‘This tenet is implied in a passage of Seneca, where,
speaking of a future deluge, he says, « Every animal
shall be generated anew, and men free from guilt
shall be-given to the earth.” %

An old Arsbian version of the doctrine of the suc-
cessive revolutions of the globe, translated by Abraham
Ecchellensis, seems to form a singular exception to
the general rule, for here we find the idea of different

* Omne ex integro animal generabitur, dabiturque terris bomo
inscius scelerum. — Quast. Nat. iii. ¢. 29.

+ This suthor was Regius Professor of Syriac and Arabic at
Daris, where,in 1685, he published a Latin translation of many
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genera and species having been crested. The Ger-
banites, a sect of astronomers who fourished some
centuries before the Christian ere, taught es follows:
— That after every period of thirty-six thousand four
hundred and twenty-five years, there were produced a
pair of every species of animal, both male and female,
from whom animels might be propagated and inhabit
this lower world. But when a circulation of the
heavenly orbs was completed, which is finished in that
space of years, other genera and species of animals are
propagated, as also of plants and other things, and the
first order is destroyed, and so it goes on for ever and
ever.”*

of Strabo.— As we learn much of the tenets
of the Egyptian and oriental schools in the writings of

Arsbian MSS. on different departments of philosophy. This
work bas always been considered of high authoriy.

dringentos, viginti quingue bina ex singulis animaliumm specicbus
produci, marem sclicet ac feminam, ex quibus animalia prop-
gaoiar, buncgue iferorem. incolunt orbean,  Absoluti. autem

terum als producuntur ssimliom geners e species, q\um.ld_

sicque in infinitum producitur, — Histor. Orient. Suppl. per
Abrabamum Ecchellensum, Syrum Maronitam, cap. ¥, et 87 ad
calcem Chronici Orfental. - Perisis, ¢ Typ. regis, 1685. fol.

1 have given the punctuation as in the Paris edition, there
being no comma afier quingue, but, a¢ the suggestion of M. de
Schlegel, T have referred the number swm«,.ﬂve 0 the perod of
‘years, and not to the number of pairs of each species created at
one time, s X had done in former editons.  Fords infored hat
twenty-fivenew species only were created at & time; a construction
which the passage will not admit. Mém. sur I'Hist. Nat. de
Plalie, vol.i. p. 202,
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the Greeks, so many speculations of the early Greek
authors are made known to us in the works of the Au-
gustan and later ages. Strabo, in particular, enters
largely, in the second book of his Geography, into the
opinions of Eratosthenes and other Greeks on one of the
most diffcult problems in geology, viz. by whet causes
marine shells came to be plentifully buried in the earth
a such great elevatons and distancs from the sea.
Xanthus

lhe Lydian, who said that the seas had once been more
extensive, and that they had afterwards been partially
dried up, as in his own time many lakes, rivers, and
wells in Asia had failed during a season of drought.
Treating this conjecture with merited disregard, Strabo
passes on to the hypothesis of Strato, the natural
philosopher, who had observed that the quantity of
mud brought down by rivers into the Euxine was so
great, that its bed must be gradually raised, while the
rivers still continue to pour in an undiminished quantity
of water. He therefore conceived that, originally,
when the Euxine was an inland sea, its level had by
this means become so much elevated that it burst its
barrier near Byzantium, and formed a communication
with the Propontls; and this partial drainage, he sup-
posed, had already converted the left side into marshy
ground..and thus, at last, the whole would be choked up
with soil. So, it was argued, the Mediterranean had
once opened a passage for itself by the Columns of
Hercules into the Atlantic: and perhaps the sbundance
of sea-shells in Africe, near the Temple of Jupiter
Ammon, might also be the deposit of some former
inland sea, which had at length forced a passage and
escaped.

ot Strabo rejects this theory as insuffcient to ac-
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count for all the phenomena, and he proposes one of
his own, the profoundness of which modern geologists
are only beginning to appreciate. It is nct,” he says,
« because the lands covered by seas were originally at
different altitudes, that the waters have risen, or sub-
sided, or receded from some parts and inundated others.
But the reason is, that the same land is sometimes
raised up and sometimes depressed, and the sea
also is simultaneously raised and depressed, so that
it cither_overflows or returns into its own place

We must therefore ascribe the cause to the
ground, either to that ground which is under the
sea, or to that which becomes flooded by it, but
rather to that which lies beneath the sea, for this
is more moveable; and, on account of its humidity,
can be altered with greater celerity.® t is proper,”
he observes in continuation, “¢o derive our expl

sea; for the last raise up the sea also, and when the
same lands subside again, they occasion the sea to be
let down. And it is not merely the small, but the large
islands also, and not merely the slands, but the con-
tinents, which can be lifted up together with the sea ;

* “Quod enim hoc attollitur aut subsidit, et vel inundat

5 sed quod idem solum modd
attollitur mod) deprimitur, simulque etism modd attollitar modd
deprimitur mare  itaque vel exundst vel in suum redit locum.”
Postel, p.88. « Restat, ut causam adscribamus solo, £
quod mari subest sive quod inundatur potids tamen i qu
mari subest. ~ Floc enim multd est mnbll[m,nq\wd ot
tem celerids mutari possit,” — Strabo, lib.
VoL L. c
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and both large and small tracts may subside, for habi-
tations and cities, like Bure, Bizona, and many others,
have been engulphed by earthquakes.”

Tn another place, this learned geographer, in alluding
to the tradition that Sicily had been separated by a
convulsion from Italy, remarks, that at present the
Jand near the sea in those parts was rarely shaken by

Giaakesiel i

fire and ignited matters and waters escape;; but for-
‘merly, when the volcanos of Etna, the Lipari Islands,
Tschia, and others, were closed up, the imprisoned fire
and wind might have produced far more vehement
‘movements.* The doctrine, therefore, that volcanos
are safety-valves, and that the subterranean convlsions
are probably most violent when first the volcanic
energy shifts itself to @ new quarter, is not modern.

We learn from a passage in Strabo-, that it was &
dogma of the Gaulish Druids that the universe was
immortal, but destined to survive catastrophes both of
fire and water. That this doctrine sras communicated.
to them from the East, with much of their learning,
cannot be doubted. Cmsari, it will be remembered,
says that they made use of Greek letters in arithmetical
computations.

‘Pliny had no theoretical opinions of his own con-
corning changes of the earth's surface; and in this
department, us in others, he restricted himself to the
task of a compiler, without ressoning~on the facts
stated by him, or attempting to digest them into te-
gular order. But his enumeration of the new islands
which had been formed in the Mediterranean, and of

* Strabo, lib. vi. p. 396. + Book iv.
4 Lvie ch.xiil.



enny KNOWLEDGE OF THE ANCIENTS o7

other convulsions, shews that the ancients had not
been inattentive observers of the changes which had
taken place within the memory of man.

Such, then, appear to have been the opinions enter-
tained before the Christian era, concerning the past
revolutions of our globe. Although no particular in-
vestigations had been made for the express pur-
pose of interpreting the monuments of ancient changes,
they were too obvious to be entirely disregarded ; and
the observation of the present course of nature pre-
sented too many proofs of alterations continually in
progress on the earth to allow philosophers to believe
that nature was in a state of rest, or that the surface
had remained, and would continue to remain, unaltered.
But they had never compared attentively the results
of the destroying and reproductive operations of mo-
dern times with those of remote eras, nor had they
ever entertained so much as a conjecture concerning
the comparative antiquity of the human race, or of
living species of aniials and plants, with those belong-
ing to former conditions of the organic world. They
had studied the movements and positions of the hea-
venly bodies with laborious industry, and made some
progress in investigating the animal, vegetable, and
mineral kingdoms ; but the ancient history of the globe
was to them a sealed book, and, although written 4n
characters of the most striking and imposing kind, they
were unconscious even of its existence.

o2
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Arabian writers.—A¥TeR the decline of the Roman
empire, the cultivation of physical science was first
vevived with some success by the Saracens, about the
middle of the eighth century of our era. The works
of the most eminent classic writers were purchased
at great expense from the Christians, and translated
into Ambic: and Al Mamin, son of the fumous
@ hid, the of Chal

recewgd with marks of distinetion, at his court at
Bagdad, astronomers and men of learning from dif-
ferent countries. This caliph, and some of his suc-
cessors, encountered much opposition and jealousy from
the doctors of the Mahomedan law, who wished the
Moslems to confine their studies to the Koran, dreading
the effects of the diffusion of a taste for the physical
sciences.*

* Mod. Univ. Hist. vol

i chap. iv. seetioniii.




ch ) AVICENNA—OMAR—THE KORAY. 29

Avicenna.—Almost. all the works of the early
Arabian writers are lost. Amongst those of the tenth
century, of which fragments are now extent, is a short
treatise  On the Formation and Classification of Mine-
rals,” by Avicenna, a physician, in whose arrangement.
there is considerable merit. The second chapter,
On the Cause of Mountains,” is remarkable; for
mountains, he says, are formed, some by essential,
others by accidental causes. In illustration of the
essential, he instances « a violent earthquake, by which
land is elevated, and becomes a mountain;” of the ac-
cidental, the principal, he says, is excavation by water,
whereby cavities are produced, snd adj
made to stand out and form eminences.®

Omar— Cosmogony of the Koran.—In the same
century also, Omar, surnamed  EI Aalem,” or « The
Learned,” wrote a work on * The Retreat of the Sea.”
It appears that on comparing the charts of his own
time with those made by the Indian and Persian astro-
nomers two thousand years before, he had satisfied
himself that important changes had taken place since
the times of history in the form of the coasts of Asia,
and that the extension of the sea had been greater at
some former periods. He was confirmed in this
opinion by the numerous salt springs and marshes
in the interior of Asia,—a phenomenon from which
Pallas, in more recent times, has drawn the same
inference.

Von Hoff has suggested, with great probability,
that the changes in the level of the Caspian (some of

* Montes quandéque Suat ex causa essentiali, quandéque ex
causa accidentali. Ex essentiali causs, ut ex vehementi motu
levatur terra, et fit mons. Accidental, &c. — De Con-
gelatione Lapidum, ed. Gedani, 1682.
cs
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which there is reason to believe have happened within
the historical era), and the geological appearances in
that district, indicating the desertion by that sea of
it ancient bed, had probably led Omar to his theory
of 2 generel subsidence. But whatever may have
been the proofs relied on, his system was declared
contradictory to certain passages in the Koran, and
he was called upon publicly to recant his errors; to
avoid which persecution he went into voluntary banish-
ment from Samarkand.*

The cosmological opinions expressed in the Koran
are few, and merely introduced incidentally : so that
it is not easy to understand how they could have
interfered so seriously with free discussion on_the
former changes of the globe. The Prophet declares
thet the carth was created in two days, and the
smounteins were then placed on it; and during these,
and two additional days, the inhabitants of the earth
were formed ; and in two more the seven heavens.

@ Von Hoff, Gesehichte der Veriinderungen der Erdoberfiiche,
Sol.i. p. 406., who cites Delisle, bey Hismaan Welt-und Vélker-
geschichte.  Alte Gesch. 1 Th 934, — The Arabian
Sersccutions for heretical dogmas in theology were often very
Sanguinary. Tn the sume ages wherein Jearaing was most in
o, the Mahometans were divided into two sects, one of whom
mgintained that the Koran ws increate, and had subsisted in the
very essence of God from all eternity ; and the other, the Motaza-
s, who, admiting that the Koran was insituted by God, con-
ceived it to bave been first made when revealed to the Prophet at
Meeca, and accused their opponents of believing in two ‘eternal
beinga. The opinions of each of theso sects were taken up by
diffwent caliphs in successon, and the followers of each some-
times submitted to be beheaded, or flogged till at the pois
death, rather than renounce their creed. — Mod. Univ. Hist.
voli. ch v,

+ Koran, chap. 3.
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There is no more detail of circumstances; and the
deluge, which is also mentioned, is discussed with
equal brevity. The waters are represented to have
poured out of an oven; a sirange fable, said to be
borrowed from the Persian Magi, who represented
them as issuing from the oven of an old woman.®
All men were drowned, save Noah and his family;
and then God said, « O earth, swallow up thy waters;
and thou, O heaven, withhold thy rain;” and imme-
diately the waters abated.

We may suppose Omar to have represented the
desertion of the land by the sea to have been gredual,
and that his hypothesis required a greater lapse of
ages than was consistent with Moslem orthodoxy ; for
it is to be inferred from the Koran, that man and this
planct were created at the same time; and although
Mahomet did not limit expressly the antiquity of the
human race, yet he gave an implied sanction to the
Mossic chronology by the veneration expressed by
him for the Hebrew Patriarchs.{

A manuseript work, entitled the ¢ Wonders of
Nature,” is preserved in the Royal Library at Paris,
by an Arabian writer, Mohammed Kazwini, who flou-
rished in the seventh century of the Hegira, or at the
close of the thirteenth century of our era.§ Besides
several curious remarks on eerolites, carthquales, and
the successive changes of position which the land and

* Sale's Koran, chap. xi. see note. Tuid.

§ Kosse, appointed master to the Caliph Al Mamid, was au-
thor of a book, entitled # The History of the Patriarchs and Pro-
‘hets, from the Creation of the World." — Mod. Usiv. Hist. vol. i

hap. iv.

§ Translated by MM. Chezy and De Sacy, and cited by
L. E. de Beaumont, Ann. des Sci. Nat. 1852.

c4
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sea have undergone, we meet with the following
beautiful passage, which is given as the narrative of
hi 3 T pansod coe digly

a very ancient and wonderfully populous city, and asked
one of its inhabitants how long it had been founded.
<1t is indeed a mighty city,’ replied he, ¢ we know
not how long it has existed, and our ancestors were on
this subject as ignorant as ourselves.’ Five centuries
afterwards, as I passed by the same place, I could not.
perceive the slightest vestige of the city. I demanded
of a peasant who was gathering herbs, upon its former
site, how long it had been destroyed. In sooth, a
strange question!” replied he. ¢ The ground here has
never been different from what you now behold it.’
¢ Was there not of old, said , <a splendid city here?’—
¢ Never, answered he, ¢so far as we have seen, and never
did our fathers speak to us of any such. On my return
there, 500 years afterwards, 1 found the sea in the
same place, and on its shores were a party of fisher-
‘men, of whom I inguired how long the land had been
covered by the waters? ¢Is this a question,’ said
they, ¢ for a man like you? this spot has always been
what it is now. I again returned, 500 years afier-
wards, and the sea had disappeared; I inquired of &
‘man who stood alone upon the spot, how long ago this
change had taken place, and he gave me the same
answer as T had received before. Lestly, on coming
back again after an equal lapse of time, I found there
a flourishing city, more populous and more rich in
beautiful buildings than the city I had seen the first
time, and when I would fain have informed myself
concerning its origin, the inhabitents answered me,
¢Tts rise is lost in remote antiquity: we are ignorant.
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how long it has existed, and our fathers were on this
subject as ignorant as ourselves.”

Barly Talian writers— Fracastoro, 1517.—It was
not till the earlier part of the sixteenth century that
geological phenomena began to attract the attention
of the Christian nations. At that period @ very
animated controversy sprung up in Italy, concerning
the true nature and origin of marine shells, and other
organized fossils, found abundantly in the strata of the
peninsula.* The excavations made in 1517, for re-
peiring the city of Verona, brought to light a multitude
of curious petrifactions, and furnished matter for
speculation to different authors, and among the rest
to Fracastorot, who declared his opinion, that fossil
shells had all belonged to living animals, which had
formerly lived and multiplied where their exuvi are
now found. He exposed the sbsurdity of having
recourse to a certain < plastic force,” which it wassaid
had power to fashion stones into organic forms; and,
with no less cogent arguments, demonstrated the
futility of attributing the situation of the shells in
question to the Mosaic deluge, a theory obstinately
defended by some. That inundation, he observed,
was too transient, it consisted principally of fluviatile
waters; and if it had transported shells to great
distances, must have strewed them over the surface,
not buried them at vast depths in the interior of
mountains.  His clear exposition of the evidence
would have terminated the discussion for ever, if the
passions of menkind had not been enlisted in the

* See Brocehi's nmm on the Progress of the Study of
Fossl 7 in Tuly, where some of ing
o T et il e ot s large.

+ Museumn Cal
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dispute; and even though doubts should for a time
have remained in some minds, they would speedily
have been removed by the fresh information obtained
almost immediately afterwards, respecting the structure
of fossil remains, and of their living analogues.

But the clear and philosophical views of Fracastoro
were disregarded, and the talent and argumentative
powers of the learned were doomed for three centuries
to be wasted in the discussion of these two simple and
preliminary questions first, whether fossil remains had
ever belonged to living creatures; and, secondly,
whether, i this be admitted, all the phenomena could
be explained by the Noachian deluge. It had been
the consistent belief of the Christian world down to
the period now under consideration, that the origin
of this planet was not more remote than a few thou-
sand years; and that since the creation the deluge was
the only great catastrophe by which considersble
change had been wrought on the earth's surface. On
the other hand, the opinion was scarcely less general,
that the final dissolution of our system was an event to
be looked for at no distant period. The era, itis true,
of the expected millennium had passed away ; and for
five hundred years after the fatal hour, when the
annihilation of the planet had been looked for, the
menks -remained in undisturbed enjoyment of rich
grants of land bequeathed to them by pious donors,
who, in the preamble of deeds beginning  appropin-
quante mundi termino” ——¢ appropinquante magno
judicii die,” left lasting monuments of the popular
delusion. *

* In the monasteries of Sicly, in particalar, the tide-deeds of
‘many valuable grants of land are headed by such preambles, com-
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But although in the sixteenth century it had become
necessary to interpret the prophecies more liberally,
and to assign a more distant date to the future con-
dagration of the world, we find, in the speculations of
the early geologists, perpetual allusion to such an ap-
proaching catastrophe ; while in all that regarded the
antiquity of the earth, no modification whatever of the
opinions of the dark ages had been effected. Consider-
able alarm was at first excited when the attempt was
made to invalidate, by physical proofs, an article of
faith so generally received; but there was suficient
spirit of toleration and candour amongst the Italian
ecclesiastics, to allow the subject to be canvassed with
much freedom. They entered warmly themselves into
the controversy, often favouring different sides of the
question ; and however much we may deplore the loss
of time and labour devoted to the defence of untenable
positions, it must be conceded, that they displayed for
Tess polemic bi than certain wri llowed
them « beyond the Alps,” two centuries and a half
later.

CONTROVERSY AS TO THE REAL NATURE OF FOSSIL
ORGANIC REMAINS.

Mattoli— Falloppio.—The system of saholastic
disputations encoursged in the Universities of the
‘middle ages had unfortunately trained men to habits
of indefinite argumentation, and they often preferred
absurd and extravagant propositions, because greater
skill was required to maintain them; the end end

‘posd by the testators bout the period when the good King Roger
was expelling the Saracens from that island.
c6
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object of such intellectuzl combats being victory and
not truth. No theory could be so far-fetched or
fantastical as not to attract some followers, provided it
fell in with popular notions ; and as cosmogonists were
not at all restricted, in building their systems, to the
agency of known causes, the opponents of Fracastoro
‘met his arguments by feigning imaginary causes, which
differed from each other rather in name than in sub-
stance. Andrea Mattioli, for instance, en eminent
botanist, the illustrator of Dioscorides, embraced the
nonon of Agricols, & German miner, that a certain
" or  fatty matter,” set
ation by heat, gave birth to fossil organic shapes. Yt
Mattioli had come to the conclusion, from his own
observations, that porous bodies, such as bones and
shells, might be converted into stone, as being per-
meable to what he termed the lapidifying juice.”
In like manner, Falloppio of Padua conceived that
petrified shells had been generated by fermentation in
the spots where they were found, or that they bad in
some cases acquired their form from  the tumultuous
movements of terrestrial exhalations.”  Although a
celebrated professor of anatomy, he taught that
certain tusks of elephants dug up in his time at Puglia
were mere carthy concretions, and, consistently with
these_principles, he even went o far as to consider it
not improbable, that the vases of Monte Testaceo at
Rome were natural impressions stamped in the soil#
In the same spirit, Mercati, who published, in 1574,
faithful figures of the fossil shells preserved by Pope
Sextus V. in the Museum of the Vatican, expressed an
opinion that they were mere stones, which had assumed

* De Fo

b. pp. 109. and 176,
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their peculiar configuration from the influence of the
‘heavenly bodies ; and Olivi of Cremong, who described
the fossil remains of a rich Museum at Verona, was
satisfied with considering them mere “sports of nature.”

Cardano, 155%.— The title of a work of Cardano's,
published in 1559, «De Subtilitate” (corresponding
to what would now be called Transcendental Philo-
sophy), would lead us to expect, in the chapter on
minerals, many far-fetched theories characteristic of
that age; but, when treating of petrified shells, he
decided that they clearly indicated the former scjourn
of the sea upon the mountains.*

Some of the fanciful notions of those times were

iy in h:

with the Aristotelian theory of spontaneous genera-
tion, then taught in all the schools. For men who had
Deen instructed in early youth, that a large proportion
of living enimals and plants were formed from the
fortuitous concourse of atoms, or had sprung from the
corruption of organic matter, might easily per-
suade themselves, that organic shapes, often imper-
fectly preserved in the interior of solid rocks, owed
their existence to causes equally obscure and mys-
terious.

— Majoli, 1597. —But there were not
wanting some, who, at _the close of this century,‘ex-
‘pressed more sound and sober opinions. Cesalpino, a
celebrated botanist, conceived that fossil shells had
Deen left on the land by the retiring sea, and had con-
ereted into stone during the consolidation of the soil } ;
and, in the following year (1597), Simeone Majoli}
went still farther, and, coinciding for the most part

* Brocchi, Con. Foss. Subsp. Disc. sui Prog. vol. i. p. 5.
+ De Metalliis. 4 Dies Caniculares.
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with the views of Cesalpino, suggested that the shells
and submarine matter of the Veronese, and other dis-
tricts, might have been cast up upon the land, by
volcanic explosions, like those which gave rise,

1538, to Monte Nuovo, near Puzzuoli.—This Hintwas
the first imperfect attempt to connect the position of
fossil shells with the agency of volcanos, a system
afterwards more fully developed by Hooke, Lazzaro
Moro, Hutton, and other writers.

Twro years afterwards, Imperati advocated the animal
origin of fossilized shells, yet admitted that stones
could vegetate by force of “ an internal principle;”
and, as evidence of this, he referred to the teeth of
fish, and spines of echini found petrified.*

Palissy, 1580.— Palissy, a French writer on « The
Origin of Springs from Rain-water,” and of other
scientific works, undertook, in 1580, to combat the
notions of many of his contemporaries in ltaly, that
petrified shells had all been deposited by the universal
deluge. «He was the first,” said Fontenelle, when,
in the French Academy, he pronounced his eulogy
mearly a century and a half later, « who dared assert,”
in Paris, that fossil remains of testacea and fish bad
once belonged to marine animals.

abio Colonna.—To enumerate the multitude of
Itadian witers, who advanced various hypotheses, all
equally fantastical, in the early part of the seventeenth
century, would be unprofitably tedious, but Fabio
Colonna deserves to be distinguished; for, although
he gave way to the dogms, that all fossil remains were
‘to be referred to the Noachian deluge, he resisted the
absurd theory of Stelluti, who taught that fossil wood

* Storia Naturale.
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and ammonites were mere clay, altered into such forms
by sulphureous waters and subterranean heat; and he
pointed out the different states of shells buried in the
strata, distinguishing between, first, the mere mold or
impression secondly, the cast or nucleus; and, thirdly,
the remains of the shell itself. He had also the merit
of being the first to point out, that some of the fossils
had belonged to marine, and some to terrestrial,
testacea.®

Steno, 1669.—But the most remarkable work of
that period was published by Steno, a Dane, once
professor of anatomy at Padus, and who afterwards
resided many years at the court of the Grand Duke of
Tuscany. His treatise bears the quaint title of  De
Solido intra Solidum naturaliter contento (1669),” by
which the author intended to express,  On Gems,
Crystals, and organic Petrifactions inclosed within
solid Rocks.” This work attests the priority of the
Ttalian school in geological research; exemplifying at
the same time the powerful obstacles opposed, in that
age, to the general reception of enlarged views in the
science. It was still a favourite dogma that the fossil
remains of shells and marine creatures were mot of
animal origin; an opinion adhered to by many from
their extreme reluctance to believe, that the earth
could have been inhabited by living beings before a
great part of the existing mountains were formed. In
Teference to this controversy, Steno had dissected a
shark recently taken from the Mediterranean, and had
demonstrated that its teeth and bones were identical
with many fossils found in Tuscany. He had also
compared the shells discovered in the Italian strata

* Osserv. sugli Animali aquat. e terrst. 16%6.
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with living species, pointed out their resemblance,
and traced the various gradations from shells merely
calcined, or which had only lost their animal glaten, to
those petrifactions in which there was a perfect substi-
tution. of stony matter. In his division of mineral
he insisted on the secondary origin of those
Geposits in which the spails of animals, or fragments
of elder rocks were inclosed. He distinguished between
marine formations and those of & fluviatile character,
the last containing reeds, grasses, or the trunks and
‘branches of trees. He argued in favour of the original
horizontlity of sedimentary deposits, attributing their
present inclined and vertical position sometimes to the
Sscape of subterranean vapours, heaving the crust of
the earth from below upwards, and sometimes to the
falling in of masses over-lying subterrancan cavitles.
‘He declared that he had obtained proof that Tuscany
must successively have acquired six distinct configura-
tions, having been twice covered by water, tiice laid dry
with 8 level, and tice with an irregular and uneven
“urface.* He displayed great anxiety to reconcile his
Hew views with Scripture, for which purpose he pointed
to certain rocks as having been formed before the
existence of animals and plants; selecting unfortunately
a5 examples certain formations of limestone and sand-
stofe inrhis own country, now known to contain, though
eparingly, the remains of animals and plants, —strata
which do not even rank as the oldest part of our
“econdary series. Steno suggested that Moses, when
cpeaking of the lofiiest mountsins as having been
covered by the deluge, meaat merely the loftest of the
hills then existing, which may not have been very high.
 Sex itaque distinctas Etruriz facies agaoscimus, dum bis
fuids, bis plans, et sices, bis aspera fuerit, &c.
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The diluvian waters, he supposed, may have issued
from the interior of the earth into which they had
retired, when in the beginning the land was separated
from the sea. These, and other hypotheses on the
same subject, are not calculated to enhance the value
of the treatise, and could scarcely fail to detract from
the authority of those opinions which were sound and
legitimate deductions from fact and observation. They
have served, nevertheless, as the germs of many
popular theories of later times, and in 2n expanded
form have been put forth as original inventions by
some of our contemporaries.

Stilla, 1670.—Scill, a Sicilian painter, published,
in 1670, a work on the fossils of Calabria, llustrated by
good engravings. This was written in Latin, with
‘great spirit and elegance, and it proves the continued
ascendency of dogmas often refuted; for we find the
wit and eloquence of the author chiefly directed
against the obstinate incredulity of naturalists as to
the organic nature of fossil shells.* Like many
eminent naturalists of his day, Scilla gave way to the
popular persuasion, that all fossl shells were the effects
and proofs of the Mosaic deluge. It may be doubted
whether he was perfectly sincere, and some of his con-
temporaries who took the same course were certainly
not so. But so eager were they to oot out what.they
justly considered an absurd prejudice respecting the
nature of organized fossils, that they seem to have

* Scllla quotes the remark of Cicero on the story that a ston
Chios had been cleft open, and presented the head of Paniscus in

relief: — « I believe,” said the orator, “ that the figure bore some
resemblance to Paniscus, but not such that you would have deemed
it sculptured by Scopas; for chance never perfectly imitates the
e,
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been ready to make any concessions, in order to
establish this preliminary point. Such a compromising
‘policy was short-sighted, since it was to little purpose
that the nature of the documents should at length be
correctly understood, if men were to be prevented
from deducing fair conclusions from them.

Diluvial Theory.—The theologians who now entered
the field in Italy, Germany, France, and England, were
innumerable; and henceforward, they who refused to
subscribe o the position, that all marine organic re-
mains were proofs of the Mosaic deluge, were exposed
t the imputation of disbelieving the whole of the
sacred writings.  Scarcely any step had been made in
approximating to sound theories since the time of
Fracastoro, more than a hundred years having been
lost, in writing down the dogma that organized fossils
were mere sports of nature. An additional period of
a centary and & half was now destined to be consumed
in exploding the hypothesis, that organized fossils had
all been' buried in the solid strata by the Noachian
flood. Never did a theoretical fallacy, in any branch
of science, interfere more seriously with accurate
observation and the systematic classification of facts.
In recent times, we may attribute our rapid progress
chiefly to the careful determination of the order of
successjon in mineral masses, by means of their
different_ organic contents, and their regular super-
position. But the old diluvialists were induced by
their system to confound all the groups of strata to-
gether instead of discriminating,—to refer ll appear-
ances to one cause and to one brief period, not to a
variety of causes acting throughout a long succession
of epochs. They saw the phenomena only as they
desired to see them, sometimes misrepresenting facts,
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and at other times deducing false conclusions from
correct data. Under the influence of such prejudices,
three centuries were of as little avail as & few years
in our own times, when we are no longer required to
propel the vessel against the force of an adverse
current.

It may be well to forewarn the reader, that in tracing
the history of geology from the close of the seventeenth
to the end of the eighteenth century, he must expect
to be occupied with accounts of the retardation, as
well as of the advance of the science. It will be neces-
fary to point out the frequent revival of exploded
errors, and the relapse from sound to the most absurd
opinions ; and to dwell on futile reasoning and visionary
hypothesis, because some of the most extravagant sys-
tems were invented or controverted by men of acknow-
ledged talent. In short, a sketch of the progress of
Geology is the history of a constant and violent
struggle between new opinions and ancient doctrines,
sanctioned by the implicit faith of many generations,
and supposed to rest on scriptural authority. The
inquiry, therefore, although highly interesting to one
who studies the philosophy of the human mind, s
100 often barren of instruction to him who searches
for truths in physical science.

Quirini, 1676. — Quirini, in 1676*, contendsd, in
opposition to Scilla, that the diluvian waters could not
have conveyed heavy bodies to the summit of moun-
tains, since the agitation of the sea never (as Boyle
had demonstrated) extended to great depthst; and

* De Testaceis fossilibus Mus. Septalian.

the Sea.” From observations collected from the divers of the pearl
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still Tess could the testacea, as some pretended, bave
lived in these diluvian waters, for « the duration of the
flood was brief, and e eary rains must have destroyed
the saltness of the sea !” He was the first writer who
ventured to maintain that the universality of the
Noachizn cataclysm ought not to be insisted upon. As
to the mature of petrified shells, he conceived that as
earthy particles united in the sea to form the shells of
mollusca, the same crystallizing process might be
efiected on the land ; and that, in the latter case, the
germs of the animels might have becn disseminated
through the substance of the rocks, and afterwards
developed by virtue of humidity. Visionary as was
this doctrine, it gained many proselytes even amongst
the more sober reasoners of Italy and Germany ; for it
conceded both that fossil bodies were organic, and that
the diluvial theory could not account for them.

Plot — Lister, 1678.—In the mean time, the doc-
trine that fossil shells had never belonged to real
animals maintained its ground in England, where
the agitation of the question began at a much later
Dr. Plot, in his « Natural History of Oxford-
shire” (1677), attributed to a * plastic virtue latent
in the earth” the origin of fossil shells and fishes ; and
Lister, to his accurate account of British shells, in
1678.2dded the fossil species, under the appellation of

fshery, Boyle inferred that when the waves were six oF seven feet
high abore the surfuce of the water, there were 0o sigas of agita-
tion at the depth of fieen fathoms; and that even during heavy
gales of wind, the motion of the water was exceedingly diminished
at the depth of twelve or ffteen feet. Hle had also learnt from
some of bis informants, that there were currents running in oppo-
sitedirectionsat different depths. — Boyle's Works, vol. i p.110.
London, 1744.
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turbinated and bivalve stones. * Either,” said he,
« these were terriginous, or, if otherwise, the animals
they so exactly represent Aave become eatinct.” This
writer appears to have been the first who was aware
of the continuity over Jarge districts of the principal
groups of strata in the British series, and who pro-
posed the construction of regular geological maps.*
Leibnitz, 1680.— The great mathematician Leibnitz
published his  Protogeea” in 1680. He imagined this
planet to have been originally & burning luminous
mass, which ever since its creation has been un.
dergoing refiigeration. When the outer crust had
cooled down suffciently to allow the vapours to be
condensed, they fell, and formed a universal ocean,
covering the loftiest mountains, and investing the
whole globe. The crust, as it consolidated from a
state of fusion, assumed a vesicular and cavernous
structure ; and being rent in some places, allowed the
water to rush into the subterranean hollows, whereby
the level of the primeval ocean was lowered. The
breaking in of these vast. caverns is supposed to have
given rise to the dislocated and deranged position
of the strata which Steno had described,” and the
same distuptions communicated violent movements to
hei h inundati a

‘Thewaters, after they had been thus agitated, depasited
their sedimentary matter duringintervals of quiescence,
and hence the various stony and earthy strata. «We
may recognize, therefore,” says Leibnitz, « a double
origin of primitive masses, the one by refrigeration from
igneous fusion, the other by concretion from aqueous

* See Mr. Conybeare’s excellent Introduction to the * Outlines
of the Geology of England and Wales,” p. 12.
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solution.” * By the repetition of similar causes (the
disruption of the crust and consequent floods), alterna-
tions of new strata were produced, until at length
these causes were reduced to a condition of quiescent
equilibrium, and & more permanent state of things was
established.f

Hooke, 1688.— The « Posthumous Works of Robert
Hooke, M.D.,” well 'known as a great mathematician
and natural philosopher, appeared in 1705, containing
«A Discourse of Earthquakes,” which, we are in-
formed by his editor, was written in 1668, but revised
at subsequent periods.t Hooke frequently refers to
the best Italian and English authors who wrote before
his time on geological subjects; but there are no
passages in his works implying that he participated in
the enlarged views of Steno and Lister, o of his con-
temporary, Woodward, in regard to the geographical
extent of certain groups of strate. His treatise, how-
ever, is the most philosophical production of that age,
in regard to the causes of former changes in the
organic and inorganic kingdoms of nature.

“However trivial a thing,” he says, « a rotten shell
may appear to some, yet these monuments of nature

* Unde jam duplex origo intelligitur primorum corporim, uns,
cum ab ignis fusione refrigescerent, alters, cum reconcrescerent
ex Stone aquarum.

+ Redeunte mox simili causd strata subinde alia aliis impove-
rentar, o facies tener adhue orbis sapius novata est.  Donec
Quiescentibus causis, stque @quilibrat entior e

‘status. — For an able analysis of the views of Leibnitz, in
his Protogas, see Mr. Conybeare’s Report on the Progress of
Geological Science, 1832,

4 his death, in 1705,
‘memoirs to the Royal Socety, and delivered lectures on various
subjects, relating to foss] remains and the efects of earthquakes.
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are more certain tokens of antiquity than coins or
‘medals, since the best of those may be counterfeited
or made by art and design, as may also books, manu-
scripts, and inscriptions, as all the learned are now
sufficiently satisfied has often been actually practised,”
&c.; «and though it wust be granted that it is very
difficult. to read them (the records of nature) and
1o raise a chronology out of them, and to state the
intervels of the time wherein such or such cata-
strophes and mutations have happened, yet it is not
impossible.” *

His theory of the extinction of Species.— Respecting
the extinction of species, Hooke was aware that the
fossil ammonites, nautili, and many other shells and
fossil skeletons found in England, were of different
species from any then known ; but he doubted whether
the species had become extinct, observing that the
knowledge of naturalists of all the marine species,
especially those inhabiting the deep sea, was very
deficient. Tn some parts of his writings, however, he
leans to,the opinion that species had been lost ; and,
in speculating on this subject, he even suggests that
there might be some connexion between the disap-
pearance of certain kinds of animals and plants, and
the changes wrought by earthquakes in former ages.
Some species, he observes with great sagacispswere
« peeuliar to certain places, and not to be found else-
where. If, then, such a place had been swallowed up,
it is not improbable but that those animate beings may
have been destroyed with it ; and this may be true both
of agrial and aquatic animals: for those animated
bodies, whether vegetables or enimals, which were

* Posth. Works, Lecture, Feb. 29. 1685.
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naturally nourished or refreshed by the air, would be
destroyed by the water %,” &c. Turtles, he adds, and
such large ammonites as are found in Portland, seem
to have been the productions of hotter countries;
and it is necessary to suppose that England once
lay under the sea within the torrid zone! To ex-
plain this and similar phenomens, he indulges in @
Jariety of speculations concerning changes in the posi-
tion of the axis of the earth’s rotation, a shifting of the
earth’s centre of gravity, analogous to the revolutions
of the magnetic pole,” &c. None of these conjectures,
however, are proposed dogmatically, but rather in the
hope of promoting fresh inquiries and experiments.

Tn opposition to the prejudices of his age, we find
bim arguing against the idea that nature had formed.
fossil bodies « for no other end than to play the mimic
in the mineral kingdom;” — maintaining that figured
stones were “ really the several bodies they represent,
o the mouldings of them petrified,” and < not, as some
bave imagined, a ¢ lusus naturs,’ sporting herself in
the needless formation of useless beings.” +

* Posth. Works, p.597.
+ Posth. Works, Lecture, Feb. 15. 1688. _Hooke explained,
with considersble clearness, the diffrent modes wharein organic
i 4 illusirations,

‘hewmangions some silicified palm.wood brought from Afics, on
which M. de la Hire-had read a Memoir to the Royal Academy
of France, (June, 1692,) wherein he bad poiated out mot ouly the
tubes running the length of the trunk, but the roots at one ex-
tremity. e Ia Hire, says Hlooke, also trested of certain trées
found petrified in ¢ the river that passes by Baken, in the king-
doma of ua, and which has for the space of tea leagues the virtue
of petifying wood.” It is an interesting fact, that the silicfied
swood of the Travwadi should have sttracted attention xore than one
bundred years ago. - Remarkable discoveries have been recently
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Tt was objected to Hooke, that his doctrine of the
extihction of species derogated from the wisdom and.
power of the Omnipotent Creator ; but he answered,
that, as individuals di, there may be some termination
to the duration of a species; and his opinions, he
declared, were not repugnant to Holy Writ: for the
Scriptures taught that our system was degenerating,
and tending to its final dissolation ; * and as, when that
shall happen, all the species wil be lost, why not some
at one time and some at another ?”*

His theory of the effects of earthquakes.— But his
principal object was to account for the manner in which
shells had been conveyed into the higher parts of
< the Alps, Apennines, and Pyrenean hills, and the
interior of continents in general” These' and other
appearances, he said, might have been brought about
by earthquakes,  which have turned plains into moun-
tains, and mountains into plains, seas into land, and
land into seas, made rivers where there were none
before, and swallowed up others that formerly were,
&c. &c.; and which, since the creation of the world,
have wrought many great changes on the superficial
parts of the earth, and have been the instruments of
placing shells, bones, plants, fishes, and the like, in
those places where, with much astonishment, we find
them.”+ This doctrine, it is true, had been laiddasn
in terms almost equally explicit by Strabo, to explain
the occurrence of fossil shells in the interior of con-

made shers o ol il nd el by M. Crawford s
Dr. W See Geol. Trans. vol. fi. part iii. p. 977. second
b od cites Father Duchatz, in the second volume
of ¢ Observations made in the Tndies by the Jesuits.”
* Posth. Works, Lecture May 29.1689. + Posth. Works, p.812-
VoL. L. D
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tinents, and to that geographer, and other writers of
antiquity, Hooke frequently refers; but the revival
and development of the system was an important step
in the progress of modern science.

Hooke enumerated all the examples known to him
of subterranean disturbance, from < the sad catastro-
phe of Sodom and Gomorrah” down to the Chilian
earthquake of 1646. The elevating of the bottom of
the sea, the sinking and submersion of the land, and
most of the inequaities of the earth's surface, might,
he said, be accounted for by the agency of these sub-
terranean causes. He mentions that the coast near
Naples was raised during the eruption of Monte Nuovo;
and that, in 1591, land rose in the island of St. Michael,
during an eruption; and slthough it would be more
difficult, he says, to prove, he does not doubt but that
there had been as many earthquakes in the parts of
the earth under the ocean, as in the parts of the dry
land; in confirmation of which, he mentions the im-
messurable depth of the sea near some volcanos. To
attest the extent of simultaneous subterrancan move-
ments, he refers to an earthquake in the West Indies,
in the year 1690, where the space of earth raised, or
“struck upwards,” by the shock, exceeded, he affirms,
the length of the Alps and the Pyrenees.

* Fwhe's diluvial theory.—As Hooke declared the
favourite hypothesis of the day, *that marine fossil
bodies were to be referred to Noah's fiood,” to be
whally untenable, he appears to have felt himself
called upon to substitute a diluvial theory of his
own, and thus he became involved in countless dif-
fculties and contradictions. « During the great cata-
strophe,” he said, “ there might have been a changing
of that part which was before dry land into sea by
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sinking, and of that which was sea into dry land
by raising, and marine bodies might have been buried
in sediment beneath the ocean, in the interval be-
tween the creation and the deluge.”* Then follows
a disquisition on the separation of the land from the
waters, mentioned in Genesis : during which operation
some places of the shell of the earth were forced out-
wards, and others pressed downwards or inwards, &c.
His diluvial hypothesis very much resembled that of
Steno, and was entirely opposed to the fundamental
principles professed by him, that he would explain the
former changes of the earth in @ more natural manner
than others had done. When, in despite of this declar-
ation, he required a former “ crisis of nature,” and
taught that earthquakes had become debilitated, and
that the Alps, Andes, and other chains, had been lifted
up in & few months, his machinery, became nearly as
extravagant and visionary as that of his most fanciful
predecessors; and for this reason, perhaps, his whole
theory of earthquakes met with undeserved neglect.
Ray, 1692.— One of his contemporaries, the cele-
brated naturalist, Ray, participated in the same desire
to explain_geological phenomens, by reference to
causes less hypothetical than those usually resorted to.t
T s ey cn «Chios ad Creton” b roposed
tem, agreeing in its outline, and in many-stits
Gotil it sht of Hoskes bt bis knowledge of
natural history enabled him to elucidate the subject

* Posth. Works, p. 410.
+ Ray's Physico-theological Discourses were of somewhat later
date than Hooke's great work on earthquakes. Ho speaks of
‘Hooke as one « whom for his learning and deep insight into the
mysteries of nature he deservedly honoured.”— On the Deluge,
chap. iv.
»2
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with various original observations. ~Earthquakes, he
suggested, might have been the second causes em-
ployed at the creation, in separating the land from the
waters, and in gathering the waters together into one
place.  He mentions, like Hooke, the earthquake of
1646, which had violently shaken the Andes for some
‘Thundreds of leagues,and made many alterations therein.
In assigning a cause for the general deluge, he pre-
ferred a change in the carth’s centre of gravity to the
introduction of earthquakes. Some unknown cause,
e said, might have forced the subterranean waters
outwards, as was, perhaps, indicated by « the breaking
up of the fountains of the great deep.”

Ray was one of the frst of our writers who enlarged
upon the effects of running water upon the land, and
of the encroachment of the sea upon the shores. So
important, did he consider the agency of these causes,
that he saw in them an indication of the tendency of
our system to its final dissolation ; and he wondered
why the earth did not proceed more rapidly towards a
general submersion beneath the sez, when so much
matter was carried down by rivers, or undermined in
the sea-clifs. We perceive clearly from his writings,
that the gradual decline of our system, and its future
consummation by fire, was held to be as necessary an
articher of faith by the orthodox, as was the recent
origin of our planet. His discourses, like those of
Hooke, are highly interesting, as attesting the familiar
association in the minds of philosophers, in the age of
Newton, of questions in physics and divinity. Ray
gave an wnequivocal proof of the sincerity of his mind,
by sacrificing his preferment n the church, rather than
take an oath against the Covenanters, which he could
not xeconcile with his conscience. His reputation,
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‘moreover, in the scientific world placed him high above
the temptation of courting popularity, by pandering to
the physico-theological taste of his age. It is, there-
fore, curious to meet with so many citations from the
Christian fathers and prophets in his essays on physical
science—to find him in one page proceeding, by the
strict rules of induction, to explain the former changes
of the globe, and in the next gravely entertaining the
question, whether the sun and stars, and the whole
beavens, shall be annihilated, together with the earth,
2t the era of the grand conflagration.

Woodicard, 1695.— Among the contemporaries of
Hooke and Ray, Woodward, a professor of medicine,
had acquired the most extensive information respecting
the geological structure of the crust of the earth. He
had examined many parts of the British strata with
‘minute attention ; and his systematic callection of spe-
cimens, bequeathed to the University of Cambridge,
and still preserved there as arranged by him, shows
bow far he had advanced in ascertaining the order of
superposition. From the great number of facts col-
lected by him, we might have expected his theoretical
iews o be more sound and enlarged than those of bis

es; but in his anxiety t
observed phenomena to the scriptural account of the
Creation and Deluge, he arrived at most ermmoous
results. He conceived  the whole terrestrial globe to
have been taken to pieces and dissolved at the flood,
and the strata to have settled down from this promis-
cuous mass as any earthy sediment from & fuid."* In
corroboration of these views, he insisted upon the fact,
that « marine bodies are lodged in the strata according

* Essay towards a Natural History of the Earth, 1695. Preface.
»3
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to the order of their gravity, the heavier shells in stone,
the lighter in chalk, and so of the rest”* Ray im-
mediately exposed the unfounded nature of this asser-
fon, remarking truly, that fossil bodies “are often
‘mingled, heavy with light, in the same stratum ;” and
he even went so far as to say, that Woodward “must
have for the sak i

‘his bold and ist"—a
from the pen of & contemporary.

Burnet, 1690.— At the same time Burnet published
his  Theory of the Earth"i The title is most cha-
racteristic of the age,—The Sacred Theory of the
Earth; containing an Account of the Original of the
Earth, and of all the general Changes which it hath
already undergone, or is to undergo, till the Consum-
mation of all Things” Even Milton had scarcely
ventured in his poem to indulge his imagination so
freely in painting scenes of the Creation and Deluge,
Paradise and Chaos. He explained why the primeval
earth enjoyed a perpetual spring before the flood !
showed how the crust of the globe was fissured by
“the sun's rays,” so that it burst, and thus the di-
Tuvisl waters were let loose from a supposed central
abyss. Not satisfied with these themes, he derived
from the books of the-inspired writers, and even from
heaies authorities, prophetic views of the future re-
volutions of the globe, gave a most terrific description
of the. general conflagration, and proved that a new
heaven and & new earth will rise out of & second cliaos
—after which will follow the blessed millennium.

* Essay towards a Natural History of the Earth, 1695. Preface.
+ Consequences of the Deluge, p. 165.
4 First published in Latin between the years 1680 and 1690.
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The reader should be informed, that, according to
the opinion of many respectable writers of that age,
there was good scriptural ground for presuming that the
garden bestowed upon our first parents was not on the
earth itself, but above the clouds, in the middle region
between our planet and the moon. Burnet approaches
with becoming gravity the discussion of so important a
topic; He was willing to concede that the geographical
position of Paradise was not in Mesopotamia, yet he
maintained that it was upon the earth, andin the
southern hemisphere, near the equinoctial line. Butler
selected this conceit as a fair mark for his satire, when,
amongst the numerous accomplishments of Hudibras,
he says,—

‘He knew the seat of Paradise,

Could tell in what degree it Jies ;

And, as he was disposed, could prove it

Below the moon, or else above it.
Yet the same monarch, who is said never to have slept
without Butler's poem under his pillow, was so great
an admirer and patron of Burnet's book, that he ordered
it to be translated from the Latin into English. The
style of the « Sacred Theory” was eloquent, and dis-
played powers of invention of no ordinary stamp. Tt
was, in fact, a fine historical romance, as Buffon after-
wards declared ; but it was treated as & work of pro-
found science in the time of its author, and was
panegyrized by Addison in a Latin ode, while Steele
praised it in the “ Spectator,” and Warton, in his
« Essay on Pope,” discovered that Burnet united the
faculty of judgment with powers of imagination.

Whiston, 1696.— Another production of the same
school, and equally characteristic of the time, was that
of Whiston, entitied, « A New Theory of the Earth;

D4
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wherein the Creation of the World in Six Days, the
Universal Deluge, and the General Conflagration, as
laid down in the Holy Scriptures, are shewn to be
perfectly agreeable to Reason and Philosophy.” He
was at first a follower of Burnet; but his faith in the
infallibility of that writer was shaken by the declared
opinion of Newton, that there was every presumption
in astronomy against any former change in the inclina-
tion of the earth's axis. ~This was  leading dogma in
Bumet's system, though not original, for it was
borrowed from an Ttalien, Alessandro degli Alessandri,
who had suggested it in the beginning of the fifteenth
century, to account for the former occupation of the
present continents by the sea. La Place has since
strengihened the arguments of Newton, against the
probability of any former revolution of this kind.

The remarkable comet of 1680 was fresh in the
‘memory of every one when Whiston first began his
cosmological studies, and the principal novelty of his
speculations consisted in attributing the deluge to the
near approach to the earth of one of these erratic bodies.
Having ascribed an increase of the waters to this
source, he adopted Woodward's theory, supposing all
stratified deposits to have resulted from the * chaotic
sediment of the flood.” Whiston was one of the first
wha sentured to propose that the text of Genesis
should be interpreted differently from its ordinary
acceptation, so that the doctrine of the earth having
existed long previous to the creation of man might no
longer be regarded as uvorthodox. He had the art
to throw an air of plausibility over the most improbable
parts of his theory, and seemed to be proceeding in the
most sober manner, and by the aid of mathematical
demonstration, to the establishment ‘of his various
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propositions. Locke pronounced a panegyric on his
theory, commending him for having explained so many
wonderful and before inexplicable things. His book,
as well as Bumnet's, was attacked and refuted by
Keill* Like all who introduced purely hypothetical
causes to account for natural phenomena, Whiston
retarded the progress of truth, diverting men from the
investigation of the laws of sublunary nature, and in-
ducing them to waste time in speculations on the
power of comets to drag the waters of the ocean over
the land—on the condensation of the vapours of their
tail into water, and other matters equally edifying.
1724.— John Hutchinson, who had
been employed by Woodward in making his collection
of fossils, published afterwards, in 1724, the first part
of his « Moses's Principia,” wherein he ridiculed
Woodward's hypothesis. He and his numerous fol-
lowers were accustomed to declaim loudly sgainst
human learning; and they maintained that the Hebrew
seriptures, when rightly translated, comprised a perfect
system of natural philosophy, for which reason they
objected to the Newtonian theory of grasitation.
Celsius,— Andrea Celsius, the Swedish astronomer,
published about this time his remarks on the gradual
diminution of the waters in the Baltic, to which T
shall have occasion to advert more particularly,in the
sequel.t
Scheuchzer, 1708.—In Germany, in the mean time,
to prove, in “The
Complaint of the Fishes” (1708), that the carth had
been remodelled at the deluge.” Pluche also, in 1732,
wrote to the same effect ; while Holbach, in 1755, after
* Ao Examivation of Dr. Burnet's Theory, &. 2ded. 1734,
+ Book il. ch. 4.

D35
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considering the various attempts to refer all the ancient
formations to the Noachian flood, exposed the in-
adequacy of this cause.

Ttalian Geologists— Vallisneri.—Tt is with pleasure
that Ireturn to the geologists of Italy, who preceded,
as has been slready shewn, the naturalists of other
countries in their investigations into the ancient history
of the earth, and who still maintained a decided preemi-
nence. They refuted and ridiculed the physico-theo-
logical systems of Burnet, Whiston, and Woodward*
while Vallisnerit, in his comments on the Woodwardian
theory, remarked how much the interests of religion,
as well es those of sound philosophy, had suffered by
perpetually mixing up the sacred writings with ques-
tions in physical science. The works of this author
were Tich in original observations. He attempted the
first general sketch of the marine deposits of Italy,
their _geographical extent, and most characteristic
organic remains. In his treatise “ On the Origin of
Springs,” he explained their dependence on the order
and often on the dislocations of the strata, and reasoned
philosophically against. the opinions of those who re-
garded the disordered state of the earth's crust as
exhibiting signs of the wrath of God for the sins of
man. He found himself under the necessity of con-
teudiag, in his preliminary chapter, against St. Jerome,
and foar other principal interpreters of Scripture,
besides several professors of divinity,  that springs

* Remassin even asserted, that the ideas of Burnet were mainly
Byl ot saa Puatn; I Bt s rd-
ing that il cor-
eyt s e, gt s b e gl
whimsical

+ Dei Corpt Marn, Lettre cridche, &c. 1721,
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did not flow by subterranean siphons and cavities from
the sea upwards, losing their saltness in the passage,”
for this theory had been made to rest on the infallible
testimony of Holy Writ.

Although reluctant to generalise on the rich materials
accumulated in his travels, Vallisneri had been so much
struck with the remarkable continuity of the more
recent marine strata, from one end of Italy to the
other, that he came to the conclusion that the ocean
formerly extended over the whole earth, and after
abiding there for a long time, had gradually subsided.
‘This opinion, however untenable, was o great step be-
yond Woodward's diluvian hypothesis, against which
Vallisneri, and after him all the Tuscan geologists,
uniformly contended, while it was warmly supported
by the members of the Institute of Bologna. *

Among others of that day, Spads, a priest of Grez-
2ana, in 1737, wrote to prove that the petrified marine
bodies near Verona were not diluvian.t Mattani
drew a similar inference from the shells of Volterra
and other places ; while Costantini, on the other hand,
whose observations on the valley of the Brenta and
other districts were not without value, undertook to
vindicate the truth of the deluge, s also to prove that
Ttaly had been peopled by the descendants of Japhet.

HMoro, 1740.—Lazzaro Moro, in his work (pyblished
in 1740)  On the Marine Bodies which are found in
the Mountains §,” attempted to apply the theory of
earthquakes, as_expounded by Strabo, Pling, and
other ancient authors, with whom he was familiar, to
the geological phenomena described by Vallisners,|

* Broch, p. 28. +Dbid p.8S.  § Ibidp. s

§ Sul Crostacei ed altri Corpi Marini che si trovano sai Monti,

|| Moro does not cite the works of Hooke and Ray; and al.

26
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His attention was awakened to the elevating power
of subterranean forces by o remarkable phenomenon
which happened in his own time, and which had also
been noticed by Vallisneri in his letters. A new
island rose in 1707 from a deep part of the sea near
Santorino in the Mediterranean, during continued
shocks of an earthquake, and, increasing rapidly in
size, grew in less than a month to be half a mile in
circumference, and about twenty-five feet above high-
svater mark. It was soon afterwards covered by vol-
canic efections, but, when first examined, it was found
to be a white rock, bearing on its surface living oysters
and crustacea. In order to ridicule the various theories
then in vogue, Moro ingeniously supposes the arrival
onthis new isle of & party of naturalists ignorant of
its recent origin. One immediately points to the
‘marine shells, as proofs of the universal delage; another
argues that they demonstrate the former residence of
the sea upon the mountains; a third dismisses them
as mere sports of nature; while a fourth affirms, that
they were born and nourished within the rock in
ancient caverns, into which salt water had been raised
in the shape of vapour by the action of subterranean
heat.

Moro pointed with great judgment to the faults and
dislooations of the strata described by Vallisneri, in
the Alps and other chains, in confirmation of his
doctrine, that the continents had been heaved up by

though so many of bis views were in accordance with thers, he

translated. As he aliways refers to the Latin edition of Burnet,
and a French translation of Woodward, we may presume that he
did ot read English,
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subterranean movements. He objected, on solid
grounds, to the hypotheses of Burnet and of Wood-
ward; yet he ventured so far to disregard the protest
of Vallisner, as to undertake the adaptation of every
part of his own system to the Mosaic account of the
creation. On the third day, he said, the globe was
every where covered to the same depth by fresh water;
and when it pleased the Supreme Being that the dry
land should appear, volcanic explosions broke up the
smooth and regular surface of the carth composed of
primary rocks. These rose in mountail masses above
the waves, and allowed melted metals and salts to
ascend through fissures. The sea gradually acquired
its saltness from voleanic exhalations, and, while it
became more circumscribed in area, increased in
depth. Sand and ashes ejected by volcanos were
regularly disposed along the bottom of the ocean, and.
formed the secondary strata, which in their turn were
lifted up by earthquakes. We need not follow this
author in tracing the progress of the creation of vege-
tables and animals, on the other days of creation ; but,
upon the whole, it may be remarked, that few of the
old cosmological theories had been conceived with so
litdle violation of known analogies.

Generell's illustrations of Moro, 1749.—The style
of Moro was extremely prolix, and, like Huttor; who,
at a later period, advanced many of the same views,
he stood in need of an llustrator. - The Scotch geologist
was not more fortunate in the advocacy of Playfair,
then was Moro in numbering amongst his admirers
Cirillo Generelli, who, nine years afterwards, delivered
at a sitting of Academicians at Cremona a spirited
exposition of his theory. - This learned Carmelitan friar
does not pretend to have been an original observer,
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but he had studied suffciently to enable him to confirm
the opinions of Moro by arguments from other writers ;
and his selection of the doctrines then best established
is 5o judicious, that a brief abstract of them cannot
fail to be acceptable, as illustrating the state of geology
in Europe, and in Ttaly in particular, before the middle
of the last century.

The bowels of the earth, says he, have carefully
‘preserved the memorials of past events, and this truth
the marine productions so frequent in the hills attest.
From the reflections of Lezzaro Moro, we may assure
ourselves that these are the effects of earthquakes in
past times, which have changed vast spaces of sea into
terra firma, and inhabited lands into seas. In this,
more than in any other department of physics, are
observations and experiments indispensable, and we
must diligently consider facts. The land is known,
wherever we make excavations, to be composed of
different strata or soils placed one above the other,
some of sand, some of rock, some of chalk, others of
marl, coal, pumice, gypsum, lime, and the rest. These
ingredients are sometimes pure, and sometimes con-
fusedly intermixed. Within are often imprisoned
different marine fishes, like dried mummies, and more
frequently shells, crustacea, corals, plants, &e. not
only in Italy, but in France, Germany, England,
Afiica, Asia, and America. Sometimes in the lowest,
sometimes in the loftiest beds of the earth, some upon
the mountains, some in deep mines, others near the
sea, and others hundreds of miles distant from it.
But there are, in some districts, rocks wherein no
marine bodies are found. The remains of animals
consist chiefly of their more-solid parts, and the most
rocky strata must have been soft when such exuviz
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were inclosed in them. Vegetable productions are
found in different states of maturity, indicating that
they were imbedded in different seasons. Elephants,
elks, and other terrestrial quadrupeds, have been
found in England and elsewhere, in superficial strata,
never covered by the sea.  Alternations are rare, yet
not without example, of marine strata, and those which
contain marshy and terrestrial productions. Marine
animals are arranged in the subterraneous beds with
admirable order, in distinct groups, oysters here,
dentelia or corals there, &c. as now, according to
Marsili¥, on the shores of the Adriatic. We must
abandon the doctrine, once so popular, which denies
that organized fossils were derived from living beings,
and we cannot account for their present position by the
ancient. theory of Strato, nor by that of Leibnitz, nor
by the universal deluge; as explined by Woodward
and others;  nor is it reasonable to call the Deity
capriciously upon the stage, and to make him work

iracles for the sake of confirming our preconceived
hypotheses.”—< I hold in utter abomination, most
learned Academicians! those systems which are built
with their foundations in the air, and cannot be propped
up without a miracle; and I undertake, with the as-
sistance of Moro, to explain to you, how these marine
animals were transported into the mountains by patural
‘causes.”

A brief abstract then follows of Moro's theory, by
which, says Generelli, we may explain all the phe-

* Saggio fisico intomno alla Storia del Mare, part i p. 24.

+ Abbomino al sommo qualsivoglia sistems, che sia di pisnta
fabbricato in aria; massime quando & tale, ch non posa soste.
nersi senza un miracolo, &c. — De’ Crostacei ¢ di altre Produz.
del Mare, . 1749,
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nomena, as Vallisneri so ardently desired, “witlout
wiolence, without fctions, without Typotheses, without
miracles.”* The Carmelitan then proceeds tostruggle
against an obvious objection to Moro's system, consi-
dered 2s a method of explaining the revolutions of the
carth, naturally. 1€ earthquakes have been the agents
of such mighty changes, how does it happen that their
effects since the times of history have been so incon-
siderable? This same difficulty had, as we have seen,
presented itself to Hooke, half a century before, and
forced him to resort to a former « crisis of nature:”
but Generelli defended his position by shewing how
umerous were the accounts of eruptions and earth-
quakes, of new islands, and of elesations and sub-
sidences of land, and yet how much greater a number
of like events must have been unattested and uare-
corded during the last six thousand years. He also
appealed to Vallisneri as an authority to prove that
the mineral masses containing shells bore, upon the
swhole, but a small proportion to those rocks which were
destitute of organic remains; and the latter, says the
Jearned monk, might have been created as they now
exist, in dle beginning.

Generelli then describes the continual waste of
‘mountains and continents, by the action of rivers and
torrents, and concludes with these eloquentand original
observations :—« Is it possible that this waste should
have continued for six thousand, and perhaps a greater
‘number of years, and that the mountains should remain
5o great, unless their ruins have been repaired? Is it

Author of N
the world upon such laws, as that the dry land should

* & Senza violenze, senza finzioni, senza supposti, senza mira-

coli” De® Crostacei e di altre Produz. del Mare, &c. 1749.
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for ever be growing smaller, and at last become wholly
submerged beneath the waters? Is it credible that,
amid so many created things, the mountains alone
should daily diminish in number and bulk, without there
being any repair of their losses? This would be con-
trary to that order of Providence which is seen to reign
in all other things in the universe. Wherefore I deem
it just to conclude, that the same cause which, in the
beginning of time, raised mountains from the abyss, has,
down to the present day, continued to produce others,
in order to restore from time to time the losses of all
such as sink down in different places, or are rent asun-
der, or in other way suffer disintegration. If this be
admitted, we can easily understand why there should
now b fund upon many mountains o great & mumber
of crustacea and other marine animals.”

The reader il remark,tht although this admvable
essay embraces so large a portion of the principal ob-
jects of geological research, it makes no allusion to the
extinction of certain classes of animals; and it is evi-
dent that no opinions on this head had, at that time,
gained a firm footing in Italy. That Lister and other
English naturalists should long before have declared
in favour of the loss of species, while Scilla and most
of his countrymen hesitated, was perhaps nataral, since
theItalian museums were filled with fossil shells belong-
ing to species of which a great portion did actually exist
in the Mediterranean ; whereas the English collectors
could obtain no recent species from such of their own
strata o5 were then explored.

The weakest point in Moro's system consisted in
deriving all the stratified rocks from volcanic ejections ;
an absurdity which his opponents took care to expose,
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especially Vito Amici* Moro seems to have been
misled by his anxious desire to represent the form-
ation of secondary rocks as having occupied an ex-
tremely short period, while at the same time he wished
to employ known agents in nature. To imagine torrents,
rivers, currents, partial floods, and all the operations
of moving water, to have gone on exerting an energy
many thousand times greater than at present, would
have appeared preposterous and incredible, and would
have required a hundred violent hypotheses; but we are
50 unacquainted with the true sources of subterranean
disturbances, that their former violence may in theory
be multiplied indefinitely, without its being possible to
prove the same manifest contradiction or absurdity
in the conjecture. For this reason, perhaps, Moro
preferred to derive the materials of the strata from
voleanic ejections, rather than from trensportation by
running water.

Marsilli.—Marsll, in the work above alluded to by
Generelli, had been prompted to institute inquiries
into the bed of the Adriatic, by discovering, in the ter-
ritory of Parma, (what Spada had observed near Verons,
and Schiavo in Sicily,) that fossil shells were not scat-
tered through the rocks at random, but disposed in
segules order assnding o certain genera and species.

‘italiano Donati, 1750.— But with a view of throw-
i.ng farther light upon these questions, Donati, in 1750,
undertook a more extensive investigation of the Adri-
atic, and discovered, by numerous soundings, that de-
posits of sand, marl, and tufaceous incrustations, most
strictly analogous to those of the Subspennine hills,

* Sui Testacei della Sicilia,
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were in the act of accumulating there. He ascertained
that there were no shells in some of thesubmarine tracts,
while in other places they lived together in families,
particularly the genera Arca, Pecten, Venus, Murex,
and some others. He also states that in divers locali-
ties he found a mass composed of corals, shells, and
crustaceous bodies of different species, confusedly
blended with earth, sand, and gravel. At the depth of
a foot or more, the organic substances were entirely
petrified and reduced to marble ; at less than a foot
from the surfuce, they approached nearer to their na-
tural state ; while at the surface they were alive, or if
dead, in 2 good state of preservation.

Buldassuri.— A contemporary naturalist, Baldassari,
had shown that the organic remains in the -tertiary
‘marls of the Siennese territory were grouped in families,
in 2 manner precisely similar to that above alluded to
by Donati.

Buffon, 1749.—Buffon first made known his theo-
retical views concerning the former changes of the
earth in his Natural History, published in 1740, He
adopted the theory of an original volcanic nucleus,
together with the universal ocean of Leibnitz. By this
aqueous envelope the highest mountains were once
covered. Marine currents then acted violently, and
formed horizontal strata, by washing away solid matter
in some parts, and depositing it in others ; they also
excavated deep submarine valleys. The level of the
ocean was then depressed by the entrance of a part of
its waters into subterranean caverns, and thus some
Iand was left dry. Buffon seems not to have profited,
like Leibnitz and Moro, by the observations of Steno,
or he could not have imagined that the strata were.
generally horizontal, and that those which contain
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organic remains had never been disturbed since the era
of their formation. He was conscious of the great
power annually exerted by rivers and marine currents
in transporting earthy materials to lower levels,and he
even contemplated the period when they would destroy
all the present continents. Although in geology he
was not an original abserver, his genius enabled him to
render his hypothesis attractive ; and by the eloquence
of his style, and the boldness of his 1peculauom, he
awakened curiosity, and provoked a spirit of inquiry
amongst his countrymen.

Soon after the publication of his « Natural History,”
in which was included his “Theory of the Earth,”he
received an official letter (dated January, 1751), from
the Sorbonne, or Faculty of Theology in Paris, inform-
ing him that fourteen propositions in his works “were
reprehensible and contrary to the creed of the church.”
The first of these obnoxious passages, and the only one
relating to geology, was s follows :—¢ The waters of
the sea have produced the mountains and valleys of
the land —the waters of the heavens, reducing all to
alevel,will at last deliver the whole land over to the sea,
and the sea, successively prevailing over the land, will
leave dry new continents like those which we inhabit.”
Buffon was invited by the College, in very courteous
terms, to send in an explanation, or rather a recantation,
of his unorthodox opinions. To this he submitted;
and o general assembly of the Faculty having approved
of his “Declaration,” he was required to publish it in
his mext work. The document begins with these
words: —«I declare that T had no intention to contra-
dict the text of Scripture; that I believe most firmly
all therein related about the creation, both as to order
of time and matter of fact ; and Z abandon every thing
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in my ook respecting the formation of the earth, and,
generally, all which may be contrary to the narration
of Moses.*

The grand principle which Buffon was called upon
to renounce was simply this,—¢ that the present
‘mountains and valleys of the earth are due to secondary
causes, and that the same causes will in time destroy
all the continents, hills, and valleys, and reproduce
others like them.” Now, whatever may be the defects
of many of his views, it is no longer controverted that
the present continents are of secondary origin. The
doctrine is as firmly established as the earth’s rotation
on its axis ; and that the land now elevated above the
level of the sea will not endure for ever, is an opinion
which gains ground daily, in proportion as we enlarge
our experience of the changes now in progress.

Targioni, 1751.— Targioni, in his voluminous
« Travels in Tuscany, 1751 and 1754,” laboured to il
up the sketch of the geology of that region left by
Steno sixty years before. Notwithstanding a want of
arrangement and condensation in his memoirs, they
contained a rich store of faithful observations. He has
not indulged in many general views, but in regard to
the origin of valleys he was opposed to the theory of
Buffon, who attributed them principally to submarine
currents. The Tuscan naturalist laboured to show
that both the larger and smaller valleys of the Apen-
nines were excavated by rivers and floods, caused by
the bursting of the barriers of lakes, after the retreat
of the ocean. He also maintained that the elephants
and other quadrupeds, so frequent in the lacustrine
and alluvial deposits of Italy, had inhabited that

* Hist. Nat. tom. v. d. de I'Tmp. Royale, Paris, 1769,
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peninsula ; and had not been transported thither, as
some had conceived, by Hannibal or the Romans, nor
by what they were pleased to term * a catastrophe of
nature.”

Lehman, 1756.—In the year 1756 the treatise of
Lehman *, a German mineralogist, and director of the
Prussian mines, appeared, who also divided mountains
into three classes: the first, those formed with the
world, and prior to the creation of animals, and which
contained no fragments of other rocks; the second
class, those which resulted from the partial destruc-
tion of the primary rocks bya general revolution ; and
a third class, resulting from local revolutions, and in
part from the Noachian deluge.

A French translation of this work appeared in 1759,
in the preface of which the translator displays very
enlightened views respecting the operations of earth-
quakes, as well as of the aqueous causes.

Gesner, 1758.—In this year Gesner the botanist, of
Zurich, published an excellent treatise on petrifac-
tions, and the changes of the earth which they testify.t
After a detailed enumeration of the various classes of
fossils of the animal and vegetable - kingdoms, and re-
‘marks on the different states in which they are found
petrified, he considers the geological phenomena con-
nected with them; observing, that some, like those of
Eningen, resembled the testaces, fish, and plants
indigenous in the neighbouring region{ ; while some,
such as ammonites, gryphites, belemnites, and other
shells, are either of unknown species, or found only
in the Indian and other distant seas. In order to

* Essai d'une Hist. Nat. des Couches de la Terre, 1759.

+ John Gesner published at Leyden, in Latin.

4 Part ii. chap. 9
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elucidate the structure of the earth, he gives sections,
from Verenius, Buffon, and others, obtained in digging
wells; distinguishes between horizontal and inclined
strata; and, in speculating on the causes of these
‘appearances, mentions Donati’s examination of the bed
of the Adriatic; the filling up of lakes and seas by
sediment ; the imbedding of shells, now in progress ; and
many known effects of earthquakes, such as the sink-
ing down of districts, o the heaving up of the bed of
the sea, 50 as to form new islands and lay dry strata
containing petrifactions. The ocean, he says, deserts
its shores in many countries, as on the borders of the
Baltic; but the rate of recession has been so slow in
the last 2000 years, that to llow the Apennines, whose
summits are filled with marine shells, to emerge to
their present height would have required about 80,000
years,—a lapse of time ten times greater, or more, than
the age of the universe. We must therefore refer the
phenomenon to the command of the Deity, related by
Moses, that the waters should be gathered together in
one place, and the dry land appear.” Gesner adopted
the views of Leibnitz to account for the retreat of the
primeval ocean: his essay displays much erudition ;
and the opinions of preceding writers of Italy, Germany,
and England are commented upon with fairness and
discrimination.

Arduino, 1759.—In the year following, Arduino®, in
‘his memoirs on the mountains of Padua, Vicenza, and
Verona, deduced, from original observations, the dis-
tinction of rocks into primary, secondary, and tertiary,
and showed that in those districts there had been &
suceession of submarine volcanic eruptions.

* Giomale del Griselini, 1759,
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Michell, 1760.—In the following year (1760) the
Rev. John Michell, Woodwardian Professor of Miner-
alogy ot Cambridge, published, in the Philosophical
“Transactions, an Essay on the Cause and Phenomena
of Earthquakes. His attention had been drawn to
this subject by the great earthquake of Lisbon in 1755:
He advanced many original and philosopbical views
respecting the propagation of subterranean movements,
and the caverns and fissures wherein steam might
be generated. In order to point out the application
of his theory to the structure of the globe, he was led
to describe the arrangement and disturbance of the
strata, their usual horizontality in low countries, and
their contortions and fractured state in the neighbour-
hood of mountain chains. He also explained, with
surprising accuracy, the relations of the central ridges
of older rocks to the “long narrow slips of similar
earths, stones, and minerals,” which are parallel to
these ridges. In his generalizations, derived in great
part from his own observations on the geological struc-
bure of Yorkshire, he anticipated many of the views
‘more fully developed by later naturalists.

Cateott, 1761.—Michell's papers were entirely free
from all physico-theological disquisitions, but some of
his contemporaries were still earnestly engaged in
defending or impugning the Woodwardian hypothesis.

# Seeasketch of the History of English Geology, by Dr. Fitton.
in Edinb. Rev. Feb.1818, re-edited Lond. and Edinb. Phil. Mag.
o, i, and . 1832-35. ~ Some of Michell's Observations satici-
pate in so remarkable a manner the theories established forty years
‘afterwards, that his writings would probably have formed an era
in the science, if bis researches had been uninterrupted. He held,
‘however, his professorsbip only eight years, ‘when he succeeded to
a benefice, and from that time he appears to have entirely discon-
tinued his scientific pursuits.
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We find many of these writings referred to by Catcott,
an Hutchinsonian, who published a ¢ Treatise on the
Deluge” in 1761. He Iaboured particularly to refute
@ explanation offered by his contemporary, Bishop
Clayton, of the Mosaic writings. That prelate had
declared that the deluge < could not be literally true,
save in respect to that part where Noah lived before
the flood.”  Catcott insisted on the universality of the
deluge, and referred to traditions of inundations
mentioned by ancient vriters, or by travellers in the
EBast Indies, Ching, South America, and other countries,
‘This part of his book is valusble, althongh it is not
easy to see what bearing the traditions have, if admiz.
ted to be authentic, on the Bishop's argument ; since no
evidence is adduced to prove that the catastrophes
were contemporaneous events, while some of them are
expressly represented by ancient authors to have oc.
curred in succession.

Fortis— Odoards, 1761.—The doctrines of Arduino,
sbove adverted to, were afierwards confirmed. by

[aspe, 1765.— A bistory of the new islands by
Raspe, an Hanoverien, appeared in 1763, in Latin.}

* Sui Corpi Marini del Feltrino, 1761.

+ De Novis ¢ Mari Natis Insulis. Raspe was also the editor
of the « Philosophical Works of Lebritz. Amet, gt Leiprig,

VoL. 1. N
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Tn this work, all the authentic accounts of earthquakes
which had produced permanent changes on the solid
parts of the earth were collected together and ex-
amined with judicious criticism. The best systems
which bad been proposed concerning the ancieat
History of the globe, both by ancient and modem
swriters, are reviewed: and the merits and defects
of the doctrines of Hooke, Ray, Moro, Buffon, and
others, faily estimated. Great admiration is expressed
for the hypothesis of Hooke, and his explanation
of the origin of the strata is shown to have been
more correct than Moro's, while their theory of the
effects of earthquakes was the same. Raspe had not
seen Michell's memoir, and his views concerning the
geological structure of the earth were perhaps less
enlarged; yet he was sble to add many additional
argaments in favour of Hooke's theory, and to render
it, as he said, a nearer approach to what Hooke would
have written had he lived in later times. As to the
periods wherein all the earthquakes happened, to which
e owe the elevation of various parts of our continents
and islands, Raspe says he pretends not to assign their
duration, stil less to defend Hooke's suggestion, that

deluge. He adverts to the apparent indications of the
former tropical heat of the climate of Europe, and the
changes in the species of animals and plants, as among
the most obscure and difficult problems in geology-
In regard to the islands raised from the sea, within
the times of history or tradition, he declares that some
of them were composed of strata containing organic

17655 also author of  Tassie’s ,Gems,” aad « Baron Mun-
chausen’s Trave

s
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remains, and that they were not, as Buffon had asserted,
made of mere volcanic matter. His work concludes
with an eloguent exhortation to naturalists to examine
the isles which rose, in 1707, in the Grecian Archipe-
lago, and, in 1720, in the Azores, and not to neglect
such splendid opportunities of studying nature “in the
act of parturition.” That Hooke’s writings should
‘have been neglected for more than half a century, was
matter of astonishment to Raspe; but it is still more
wonderful that his own luminous exposition of that
theory should, for more than another half century, have
excited so little interest.

Fuchsel, 1762 and 1775.— Fuchsel, a German physi-
cian, published, in 1762, a geological description of the
country between the Thuringerwald and the Hartz, and
a memoir on the environs of Rudelstadt*; and after-
srards, in 1773, a theoretical work on the ancient history
ofthe earth and of man.4  He had evidently advanced
considerably beyond his predecessor Lehman, and was
aware of the distinctness, both as to position and fossil
contents, of several groups of strata of different ages,
corresponding to the secondary formations now recog-
nized by geologists in various parts of Germany. He
supposed the European continents to have remained
covered by the sea until the formation of the marine
strata called in Germany “ muschelkalk,” at the same
time that the terrestrial plants of many European
deposits attested the existence of dry land which
bordered the ancient sea; land which, therefore, must
have occupied the place of the present ocean. This

* Acta Academie Electoralis Maguntine, vol. i,  Erfurt.

+ This account of Fuchsel is derived from an excellent analysis
of bis memoirs by M. Keferstein.  Journ. de Géologie, tom. ii.
-Oct. 1830,

2
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pre-existing continent had been gradually swallowed
up by the sea, different parts baving subsided in
succession into subterranean caverns. All the sedi-
mentary strata were originally horizontal, and their
present state of derangement must be referred to
subsequent oscillations of the ground.

As there were plants and animals in the ancient
periods, so also there must have been men, but they
did not all descend from one pair, but were created ot
various points on the earth's surface; and the number
of these distinct birth-places was as great as are the
original languages of nations.

In the writings of Fuchsel we sce a strong desire
‘manifested to explain geological phenomena as far as
possible by reference to the agency of known causes ;
and although some of his speculations were fanciful,
bis views coincide much more nearly with those now
generally adopted, than the theories afterwards pro-
mulgated by Werner and his followers.

Brander, 1766.— Gustavus Brander published, in
1766, his « Fossilia Hantoniensis,” containing excellent
figures of fossil shells from the more modern marine
strata of our island. « Various opinions,” he says in
the preface, had been entertained concerning the
time when and how these bodies became deposited.
Some there are, who conceive that it might have been
effected in @ wonderful length of time by a gradual
changing and shiftiog of the sea,” &c. But the most
common cause assigned is that of « the deluge.” This
conjecture, he says, even if the universality of the food
be not called in question, is purely hypothetical. In
his opinion, fossil animals and testacea were, for the most
part, of unknown species ; and of such as were known,
the livis latitud
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Soldani, 1780.— Soldani* applied successfully his
knowledge of zoology to illustrate the history of stra-
tified masses. He explained that microscopic testaces
and zoophytes inhabited the depths of the Mediterra-
nean and that the fossil species were, in like manner,
found in those deposits wherein the fineness of their
particles, and the absence of pebbles, implied that they
were accumulated in a deep sea, or far from shore.
‘This author first remarked the alternation of marine
and fresh-water strata in the Paris basin.

Fortis— Testa, 1793.— A lively controversy arose
between Fortis and another Iralian naturalist, Testa,
concerning the fish of Monte Bolca, in 1798. Their
letters, written with great spirit and elegance, show
that they were aware that a large proportion of the
Subspennine shells were identical with living species,
and some of them with species now living in the
torrid zone. Fortis proposed a somewhat fancifal con-
jecture, that when the volcanos of the Vicentin were
burning, the waters of the Adriatic had a higher
temperature; and in this manner, he said, the shells
of warmer regions may once have peopled their own
seas. But Testa was disposed to think that these
species of testacea were still common to their own and
to equinoctial seas: for many, he said, once supposed
to be confined to hotter regions, had been afterwards
discovered in the Mediterranean.

* Saggio orittografico, &c. 1780, and otber Works.

+ Lett. sui Pesci Fossili i Bolca. Milan, 1795.

§ This argument of Testa has been strengthened of late years by
the discovery, that dealers ia shells bad. long been in the habit of
selling Mediterranean species as shells of more southern and dis-
tant latitudes, fo the sake of enbancing their price. It appears,
‘morcover, from several hundred experiments made by that dis.

E§
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Cortesi— Spallanzani— Wallerius— Whitehurst.—
While these Italian naturalists, together with Cortesi
and Spallanzani, were busily engaged in pointing out
the analogy between the deposits of modern and
ancient seas, and the habits and arrangement of their
organic inhabitants, and while some progress was
making, in the same country, in investigating the
ancient and modern volcanic Tocks, some of the most
original observers among the English and German
writers, Wallerius_and Whitehurst*, were wasting
their strength in contending, according to the old
Woodwardian hypothesis, that all the strata were
formed by the Noachian deluge. But Whitehurst's
description of the rocks of Derbyshire was most fuith-
ful; and he atoned for false theoretical views, by pro-
viding data for their refutation.

Pallas — Saussure. — Towards the close of the
eighteenth century, the idea of distinguisbing the
‘mineral masses on our globe into separate groups, and
studying their relations, began to be generally diffused.
Pallas and Saussure were among the most celebrated
whose labours contributed to this end. ~ After an at-
tentive examination of the two great mountain chains
of Siberiz, Pallas announced the result, that the gra-
nitic rocks were in the middle, the schistose at their
sides, and the limestones again on the outside of these;

: Captain Smyth, ichin eig!
fathoms of the surface, that the temperature of the Mediterranean
is on an aversge 83° of Fabrenheit higher than the western part of
the Atlantic ocean ; an important fact, which in some degree may
help to explain why many species are comaton to tropical latitudes
and to the Moditerranean.

« Tnquiry nto the Original State and Formaion of the Earth.
1778,
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and this he conceived would prove a general law in the
formation of all chains composed chiefly of primary
Tocks. *

In his « Travels in Russia,” in 1793 and 1794, he
‘made many geological observations on the recent strata
near the Wolga and the Caspian, and adduced proofs
of the greater extent of the latter sea at no distant efa
in the earth’s history. His memoir on the fossil
bones. of Siberia attracted attention to some of the
most remarkable phenomena in geology. He stated
that he had found a rhinoceros entire in the frozen
soil, with its skin and flesh : an elephant, found after-
wards in @ mass of ice on the shore of the North sea,
removed all doubt as to the accuracy of so wonderful
a discovery.+

‘The subjects relating to natural history which en-
gaged the attention of Pallas were too maltifarious to
admit of his devoting a large share of his labours ex-
clusively to geology. Saussure, on the other hand,
employed the chief portion of his time in studying
the structure of the Alps and Jura, and he provided
valuable data for those who followed him. He did not
pretend to deduce any general system from his nume-
rous end interesting observations; and the few theo-
retical opinions which escaped from him, seem, like
those of Pallas, to have been chiefly derived from the
cosmological speculations of preceding writers.

* Observ. on the Formation of Mountains. Act. Petrop. ann.
1778, pat .

+ Nov. comm. Petr. XVIL. Cuvier, Eloge de Pallas,

E4



CHAPTER IV.

HISTORY OF THE PROGRESS OF GEOLOGY — continued,

‘Werner's Application of Geology to the Art of Miniog — Excur.
sive Charactr of s Lectures — Entbusiasm of his Pupll
‘His Authority — His theoreical Errors— Desmarest's Map and

Villiams, Kiewan, and De Lue—
Smith's Map of England — Geological Society of Landon —
Progressof the Science in France — Growing Tmportance of
the Study of Orgavic Remains.

Werner.—Tsz art of minitg has long been taught in
France, Germany, 'y, in scientific instituti
established for that purpose, where mineralogy has
always been a principal branch of instruction, %
Werner was named, in 1775, professor of that science
in the « School of Mines”

and external characters of ‘minerals, but also to what
he temned “ geognosy,” or the natural position of

* Our miners bave been lef to themselves, slmest witbous the
assistance of scientifc works i the English language, and without
any “school of mines,” to blunder their own way into a certain
degree of practical kill.  The inconveniencs of this want of sys-
tem in a country where 5o much cepital is expended, and often
wasted, in mining adventures, has been well exposed by an emi.
ent practical miner.— See  Prospectus of a School of Mines in
Cornwall, by J. Talor, 1895
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minerals in particular rocks, together with the grouping
of those rocks, their geographical distribution, and
various relations. The phenomena observed in_the
structure of the globe had hitherto served for little
else than to furnish interesting topics for philosophical
discussion: but when Werner pointed out their appli-
cation to the practical purposes of mining, they were
instantly regarded by a large class of men as an essen-
il part of their professional education, and from that
time the science was cultivated in Europe more ardently
and systematically. Werner's mind was at once imagin-
ative and richly stored with miscellancous knowledge.
He associated every thing with his favourite science,
and in his excursive lectures he pointed out all the
economical uses of minerals, and their application to
‘medicine; the influence of the mineral composition of
rocks upon the soil, and of the soil upon the resources,
wealth, and civilization of men. The vast sandy plains
of Tartary and Aftice, he would say, retained their
inhsbitans in the shape of wandering shepherds; the
granitic' mountains and the low calcareous and alluvial
plains gave rise to different manners, degrees of wealth
and: intelligence. The history even of languages, and
the migrations of tribes, had been determined by the
direction of particular strata. The qualities of certain
stones used in building would lead him to descant on
the architecture of different ages and nations; and the
physical geography of a country frequently invited him
to treat of military tactics. The charm of his manners
and his eloguence kindled enthusiasm in the minds of
all his pupils; and many, who had only intended at first
10 acquire a slight knowledge of mineralogy, when
they had once heard him, devoted themselves to it
as the business of their lives. In a few years, a small
x5
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school of mines, before unheard of in Europe, was
raised to the rank of a great university; and men
already distinguished in science studied the German
language, and came from the most distant countries to
hear the great oracle of geology. *

Werner had a great antipathy to the mechanical
Tabour of writing, and he could never be persuaded to
pen more than a few brief memoirs, and those contain-
ing no development of his general views. Although
the natural modesty of his disposition was excessive,
approaching even to timidity, he indulged in the most
bold and sweeping generalizations, and he inspired all
his scholars with a most implicit faith in his doctrines.
Their admiration of his genius, and the feelings of gra-
titude and friendship which they all felt for him, were
not undeserved ; but the supreme authority usurped
by him over the opinions of his contemporaries, was
eventually prejudicial to the progress of the science; so
much 5o, as greatly to counterbalance the advantages
which it derived from his exertions. Ifit be true that
delivery be the first, second, and third requisite in @
popular orator, it is no less certain that to travel is of
threefold importance to those who desire to originate
just and comprehensive views concerning the structure
of our globe, and Werner had not travelled to distant
countries. He had merely explored a small portion of
Germany, and conceived, and. persuaded others  to
believe, that the whole surface of our planet, and-all
the mountain chais in the world, were made after the
saodel of his own province. - It was a ruling objectiof
ambition in the minds of his pupils to confirm_the
‘generalizations of their great master, and to discover

* Cuvier, Eloge de Werner.
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in the most distant parts of the globe his « universal
formations,” which he supposed had been each in suc-
cession simultaneously precipitated over the whole
earth from a common menstruum, or “ chaotic fiuid.”
It now appears that the Saxon professor had misinter-
‘preted many of the most important appearancesin the
immediate neighbourhood of Freyberg. Thus, for
example, within a day's journey of his school, the
porphyry, called by him primitive, has been found not
only to send forth veins or dykes through strata of the
coal formation, but to overlie them in mass. The
granite of the Hartz mountains, on the other hand,
which he supposed to be the nucleus of the chain, is
nos well known to traverse and breach the other beds;
penetrating even into the plain (as near Goslar) ; and
nearer Freyberg, in the Erzgebirge, the mica slate
does not mantle round the granite, as was supposed;
bat sbuts abruptly against it. Fragments, also, of the
greywacke slate, containing organic remains, have
recently been found entangled in the granite of the
Hartz, by M. de Seckendorf.*

‘The principal merit of Werner's system of instruction
consisted in steadily directing the attention of his
scholars to the constant relations of superposition. of
certain mirieral groups; but he had been anticipated, as
s been shown in the last chapter, in the discovery of
this. general law, by several geologists in Italy. and
elsewhere; and his leading divisions of the secondary
stiata were, at the same time, made the basis of -an
armangement of the British strata by our countrymany

. Tam indebted for this information partly to Messrs, Sedgeid

d Murchison; who have Tnvestigated the country, and pardly %
Dr. Hartmann of Blankenburg, the translator of this work into
German,

6
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William Smith, to whose work T shall return by-
and-by.

Controversy between the Viloanists and. Neptunists,
—In regard to basalt and other igneous rocks, Werner's
theory was original, but it was also extremely erroneous,
The basalts of Saxony and Hesse, to which his ob.
servations sere chiefly confined, consisted of tabular
masses capping the hills, and not connected with the
levels of existing valleys, like many in Auvergne and
the Vivarais. These basalts, and all other rocks of
the same family in other countries, were, according to
him, chemical precipitates from water. He denfed
that they were the products of submarine volcanos ;
and even taught that, in the primeval ages of the
world, there were no volcanos. ~ His theory was op-
posed, in & twofold sense, to the doctrine of the per-
manent agency of the same causes in nature; for not
only did he introduce, without scruple, many imaginary
causes supposed to have once effected great revolutions
in the earth, and then to have become extinct, but
pew ones also were feigned to have come into play in
modern times ; and, above all, that most violent instru-
ment of change, the agency of subterrancan fire,

So early as 1768, before Werner had commenced
his mineralogical studies, Raspe had truly characterized
the basalts of Hesse as of igneous origin, Arduino, as
we have aleeady seen, had pointed out numerous
varieties of trap-rock in the Vicentin as analogous to
volcanic products, and as distinetly referrible to an.
clent submarine eruptions. Desmarest, as_befors
stated, had, in company with Fortis, examined the
Vicentin in 1766, and confirmed Arduino’s views. In
1772, Banks, Solander, and Troil compared the co-
Tumnar basalt of Hecla with that of the Hebrides.
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Collini, in 1774, recognized the true nature of the
igneous rocks on the Rhine, between Andernach and
Bonn. In 1775, Guettard visited the Vivarais, and
established the relation of basaltic currents to lavas.
Lastly, in 1779, Favjas published his description of the
volcanos of the Vivarais and Velay, and showed how
the streams of basalt had poured out from craters
which still remain in & perfect state.*
Desmarest.—When sound opinions had thus for
twenty years prevailed in Europe concerning the true
nature of the ancient trap-rocks, Werner by his dictum
caused a retrograde movement, and not only over-
turned the true theory, but substituted for it one of
the most unphilosophical that can well be imagined.
The continued ascendancy of his dogmas on this
subject was the more astonishing, because a variety
of new and striking facts were daily sccumulated in
* favour of the correct opinions previously entertained.
Desmarest, after a careful examination of Auvergne,
pointed out, first, the most recent volcanos which
had their craters still entire, and their streams of
lava conforming to the level of the present river-
courses. He then showed that there were others of
an interimediate epoch, whose craters were nearly
effaced, and whose lavas were less intimately connected
with the present valleys; and, lastly, that there were
volcanic rocks still more ancient, without any dis-
cemnible craters or scoriz, and bearing the closest
analogy to rocks in other parts of Europe, the igneous
origin of which was denied by the school of Freyberg.+

* Cuvier, Eloge de Do
+ Journ. de Phys. vol. xifi. p. 115.5 and Mém. de ITost.
Sciences, Mathémat. nPbys_ vol. . p. 218,
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Desmarest’s mep of Auvergne was a work of un-
it. He first made a tri ical survey
of the district, and delineated its physical geography
with minute accuracy and admirable graphic power.
He contrived, at the same time, to express, without
the aid of colours, a vast quantity of geological
detail, the different ages, and sometimes even the
structure, of the volcanic rocks, distinguishing them
from the fresh-water and the granitic. They alone
who have carefully studied Auvergne, and traced the
different lava-streams from their craters to their ter-
‘mination, — the various isolated basaltic cappings,—
the relation of some lavas to the present valleys,—the
absence of such relations in others,— can appreciate
the extraordinary fidelity of this elaborate work. No
other district of equal dimensions in Europe exhibits,
perhaps, so beautiful and varied a series of phenomen ;
and, fortunately, Desmarest possessed at once the
mathematical knowledge required for the construction
of a map, skl in mineralogy, and a power of original
generalization.
Dolomiews—Mondlosier.— Dolomieu, another of Wer-

s ies, had found prismati
the ancient Javas of Etna; and, in 1784, had observed
the alternations of submarine and calcareous strata in
the Val diNoto, in Sicily:* In 1790, he lso described.
similar phenomena in the Vicentin and in the Tyrol
Montlosier also published, in 1788, an elegant and
spitited essay on the volcanos of Auvergne, combiningt
aceurate local observations with comprehensive views,
Notwithstanding this mass of evidence, the scholars of

* Journ. de Phys. tom. xxv. p. 191,
+ Th tom, xxxyil part . p. 200,
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Werner were prepared to support his opinions to their
utmost extent; maintaining, in the fulness of their
faith, that even obsidian was an aqueous precipitate.
As they were blinded by their veneration for the
great teacher, they were impatient of opposition, and.
soon imbibed the spirit of a faction; and their oppo-
nents, the Vulcanists, were not long in becoming con-
taminated with the same intemperate zeal. Ridicule
and irony were weapons more frequently employed
than argument by the rival sects, till at last the
controversy was carried on with a degree of bitterness
almost unprecedented in questions of physical science.
Desmarest alone, who had long before provided ample
materials for refuting such a theory, kept aloof from.
the strife; and whenever a zealous Neptunist wished
to draw the old man into an argument, he was satisfied
with replying, « Go and see.”*

Hutton, 1788.—It would be contrary to all analogy,
in matters of graver import, that a war should rage
with such fury on the Continent, and that the inhabit-
ants of our jsland: should not mingle in-the ‘affray.
Although in England the personal influence of Werner
was wanting to stimulate men to the defence of the
weaker side of the question, they contrived to find
good reason for espousing the Wernerian errors with
geeat enthusiasm. In order to explain the peculiar
motives which led many to enter, even with party
fecling,into this contest,it will be necessary to present
the reader with a sketch of the views unfolded by
Hutton, a contemporary of the Saxon geologist. That
naturalist had been educated as a physician, but;
declining the practice of medicine, he resolved, when

* Cavier, Eloge de Desmarest.



88 HUTTONIAN THEORY. CBook 1

young, to remain content with the small independence
inherited from his father, and thenceforth to give his
undivided attention to scientific pursuits. He resided
at Edinburgh, where he enjoged the society of many
men of high attainments, who loved him for the
simplicity of his manners and the sincerity of his
character. His application was unwearied: and he
‘made frequent tours through different parts of England
and Scotland, acquiring considerable skill as a mine-
ralogist, and constantly arriving at grand and com-
prehensive views in geology. He communicated the
results of his observations unreservedly, and with the
fearless spirit of one who was conscious that love of
truth was the sole stimulus of his exertions. When
at length he had matured his views, he published, in
1788, his  Theory of the Earth®,” and the same,
afterwards more fully developed in a separate work, in
1795, This treatise was the first in which geology was
declared to be in no way concerned about  questions
as to the origin of things;” the first in which an at-
tempt was made to dispense entirely with all hypo-
thetical causes, and to explain the former changes of
the earth's crust by reference exclusively to nataral
agents. Hutton laboured to give fixed principles to
geology, as Newton had succeeded in- doing to astro-
nomy but, in the former science, too little progress
had been made towerds faraishing the necessary data,
to ensble any philosopher, however great his genius,
to realize 50 noble a project.

Huttonian theory.— The ruins of an older world,”
said Hutton, « are visible in the present structure of
our planet; and the strata which now compose our

* Ed. Phil. Trans. 1788
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continents have been once beneath the sea, and were
formed out of the waste of pre-existing continents.
The same forces are still destroying, by chemical
decomposition or mechanical violence, even the hardest.
rocks, and transporting the materials to the sea, where
they are spread out, and form strata analogous to those
of more ancient date. Although loosely deposited
along the bottom of the ocean, they become afterwards
altered and_ consolidated by volcanic heat, and then
heaved up, fractured and contorted.”

Although Hutton had never explored any region of
active volcanos, he had convinced himself that basalt
and many other trap-rocks were of igneous origin, and
that many of them had been injected in a melted state
through fissures in the older strata. The compactness
of these rocks, and their different aspect from that of
ordinary lava, he attributed to their having cooled
down under the pressure of the sea; and in order to
remove the objections started against this theory, his
friend, Sir James Hall, instituted a most curious and
instructive series of chemical experiments, illustrating
the crystalline arrangement and texture assumed by
‘melted matter cooled under high pressure.

The absence of stratification in granite, and its
analogy in mineral character to rocks which he deemed
of igneous origin, led Hutton to conclude that granite
also must have been formed from matter in fusion ; and
this inference he felt could not be fully confirmed,
unless he discovered at the contact of granite and
other strata a repetition of the phenomena exhibited
5o constantly by the trap-rocks. Resolved to try his
theory by this test, he went to the Grampians, and
surveyed the line of junction of the granite and super-
incumbent stratified masses, until he found in Glen Tilt,
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in 1785, the most clear and unequivocal proofs in sup-
port of his views. Veins of red granite are there seen
branching out from the principsl mass, and traversing
the black micaceous schist and primary limestone.
The intersccted stratified rocks are so distinct in
colour and appearance as to render the example in
that locality most striking, and the alteration of the
limestone in contact was very analogous to that pro-
duced by trap veins on calcareous strata. This verifi-
cation of his system filled him with delight, and called
forth such marks of joy end exultation, that the
guides who accompanied him, says his biographer,
were convinced that he must have discovered a vein
of silver or gold® He was aware that the same
theory would not explain the origin of the primary
schists, but these he called primary, rejecting the
term primitive, and was disposed to consider them as
sedimentary rocks altered by heat, and that they
originated in some other form from the waste of
previously existing rocks.

y this important discovery of granite veins, to
which he had been led by fair induction from an inde-
pendent class of facts, Hutton prepared the way for
the greatest innovation on the systems of his prede-
cessors.  Vallisneri had pointed out the general fact
that there were certain fundamental rocks which con-
tained no organic remains, and which he supposed to
have been formed before the creation of living beings.
Moro, Generell, and other Italian writers, embraced
the same doctrine ; and Lehman regarded the mounr
tains called by him primitive, as parts of the original
nucleus of the globe. The same tenet was an article

* Playfsir's Works, vol. is. p. 75.
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of faith in the school of Freyberg; and if any one
ventured to doubt the possibility of our being enabled
to carry back our researches to the creation of the
present order of things, the granitic rocks were trium-
phantly appealed ‘to. On them seemed written, in
legible characters, the memorable inscription —
Dinanai a me non fur cose create
Se non eteme;

and no small sensation was excited when Hutton
seemed, with unhallowed hand, desirous to erase cha-
racters already regarded by many as sacred. «In
the economy of the world,” said the Scotch geologist,
«T can find no traces of @ beginning, no prospect
of an end;” a declaration the more startling when
coupled with the doctrine, that all past changes on the
globe had been brought about by the slow agency of
existing causes. The imagination was first fatigued
and overpowered by endeavouring to conceive the im-
‘mensity of time required for the annihilation of whole
continents by so insensible a process; and when the
thoughts had wandered through these interminable
periods, no resting place was assigned in the remotest
distance. The oldest rocks were represented to be of
a derivative nature, the last of an antecedent series;
and that* perhaps one of many pre-existing worlds.
Such views of the immensity of past time, like those
unfolded by the Newtonian phlloluphy in regard to
ideas of sublimity un-
‘mixed with a painful sense prife incapacity to con
ceive a plan of such infinite extent. Worlds are seen
beyond worlds immeasurably distant from each other,
and, beyond them all, innumerable other systems are
faintly traced on the confines of the visible universe.

The characteristic feature of the Huttonian theory
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was, as before hinted, the exclusion of all causes not
supposed to belong to the present order of nature.
Tis greatest defect connsted in the undue inflence

hea ne-
cessary for the consolidation ot sl silactng deposits.
‘Hutton madeno step beyond Hooke, Moro, and Raspe,
in pointing out in what manner the laws now governing
earthquakes might bring about geological changes, if
suficient time be allowed. On the contrary; he seems
to have fallen far short of some of their views. He
imagined that the continents were first gradually de-
stroyed; and that when their ruins had furnished
‘materials for new continents, they were upheaved by
violent and paroxysmal convulsions. He therefore
required alternate periods of general disturbance and
repose; and such he believed had been, and would for
ever be, the course of nature.

Generelli, in his exposition of Moro's system, had
made a for nearer approximation towards reconciling
geological appearances with the state of nature as
known to us; for while he agreed with Hutton, that
the decay and reproduction of rocks were always in

s, proceeding with the utmost uniformity, the
learned Carmelite represented the repairs of moun-
tains by elevation from below to be effected by an
equally constant and synchronous operation. Neither
of these theories, considered singly, satisfies all the
conditions of the great problem, which a geologist,
who rejects cosmological causes, is called upon to
solve; but they probably contain together the germs
of a perfect system. There can be no doubt, that
periods of disturbance and repose have followed each
other in succession in every region of the globe; but it
may be equally true, that the energy of the subter-
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ranean movements has been always uniform as regards
the wlole earth.  The force of earthquakes may for a
cycle of years have been invariably confined, as it is
now, to large but determinate spaces, and may then
have gradually shifted its position, so that another
region, which had for ages been at rest, became in its
turn the grand theatre of action.

Playfuir’s illustrations of Hutton.— Although Hut-
ton's knowledge of mineralogy and chemistry was
considerable, he possessed but little information con-
cerning organic remains. They merely served him, as
they did Werner, to cheracterize certain strata, and to
prove their marine origin. The theory of former
revolutions in organic life was not yet fully recognized;
and without this class of proofs in support of the
antiquity of the globe, the indefinite periods demanded
by the ‘Huttonian hypothesis appeared visionary to
many; and some, who deemed the doctrine inconsistent
with revealed truths, indulged very uncharitable sus-
picions of the motives of its author. They accused
him of a deliberate design of reviving the heathen
dogma of an « eternal succession,” and of denying that
this world ever had a beginning. Playfair, in the
biography of his friend, has the following comment on
this part of their theory : —  In the planetary motions,
where geometry has carried the eye so far, both into
the future and the past, we discover no mark either of

he termination of th d
It is unreasonable, indeed, to suppose that such marks
should any where exist. The Author of Nature has
not given laws to the universe, which, like the institu-
tions of men, carry in themselves the elements of their
own destruction.  He has not permitted in His works
any symptom of infancy or of old age, or any sign by
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which we may estimate either their fatare or their
past duration. He may put an end, as he no doubt
gave a beginning, to the present system, at some de-
terminate period of time; but we may rest assured
that this great catastrophe will not be brought about
by the laws now existing, and that it is not indicated
by any thing which we perceive.” *

The party feeling excited against the Huttonian
doctrines, and the open disregard of candour and
temper in the controversy, will hardly be credited by
the reader, unless he recalls to his recollection that
the mind of the English public was at that time in 2
state of feverish excitement. A class of writers in
France had been labouring industriously, for many
years, to diminish the influence of the clergy, by
Sapping the foundations of the Christian faith; and
their success, and the consequences of the Revolution,
had alarmed the most resolute minds, while the ima-
gination of the more timid was continually haunted by
dread of innovation, as by the phantom of some fearful
dream.

Voltzire.—Voltaire had used the modern discoveries
in physics 2s one of the numerous weapons of attack
and ridicule directed by him against the Scriptures.
He found that the most popular systems of geology
were accommodated to the sacred writings, and that
souch ingenuity had been employed to make every
fact coincide exactly with the Mosaic account of the
creation and deluge. It was, therefore, with no
friendly feclings that he contemplated the cultivators
of geology in general, regarding the science as one
which had been successfully enlisted by theologians as

* Playfairs Works, vol.iv. p. 55.
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anallyin their cause.* He knew that the majority
of those who were aware of the abundance of fossil
shells in the interior of continents, were still persuaded
that they were proofs of the universal deluge; and as
the readiest way of shaking this article of faith, he en-
deavoured to inculcate scepticism as to the real nature
of such shells, and to recall from contempt the ex-

loded dogma of the- sixteenth century, that they
were sports of nature. He also pretended that vege-
table impressions were not those of real plants.+  Yet
hie was perfectly convinced that the shells had really
belonged to living testacea, as may be seen in his
essay «On the Formation of Mountains.”§ He would
sometimes, in defiance of all consistency, shift his
ground when addressing the vulgar; and, admitting
the true nature of the shells collected in the Alps
and other places, pretend that they were Eastern
species, which had fallen from the hats of pilgrims
coming from Syria. The numerous essays written by

* In allusion to the theories of Burnet, Woodward, and other

physico-theological writers, ie declared that they were as fond of

shanges of scen on the face of fhe globe, as were the populace,at

aplay. “Every one of them destroys and reno

bis own fushion, as Descartes framed it: for philosophers

it hemadves witbot cesmony in the plce of God, e

with a word.” Aca-

ke de Bauiogu, s o Chaogorat vl e s Glok

Unfortunately, this and similar ridicule directed against the cos.
mogonists was too well deserv

+ Seo the chapter on « Des Plerres igurées.”

4 Tn that essay he lays it down, “1hat all naturalists are now
agreed that deposis of shells in the midst of the continents are
‘monuments of the continued oceupation of theso istricts
ocean.” T another place also, when speaking of the fossil shells
of Touraine, he admits their true origin.
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him on geological subjects were all calculated to
strengthen prejudices, partly because he was ignorant
of the real state of the science, and partly from his
bad fith On the other hand, they who knew that
his attacks were directed by a desire to_invalidate
Seripture, and who were unacquainted with the true
merits of the question, might well deem the old di-
luvian hypothesis incontrovertible, if Voltaire could
adduce no better argument against it than to deny the
true nature of organic remains.

It is only by careful attention to impediments
originating in extrinsic causes, that we can explain the
slow and reluctant adoption of the simplest truths in
gealogy. First, we find many able naturalists adducing
the fossil remains of marine animals as proofs of an
event related in Scripture. The evidence is deemed
conclusive by the multitude for & century or more; for
it favours opinions which they entertained before, and
they are gratified by supposing them confirmed by
fresh and unexpected proofs. Many, who see through
the fallacy, have no wish to undeceive those who are
influenced by it, approving the effect of the delusion,
and conniving at it as @ pious fraud ; until, finally, an
opposite party, who are hostile to the sacred writings,
labour to explode the erroneous opinion, by substi-
tuting for it another dogma which they know to be
equally unsound.

‘The heretical Vulcanists were now openly assailed
all geologial data, we may recall the passago where b says, that
« the bones of a rein-deer and )uppopaumul discovered near
Etampes did not prove, as some would have it, that Lapland and
o Nl wersance on  tour from Paris 1o Orleun, but mecly
that a lover of curiosities once preserved them in his cabinet.’
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in England, by imputations of the most illiberal kind.
‘We cannot estimate the malevolence of such a perse-
cution, by the pain which similar insinuations might
now infiict; for although charges of infidelity and
atheism must always be odious, they were injurious in
the extreme at that moment of political excitement:
and it was better perhaps, for a man's good reception
in society, that his moral character should have been
traduced, than that he should become a mark for these
poisoned weapons.

T shall pass over the works of numerous divines, who
may be excused for sensitiveness on points which then
excited so much uneasiness in the public mind; and _
shall say nothing of the amiable poet Cowper®, who
could hardly be expected to have inquired into the
merit of doctrines in physics. But in the foremost
ranks of the intolerant, are found several laymen who
had high claims to scientific reputation. Among these
appears Williams, a. mineral surveyor of Edinburgh,
who published a « Natural History of the Mineral
Kingdom,” in 1789; a work of great merit for that
day, and of practical utility, as containing the best
account of the coal strata. In his preface he misre-
presents Hutton's theory ltogether, and charges him
with considering all rocks to be lavas of different
calours and structure; and also with “ warping every
thing to support the cternity of the world"+ He
descants on the pernicious influence of such sceptical
notions, as leading to downright infidelity and atheism,
“and as being nothing less than to depose the
Almighty Creator of the universe from his office.”

* The Task, book iil.  The Garden.”
+P. 577, §P. 5o
voL.1. ¥
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. Kirwan, 1799.—Kirwan, president of the Royal
Academy of Dublin, a chemist and mineralogist of
some merit, but who possessed much greater authority
in the scientific world than he was entitled by his
talents to enjoy, said, in the introduction to his
<« Geological Essays, 1799,”  that sound gealogy gra-
duated into religion, and was required to dispel certain
systems of atheism or infidelity, of which they bad
bad recent experience.”* He was an uncompromising
defender of the aqueous theory of all rocks, and was
scarcely surpassed by Burnet and Whiston, in his
desire. to adduce the Mosaic writings in confrmation
of his opinions.

De Lue.—De Luc, in the preliminary discourse to bis
Treatise on Geologyf, says, “ the weapons have been
changedby which revealed religion is ttacked; it s now
assailed by geology, and the knowledge of this science
has become essential to theologians.”  He imputes the
failure of former geological systems to their having
been anti-mosaical, and directed against a « sublime
tradition.” These and similar imputations, reiterated
in the works of De Luc, seem to have been taken for
granted by some modern writers: it is therefore
necessary to state, in justice to the numerous geologists
of different nations, whose works have been considered,
that none of them were guilty of endeavouring, by
arguments drawn from physics, to invalidate scriptural
tenets. On the contrary, the majority of them,
who were fortunate enough “ to discover the true
causes of things,” rarely deserved another part of
the poet’s panegyric, * Atque metus omnes subjecit
pedibus” The caution, and even tinid reserve, of

* Towrod. pr2- + London, 1809,
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many eminent Ttalian authors of the earlier period is
very apparent; and there can hardly be a doubt that
they subscribed to certain dogmas, and particularly to
the first diluvian theory, out of deference to popular
prejudices, rather than from conviction. But if they
were guilty of dissimulation, we must not blame th

want of moral courage, reserving rather our condemn-
ation for the intolerance of the times, and that in-
quisitorial power which forced Galileo to abjure, and
the two Jesuits to disclaim the theory of Newton.*

H Kirwan' ;i

and with the indignation excited by unmerited reproach.
He had always displayed, says Playfair, < the utmost
disposition to adumire the beneficent design manifested
in the structure of the world; and he contemplated
with delight those parts of his theory which made the
greatest additions to our knowledge of final causes.”
We may say with equal truth, that in no scientific

*In @ most able and interesting article, the “Life of Ga-
lileo,” recendly published in ihe  Library of Usefal, Know.
ledge,” it is asserted that both Galileo’s work, and the book of
Copernicus « Nisi corrigatur,” were sl o be seen on the for-
bidden Jist of the Index at Rome in 1898 But I was assured
in the same year, by Professor Scarpelliz, at Rome, that Pius
VIL, a pontiff distinguished for his love of science, procured, in

‘wipe off this scandal from the church.” The repeal was carried,
with the dissentient voice of one Dominican only. Long before
s time the Newtonian theory had been taught in the Sepienzs,
aad all Catholic universities in Europe (with the exception, T ams
told, of Salamanca) ; but it was always required of professors,
deference to the decrees of the church, to use the term Jypothasis
instead of theory.  They now speak of the Copernican thgory.
re
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works in our languege can more eloquent passages be
found, concerning the fitness, harmony, and grandeur
of all parts of the creation, than in those of Playfair.
They are evidently the unaffected expressions of a
mind, which contemplated the study of nature, as best
calculated to elevate our conceptions of the attributes
of the First Canse. At any other time the force and
elegance of Playfair's style must have insured popu-
larity to the Huttonian doctrines; but, by a singular
coincidence, Neptunianism and orthodoxy were now
associated in the same creed ; and the tide of prejudice
ran o strong, that the maorty were crred fur sy
into the
o Weren. These fetions the Sason pm&s:or had
borrowed with little modification, and without any im-
‘provement, from his predecessors. They had not the
smallest foundation either in Scripture or in common
sense, but were perhaps approved of by many es being
50 ideal and unsubstantial, that they could never come
into violent collision with any preconceived opinions.
According to De Luc, the first essential distinc-
tion to be made between the various phenomena ex-
‘hibited on the surface of the earth was, to determine
‘which were the results of causes still in action, and
which had been produced by causes that had ceased to
act. - The form and composition of the mass of our
continents, he said, and their existence above the level
of the sea, must be ascribed to causes no longer in
action. These continents emerged at no very remote
period on the sudden retreat of the ocean, the waters
of which made their way into subterrenean caverns.
The formation of the rocks which enter into the
crust of the earth began with the precipitation of gra-
nite from a primordial liquid, after which other strata
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containing the remains of organized bodies were de-
posited, till at last the present sea remained os the
residuum of the primordial liquid, and no longer con-
tinued to produce mineral strata.*

William Smith, 1790.—While the tenets of the
rival schools of Freyberg and Edinburgh were warmly
espoused by devoted partisans, the labours of an indi-
vidual, unassisted by the advantages of wealth or station
in society, were almost unheeded. Mr. William Smith,
an English surveyor, published his « Tabular View of
the British Strata” in 1790, wherein he proposed a
classification of the secondary formations in the West
of England. ~ Although he had not commumicated with
Werner, it appeared by this work that he had arrived
at the same views respecting the laws of superposition
of stratified rocks ; that he was aware that the order
of succession of different groups was never inverted;
and that they might be identified at very distant points
by their peculiar organized fossils.

From the time of the appearance of the * Tabular
View," he laboured to construct a geological map of the
whole of England ; and, with the greatest disinterested-
ness of mind, communicated the results of his inve:
tigations to all who desired information, giving such
publicity to his original views, as to enable his contem-
poraries almost to compete with him in the race. The
execution of his map was completed in 1815, and
remains a lasting monument of original talent and
extraordinary perseverance ; for he had explored the
whole country on foot without the guidance of pre-
vious observers, or the aid of fellow labourers, and had

* Elem: vy Tovdie o0 Geology. Londen, 1609, T
Lated by De la Fi

L&)
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succeeded in throwing into natural divisions the whole
complicated series of British rocks.* D’Aubuisson, a
guished pupil of Werner, paid a just tribute of
praise to this remarkable performance, observing, that
 what many celbrated mineralogists had only accom-
plished for a small part of Germany in the course of
half a century, had been effected by a single individual
for the whole of England."{

MODERN PROGRESS OF GEOLOGY.

Having now arrived at the era of living authors, T
shall bring to a conclusion this sketch of the progress
of opinion in geology. The contention of the rival
factions of the Vulcanists and Neptunists had been
carried to such a height, that these names had become
terms of reproach; and the two parties had been less
occupied in searching for truth, than for such arguments
s might strengthen their own cause, or serve to annoy
their antagonists. A new school at last arose, who
professed the strictest neutrality, and the utmost indif-
ference to the systems of Wemer and Hutton, and
who resolved diligently to devote their labours to ob-
servation. The reaction, provoked by the intemperance
of the conflicting parties, now produced a tendency to
extreme caution. Speculative views were discounte-

* Werner invented u new langusge to express his divisions of
ocks, and some of his technical terms, such as grauwacke, gneiss,
‘and others, passed current i every country in Europe.  Smith
adopted for the most part English provincial terms, often of bar-
barous sound, such as gault, cormbrash, clunch clay, &c. and
afixed them to subdivisions of the British series. Many of these
still reain heir place in our scientifc classifications, and attest s
priority of armngement.
+ See Dr. Fitton's Memoir, before cited, p. 57.
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nanced, and, through fear of exposing themselves to
the suspicion of a bias towards the dogmas of a party,
some geologists became anxious to entertain no opinion
whatever on the causes of phenomena, and were
inclined to scepticism even where the conclusions
deducible from observed facts scarcely admitted of
reasonable doubt.

Geological Society of London.—But although the
reluctance to theorize was carried somewhat to excess,
Do measure could be more salutary at such a moment
than a suspension of all attempts to form what were
termed « theories of the earth.” A great body of new
data were required; and the Geological Society of
London, founded in 1807, conduced ‘greatly to the at-
tainment of this desirable end. To multiply and record
observations, and patiently to await the result at some
fature period, was the object proposed by them; and it
was their favourite maxim that the time was not yet
come for a general system of geology, but that all
‘must be content for many years to be exclusively en-

in furnishing materials for izatic
By acting up to these principles with consistency, they
in a few years disarmed all prejudice, and rescued the
science from the imputation of being a dangerous, or at
best but a visionary pursuit.

A distinguished modern writer * has with truth re-
marked, that the advancement of three of the main
divisions of geological inquiry have, during the last
half century, been promoted successively by three dif-
ferent nations of Europe,—the Germans, the English,
and the French. We have seen that the systematic
study of what may be called mineralogical geology had

¢ Whewell, British Critic, No. xvil, p. 187: 18812
¥4
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its origin, and chief point of activity, in Germany, where
‘Werner first described with precision the mineral cha-
racters of rocks.  The classification of the secondary
formations, each marked by their peculiar fossils, be-
longs, in a great measure, to England, where the labours
before alluded to of Smith, and those of the most active
members of the Geological Society of London, were
steadily directed to these objects. The foundation of
the third branch, that relating to the tertiary form-
ations, was laid in France by the splendid work of Cuvier
and Brongpiart, published in 1808,  On the Mineral
Geography and Organic Remains of the Neighbour-
hood of Paris.”

We may stil trace, in the language of the science
and our present methods of arrangement, the various
countries where the growth of these several depart-
ments of geology was at different times promoted.
Many names of simple minerals and rocks remain to
this day German, while the European divisions of the
secondary strata are in great part English, and are, in-
deed, often founded too exclusively on English types.
Lastly, the subdivisions first. established of the succes-
sion of strata in the Paris basin have served as normal
groups, to which other tertiary deposits throughout
Europe have been compared, even in cases where this
standard, as the reader will afterwards learn, was wholly
inapplicable.

No period could have been more fortunate for the
discovery, in the immediate neighbourhood of Paris, of
a rich store of well-preserved fossils, than the com-
mencement of the present century; for at no former
era had Natural History been cultivated with such

* Book iv. chap. ii:



76557,

vy STUDY OF ORGANIC REMAINS. 105

enthusiasm in the French metropolis : the labours of
Cuvier in comparative osteology, and of Lamarck.in
recent and fossil shells, having raised these departments
of study to a rank of which they had never previously
been deemed susceptible. Their investigations had
eventually a powerful effect in dispelling the illusion
which had long prevailed concerning the absence of
analogy between the ancient and modern state of our
planet. A close comparison of the recent and fossil
species, and the inferences drawn in regard to their
habits, accustomed the geologist to contemplate the
earth as having been at successive periods the dwelling-
place of animals and plants of different races, some of
which were discovered to have been terrestrial, and
others aquatic—some fitted to live in seas, others in
the waters of lakes and rivers. By the consideration
of these topics, the mind was slowly and insensibly
withdrawn from imaginary pictures of catastrophes and
chaotic confision, such as haunted the imagination of
the early cosmogonists. Numerous proofs were disco-
vered of the tranquil deposition of sedimentary matter,
and the slow development of organic life. 1f many
writers, and Cuvier himself in the number, still con-
tinued to maintain, that  the thread of induction was
broken,”yet, in reasoning by the strict rules of induction
from recent to fossil species, they in a great measure
disclaimed the dogma which in theory they professed.
‘The adoption of the same generic, and, in some cases,
even the same specific, names for the exuvi: of fossil
animals, and their living analogues, was an important
step towards familiarizing the mind with the idea of the
identity and unity of the system in distant eras. Te
was an acknowledgment, as it were, that part at least.
of the ancient memorials of nature were written in a.
x5
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living language. The growing importance, then, of the
natural history of organic remains may be pointed out
as the characteristic feature of the progress of the
science during the present century. This branch of
knowledge has already become an instrument of great
ullity in geological classification, and is continuing
daily to unfold new data for grand and enlarged views
respecting the former changes of the earth.

When we compare theresult of observationsin thelast
thirty years with those of the three preceding centuries,
we cannot but look forward with the most sanguine
expectations to the degree of excellence to which
geology may be carried, even by the labours of the
present generation. Never, perhaps, did any science,
with the exception of astronomy, unfold, in an equilly
brief period, so many novel and unexpected truths, and
overturn so many preconceived opinions. The senses
had for ages declared the earth to be at rest, until the
astronomer taught that it was carried through space
with inconceivable rapi In like manner was the
surface of this planet regarded as having remained
unaltered since its creation, until the geologist proved
that it had been the theatre of reiterated change, and
was still the subject of slow but never-ending fluctu-
ations. The discovery of other systemsin the boundless
regions of space was the triumph of astronomy: to
trace the same system through various transform-
ations—to behold it at successive eras adorned with
different hills and valleys, lakes and seas, and peopled
with new inhabitants, was the delightful meed of
geological research. By the geometer were measured
the regions of space, and the relative distances of the
heavenly bodies—by the geologist myriads of ages
were reckoned, not by arithmetical computation, but by
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2 train of physical events—a succession of phenomena
in the animate and inanimate worlds—signs which
convey to our minds more definite ideas than figures
can do of the immensity of time.

‘Whether our investigation of the earth’s ‘history and
structure will eventually be productive of as great
practical benefts to mankind, as a knowledge of the
distant heavens, must remain for the decision of
posterity. It was not till astronomy had been enriched
by the observitions of many centuries, and had made
its way against popular prejudices to the establishment
of a sound theory, that its application to the useful arts
was most conspicuous. The cultivation of geology
began at a later period; and in every step which it has
hitherto made towards sound theoretical principles, it
has had to contend against more violent prepossessions.
‘The practical advantages already derived from it have
not been inconsiderable : but our generalizations are
yet imperfect, and they who follow may be expected to
reap the most valuable fruits of our labour. Meanwhile
the charm of first discovery is our own; and as we
explore this magnificent field of inquiry, the sentiment
of a great historian of our times may continually be
present to our minds, that « he who calls what hds
vanished back again into being, enjoys a bliss like that
of creating.”*

* Niebubr’s Hist. of Rome, vol. i. P- 5. Hare and Thirlwall's
translation.
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CHAPTER V.

CAUSES WHICH HAVE RETARDED THE PROGRESS OF
GEOLOGY.

‘Bifects of prepossessions in rogard to the duration of past time —
Of prejudices arising from our peculiar positon s inbabitants
ofthe land. y i

changes now in progress— Al these causes combine to make

the former course of Nature appear different from the present.

‘produced the former changes of the earth's surface, removed by
odern discoveries.

Ir we reflect on the history of the progress of gealogy,
as explained in the preceding chapters, we perceive
that there have been great fluctuations of opinion
respecting the nature of the causes to which

former changes of the carth's surface are referrible
The first observers conceived the monuments which
the geologist endeavours to decipher to relate to an
original state of the earth, or to a period when there
were causes in activity, distinct, in kind and degree,
from those now constituting the economy of nature.
“These views were gradually modified, and some of
them entirely abandoned in proportion as observations
were multiplied, and the signs of former mutations
‘more skilfully interpreted. Many appearances, which
had for a long time been regarded as indicating
‘mysterious and_extraordinary sgency, were finally
recoguized as the necessary result of the laws now
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governing the material world; and the discovery of this
unlooked for conformity has at length induced some
philosophers to infer, that, during the ages contem-
plated in geology, there has never been any interrup-
tion to the agency of the same uniform laws of change.
‘The same assemblage of general causes, they conceive,
may have been sufficient to produce, by their various
combinations, the endless diversity of effects, of which
the shell of the earth has preserved the memorials ;
and, consistently with these principles, the recurrence
of analogous changes is expected by them in time to
come.

Whether we coincide or not in this doctrine, we must
‘admit that the gradual progress of opinion concerning
the succession of phenomena in very remote eras, re-
sembles, in a singular manner, that which has accom-
panied the growing intelligence of every people, in
regard to the economy of nature in their own times. In
an early stage of advancement, when a great number of
natural appearances are unintelligible, an eclipse, an
earthquake, a flood, or the approach of a comet, with
many other occurrences afterwards found to belong to
the regular course of events, are regarded s prodigies.
The same delusion prevails as to moral phenomens,
and many of these are ascribed to the intervention of
demons, ghosts, witches, and other immaterial and
supernatural agents. By degrees, many of the enig-
mas of the moral and physical world are explained,
and, instead of being due to extrinsic and irregular
causes, they are found to depend on fixed and in-
variable laws. The philosopher at last becomes con-
vinced of the undeviating uniformity of secondary
causes, and, guided by his faith in this principle, he
determines the probability of accounts transmitted to
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him of former occurrences, and often rejects the
fubulous tales of former times, on the ground of their
being irreconcilable with the experience of more en.
lightened ages.

Preposessions in regard 1o the duration of past
time.— As a belief in the want of conformity in the
causes by which the earth’s crust has been modified
in ancieat and modern periods was, for a long time,
universally prevalent, and that, too, amongst men who
have been convinced that the order of natures now uni.
form, and that it has continued so for several thousand
years, every circumstance which could have influenced
their minds and given an undue biss to their opinions
deserves particular attention. Now the reader may
easlly satisfy himself, that, however undeviating the
course of nature may have been from the earliest
epochs, it was impossible for the first cultivators of
geology to come to such a conclusion, 5o long as they
were under a delusion as to the age of the world, and

ever fantastcal some thearies of the sixteenth century
may now appear to us, — however unworthy of men
of great talent and sound judgment,—we. may rest
assured that, if the same misconceptions now prevailed
o regard to the memorials of human transactions, it
would give rise to a similar train of absurdities, Tet
us imagine, for example, that Champollion, and the
French and Tusean literati lately engaged in exploring
the antiquities of Egyp, had visited that country with
a firm belief that the banks of the Nile were never
peopled by the human race before the beginning of
the nineteenth century, and that their fuith in this
dogma was as difficult to shake as the opinion of our
ancgstors, that the.earth was never the sbode of living
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beings until the creation of the present continents,
and of the species now existing, —it is easy to perceive
what extravagant systems they would frame, while
under the influence of this delusion, to account for the
‘monuments discovered in Egypt. The sight of the
pyramids, obelisks, colossal statues, and ruined temples,
would fill them with such astonishment, that for a time
they would be as men spell-bound — wholly incapable
to reason with sobriety. They might incline at first
to refer the construction of such stupendous works to
some superhuman powers of a primeval world, A
system might be invented resembling that so gravely
advanced by Manetho, who relates that a dynasty of
gods originally ruled in Egypt, of whom Vulean, the
first monarch, reigned nine thousand years; after
whom came Hercules and other demigods, who were
at last succeeded by human kings.

When some fanciful speculations of this kind had
amused the imagination for & time, some vast repository
of mummies would be discovered, and would imme-
diately undeceive those antiquaries who enjoyed an
opportunity of personally examining them ; but the
prejudices of others at a distance, who were not eye-
witnesses of the whole phenomena, would not be.so
eosily overcome. The concurrent report of many
travellers would indeed render it necessary for them
to accommodate ancient theories to some of the new
facts, and. much wit and ingenuity would be required
to modify and_ defend their old positions. Each new
invention would violate a greater number of known
analogies; for if a theory be required to embrace:
some fulse principle, it becomes more visionary i
proportion as facts are multiplied, as would be.the’
case if geometers were now required to fornran




112 PRESUDICES WHICH RETARD Bk 1.

astronomical system on the assumption of the immo-
bility of the earth.

Amongst other fanciful conjectures concerning the
history of Egypt, we may suppose some of the follow-
ing to be started. « As the banks of the Nile have
been so recently colonized for the first time, the
curious substances called mummies could never in
reality have belonged to men. They may have been
generated by some plastic virtue residing in the
interior of the earth, or they may be abortions of
mature produced by her incipient efforts in the work
of creation. For if deformed beings are sometimes
bom even now, when the scheme of the universe is
fully developed, many more may have been  sent
before their time, scarce half made up; when the
plenet itself was in the embryo state. But if these
notions eppear to derogate from the perfection of the
Divine attributes, and if these mummies be in all their
Parts true representations of the human form, may we
Dot refer them o the future rather than the past?
May we not be looking into the womb of Nature,
and not her grave? May not these images be like
the shades of the unborn in Virgi's Elysium—the
archetypes of men not yet called into existence?”

These speculations, i advocated by eloquent writers,
would not fuil to attract many zealous votaries, for
they would relieve men from the painful necessity of
renouncing preconceived opinions. - Incredible as such
scepticism may appear, it would be rivalled by many
systems of the sixteenth and seventeenth centuries,
‘and among others by that of the learned Falloppio, who
regarded the tusks of fossil elephants as earthy con-
cretions, and the pottery or fragments of vases in the
Monte Testaceo, near Rome, as works of nature, and
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not-of art. But when one generation hed passed
away, and another not compromised to the support of
antiquated dogmas had succeeded, they would review
the evidence afforded by mummics more impartially,
and would no longer controvert the preliminary ques-
tion, that human beings had lived in Egypt before the
nineteenth century: so that when a hundred years
perhaps had been lost, the industry and talents of the
philosopher would be at last directed to the elucidation
of points of real historical importance.

But the above arguments are simed against one
only of many-prejudices with which the earlier geolo-
gists had to contend. Even when they conceded that
the earth had been peopled with animate beings at an
earlier period than wes at first supposed, they had no
conception that the quantity of time bore so great a
‘proportion to the historical era as is now generally
conceded. How fatal every error as to the quantity
of time must prove to the introduction of rational
views concerning the state of things in former
may be conceived by supposing the annals of the civil
and military transactions of a great nation to be
perused under the impression that they occurred in
a period of one hundred instead of two thousand
years. Such a portion of history would immediately
assume the air of a romance ; the events would seem
devoid of crediblity, and inconsistent with the present
course of human affairs. A crowd of incidents would
follow each other in thick succession. ~Armies and
fieets would appear to be assembled only to be de-
stroyed, and cities built merely to fall in ruins.
There would be the most violent transitions from
foreign o intestine war to periods of profound peace,
and the works effected during the years of disorder or
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tranquillty would appear alike superhuman in mag.
nitude.

He who should study the monuments of the natura)
world under the infiuence of a similar infatuation,
must draw a 10 less exaggerated pictue of the energy
and violence of causes, and must experience the say
insurmountable diffculty in reconciling the formey
and present state of nature. If we could behold i
one view all the vlcanic cones thrown up in Iceland,
Taly, Sicily, and other parts of Europe, during the
last five thousand years, and could see the lavas which
have flowed during the same period ; the dislocations,
subsidences, and elevations caused by earthquakes
the lands added to various deltas, or devoured by the
sea, together with the effects of devastation by floods,
and imagine that all these events had happened in one
ear, we must form most exalted ideas of the activity
of the agents, and the suddenness of the revolations,
Were an equal amount of change to pass befure our
eyes in the next year, could we avoid the conclusion
that some great crisis of nature was at hand? If
geologists, therefore, have misinterpreted the signs of
a succession of events, 50 as to conclude that centuries
were implied where the characters imported thousands
of years, and thousands of years where the language of
nature signified millions, they could not if they rea-
soned logially from such false premises, come ¢o any
other conclusion than that the system of the natural
world had undergone a complete revolution.

We should be warranted in ascribing the erection of
the great pyramid to- superhuman power, if we were!
coavinced. that it was raised in one days and if we
imagine, in the same manner, a mountain-chain -t
have:been elevated, during an equally small fraction
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of the time which was really occupied in upheaving it;
we might then be justified in inferring, that the sub-
terranean movements were once far more energetic
than in our own times. We know that one earthquake
may raise the coast of Chili for a hundred miles to the
average height of about five feet. A repetition of two
thousand shocks, of equal violence, might produce a
‘mountain-chain one hundred miles long, and ten thou-
sand feet high. Now, should one only of these con-
vulsions happen in a century, it would be consistent
with the order of events experienced by the Chilians
from the carliest times ; but if the whole of them were
to-occur in the next hundred years, the entire district
must be depopulated, scarcely any animals or plants
could survive, and the surface would be one confused
heap of ruin and desolation.

One consequence of undervaluing greatly the quan-
tity of past time, is the apparent coincidence which it
occasions of events necessarily disconnected, or which
are so unusual, that it would be inconsistent with all
calculation of chances to suppose them to happen at
one and the same time. When the unlooked-for
association of such rare phenomena is witnessed in the
present course of nature, it scarcely ever fails to excite
a suspicion of the preternatural in those minds which
are not firmly convinced of the uniform agency of
secondary causes;—as if the death of some individual
in whose fate they are interested happens to be ac-
companied by the appearance of a luminous meteor,
or a comet, or the shock of an earthquake. It would
be only necessary to multiply such coincidences in-
definitely, and the mind of every philosopher would be
disturbed. Now it would be diffcult to exaggerste
the number of physical events, many of them most
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rare and unconnected in their nature, which were
imagined by the Woodwardian hypothesis to have
happened in the course of a few months: and nu-
merous other examples might be found of popular
geological theories, which require us to imagine that
along succession of events happened in a brief and

almost momentary period.
Another liability to error, very nearly allied to the
former, arises from the frequent contact of geological
2 ¢ A o, We

¥
often behold, at one glance, the effects of causes which
bave happened at times incalculably remote, and yet
there may be no striking circumstances to mark the oc-
currence of a great chasm in the chronological series of
Nature's archives. In the vast interval of time which
may really have elapsed between the results of opes
rations thus compared, the physical condition of the
earth may, by slow and insensible modifications, bave
become entirely altered; one or more races of organic
beings may have passed away, and yet have left behind,
in the particular region under contemplation, no trace
of their existence.

To a mind unconscious of these intermediate events,
the passage from one state of things to another must
appear so violent, that the idea of revolutions in the
system inevitably suggests itsclf. The imagination is
as much perplexed by the deception, as it might be if
two distant points in space were suddenly brought into
immediate proximity. Let us suppose, for a moment,
that a philosopher should lie down to sleep in some are.
tic wilderness, and then be transferred by a power, such
as we read of in tales of enchantment, to a valley in
tropical country, where, on awaking, he might find him-
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self surrounded by birds of brilliant plumage, and all
the uxuriance of animal and vegetable forms of which
Nature s 5o prodigal in these regions. The most rea-
sonable supposition, perhaps, which he could make, if
by the necromancer's art he was placed in such a situ-
ation, would be, that he was dreaming; and ifa geolo-
gist form theories under a similar delusion, we cannot
expect him to preserve more consistency in his specula-
tions, than in the train of ides in an ordinary dream.

The sources of prejudice hitherto considered may
be deemed peculiar for the most part to the infancy
of the science, but others are common to the first
caltivators of geology and to ourselves, and are all
singularly calculated to produce the same decep-
tion, and to strengthen our belief that the course of
mature in the earlier ages differed widely from that now
established. ~ Although these circumstances cannot be

p me things as proved,
sehich it will be the object of another part of this work
to demonstrate, it may be well to allude to them briefly
in this place.

Prejudices arising from our peculiar position as in-
habitants of the land.— The first and greatest difficulty,
then, consists in our habitual unconsciousness that our
psiton a5 hserves s ssentialy unfavourabl, when

to estimate
now in progress. In consequence of our inattention to
this subject, we are liable to the greatest mistakes in
contrasting the present with former states of the globe.
llers on the land, we partof
the surface ; and that portion is almost exclusively thie
theatre of decay, and not of reproduction. We know,if-
deed, that new deposits are annually formed in seds did
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lakes, and that every year some new igneous rocks are
produced in the borels of the earth, but we cannot watch
the progress of their formation ; and as they are only
present to our minds by the aid of reflection, it requires
an effort both of the reason and the imagination to ap-
preciate duly their importance. It is, therefore, not
surprising that we imperfectly estimate the result of
operations invisible to us; and that, when analogous
results of some former epoch are presented to our in-
spection, we cannot recognize the analogy. He who
has observed the quarrying of stone from a rock, and
as seen it shipped for some distant port, and then en-
deavours to conceive whatkind of edifice will be raised
by the materials, is in the same predicament as a geo~
Iogist, who, while he is confined to the land, sees the
of rocks, and the of:
by rivers to the sea, and then endeavours to plcture o
‘himself the new strata which Nature is building beneath
the waters.

Prejudices arising from our not secing sublerranean
changes.—Nor is his position less unfavourable when,
beholding & volcanic eruption, he tries to conceive what
changes the column of lava has produced, in its passage
upwards, on the intersected strata; or what form the
melted matter may assume at great depths on cooling
down ; or what may be the extent of the subterranean
rivers and reservoirs of liquid matter far beneath the
surface. It should, therefore, be remembered, that the
task imposed on those who study the earth’s history
requires no ordinary share of discretion, for we are pre-
cluded from collating the corresponding parts of the
system of things as it exists at two different periods. If
e were inhabitants of another element—if the great
ocean were our domain, instead of the narrow limits of
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the Jand, our difficulties would be considerably lessened;
while, on the other hand, there can be little doubt,
although the reader may, perhaps, smile at the bare
suggestion of such an idea, that an amphibious being,
who should possess our faculties, would still more easily
arrive at sound theoretical opinions in geology, since
he might behold, on the one hand, the decomposition
of rocks in the atmosphere, or the transportation of
matter by running water; and, on the other, examine
the deposition of sediment in the ses, and the imbed-
ding of animal and vegetable remains in new strata. He
might ascertain, by direct observation, the action of a
‘mountain torrent, as well es of a marine current ; might.
compare the products of volcanos on the land with those
poured out beneath the waters ; and might mark, on
the one hand, the growth of the forest, and on the
other that of the coral reef. Yet, even with these ad
vantages, he would be liable. to fall into the greatest
errors when endeavouring to reason on rocks of sub-
terranean origin. He would seck in vain, within the
sphere of his observation, for any direct analogy to the
process of their formation, and would therefore be in
danger of attributing them, wherever they are upraised
to view, to some « primeval state of nature.”

But if we may be allowed so far to indulge the
imagination, as to suppose & being entirely confined
t0 the nether world—some « dusky melancholy sprite,”
like Umbriel, who could « flit on sooty pinions to the
central earth,” but who was never permitted to  sully
the fair face of light,” and emerge into the regions of
water and of air; and if this being should busy himself
in investigating the structure of the globe, he might.
frame theories the exact. converse of those usually
adopted by human philosophers.  He might infe that.
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the stratified rocks, containing shells and other organic
remains, were the oldest of created things, belonging
to some original and nascent state of the planet. « Of
these masses,” he might say, « whether they consist of
loose incoberent sand, soft clay, or solid stone, none
have been formed in modern times. Every year some
part of them are broken and shattered by earthquakes,
or melted up by volcanic fire; and, when they cool
down slowly from a state of fusion, they assume a new
and more crystalline form, no longer exhibiting that
stratified disposition, and those curious impressions and
fantastic markings, by which they were previously
characterized. This process cannot have been carried
on for an indefinite time, for in that case all the stra-
tified rocks would long ere this have been fused and
erystallized. It is therefore probable that the whole
planet once consisted of these mysterious and curiously
bedded formations at a time when the volcanic fire had
not yet been brought into activity. Since that period
there seems to have been a gradual development of
heat; and this augmentation we may expect to continue
ll the whole globe shall be in a state of fuidity and
incandescence.”

‘Such might be the system of the Gnome at the very
time that the followers of Leibnitz, reasoning on what
they saw on the outer surface, would be teaching the
opposite doctrine of gradual refrigeration, and averring
that the earth had begun its career as a fiery comet,
and might be destined hereafter to become a frozen
mass. The tenets of the schools of the nether and
of the upper world would be directly opposed to
each other, for both would partake of the prejudices
inevitably resulting from the continual contemplation
of one class of phenomena to the exclusion of another.
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Man observes the annual decomposition of crystalline
and igneous rocks, and may sometimes see their conver-
sion into stratified deposits; but he cannot witness the
reconversion of the sedimentary into the crystalline
by subterranean fire. He is in the habit of regarding
all the sedimentary rocks as more recent than the
unstratified, for the same reason that we may suj

him to fall into the opposite error if he saw the origin
of the igneous class only.

ASSUMPTION OF THE DISCORDANCE OF THE ANCIENT
AND EXISTING CAUSES OF CHANGE UNPHILOSO-
PHICAL.

Tt is only by becoming sensible of our natural dis-
advantages that we shall be roused to exertion, and
prompted to seek out opportunities of discovering such
of the operations now in progress, as do not present
themselves readily to view. We are called vpon, in
our researches into the state of the earth, as in our
endeavours to comprehend the mechanism of the
heavens, to invent means for overcoming the limited
range of our vision. We are perpetually required to
bring, as far as possible, within the sphere of observa-
tion, things to which the eye, unassisted by at, could
never obtain access.

Tt was not an impossible contingency, that astrono-
mers might have been placed at some period in a
situation much resembling that in which the geologist
seems to stand at present. If the Italians, for example,
in the early part of the twelfth century, had discovered
at Amalphi, instead of the pandects of Justinian, some
ancient manuscripts filled with astronomical bserva-
tions relating to a period of three thousand years, and

voL. L. o
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‘made by some ancient geometers who possessed optical
instruments as perfect as any in modern Europe, they
would probably, on consulting these memorials, have
come to & conclusion that there had been a great
revolution in the solar and sidereal systems. « Many
primary and secondary planets,” they might say, ¢ are
enumerated in these tables, which exist no longer.
Their positions are assigned with such precision, that
we may assure ourselves that there is nothing in their
place at present but the blue ether. Where one staris
visible to us, these documents represent several thou-
sands. Some of those which are now single, consisted
then of two separate bodies, often distinguished by dif-
ferent colours, and revolving periodically round a com-
mon cenreof graiy. There is no anlogy to them in
the unive t; for they
nor planets, b b ;
of sun and planet to each other. We must conclude,
therefore, that there hus occurred, at uo dsant period,
whereby thousands of worlds

have been annihilated at once, and some heavenly
bodies absorbed into the substance of others.” When
such doctrines had prevailed for ages, the discovery of
one of the worlds, supposed to have been lost, by aid
of the first rude telescope invented after the revival of
science, would not dissipate the delusion for the whole
burden of proof would now be thrown on those who
insisted on the stability of the system from a remote
period, and these philosophers would be required to
demonstrate the existence of all the worlds said to
have been annihilated.

Such popular prejudices would be most unfavourable
to the advancement of astronomy ; for, instead of per-
Severing in the attempt to improve their instruments,
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and laboriously to make and record observations, the

cxistence of the heavenly bodics not visible to the
naked eye. Instead of confessing the extent of their
ignorance, and striving to remove it by bringing to light
new facts, they would be engaged in the indolent em-
ployment of Framing imaginary theories concerning
catastrophes and mighty revolutions in the system of
the universe.

For more than two centuries the shelly strata of the
Subapennine hills afforded matter of speculation to the
early geologists of Italy, and few of them had any
suspicion that similar deposits were then forming in the
neighbouring sea. They were as unconscious of the
continued action of causes still producing similar
effects, as the astronomers, in the case before sup-
posed, of the existence of certain heavenly bodies still
giving and reflecting light, and performing their move-
ments as of old. Some imagined that the strata,
so rich in organic remains, instead of being due to
secondary agents, had been so created in the begin-
ning of things by the fiat of the Almighty; and others
ascribed the imbedded fossil bodies to some plastic
power which resided in the earth in the early ages of
the world. At length Donati explored the bed of the
Adriatic, and found the closest resemblance between
the new deposits there forming, and those which
constituted hills above a thousand feet high in various
parts of the peninsula. He ascertained that certain
genera of living testacea were grouped together at the
bottom of the sea in precisely the same manner as
were their fossil analogues in the strata of the hills,
and that some species were common to the recent and
fossil world. - Beds of shells, moreover, in the Adriatic,

G2
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were becoming incrusted with calcareous rock: and
others were recently enclosed in deposits of sand and
clay, precisely as fossil shells were found in the hills.
This splendid discovery of the identity of modern and
ancient submarine operations was not made without the.
aid of artificial instruments, which, like the telescope,
brought phenomena into view not otherwise within the
sphere of human observation.

In like manner, in the Vicentin, a great series of
volcanic and marine sedimentary rocks was examined
in the early part of the last century ; but no geologists
suspected before the time of Arduino, that these were
partly composed of ancient submarine lavas. If, when
these inquiries were first made, geologists had been
told that the mode of formation of such rocks might be
fully elucidated by the study of processes then going
on in certain parts of the Mediterranean, they would
have been as incredulous as geometers would have
been before the time of Newton, if any one had in-
formed them that, by making experiments on the
‘motion of bodies on the earth, they might discover the
laws which regulated the movements of distant planets.

‘The establishment, from time to time, of numerous
points of identification, drew at length from geologists
& reluctant. admission, that there was more corre-
spondence between the physical constitution of the
globe, and more uniformity in the laws regulating the
changes of its surfuce, from the most remote eras to the
present, than they at first imagined. If, in this state
of the science, they still despaired of reconciling every
class of geological phenomena to the operations of
ordinary causes, even by straining analogy to the ut-
‘most limits of credibility, we might have expected, at
Jeast, that the balance of probability would now have
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been presumed to incline towards the identity of the
causes. But, after repeated experience of the failure
of attempts to speculate on different classes of geo-
logical phenomens, as belonging to a distinct order of
things, each new sect persevered systematically in the
principles adopted by their predecessors. They in-
variably began, as each new problem presented itself,
whether relating to the animate or inanimate world,
to assume in their theories, that the economy of nature
was formerly governed by rules for the most part
independent of those now esteblished. Whether they
endeavoured to account for the origin of certain igneous
Tocks, or to explain the forces which elevated hills or
excavated valleys, or the causes which led to the
extinction of certain races of animals, they first pre-
supposed an original and dissimilar order of nature;
and when at length they approximated, or entirely
came round to an opposite opinion, it was always with
the feeling, that they conceded what they were justified
2 priori in deeming improbable. In a word, the same
men who, as natural philosophers, would have been
most incredulous respecting any extraordinary devia-
tions from the known course of nature; if reported to
have happened in their own time, were equally disposed,
a8 geologists, to expect the proofs of such deviations
at every period of the past.

now pi Pr
dificulies still apposed 1 the theary of the uniformity
of the causes which have worked successive changes in
the crast of the earth, and in the condition of its living
inhabitants. The discussion of so important a question
on the present occasion may appear premature, but it
is one which naturally arises out of a review of the
former history of the science. It is, of course, impos-
68
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sible to enter fully into such speculative topics, without
occasionally carrying the novice beyond his depth, and
appealing to facts and conclusions with which he must
as yet be unacquainted ; but his curiosity cannot fail
to be excited by having his attention at once called to
some of the principal points in controversy, and after
reading the second, third, and fourth books, he may
return again to these preliminary essays with increased
interest and profit.

First, then, it is undeniable, that many objections to
the doctrine of the uniform agency of geological causes
have been partilly or entirely removed by the pro-
gress of the science in the last forty years. It was
objected, for example, to those who endeavoured to
explain the formation of sedimentary strata by causes
now in diurnal action, that they must teke for granted
incalculable periods of time. Now the time which
they required has since become equally requisite to
account. for another class of phenomena brought to
Tight by more recent investigations. It must always
‘have been evident to unbiassed minds, that successive
strata, containing, in regular order of superpositon,
distinct beds of shells and corals, arranged in families
as they grow at the bottom of the sea, could only have
been formed by slow and insensible degrees in a great
Iapse of ages: yet, until organic remains were minutely
examined and specifically determined, it was rarely
possible to prove that the series of deposits met with
in one country was not formed simultaneously with
that found in another. But we are now able to deter-
mine, in numerous instances, the relative dates of sedi-
‘mentary rocks in distant regions, and to show, by their
organic remains, that they were not of contemporary
origin, but formed in succession. We often find, that
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where an interruption in the consecutive formations in
one district is indicated by a sudden transition from
one assemblage of fossil species to another, the chasm
is filled up, in some other district, by other important
groups of strata.*

‘The more attentively we study the European conti-
nent, the greater we find the extension of the whole
series of geological formations. No sooner does the
calendar appear to be completed, and the signs of a
succession of physical events arranged in chronological
order, than we are called upon to intercalate, as it
were, some new periods of vast duration. A geologist,
whose observations have been confined to England, is
accustomed to consider the superior and newer groups

‘marine strata in our island as modern,—and such
they are, comparatively speaking; but when he has
travelled through the Italian peninsula, and in Sicily,
and has seen strata of more recent origin forming
‘mountains seversl thousand feet high, and has marked
4 long seriesboth of volcanic and submarine operations,
all newer than any of the regular strata which enter
largely into the physical structure of Great Britain, he
returns with more exalted conceptions of the antiquity
of some of our modern deposits, than he before enter-
tained of the oldest of the British series.

We cannot reflect on the concessions thus extorted
from us, in regard to the duration of past time, without
foreseeing that the period may arrive when part of the
Huttonian theory will be combated on the ground of
its departing too far from the assumption of uniformity
in_the order of nature. On a closer investigation of
extinet volearios, we find proofs that they broke out

* See Book iv. chap. iii.
o4
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at successive eras, and that the eruptions of one group
were often concluded long before others had com-
menced their activity. Some were burning when one
class of organic beings were in existence, others came
into action when a different and new race of animals
and plants existed: — it is more than probable, there-
fore, that the convulsions caused by subterranean move-
‘ments, which seem to be merely another portion of the
volcanic phenomena, have also occurred in succession ;
and their effects must be divided into separate sums,
and assigned to separate periods of time. Nor is this
all: when we examine the volcanic products, whether
they be lavas which flowed out under water, or upon
dry land, we find that intervals of time, often of great
length, intervened between their formation, and that
the effects of single eruptions were not greater in
amount than those which now result from ordinary
volcanic convulsions. The accompanying or preceding
earthquakes, therefore, may be considered to have been
also successive, often interrupted by long intervals of
ime, and not to have exceeded in violence those now
experienced in the ordinary course of nature.
Already, therefore, may we regard the doctrine of
the sudden elevation of whole continents by paroxysmal
eruptions as invalidated; and there was the greatest
inconsistency in the adoption of such a tenet by the
Huttonians, who were anxious to reconcile former
changes to the present economy of the world. It was
contrary to analogy to suppose, that Nature had been
at any former epoch parsimonious of time and prodigal
of violence —to imagine that one district was not at
rest, while another was convulsed—that the disturbing
forces were not kept under subjection, so as never to
carry simultaneous havoc and desolation over the




v ANCIENT AND MODERN CAUSES. 129

whole earth, or even over cne great region. If it
could have been shown, that a certain combination of
circumstances would at some future period produce a
crisis in the subterranean action, we should certainly
have had no right to oppose our experience for the
Iast three thousand years as an argument against the
probability of such occurrences in past ages ; but it is
not pretended that such a combination can be foreseen.

In speculating on catastrophes by water, we may
certainly anticipate great floods in future, and we may
therefore presume that they have happened again and
again in past times. The existence of enormous seas
of fresh water, such as the North American lakes, the
largest of which is elevated more than six hundred
feet above the level of the acean, and is in parts twelve
hundred feet deep, is alone suffcient to assure us, that
the time may come, however distant, when a deluge
may lay waste a considerable part of the American
continent. The depression, moreover, of part of Asia,
bordering the Caspian Sea, to a depth of from one to
three hundred feet below the level of the ocean,
might essily give rise to a similar catastrophe.* No
hypothetical agency is required to cause the sudden
escape of the waters. Such changes of level, and
opening of fissures, as have accompanied earthquakes
since the commencement of the present century, o
such excavation of ravines as the receding cataract
of Niagara is now effecting, might breach the barriers.
Notwithstanding, therefore, that we have not witnessed
within the last three thousand years the devastation
by deluge of a large continent, yet, as we may predict
the future occurrence of such catastrophes, we are

* See Book iv.
G5
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authorized to regard them as part of the present order
of Nature; and they may be introduced into geological
speculations respecting the past, provided we do not
imagine them to have been more frequent or general
than we espect them to be in time to come.

The great contrast in the aspect of the older and
newer rocks, in their texture, structure, and in the
derangement of the strata, appeared formerly one of
the strongest grounds for presuming that the causes
to which they owed their origin were perfectly dis-
similar from those now in operation. But this in-
congruity may now be regarded as the natural result
of subsequent modifications, since the difference of
relative age is demonstrated to have been immense, s0
that, however slow and insensible the change, it must
have become important in the course of so many ages.
In addition to the infiuence of volcanic heat, we must
allow for the effect of mechanical pressure, of chemical
affinity, of percolation by mineral waters, of permeation
by elastic fiuids, and the action, perhaps, of many
other forces less understood, such s electricity and
magnetism. In regard to the signs of the upraising,
sinking, fracture, and contortion of rocks, it is evident
that newer strata cannot be shaken by earthquakes,
unless the subjacent rocks are also affected; so that
the contrast in the relative degree of disturbance in
the more ancient end the newer strata, is one of many
proofs that the convulsions have happened in different
eras, and the fact confirms the uniformity of the action

forces, instead of their greater violent
in the primeval ages.

Doctrine of Universal Formations.— The popular
doctrine of universal formations, or the unlimited
geograpbical exteat of strata, distinguished by similar
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mineral characters, appeared for a long time to present
insurmountable objections to the supposition, that the
earth's crust had been formed by causes now acting.
If it had merely been assumed, that rocks originating
from fusion by subterranean fire presented in all parts
of the globe a perfect correspondence in their mineral
composition, the assumption would not have been
extravagant; for, as the elementary substances that
enter largely into the composition of rocks are few in
number, they may be expected to arrange them-
selves invariably in the same forms, whenever the
elementary particles are freely exposed to the action
of chemical affinities. But when it was imagined that
sedimentary mixtures, including animal and vegetable
remains, and evidently formed in the beds of an-
cient lakes and seas, were of a homogeneous nature
\roughout a whole hemisphere, the dogma pre-
cluded at once all hope of recognizing the slightest

between the ancient and modern causes of
decay and reproduction. We know that existing
rivers carry down from different mountain chains
sediment of distinct colours and composition: where
the chains are near the ses, coarse sand and gravel
is swept in; where they are distant, the finest mud.
‘We know, also, that the matter introduced by springs
into lakes and seas is very diversified in mineral
composition; in short, contemporaneous strata now in
the progress of formation are greatly varied in their
composition, and could never afford formations of
homogeneous mineral ingredients co-extensive with
the greater part of the earth’s surface.

This theory, however, is in truth as inapplicable to
the effects of those operations to which the formation
of the earth's crust is due, as to the effects of existing

G 6
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causes. The first investigators of sedimentary rocks
had never reflected on the great areas occupied by
the modern deltas of large rivers; still less on the
much greater areas over which marine currents, prey-
ing alike on river-deltas, and continuous lines of sea-
coust, diffuse homogeneous mistures. They were
ignorant of the vast spaces over which calcareous and
other mineral springs abound upon the land and in
the sea, especially in and near volcanic regions, and
of the quantity of matter discharged by them. When,
therefore, they ascertained the extent of the geo.
graphical distribution of certain groups of ancient
strata—when they traced them continuously from one
extremity of Europe to the other, and found them
flanking, throughout their entire range, great mountain
chains, they were astonished at so unexpected a dis-
covery; and, considering themselves at liberty to
disregard all modern analogy, they indulged in the
sweeping generalization, that the law of continuity
prevailed throughout strata of contemporaneous origin
over the whole plaet. The diffculty of dissipating
this delusion was extreme, because some rocks, formed
under similar circumstances at different epochs, pre-
sent the same external characters, and often the same
internal composition; and all these were assumed to
be contemporaneous until the contrary could be shown,
‘which, in the absence of evidence derived from direct
superposition, and in the scarcity of organic remains,
was often impossible.

Tnnumersble other false generalizations have been
derived from the same source; such, for instance, as
the former universality of the ocean, now disproved
by the discovery of the remains of terrestrial vegetation
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in strata of every age, even the most ancient. But I
shall dell no longer on exploded errors, but proceed
at once to contend against weightier objections, which
will require more attentive consideration.
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CHAPTER VL

FURTHER EXANINATION OF THE QUESTION 45 TO THE
DISCORDANCE OF THE ANCIENT AND MODERN CAUSES
OF GHANGE.

‘Proofs that the climate of the Northern Hemisphere was formerly
hotter — Direct proofs from the organic remaias of the Sicilizn
‘end Talian strata — Proofs from analogy erived from extinct.

Tmbedding of Animals in
Macumoths— Evidence in regard to temperature, from the fos-
sls of tertiary and secondsry rocks — From the Plants of the
Coal formation — Northern limit of these fossils — Whetber
such plants could endure the long continuance of en arctic
might.

Climate of the Northern Hemisphere formerly hotter.—
Trat the climate of the Northern hemisphere has un-
dergone an important change, and that its mean annual
temperature must once have resembled that now ex-
‘perienced within the tropics, was the opinion of some of
the. ists who investi ofthe

L Thetr con
when the shells and corals of the secondary rocks were
more carefully examined for these organic remains
swere found to be intimately connected by generic affin-
ity with species now living in warmer latitudes. Ata
later period, many reptiles, such as turtles, tortoises,
and large saurian animals, were discovered in European
formations in great sbundance; and they supplied new
and powerful arguments, from analogy, in support of
the doctrine, that the heat of the climate had been
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great when our secondary strata were deposited.
Lastly, when the botanist turned his attention to the
specific determination of fossil plants, the evidence ac-
quired the fullest confirmation ; for the flora of a coun-
try is peculiarly influenced by temperature: and the
ancient vegetation of the earth might, more readily
than the forms of animals, have afforded conflicting
proofs, had the popular theory been without foundation.
When the examination of animal and vegetable remains
was extended to rocks in the most northern parts of
Europe and North America, and even to the -Arctic
regions, indications of the same revolution in climate
were discovered.

It cannot be said, that in this, as in many other de-
partments of geology, we have investigated the phe-
nomena of former eras, and neglected those of the
present. sate of things. On the contary, since the
to0 our knawledge of living animals and. plants have been
immense, and have far surpassed all the data previously
obtained for generalizing, concerning the relation of
certain types of organization to particular climates.

The tropical and temperate zones of South America
and of Australia have been explored; and, on close
‘comparison, it has been found, that scarcely any of the
species.of the animate creation in these extensive con-

with those i ld world.
et the zoologist and botanist, well acquainted with the
geographical distribution of organic beings in other
parts of the globe, would have been able, if distinct.
‘groups of species had been presented to them from
these regions, to recognize those which had been col-
lected from latitudes within, and those which were
brought from without the tropics.
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Before I attempt to explain the probable causes of
great vicissitudes of temperature on the earth's sur-
face, I shall take & rapid view of some of the principal
data which appear to warrant, to the utmost extent,
the popular opinions now entertained on the subject.
To insist on the soundness of the inference, is the mere
‘mecessary, because some zoologists have of late under-
taken to vindicate the uniformity of the laws of nature,
not by accounting for former Auctuations in climate,
but by denying the value of the evidence in their
favour.*

Direct procfs from the fossl remains of lving specis.

that we

led to infer a diminution of temperature in the climate
of Europe there are direct proofs in confirmation of
the same doctrine, in the only countries hitherto in-
vestigated by expert geologists where we could expect
to meet with such proofs. It is not in England or
Northern France, bt around the borders of the Medi-
ferranean, from the South of Spain to Calabriz, and in
theislands of the Mediterranean, that we must look for
conclusive evidence on this question ; for it is not in
strata where the organic remains belong to extinct
species, but where living species abound in a fossil
state, that a theory of climate can be subjected to the
experimentum cracis. In Sicily, Ischiz, and Calabria,
where the fossil testacea of the more recent strata
Delong almost entirely to species now inhabiting the
Mediterranean, the conchologist remarks, that indi-
viduals in the inland deposits often exceed in their
average size their living analogues, s if the circum-

* Seo two articles by the Rer. Dr. Fleming, in the Edinburgh
New Phil. Journ. No. xil. p. 277., April, 1829; and No. xv.
P- 65,, Jan. 1830.
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stances under which they formerly lived were more
favoursble to their development.*  Yet no doubt can
be entertained, on the ground of such difrence in
individuals of many of these species still attain, in
warmer latitudes, the average size of the fossils.

As we proceed northwards in the Italian peninsula,
and pass from the region of active, to that of extinct
volcanos—from districts now violently convulsed from
time to time, to those which are comparatively undis-
turbed by earthquakes, we find the assemblage of fossil
shells, in’ the modem (Subspennine) strata, to depart
somewhat more widely from the type of the neighbour-

ing seas. The proportion of species identifisble with
those now living in the Mediterranean is still consider-
able; but it no longer predominates, as in the South
of Italy, over the unknown species. Although oc-
curring in localities which are removed several degrees
farther from the equator, (as at Sienna, Parma, Asti,
&c.) the shells yield clear indications of a hotter cli-
mate. Many of them are common to the Subapennine
hills, to the Mediterranean, and to the Indian Ocean.

Lot vt bunded seisof sl in Sy, it
I one thousan

b b et o s e o e B o
partly from an elevation of abose one thousand feet, and these

species for the most part identical with those now living, but the
relative abundance in which different species occur in the strata
and in the sea corresponds in a remarkable manner. Vet the
larger average size of the fossil individuals of many species was
‘very serking. A comparison of the fossil shells of the more mo-
dern strata of Calabria and Otranto, in the collection of Profescor
Costa, afforded similar results.
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Those in the fossil state, and their living analogues
from the tropics, correspond in size; whereas the in-
dividuals of the same species from the Mediterranean
are dwarfish and degenerate, and stunted in their
growth, for want of conditions which the Indian Ocean
still supplies. *

This evidence amounts to demonstration, and is not
neatralized by any facts of a conflicting character; such,
for instance, as the association, in the same group, of
individuals referrible to species now confined to arctic
regions. On the contrary, whenever any of the fossil
shells are identified with living species foreign to the
Mediterranean, it is ot in the Northern Ocean, but
between the tropics, that they must be sought.t On

* Professors Guidotti of Parma, and Bonelli of Turin, pointed
out to me, in 1638, many examples in confirmation of s point.
Among others, I may mention that Bulla lignaria, a very com-
mon shll, is sariably found fosl i che morh of Ty of the

ver, of this great size are sid to have been found st La Rochelle.
The common Orthoceras of the Mediterranean, O. raphanista,
attaivs larger average dimensions in & fossl, than in a recent
state,

+ Thus, for example, Rostellaia curvirostris, found fossil by
Sigaor Bonelli near Turin, is only known at preseat a5 an Tndian
shell. - Durex corautus, fosi at Asti i now oaly knowa recent
in varmer latitudes, the only locslies given by Linneus and
Lauarck being the African and Great Indisn Oceans. ~Senegal
is the principal known habitat at present. Cous antediluvi-
isinguished from & shell now brought from
Owhyhes.  Among other familsr instances mentioned to me by
Tl il s cnfimtion. of fo o s i
clathratum, Lam., was cited; but Professor Costa
it s el g sty vy ol s B s MR,
temanean. - M. Desbayes informs me that be bas received it from
the Tndies.
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the other hand, the associated unknown species belong,
for the most part, to genera which are now most largely
developed in equinoctial regions, as, for example, the
genera Pleurotoma and Cypreea.®

When we proceed to the central and northern parts
of Burope, far from the modern theatres of volcanic
action, where no considerable inequalities of the earth’s
surface have been produced, and where few marine
strata have been upheaved since the present species
were in existence, our oppartunities are necessarily
more limited of procuring evidence. In such re-
gions it is only in lacustrine deposits, or in ancient
river-beds, or in the sand and gravel of land-foods, or
the stalagmite of ancient caverns, that we can ob-
tain proofs of the changes which animal life under-
went during the deposition of the marine formations
before adverted to. We often find, in such situations,
the remains of extinct species of quadrupeds, such as
the elephant, rhinoceros, hippopotamus, hyns, and
tiger, which belong to genera now confined to warmer

ions.

Tt seems, therefore, fair to infer, that the same
change of climate which has caused certain Indian
species of testacea to become rare, or to degenerate in
size, or to disappear from the Mediterranean,—and

i th ine hills, ively

* Of the genus Pleurotoma  very few living representatives
Bave yet been found in the Mediterranean; yet no less than
twenty-five species are now tobe seen in the museum a¢ Turin, all
procured by Professor Bonelli from the Subapennine stzata of
porthern Ttaly. ~The genus Cypreea is represented by many large
fossil species in the Subapennine hills, with which are associated
‘one small and two or three minute species of the same genus, now
found in the Mediterranean.
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tropical, to retain no longer any representatives in the
adjoining seas, —may also have contributed to the
annihilation of certain genera of land-mammifera, which
inhabited the continents at about the same epoch.
‘The mammoth (Elephas primigenius), and other extinct
animals of the same era, may not have required the
same temperature as their living congeners within the
tropics; but we may infer that the climate was milder
than that now experienced in some of the regions once
inhabited by them, because, in Northern Russia, where
their bones are found in immense numbers, it would
be difficult, if not impossible, for such animals to
obtain subsistence at present during an arctic winter.

I fully agree with Dr. Fleming, that the kind of food
which the existing species of elephant prefers will not
enable us to determine, or even to offer a feasible con-
Jecture, concerning that of the extinct species. No
one, as he observes, acquainted with the gramineous
character of the food of our fallow-deer, stag, or roe,
would have assigned a lichen to the rein-deer. But,
admitting that the trees and herbage on which the
fossil elephants and rhinoceroses may have fed were
not of a tropical character, but such perhaps as now
growin the temperate zone, it is still highly improbable
that the vegetation which nourished these great qua-
drupeds was as scanty as that of our arctic regions, or
that it was covered during the greater part of every
year by snow.

Tt has been said, that as the modern northern animals
migrate, the Siberian elephant and rhinoceros may
also have shifted their place to southern latitudes
during the inclemency of the season.* That the mam-

* Dr. Fleming, Edin. New Phil. Journ, No. xi. p. 985. April,
1890,
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moth continued for a long time to exist in Siberia
after the winters had become extremely cold, is
demonstrable; since their bones are found in icebergs,
and in the frozen gravel, in such abundance as could
only have been supplied by many successive gener-
ations. o many skeletons could not have belonged to
herds which lived at one time in the district, even if
those northern countries had once been clothed with
vegetation as luxuriant as that of an Indian jungles

Tilesius, after giving an account of the immense
quantity of mammoth’s bones which had been pro-
cured from the frozen soil of Siberia, justly observes,
that the number of elephants now living on the globe
must be greatly inferior to those which occur fossil in
those northern regions.*

But, if we suppose the change to have been ex-
tremely slow, and to have consisted, not so much in a
diminution of the mean annual temperature as in an
alteration from what has been termed an “ insular” to
an «excessive” climate,—from one in which the
temperature of winter and summer were nearly equal-
ized to one wherein the seasons were violently con-
trasted, —we may perhaps explain the phenomenon.
Siberia and other arctic regions, after having possessed
for ages a more uniform temperature, may, after certain
changes in the form of the arctic land, to be considered
bereaftert, have become occasionally exposed to ex-
tremely severe winters. When these first occurred,
the valleys may have been, in summer at least, clothed
with abundant vegetation; and herds of herbivorous
quadrupeds may occasionally have been surprised and

* Memoirs of the Academy of St. Petersburgh, voL. v,
+ See Chap. vii,
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buried in snow and ice, by avalanches descending from

the higher regions, 2s often happens to cattle and

human beings overwhelmed in the Alpine valleys of
itzerland. If a series of

the geographical changes which altered the climate,

we may suppose the repetition of such catastrophes to

have been indefinite.

That the greater part of the clephants lived in
Siberia after it had been subject to intense cold, is
confirmed, among other reasons, by the state of the
ivory which has been so largely exported in commerce.
Tts perfect preservation indicates that, from the period
when the individuals died, their remains were either
buried in a frozen soil, or at least were not exposed to
decay in @ warm atmosphere. The same conclusion
‘may be deduced from the clothing of the mammoth,
of ‘which the entire carcass was discovered by Mr.

Adams on the shores of the frozen ocean, near the
mouth of the river Lens, inclosed in a mass of ice.
The skin of that individual was covered with long hair
and with thick wool about an iach in length.*

* Bishop Heber informs us (Narr. of a Journey throngh the
Upper Provinces of Indis, vol. ii. p. 166—219.), that in the
Jower range of the Himalays mountains, in the north-castern
borders um. ‘Delhi teritory, between lat. 29° and 907, be saw

Todian elephant of a small size, covered with shaggy bair. But
= Rosle (st superneodant of the Esst Tnda Company’s

‘Garden at Saharumpore) bas assured me, that being in
ot e b Jourad appared, and bering never st
eardof sch lphansy b made the st squiies epeciog

tion. M. Royle resided st Sabarumpore, mwn, upon the
eatreme northern limit of the range of the elephant. ~ Although he
found Heber's notes to be full of inaccuracies on botanical snd
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In regard to the imbedding of mammiferous remains
in frozen wud and compact ice, I may observe that,
besides the avalanches of snow above alluded to, deep
crevices filled with drift snow traverse the glaciers of
arctic regions, like the deep rents seen in the mer de
glace on Mont Blanc. Thus in Spitzhergen, where
bears, foxes, and deer abound, the snow collected in
such icy fissures is described as being occasionally
frozen over on the surface, and hard enough to bear
a considerable weight. Dr. Latta relates that, while
crossing a glacier in Spitzbergen, one of these treach-
erous bridges of snow gave way with him, so that he
narrowly escaped being precipitated into the body of
a glacier.* Dr. Richardson tells me that, in North
America, about lat. 65°, he found the carcass of a deer
which had fallen into a fissure in a rock, buried in
snow, and the flesh, although the animal must have
been dead three months, had only become slightly
putrescent. In fissures traversing a slippery glacier,
these accidents must be frequent whenever herbivo-
rous animals pass over them in their migrations, or
hastily cross them when pursued by beasts of prey.

of drift snow into
and icebergs, when it happens to become covered over
with alluvial matter transported by torrents and floods,
is by no means a rere phenomenon in the arctic
regions. Along the coast, in particular, E. and W. of

other subjects connected with natural history, be does not venture
to suppose the Bishop to have been mistaken in regard to the cle-
phant; but it e s s lee that such & ety must be exceede
ingly rare,

* Edin. New Phil. Joum. No. v. .95, June, 1627.
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the Mackenzie river, when the sea s frozen over, the
snow drifted from the land forms a talus abutting
against a perpendicular clift. On the melting of the
snow, torrents rush down from the land, charged with
gravel and soil, and, fulling over the edge of the cli
Govet the snow, whih i often of sousidecalfrdepth,
with allusium. Water, if any infiltration takes place,
is frozen before it penetrates to the bottom of the mass,
which is at last consolidated into 2 compact iceberg,
protected from the heat of the sun by a covering of
alluvium, on which vegetation often flourishes.

T am indebted to Dr. Richardson for this information,
who has seen permanent glaciers forming in this
‘manner in districts of North America now inhabited
Dy many large herbivorous animals. The same process
must evidently take place under river-cliffs, as well as
along the sea-shore.

Recent investigations have placed beyond all doubt
the important fact that a species of tiger, identical
with that of Bengal, is common in the neighbourhood
of Lake Aral, near Sussac, in the forty-fifth degree of
north latitude ; and from time to time this animal is
now seen in Siberia, in a latitude as far north as the
parallel of Berlin and Hamburgh.* Humbold: re-
marks that the part of southern Asia now inhabited by
this Indian species of tiger is separated from the Him-
alaya by two great chains of mountains, each covered
with perpetual snow,—the chain of Kuenlun, N. lat. 85°,
and that of Moustagh, lat. 49°—so that it is impossible:
that these animals should have merely made excursions
from India, so as to have penetrated in summer to the

* Humboldt, Fragmens de Géologie, &e. tome i
berg, Ann. des Sci. Nat., tome xxi. p. 387.

p. 388
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forty-eighth and fifty-third degrees of north latitude.
They must remain all the winter north of the Mouz.
tagh, or Celestial Mountains. The last tiger killed, in
1828, on the Lena, in lat. 524°, was in a climate colder
than that of Petersburgh and Stockholm.*

A new species also of panther ( Felis irbis), covered
with long hair, has been discovered in Siberia, evidently
inhabiting, like the tiger, a region north of the Celestigl
Mountains, which are in lat. 42°

These facts by no means invalidate the inference
that the temperature of the northern hemisphere was

g g e

3 3
tiger, hyans, and other genera, abounded in high laci.
tudes, but they may throw much light on the evidence
which geology affords of certain individuals of these
races having been enabled to survive down to compara-
tively modern times. ~ A long series of ages may have
intervened between the periods when such species were
most flourishing and the era of their final extinction,
The mammoth certainly appears to have survived in
England when the temperature of our latitudes could
not have been very different from that which now
prevails; for remains of this animal have been found
at North CIiff, in the county of York, in a lacustrine
ion, in which all the land and freshwater shells,
thirteen in number, can be identified with species and
varieties now existing in that county. Bones of the
bison also, an animal now inhabiting a cold or temper-
ate climate, have been found in the same place. That
these quadrupeds, and the indigenous species of tes.
tacea associated with them, were all contemporary
inbabitants of Yorkshire, has been established by un-
equivocal proof. The Rev. W. V. Vernon Harcourt

® Ehrenberg, Ann. des Sci. Nat. tom. xxi. p. 390, 4 Ibid.
VOL. 1. B
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caused @ pit to be sunk to the depth of twenty-two
feet through undisturbed strata, in which the remains
of the mammoth were found imbedded, together with
the shells, in a deposit which had evidently resulted
from tranquil waters.

Progfs from analogy of extinct species.—1f we pass
from the consideration of these more modern deposits,
whether of marine or continental origin, in which
existing species are abundantly intermixed with the
extinct, to the Eocene or older tertiary strata, we.
can only reason from analogy ; since none of the species
of vertebrated animals, and scarcely any of the testacea
of those formations, are identifiable with species now
in being. In the deposits of that more remote period,
we find the remains of many animals analogous to
those of hot climates, such as the crocodile, turtle,
and tortoise, together with many large shells of the
genus nautilus, and plants indicating such a temper-
ature s is now found along the southern borders of
the Mediterrancan.

A great interval of time appears to have clapsed
between the deposition of the last-mentioned Eocene
strata, and the secondary formations, which constitute
the principal portion of the more clevated land in
Europe. In these secondary rocks a very distinct
assemblage of organized fossils are entombed, all of
unknown species, and many of them referrible to
genera and families now most abundant between the
Among the most remarkable are many gi-
gantic reptiles, some of them herbivorous, others
carnivorous, and for exceeding in size any now known

* Phil. Mag. Sept. 1699 and Jan. 1650,
+ See Book iv. ch. v.
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even in the torrid zone. ‘The genera are for the most
part extinct, but some of them, as the crocodile and
‘monitor, have still representatives in the warmer parts
of the earth. Coral reefs also were evidently numerous
in the seas of the same period, and composed of
species belonging to genera now characteristic of a
tropical climate. The number of immense chambered
shells also leads us to infer an elevated temperature ;
and the associated fossil plants, although imperfectly
known, tend to the same conclusion, the Cycadew
constituting the most numerous family.

But the study of the more ancient coal deposits
has yielded the most extraordinary evidence of an
extremely hot climate; for it appears from the fos-
sils of that period that the flora consisted almost ex-
clusively of large vascular cryptogamic plants. We
learn, from the labours of M. Ad. Brongniart, that
there existed at that epoch Equiseta upwards of ten
feet high, and from five to six inches in diameter ;
tree ferns, or plants allied to them, of from forty to
fifty feet in height, and arborescent Lycopodiaces,
of from sixty to seventy feet high.* OF the above
classes of vegetables, the species are all small at pre-
sent in cold climates; while in tropical regions there
oceur, together with small species, many of a much
greater size, but their development at present, even
in the hottest parts of the globe, is inferior to that
indicated by the petrified forms of the coal formation,
An clevated and uniform temperature, and great hu-
midity in the air, are the causes most favourable for
the numerical predominance and the great size of
these plants within the torrid zone at present. Tt is

* Consid. Générales sur la Nature de la Végétation, &c. Ann.
des Sci. Nat., Nov. 1825,

neg
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true that as the fossil flora consists of such plants as
may accidentally have been floated into seas, lakes,
or estuaries, it may often, perhaps always, give a false
representation of the numerical relations of families
then living on the land. Yet, after allowing for all lia-
bility to error on these grounds, the argument founded
on the comparative numbers of the fossil plants of the -
carboniferous strata is very strong.

«In regard to the geographical extent of the ancient
vegetation, it was not confined,” says M. Brongniart,
«to a small space, as to Europe, for example; for
the same forms are met with again at great distances.
Thus, the coal plants of North America are, for the
most part, identical with those of Europe, and all
belong to the same genera. Some specimens, also,
from Greenland are referrible to ferns, analogous to
those of our European coal mines; and it appears,
from the description of those brought from Baffin's
Bay by Captain Parry, but which I have not examined
myself, that they belong to very similar species.”*

The fossil plants brought from Melville Island,
although in a very imperfect state, have been sup-

osed to warrant similar conclusions ; and assumi
that they should agree with those of Baffin's Bay,
mentioned by M. Brongniart, how shall we explain
the manner in which such a vegetation lived through
an arctic night of several months’ duration 7§

* Prodrome d'une Hist. des Végée. Foss. p. 179.

+ Knig, Journ. of Sci. vol. xv. p.20. Mr. Kinig informs
e that he no longer believs any of these fossil to be tre fers,
as he at first stated, but that they agree with tropical forms of
plants in our English coal-beds, The Melville Tsland specimens,
now in the Britsh Museu, are very obscure impressions.

4 Fossil Flora of Great Britain, by John Lindley and William
Huton, Biqrs.  No. IV
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‘This point has of late been dwelt upon by Professor
Lindley, as one of considerable difficulty* s and he is
even fiin to resort again to the favourite hypothesis
of earlier theorists —a derangement in the position of
the earth’s axis of rotation. But all astronomers are
agreed that speculations on such a change are inad-
missible, as being incompatible with the laws of equili-
brium. Even if a catastrophe, such as the callision of
& comet, be called in, and admitted as adequate to alter
the obliquity of the axis, the problem is by no means
solved for in that case the seas would have all rushed
to the new equator, and would probably still be insuf.
ficient to restore equilibrium.+ The bulge, also, of the
ancient equator ought still to be visible, crossing the
present Line at two points, whereas no such irregularity
exists in the form of the spheroid.

It may seem premature to discuss the question now
raised, until more accurate determinations have been
made respecting the true nature of the fossil flora of
the arctic regions; yet, as the question has attracted
some attention, let us assume for a moment, that the
coal plants of Melville Tsland are strictly analogous to
those of Northumberland — would such a fact preseat
an inexplicable enigma to the vegetable physiclogist ?

Plants, it is affirmed, cannot be retained in darkness,
even for a week, without serious injury, unless in a
torpid state ; and if exposed to heat and moisture they
cannot remain torpid, but will grow, and must there.
fore perish. If, then, in the latitude of Melville Island,
75° N, & high temperature, and consequent humidity,

* Fosil Flors, No. 1V.; and in his Lectures. Mr. Lindley tells
me, however, that he has not yet (Oct. 1833) had opportunities of
examining the fosil plants of high latitudes.

+ Mrs. Somerville’s Mech. of Heavens, Prel. Dise. p. 58.

EE)
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prevailed at that period when we know the arctic seas
were filled with corals and large multilocular shells,
how could plants of tropical forms have flourished?
Ts not the bright light of equatorial regions as indis-
pensable a condition of their well-being as the sultry
heat ies? and how could they
endure a night prolonged for three months?*

Now, we must bear in mind, in the first place, that,
5o far as experiments have been made, there is every
reason to conclude, that the range of intensity of light.
to which living plants can accommodate themselves is
far wider than that of heat. No palms or tree-ferns
can live in our temperate latitudes without protection
from the cold, but when placed in hot-houses they
grow luxuriantly, even under a cloudy sky, and where
much light is intercepted by the glass and frame-
work. At St. Petersburg, in lat. 60° N, these plants
bave been successfully cultivated in hot-houses, al-
though here they must exchange the perpetual equinox
of their native regions for days and nights which at cer-
tain seasons are protracted to nineteen hours, at others
shortened to five. How much farther towards the
pole they might continue to live, provided a due
quantity of heat and moisture were supplied, has not
yet been determined ; but St. Petersburg is probably
not the utmost limit, and we should expect that in
lat. 65° at least, where they would never remain twenty-
four hours without enjoying the sun's light, they might
still exist.

Nor must we forget that we are always speaking of
living species formed to inhabit within or near the
tropics. ‘The coal plants were of perfectly distinct

ly

* Fossl Flors, No. IV.
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species, and may have been endowed with a different
constitution, enabling them to bear a greater variation
of circumstances in regard to light. We find that par-
ticular species of palms and tree ferns require at present
different degrees of heat; and that some species can
thrive only in the immediate neighbourhood of the
equator, others only at a distance from it. In the
same manner the minimum of light, suficient for the
now existing species, cannot be taken as the standard
for all analogous tribes that may ever have flourished
on the glabe.

But should we concede, for the sake of argument,
that the extreme northern point to which a flora like
that of the carboniferous era could ever reach may be
somewhere between the latitudes of 65° and 70°, we
should still have to inquire whether the vegetable re-
mains might not have been drifted from thence, by
rivers and currents, to the parallel of Melville Island,
or sill farther. In the northern hemisphere, at pre-
sent, we see that the materials for future beds of
Tignite and coal are becoming amassed in high latitudes,
far from the districts where the forests grew, and. on
shores where scarcely a stunted shrub can now exist.
The Mackenzie, and other rivers of North America,
carry pines with their roots attached for many hundred
miles towards the north, into the arctic sea, where
they are imbedded in deltas, and some of them drifted
still farther by currents towards the pole.

Some of the appearances of our English coal fields
seem to prove that the plants were not floated from
great distances; for the outline of the stems of succu-
lent species preserve their sharp angles, and others have
their surfaces marked with the most delicate lines and
streaks. Long leaves, also, are attached in many in-

u4
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stances to the trunks or branches*; and leaves we
know, in general, are soon destroyed when steeped in
water, although ferns will retain their forms after an
immersion of several months.4 It seems fair to pre-
sume that the coal plants may have grown upon the
same land, the destruction of which provided materials
for the sandstones and conglomerates of the group of
strata in which they are imbedded ; especially as the
coarseness of the particles of many of these rocks
attests that they were not borne from very remote
Tocalities.

Before we are entitled to enlarge farther on this
question of transportation, we must obtain more precise
information mpmma the state of the \'lnous fnsﬂ]s
‘which h: in the
of high Tesdes1ad we e e whether ﬂxey bear
the marks of friction and decay previous to their fos-
silization.

To return, therefore, from our digression, the unin-
jured corals and chambered univalves of Iglulic, Melville
Tsland, and other high latitudes, suficiently prove that
during the carboniferous period, there was an elevated

even in northern on the
arctic circle. The heat and humidity of the air, and
the uniformity of climate, appear to have been most
remarkable when the oldest strata hitherto discovered
were formed. The approximation to a climate similar
to that now enjoyed in these latitudes does not com-
mence till the era of the formations termed tertiary:
and while the different tertiary rocks were deposited

* Fossil Fl 3
+ This bas been proved by Mr. Lindley, who is now conducting
a series of experiments on the subject.
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in succession, the temperature seems to have been still
further lowered, and to have continued to diminish
gradually, even after the appearance upon the earth of
a great portion of the existing species.

u5



CHAPTER VIL

FURTHER EXAMINATION OF THE QUESTION AS 7O THE
DISCORDANCE OF THE ANCIENT AND MODERN CAUSES
OF CHANGE.

On the causes of vicisitudes i climate — Remarks on the present
d@iffusion of heat over the globe — On the dependence of the
mean temperature on the relative positon of land and seams
Teothermal lines— Currests from equatoril regions — Drifting
of icebergs — Differen temmperature of Northern and Soutbern
hemispheres — Combinai ich mi
extreme cold of which the earth's surface s susceptible—.
Conditions necessary for the production of the extreme of heat,
end s probable ffects on organic life.

Causes of vicisstudes in Climate.— As the proofs
enumerated in the last chapter indicate that the earth's
surfice bas experienced great changes of climate since
the deposition of the older sedimeatary strata, we have
mext to inquire, how such vicissitudes can be reconciled
with the existing order of nature. The cosmogonist
‘has availed himself of this, as of every obscare problem
in geology, to confirm his views concerning a period
when the Jaws of the animate and inanimate world
differed essentially from those now established ; and
he has in this, as in all other cases, succeeded so
far, as to divert attention from that class of facts,
which, if fally understood, might probably lead to an
explanation of the phenomenon. At first it was ima-
gined that the earth's axis had been for ages perpen-
dicular to the plane of the ecliptic, o that there was a
perpetual equinox, and unity of seasons throughout
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the year; —that the planet enjoyed this paradisiacal’
state until the era of the great flood; but in that
catastrophe, whether by the shock of a comet, or some
other convulsion, it lost its equal poise, and hence the
obliquity of its axis, and with that the varied seasons
of the temperate zone, and the long nights and days
of the polar circles.

‘When the advancement of astronomical science had
exploded this theory, it was assumed, that the earth
at its creation was in a state of fiuidity, and red hot,
and that ever since that era it had been cooling down,
contracting its dimensions, and acquiring a solid crust,
—an hypothesis equally arbitrary, but more calculated
for lasting popularity, begiiuse, by referring the mind
directly to the beginning of things, it requires no sup-
port from observation, nor from any ulterior hypothesis.
They who are satisfied with this solution are relieved
from all necessity of inquiry into the present laws
which regulate the diffusion of heat over the surface ;
for, however well these may be ascertained, they can-
not. possibly afford a full and exact elucidation of the
internal changes of an embryo world.  As well might
a naturalist, by merely studying the plumage and
extemnal forms of full-fledged birds, hope to divine the
calour of their eggs, or the mysterious metamorphoses
of the yolk daring incubation.

But if; instead of vague conjectures s to what might
have been the state of the planet at the era of its
creation, we fix our thoughts steadily on the connexion
at present between climate and the distribution of land
and seas and if we then consider what influence
former fluctuations in the physical geography of the
earth must have had on superficial temperature; we
may perhaps approximate to a true theory. If doubt

6
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still remain, it should be ascribed to our ignorance of
the laxws of Nature, not to revolutions in her economys
— it should stimulate us to further research, not tempt
s to indulge our fancies in framing imaginary systems
for the government of infant worlds.

Laws governing dhe diffusion of heat over the globe.—
In considering the laws which regulate the diffusion
of heat over the globe, says Humboldt, we must
beware not to regard the climate of Europe as a type
of the temperature which all countries placed under
the same latitude enjoy. The physical sciences, ob-
serves this philosopher, always bear the impress of
the places where they began to be cultivated ; and as,
in geology, an attempt was at first made to refer all
the volcanic phenomena to those of the volcanos in
Ttaly, so, in meteorology, a small part of the old world,
the centre of the primitive cisilization of Europe, was
for a long time considered a type to which the clirate
of all corresponding latitudes might be referred. But
this region, constituting only one seventh of the whole
globe, proved eventually to be the exception to the
general rule; and for the same resson we may warn
the geologist to be on his guard, and not hastily to
assume that the temperature of the carth in the
present era is a type of that which most usually
obtains, since he contemplates far mightier alterations
in the position of land and ses, at different epochs,
than those which now cause the climate of Europe
to differ from that of other countries in the same
parallels.

1t is now well ascertained that zones of equal
warmth both in the atmosphere and in the waters
of the ocean, are neither parallel to the equator nor to



ChVIL]  CAUSES OF CHANGE OF CLIMATE 157

cach other.# Itis also discovered that the same mean
annual temperature may exist in two places which
enjoy very different climates, for the seasons may be
nearly equalized or violently contrasted. Thus the
lines of equal winter temperature do not coincide with
the lines of equal annual heat, or isothermal lines.
The deviations of all these lines from the same parallel
of latitude are determined by a multitude of circum-
stances, among the principal of which are the position,
direction, and elevation of the continents and islands,
the position and depths of the sea, and the direction of
currents and of winds.

It is necessary to go northwards in Europe in order
to find the same mean quantity of aunual heat as
in a similar latitude in North America. On com-
pering these two continents, it is found that places
situated in the same latitudes have sometimes & mean
difference of tempersture amounting to 11°% or even
sometimes 17° of Fabrenheit ; and places on the two
continents, which have the same mean temperature,
have sometimes a difference in latitude of from 7° to
18°+ The principal cause of greater intensity of
cold in corresponding latitudes of North America and
Europe, is the connexion of the former country with
the polar circle, by a large tract of land, some of which

* We are indebted to Baron Alex. Hamboldt for collecting
together, in a besutiful essay, the scattered data on which some
approgimation to a true theary of the distribution of heat over the
globe may be founded.  Many of these data are derived from the
author’s own observations, and many from the works of M. Pre-
m of heat, and oher writers. — See Humboldt
‘on Isothermal Lines, Mémoires &*Arcuel, tom. . translated in
the Edin. Phil. Journ. vol. ii. July, 1620.
+ Humbold's tables, Essay on Isothermal Lines, &c.
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is from three to five thousand feet in height, and, on
the. other hand, the separation of Europe from the
arctic circle by an ocean. The ocean has a tendency
to preserve every where & mean temperature, which
it communicates to the contiguous land, so that it
tempers the climate, moderating alike an excess of
heat or cold. The elevated land, on the other hand,
rising to the colder regions of the atmosphere, becomes
a great reservoir of ice and snow, atracts, condenses,
and congeals vapour, and communicates its cold to the
adjoining country. For this reason, Greesland, form-

ing part of 2 continent which stretches northward to
the 82d degree of latitude, experiences under the 60th
parallel 2 more rigorous climate then Lapland under
the 72d parallel.

But if land be situated between the 40th parallel
and the equator, it produces, unless it be of extreme
height, exactly the opposite effect, for it then warms
the tracts of land or sea that intervene between it and
the polar circle. For the surface being in this case
exposed to the vertical, or nearly vertical rays of the
sun, absorbs a large quantity of heat, which it diffuses
by radiation into the atmosphere. For this reason, the
western parts of the old continent derive warmth from
Aftica, ¢ which, like an immense furnace,” says Malte-
Brun*, « distributes its heat to Arabia, to Turkey in
Asia, and to Europe.” On the contrary, Asis, in its
north-eastern  extremity, experiences in the same
latitude extreme cold; for it has land on the north
between the 60th and 70th parallel, while to the south
it is separated from the equator by the North Pacific.

Tn consequence of the more equal temperature of the

* Phys. Geog. book xvil.
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‘waters of the ocean, the climate of islands and coasts
differs essentially from that of the interior of continents,
the former being characterized by mild winters and
for the sea b od

the cold of winter, as well as the summer heat. When,
therefore, we trace round the globe those belts in
sehich the mean annual temperature is the same, we.
often find great differences in climate; for there are
insular climates where the seasons are nearly equalized,
and ezvessive climates, as they have been termed,
where the temperature of winter and summer is
strongly contrasted. The whole of Europe, compared
with the eastern parts of America and Asis, has an
insular climate. The northern part of China, and the
Atlantic region of the United States, exhibit « exces-
sive climates.” We find at New York, says Humboldt,
the summer of Rome and the winter of Copenhagen ;
at Quebec, the summer of Paris and the winter of
Petersburgh. At Pekin, in China, where the mean
temperature of the yearis that of the coasts of Brittany,
the scorching heats of summer are greater than at
Cairo, and the winters as rigorous as at U

Iflines be drawn round the globe through all those
places which have the same winter temperature, they
are found to deviate from the terrestrial parallels much
farther than the lines of equal mean annual heat.
The lines of equsl winter in Europe, for example, are
often curved so as to reach parallels of latitude 9° or
10° distant from each other, whereas the isothermal
lines only differ from 4° to 5°.

Influence of currents on temperature.— Among other
influential causes, both of remarkable diversity in the

* On Tsothermal Lincs.
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mean annual heat, and of unequal division of heat in
the different seasons, are the direction of currents and
the accumulation and drifting of ice in high latitudes.
‘That most powerful current, called in one part of its
course the Gulf stream, after doubling the Cape of
Good Hope, flows to the northward along the western
const of Africa, then crosses the Atla
mulates in the Gulf of Mexico. It then issues through
the Straits of Bahama, running northwards at the rate
of four miles an hour, and retains in the parallel of 38°,
nearly one thousand miles from the above strait, a
temperature 10° Fahrenheit warmer than the air.
general climate of Europe is materially affected
by the volume of warmer water thus borne northwards;
for it maintains an open sea free from ice in the
meridian of East Greenland and Spitzbergen, and thus
moderates the cold of all the lands lying to the south.
Until the waters of the-great current reach the cir-
cumpolar sea, their specific gravity is less than that of
the lower strata of water ; but when they arrive near
Spitzbergen, they meet with the water of melted ice,
which being nearly fresh is still lighter, for it is a well-
known law of this fluid, that it passes the point of
greatest density when cooled down below 40° and
between that and the freezing point expands again.

generally warmer by some degrees than at the surface, * though of

¥
in this case the most dense, or why does it not rise and change
‘places with the colder water at the surface?” But Erman (e
‘gendorf’s Aunalen, 1828, vol. xii. p. 483.) has proved by experi.
‘meat, that sea-water docs not fllow the same law as fresh water,
#s De Luc, Rumford, and Mareet supposed. On the contrary,
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The great glaciers generated in the valleys of
Spitzbergen, in the 79° of north latitude, are almost
all cut off at the beach, being melted by the fecble
remnant of heat retained by the Gulf stream. In
Baffi’s Bay, on the contrary, on the east coast of Old
Greenland, where the temperature of the sea is not
mitigated by the same cause, and where there is no
warmer under-current, the glaciers stretch out from
the shore, and furnish repeated crops of mountainous
masses of ice which float off into the ocean.* The
number and dimensions of these bergs is prodigious.
Captain Ross saw several of them together in Baffin's
Bay aground in water fifteen hundred feet deep!
Many of them are driven down into Hudson's Bay,
and accumulating there, diffuse excessive cold over
the neighbouring continent so that Captain Franklin
reports, that at the mouth of Hayes river, which lies
in the same latitude as the north of Prussia or the
south of Scotland, ice is found every where in digging
wells, in summer, at the depth of four feet !

Difference of climate of the Northern and Southern
Ahemispheres.—When we compare the climate of the
northern and southern hemispheres, we obtain still
more instruction in regard to the‘ influence of the dis-
tribution of land and sea on climate. The dry land in
the southern hemisphere is to that of the northern in

it appears dhat salt water of sp. gr. 1:027 (which according to
Berzelius is the mean  deniy of s i) b o o of
density 30 long as it r 3 and even when ice begins to
form .1, oo ey et shways Lncres 1 ety
properian othe dugren o s g

resby's Arctic Regions vo. . — Dr. Latta's Ob-
urvv_!nm on the Glaciers of =|)Iu|urgﬂ|, e i, Nom P
Journ.vol. ii. p. 97.




162 DIFFERENCE OF CLIMATE IN NORTHERN ekt

the ratio only of one to three, excluding from our con.
sideration that part which lies between the pole and
the 74° of south latitude, which has hitherto proved
inaccessible. The predominance ofice in the antarctic
over the arctic zone is very great; for that which
encircles the southern pole, extends to lower latitudes
by ten degrees than that around the north pole.® It
is probable that this remarkable difference is ly
attributable, as Cook conjectured, to the existence of a
considerable tract of high land between the 70th
parallel of south Jatitude and the pole. There is,
however, another reason suggested by Humboldt, to
which great weight is due,—the small quantity of
land in the tropical and temperate zones south of the
line. If Afvica and New Holland extended farther to
the south, a diminution of ice would take place in con-
sequence of the radiation of heat from these continents
daring summer, which would warm he contiguous sea
and rarefy the air. The heated aerial currents would
then ascend and flow more rapidly towards the south

* Coptain Weddell, in 1825, reached 5° farther than Captain
Cook, and arrived at lat. 74° 15' south, lon. 34° 17’ west.  After
having passed. through a sea.strewed with numerous ice
he arrived, in that high latitude, at an open ocean; but even if he
bud safled 6° farther south, he would not have penctrated to higher
latitudes than Captain Parry in the arctic circle, who reached lat.
81° 10’ north. ~ Captain Biscoe, i his late voyage in 1851 and.
1892, discovered Grabwm's Land bewween 64” and 65° . lst, to
the southward. of New South Shetland, and Enderby's Land in
the same latitude, in the meridian of Madagascar. These observa-.
tions heighten the presumption that the prevalence of ice in the
southern hemisphare arises, as Captain Cook supposed, from the
existence of more extensive or lofier tracts of land in the antarctic
than in the arcdc regions.  Journ. of Roy. Geograph. Soc. of
London, 1635,
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e, and moderate the winter. In confirmation of
these views, it is stated that the cap of ice, which
extends as far as the 68° and 71° of south latitude, ad-
vances more towards the equator whenever it meets a
free sea; that is, wherever the extremities of the pre-
sent continents are not opposite to it ; and this circum-
stance seems explicable only on the principle above
alluded to, of the radiation of heat from the lands so
situated.

Before the amount of difference between the tem-
perature of the two hemispheres was ascertained, it
was referred by many astronomers to the acceleration
of the earth's motion in its perihelium ; in consequence
of which the spring and summer of the southern hemi-
sphere are shorter, by nearly eight days, than those sea-
sons north of the equator. But Sir J. Herschel reminds
us that the excess of eight days in the duration of the
sun'’s presence in the northern hemisphere is not pro-
ductive of an excess of annual light and heat; since,
according to the laws of elliptic motion, it is demon-
strable that whatever be the ellipticity of the earth’s
orbit, the two hemispheres must receive equal absolute
quantities of light and heat per annum, the proximity
of the sun in perigee exactly compensating the effect
of itsswifter motion.* Humboldt+, however, observes,

* This follows, observes Herschel, from a very simple theo-
rem, which may be thus stated: — «The amount of heat re-
ceived by the earth from the sun, while describing any part of its
orbit, i i i

o that i the orbit be divided into two portions by a line d

any direction through the sun's centre, the heats roceived in de-

seribing the two unequal segments of the ellipse 30 produced will

be equal. ~ Geol. Trans. vol. . part i. p. 298. ; second series.
+ On Isothermal Lines.
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that the accumulation of heat in the southern hemi.
sphere must be less on account of the greater emissi
of radiant heat, which continues during a winter longer
by eight days than that on the other side of the equa-
tor.  Perhaps no very sensible effect may be produced
by this source of disturbance, yet the geologist should
bear in mind that to a certain extent it operates alter-
nately on each of the two hemispheres for a period of
upwards of 10,000 years, dividing unequally the times
during which (he annual supply of solar light and heat
isreceived. ‘This cause may sometimes tend o counter-
"

far more influential circumstances ; but, on the other
hand, it must sometimes tend to increase the extreme
of deviation arising from certain combinations of causes.

But, whatever may now be the inferiority of heat
in the temperate and frigid zones south of the line,
it is quite evident that the cold would be far more in-
tense if there happened, instead of open ses, to be
tracts of elevated land berween the 55th and 70th
parallel; for, in Sandwich land, in 50° of south latitude,
the perpetual snow and ice reach to the seabeach; and
what is still more astonishing, in the island of Georgis,
which is in the 54° south latitude, or the same parallel
as the county of Yorkshire, the perpetual snow de-
scends to the level of the ocean. When we consider
this fact, and then recollect that the summit of the high-
est mountains in Scotland, four degrees farther to the
north, do not attain the limit of perpetual snow on this
side of the equator, we learn that latitude s one only
of many powerful causes, which determine the climate
of particular regionsof the globe. The permanence of
snow in the southern hemisphere, in this instance, is
partly due to the floating ice, which chills the atmo-
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sphere and condenses the vapour, so that in summer
the sun cannot pierce through the foggy air. But be-
sides the abundanceof ice, from whatever cause derived,
which covers the sea to the south of Georgia and Sand-
wich land, we must also ascribe the cold of those
countries in part to the absence of land between them
and the tropics.

The distance to which icebergs float from the polar
regions on the opposite sides of the line is, as might
have been anticipated, very diferent. Their extreme
limit in the northern hemisphere appears to be the
Azores (north latitude 42°), to which isles they are
sometimes drifted from Baffin's Bay. But in the other
hemisphere they have been seen, within the last few
years, at different points off the Cape of Good Hope,
between latitude 36° and 39°% One of these was two
miles in circumference, and 150 feet high.+ Others
rose from 250 to 300 feet above the level of the sea,
and were therefore of great volume below s since it is
ascertained, by experiments on the buoyancy of ice
floating in sea-water, that for every solid foot seen
above, there must at least be eight feet below water.
If ice-islands from the north polar regions foated as far,
they might reach Cape St. Vincent, and then, being
drawn by the current that always sets in from the
Atlantic through the Straits of Gibraltar, be drifted
into. the Mediterranean, so that the serene sky of
that delightful region might be deformed by clouds
and mists.

‘The great extent of sea gives a particular character

* On Tesbergs in low I.am.ndn, 54 Captain Horsburgh; read
to the Royal Society, February,
+ Bdin. New Phil. Journ. No. xv. p. 1955 January, 1830,
iScnxesby‘x Arctic Regions, vl i. p. 254,
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to climates south of the equator, the winters being
mild and the summers cold. Thus, in Van Diemen’s
land, corresponding nearly in latitude to Rome, the
winters are more mild than at Naples, and the summers
not warmer than those at Paris, which is 7° farther from
the equator.*  The effect on vegetation s very remark-
able: — trec-ferns, for instance, which require abun-
dance of moisture, and zn equalization of the seasons,
are found in Van Diemen’s land in latitude 42°, and in
New Zealand in south latitude 45°. The orchideous
parasites also advance towards the 38° and 42° of south
latitude. These forms of vegetation might perhaps be
developed in still higher latitudes, if the ice in the ant-
axcti circle did not extend farther from the pole than
in the arctic. Humboldt observes that it is in the
mountainous, temperate, humid, and shady parts of the
equatorial regions, that the family of ferns produces the
greatest number of species. As we know, therefore,
that elevation often compensates the effect of latitude
in plants, we may easily understand that a class of ve-
getables, which grow at a certain height in the torrid
zone, would flourish on the plains far from the equator,
provided the temperature, moisture, and other neces-
sary conditions, were equally uniform throughout the
year.

Changes in the position of land and seamay give rise
o vicissitudes in climate.— Having offered these brief
remarks on the diffusion of heat over the globe in the
present state of the surface, I shall now proceed to
specalate on the vicissitudes of climate, which must
attend those endless variations in the geographical
features of our planet which are contemplated in geo-
logy. That our speculations may be confined within

* Humbolds on Tsothermal Lines.
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thestrict limits of analogy, I shall assume, 1s¢, That the
proportion of dry land to sea continues always the
same. 2dly, That the volume of the land rising above
the level of the sea is a constant quantity ; and not
oaly that its meen, but that its extreme height, are
ouly liable to trifiing variations. ~Sdly, That both the
mean and extreme depth of the sea are equal at every
epoch; and, 4thly, It will be consistent with due can-
tion to assume that the grouping together of the land
in great continents is a necessary part of the economy
of nature ; for it is possible tha the laws which govern
the subterranean forces, and which act simultancously
along certain lines, cannot but produce, at every epoch,
continuous mountain-chains : so that the subdivision
of the whole land into innumerable islands may be
precluded.

Ifit be objected, that the maximum of elevation of
land and_ depth of sea are probably not constant, nor
the gathering together of all the land in certain parts,
nor even perhaps the relative extent of land and water,
1 reply, that the arguments sbout to be adduced will
be strengthened, if in these peculiarities of the surface,
there be considerable deviations from the present type.
X6, for example, all other circumstances being the same,
the land s at one time more divided into islands then
at another, a greater uniformity of climate might be
produced, the mean temperature remaining unaltered :
orif, at another era, there were mountains higher than
the Himalaya, these, when placed in high latitudes,
would cause a greater excess of cold. So, if we sup-
pose that at certain periods no chain of hills in the
world rose beyond the height of 10,000 feet, a greater
heat might then have prevailed than is compatible with
the existence of mountains thrice that elevation.
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However constant may be the relative proportion of
sea and land, we know that there is annvally some small
variation in their respective geographical positions, and
that in every century the land is in some parts raised,
and in others depressed by earthquakes; and so likewise
is the bed of the sea. By these and other ceaseless
changes, the configuration of the earth's surface has
been remodelled again and again since it was the ha-
bitation' of organic beings, and the bed of the ocean
has been lifted up to the height of some of the loftiest
mountsins. The imagination is apt to take larm when
called upon to admit the formation of such irregularities
in the crust of the earth, after it had once become the
Tabitation of living creatures ; but, if time be allowed,
the operation need ot subvert the ordinary repose of
nature, and the result s insigaificant if we consider how
Slightly the highest mountain-chains cause our globe to
differ from a perfect sphere. Chimborazo, although it
rises to more than 21,000 feet above the surfuce of the
sea, would only be represented, on an artificial globe of
about six feet in diameter, by a grain of sand less than
one twentieth of an inch in thickness.¥

The superficial inequalities of the earth, then, may be
deemed minute in quantity, and their distribution at any
particular epoch must be regarded in geology as tem-
porary peculiarities, like the height and outline of the
cone of Vesuvius in the interval between two eruptions.
But, although the unevenness of the surface is so un-
important in reference to the magnitade of the globe,
it is on the position and direction of these small in-
equalties that the state of the atmosphere, and both
the local and general climate, are mainly dependent.

» Malte-Brun's System of Geography, book i. . 6
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Before considering the effect which & material
change in the distribution of land and sea must occar
sion, it may be well to remark, how greatly organic life
may be affected by those minor mutations, which need
not in the least degree alter the general temperature,
Thus, for example, if we suppose, by & series of con.
vlsions, a certain part of Greenland to become sea,
and, in compensation, a tract of land to rise and conneet
Spitzbergen with Lapland,—an accession not greater
in amount than one which the geologist can prove to
have oceurred in certain districts bordering the Medi.
terrancan, within a comparatively modern period, -
this altered form of the land might occasion an intep.
change between the climate of certain parts of North
America and of Europe, which lie in corresponding
latitudes. Many European species would probably
perish in consequence, because the mean temperature
would be greatly lowered; and others would fail in
America, because it would there be raised. On the
other hand, in places where the mean annual heat re.
mained unaltered, some species which flourish in
Europe, where the seasons are more wniform, would be
unable to resist the great heat of the North American
summer, r the intense cold of the winter; while others,
now fitted by their habits for the great contrast of the
American seasons, would not be fitted for the insular
climate of Europe. The vine, for example, according
to Huumboldt, can be caltivated with advantage 105
farther north in Europe than in North America. Many
plants will endure o severe frost, but cannot ripen
their seeds without a certain intensity of summer bheat
anda certain quantity of light; others cannot endure
a similar intensity either of heat or cold,

Tt is now established that many species of animals,

voL. 1. 1




170 cavsss oF fBock 1.

which are at present the contemporaries of man, have
survived great changes in the physical geography
of the globe. If such species be termed modern, in
comparison to races which preceded them, their re-
mains, nevertheless, enter into submarine deposits
many hundred miles in length, and which have since
‘been raised from the deep to no inconsiderable altitude.
When, therefore, it is shown that changes of the
semperature of the atmosphere may be the conse-
quence of such physical revolutions of the surface, we
ought no longer to wonder that we find the distribution
of existing species to be local, in regard to longitude a5
well as latitude. I all species were now, by an exertion
of creative power, to be diffused uniformly throughout
those zones where there is an equal degree of heat, and
in all respects a similar climate, they would begin from
this moment to depert more and more from their
original distribution. Aquatic and terrestrial species
would be displaced, as Hooke long ago observed, so
often as land and water exchanged places; and there
would also, by the formation of new mountains end
other changes, be transpositions of climate, contri-
buting, in the manner before alluded to, to the local
extermination of species®

If we now proceed to consider the circumstances
required for  gmeral change of temperature, it will
appear, from the facts and principles already laid down,
that whenever a greater extent of high land is collected.
in the polar regions, the cold will augment; and the
same result will be produced when there shall be more
sea between or near the tropics; while, on the contrary,

« Fora full consideration of the effect of changes in physical
geograp! isributic fincti e, see bookii.
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so often as the above conditions are reversed, the
heat will be greater.  If this be admitted, it will follow
as 2 corollary, that unless the superficial inequalities
of the earth be fixed and permanent, there must be
never-ending fiuctuations in the mean temperature of
every zone; and that the climate of one era can no
more be a type of every other, than is one of our
four seasons of all the rest.

It hes been well said, that the earth is covered by
2n ocean, and in the midst of this ocean there are two.
great islands, and many smaller ones; for the whole of
the continents and islands occupy an area scarcely ex-
ceeding one fourth of the whole superficies of the
spheroid. Now, on a fair calculation, we may expect
that at any given epoch there will not be more than
about one fourth dry land in a particular region; such,
for example, as the arctic and antarctic circles. If,
therefore, at present there should happen, in the only
one of these regions which we can explore, to be much
more than this average proportion of land, and some
of it above five thousand feet in height, this alone
affords ground for concluding that, in the present state
of things, the mean heat of the climate is below that
which the earth's surface, in its more ordinary state,
would enjoy. This presumption is heightened, when
we remember that the mean depth of the Atlantic
ocean is caleulated to be about three miles, and that
of the Pacific four miles*; so that we might look not.

* See Young's Nat. Pil. Lect. xlvii.; Mrs. Somerville's Me-
bhanism of Hear., Prel. Dis. p. xaxix.

changed his opinion, reasoning from the depth required to account

for the phenomena of the tides ; but his final conclusion Tespect-

ing the sea was, “que sa profondeur moyenne est du méme ordre

quela i s Hlos - deiad d
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only for more than two thirds sea in the frigid zones,
but for water of great depth, which could not readily
be reduced to the freezing point. The same opinion
is further confirmed, when we compare the quantity of
Iand Iying betrween the poles and the S0th parallels of
north and south latitude, and the quantity placed
between those perallels and the equator; for, it is clear,
that at present we must have not only more than the
usual degree of cold in the polar regions, but also less
than the average quantity of heat generated in the
mmwp.ul zone.

Position of land and sea whick might produce the
extreme of cold of which the eartl's surfuce is susceptible.
—In order to simplify our view of the various changes
in climate, which different combinations of geographical
circumstances may pmduce, we shall first consider
the n
of cald, or what may be termed the winter of the
< great year,” or gelogical cycle, and afterwards, the

fheat,

P
o the summer of the same year.

To begin with the northern hemisphere. Let us
suppose those hills of the Italian peninsula and of
Sicily, which are of comparatively modern origin, and
contain many fossil shells identical with living species,
to subside again into the ses, from which they have
been raised, and that an extent of land of equal area
and height (varying from one to three thousand feet)
should rise up in the Arctic ocean between Siberia and
the north pole. In speaking of such changes, I need
not allude to the manner in which I conceive it

i : 2 L Ben
Céleste, Bk. xi. et Syst. du Monde, p. 254
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possible that they may be brought about, nor of the
time required for their accomplishment, —reserving
for a future occasion, not only the proofs that revolu.
tions of equal magnitude have taken place, but that
analogous mutations are still in gradual progress. The
alteration now supposed in the physical geography of
the northern regions would cause additional snow and
ice to accumulate where now there s usually an open
sea; and the temperature of the greater part of
Europe would be somewhat lowered, so s to resemble
more nearly that of corresponding latitudes of North
America: or, in other words, it might be necessary to
travel about 10° farther south in order to meet with
the same climate which we now enjoy. There would
be no compensation derived from the disappearance
of land in the Mediterranean countries; for, on the
contrary, the mean heat of the soil so situated, is
probably far above that which would belong to the
sea, by which we imagine it to be replaced.

But. let the configuration of the surface bBe still
further varied, and let some large district within or
near the tropics, such as Mexico, for example, with
its mountains rising to the height of twelve thousand
feet and upwards, be converted into sea, while lands
of equal elevation and extent are transferred to the
arctic circle. From this change there would, in the
first place, result a sensible diminution of temperature
near the tropic, for the soil of Mexico would no longer
be heated by the sun; so that the atmosphere would
be less warm, as also the neighbouring Atlantic, and
Gulf stream. On the other hand, the whole of
Europe, Northern Asia, and North America, would
feel the influence of the enormous quantity of ice
and snow, thus generated at vast heights on the new

13
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arctic continent. If, as we have already seen, there
are now some points in the southern hemisphere
where snow is perpetual to the level of the sea, in
Iatitudes as low as central England, such might as-
suredly be the case throughout a great part of Europe,
under the change of circumstances sbove supposed ;
and if at present the extreme limits of drifted icebergs
are the Azores, they might easily reach the equator
after the alteration before alluded to. To pursue the
subject still farther, let the Himalaya mountains, with
the whole of Hindostan, sink down, and their place be
ocoupied by the Indian ocean, and then let an equal
extent of territory and mountains, of the same vast
height, stretch from North Greenland to the Orkney
islands. It seems difficult to exaggerate the amount
to which the climate of the northern hemisphere
would now be cooled down.

But, nowithstanding the great refrigeration which
would thus be produced, it is probable that the differ-
ence of mean temperature between the arctic and
equatorial latitudes would not be increased in a very
high ratio; for no great disturbance can be brought
about in the climate of a particular region, without
immediately affecting all other latitudes, however re-
mote. The heat and cold which surround the globe
are in a state of constant and universal flux and reflux.
The heated and rarefied air is always rising and flowing
from the equator towards the poles in the higher
regions of the amosphere; and, in the lower, the
colder air is fowing back to restore the equilibrium.
That this circulation is constantly going on in the
aérial currents is not disputed; it is often proved by
the opposite direction of the course of the clouds at
different heights, and the fact was farther illustrated
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in a striking manner by an event which happened in
the present century. The trade wind continually
blows with great force from the island of Barbadoes
to that of St. Vincent’s ; notwithstanding which, during.
the eruption of the volcano in the island of St. Vincent,
in 1812, ashes fell in profusion from a great height
in the atmosphere upon Barbadoes. This apparent
transportation of matter against the wind, confirmed
the opinion of the existence of a counter-current in
the higher regions, which had previously rested on
theoretical conclusions.*

That a corresponding interchange takes place in
the seas, is demonstrated, according to Humboldt, by
the cold which is found to exist at great depths
between the tropics; and, among other proofs, may
be mentioned the great volume of water which the
Gulf stream is constantly bearing northwards, while
another current flows from the north along the coast
of Greenland and Labrador, and helps to restore the
equilibrium.

Currents of heavier and colder water pass from the
poles towards the equator, which cool the inferior
parts of the oceant ; so that the heat of the torrid
zone and the cold of the polar circle balance each
other. The refrigeration; therefore, of the polar
regions, resulting from the supposed alteration in the

® Daniell's Meteorological Essays, &c. p- 108.

+ In speaking of the circulation of air and water in this chater,
o allusion is made to the trade winds, or to irregularities in the
direction of currents, caused by the rotatory motion of the earth.
“These causes prevent the movements from being direct from north
10 south, or from south to north, but they do not affect the theory
of a constant cireulation.

4 See note, p. 160., on the increasing density of sea-water in
proportion to the degree of cold.

14
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distribution of land and sea, would be imme(lintgly
communicated to the tropics, and from them would
extend to the antarctic circle, where the atmosphere
and the ocean would be cooled, so that ice and snow
would augment.  Although the mean temperature of
higher latitudes in the southern hemisphere is, as
before stated, for the most part lower than that of the
same parallels in the northern, yet, for a considerable
space on each side of the line, the mean annual heat
of the waters is found to be the same in corresponding
parallels.  When, therefore, by the new position of
the land, the generating of icebergs had become of
common occurrence in the northern temperate zone,
and when they were frequently drifted as far as the
equator, the same degree of cold would immediately
be communicated as fur as the tropic of Capricorn,
and from thence to the lands or ocean to the south.
The freedom, then, of the circulation of heat and
cold from pole to pole being duly considered, it will
be evident that the mean quantity of solar heat which
may visit the same point at two distinct periods, may
differ fax more widely than the mean quantity which
any two points receive in the same parallels of latitude,
at one and the same period. For the range of tem-
perature in 2 given zone, or, in other words, the curves
of the isothermal lines, must always be circumscribed
within narrow limits, the climate of each place in that
zone being controlled by the combined influence of
the geographical peculiarities of all other parts of the
earth. Whereas, if we compare the state of things as
existing at two distinct epochs, a particular zone may
at one time be under the influence of one class of
disturbing causes, as under those of a refrigerating
nature, and at another time may be affected by a
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combination of opposite circumstances. The lands, for
example, to the north of Greenland cause the present
climate of North America to be colder than that of
Burope in the same latitudes ; but the excess of cold
s not so great, as would have been the case, if the
westem hemisphere had been entirely isolated, or
separated from the eastern like a distinct planet. For
not only does the refrigeration produced by Greenland
chill 0 2 certain extent the atmosphere of northem
and western Europe, but the mild climate of Europe
reacts also upon North Americe, and moderates the
chilling influence of the adjoining polar lands.

To return to the state of the earth after the
changes before supposed, we must not omit to dwell on
the important effects to which @ wide expanse of
perpetual snow would give rise. It is probable that
nearly the whole ses, from the poles to the parallels
of 45°, would be frozen over; for it is well known that
the immediate proximity of land is not essential to the
formation and increase of field ice, provided there be
in some part of the same zone a suficient quantity
of glaciers generated on o near the land, to cool
the sea. Captain Scoresby, in his account of the
arctic regions, observes, that when the sun’s rays
« fall upon the snow-clad surface of the ice or land,
they are in a great measure refiected, without produc-
ing any material elevation of temperature; but when
they impinge on the black exterior of a ship, the pitch
on one side occasionally bacumes fuid, while ice is
rapidly generated at the o

Now field ice is almost always covered with snow +;
and thus not only land as extensive as our existing con-

* See Scoresby’s Aretic Regions, vol. . p. 878, Ib. p. 520,
15
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tinents, but immense tracts of sea in the frigid and
temperate zones, might present a solid surface covered
with saow, and reflecting the sun's rays for the greater
part of the year. Within the tropics, moreover, where
the ocean is supposed to predominate, the sky would
no longer be serene and clear, as in the present era;
but the melting of floating ice would cause quick con-
densations of vapour, and fogs and clouds would deprive
the vertical rays of the sun of half their power. The
whole planet, therefore, would receive annually a
smaller proportion of solar influence, and the external
crust would part, by radiation, with some of the heat
which had been accumulated in it, during a different
state of the surface. This heat would be dissipated
into the spaces surrounding our atmosphere, which,
according to the calculations of M. Fourier, have a
temperature much inferior to that of freezing water.
After the geographical revolution above assumed,
the climate of equinoctial lands might resemble that of
the present temperate zone, or perhaps be far more
wintery. They who should then inhabit such small isles
and coral reefs as are now seen in the Indian ocean
and South Pacific, would wonder that zoophytes of
such large dimensions had once been so prolific in
those seas; or if, perchance, they found the wood and
fruit, of the cocoa-nut tree or the palm silicified by
the waters of some ancient mineral spring, or incrusted
with calcareous matter, they would muse on the revo-
Iutions that had annihilated such genera, and replaced
them by the oak, the chestaut, and the pine. With
equal admiration would they compare the skeletons of
their small lizards with the bones of fossil alligators
and crocodiles more than twenty feet in length, which,
at a former epoch, had multiplied between the tropics:
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and when they saw a pine included in an iceberg,
drifted from latitudes which we now call temperate,
they would be astonished at the proof thus afforded,
that forests had once grown where nothing could be
seen in their own times but 2 wilderness of snow.

If the reader hesitate to suppose so extensive an
alteration of temperature as the probable consequence
of geographical changes, confined to one hemisphere,
he should remember how.great are the local anomalies
in climate now resulting from the peculiar distribution
of land and sea in certain regions. Thus, in the island
of South Georgia, before mentioned, Captain Cook
found the everlasting snows descending to the level
of the ses, between lat. 54° and 55° S.; no trees or
shrubs were to be seen, and a few rocks only, after a
partisl melting of the ice and snow in summer, were
scantily covered with moss and tufts of grass. It such
a climate can now exist at the level of the sea in a
Iatitude corresponding to that of Yorkshire, in spite of
those equalizing causes before enumerated, by which
the mixture of the temperatures of distant regions
is facilitated throughout the globe, what rigours may
we not anticipate in a winter generated by the transfer
of the mountains of India to our arctic circle !

But we have still to contemplate the additional
reftigeration which other changes in the relative
‘position of land and sea in the southern hemisphere
might effect. ~If the remaining continents were trans-
ferred from the equatorial and contiguous latitudes to
the south polar regions, the intensity of cold produced
might, perhaps, render the globe uninhabitable. We
are too ignorant of the laws governing the direction of
subterranean forces, to determine whether such a crisis
be within the limits of possibility, At the same time,

16
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it may be observed, that no distribution of land can
well be imagined more irregular, or, as it were, capri-
cious, than that now prevailing; for at present, by drav-
ing a line in @ particular direction, the globe may be
divided into two equal parts, in such a manner, that
one hemisphere shall be entirely covered with water,
with the exception of some promontories and islands,
while the other shall contein less water then land; and,
what is still more extraordinary, on comparing the
extratropical lands in the northern and southern hemi-
spheres, the lands in the northern are found to be to
those in the southern in the proportion of thirteen to
one!* To imagine ll the lands, therefore, in lugh
and all the sea in low latitudes, as delineated in th
annexed plate, woud scarcely be a mare anomalous
state of the surface.

Position of land and sea which might give rise to the
extreme of heat.—Let us now tum from the con-
templation of the winter of the * great year,” and
consider the opposite train of circumstances which
would bring on the spring and summer. That some
part of the vast ocean which forms the Atlantic and
Pacific should, at certain periods, entirely occupy one
or both of the polar regions, and should extend, inter-
spersed with islands only, to the parallels of 40° and
even 0% is an event that may be supposed in the
highest degree probable, in the course of many great
geological revolutions. In order to estimate the degree
to which the general temperature would then be
elevated, we should begin by considering
the effec ofthe diminution of cetain porsions of lant
in high northern latitudes, which might cause the sea

* Humboldt on Isotbermal Lines-
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t be as open in every direction s it is at present
towards the north pole, in the meridian of Spitzbergen.
By transferring the same lands to the torrid zone, we
might gain farther accessions of heat, and cause the
ice towards the south pole to diminish. We might
first continue these geographical mutations, until we
had produced s mild a climate in high latitudes as
exists at those points in the same parallel where the
mean annual heat is now greatest. We should then
endeavour to calculate what further alterations would
be required to double the amount of change; and the
great deviation of isothermal lines at present seems to
authorize us to infer, that without an entire revolution
of the surface, we might cause the mean temperature
to vary to an extent equivalent to 20° or even 80° of
latitude, —in other words, we might transfer the
temperature of the torrid zone to the mean parallel,
and of the latter, to the arctic regions. By additional
transpositions, therefore, of land and sea, we might
bring about a still greater variation, 5o that, through-
out the year, all signs of frost should disappear from
the earth.

The plane of congelation would rise in the atmo-
sphere in all latitudes; and as our hypothesis would
placeall the highest mountains in the torrid zone, they
wouldbe clothed with rich vegetation to their summits.
We must recollect that even now it is necessary to as-
cend to the height of fifteen thousand feet in the Andes
under the line, and in the Himalaya mountains, which
are without the tropic, to seventeen thousand feet,
befure we reach the limit of perpetual snow. On the
northern slope, indeed, of the Himalaya range, where
the heat radiated from a great continent moderates the
cold, there are meadows and cultivated land at an ele-
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vation equal to the height of Mont Blanc.*  When the
absorption of the solar rays was unimpeded, even in
winter, by a coat of snow, the mean heat of the earth's
crust would augment to considerable depths, and
springs, which we know to be an index of the mean tem-
perature of the climate, would be warmer in al latitudes.
Tl therefore,and ri 1dbe much
hotter in winter, and would be never chilled in summer
by the melting of snow. A remarkable uniformity of
climate would prevail amid the numerous archipelagos
of the polar ocean, amongst which the tepid waters of
equatorial currents would freely circulate. The general
humidity of the atmosphere would far exceed that of the
present period, for increased heat would promote eva-
‘poration in all parts of the globe. 'The winds would be
first heated in their passage over the tropical plains, and
swould then gather moisture from the surface of the
deep, till, charged with vapour, they would amive at
extreme northern and southern regions, and there en-
countering a cooler atmosphere, would discharge their
burden in warm rain. 1§ during the long night of a
polar winter, the snows should whiten the summit of
some arctic islands, and ice collect in the bays of the
remotest Thule, they would be dissolved as rapidly by
the returning sun, as are the snows of Etna by the
blasts of the sirocco.

We learm from those who have studied the geo-
graphical distribution of plants, that in very low lati-
tudes, at present, the vegetation of small islands remote
from continents has a peculiar character; and the ferns
and allied families, in particular, bear a great propor-
tion to the total number of other vegetables. Other

* Humboldt, Tableaux de la Nature, tom. i. p. 112.
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circamstances being the same, the more remote the
isles are from the continents, the greater does this pro-
portion become.  Thus, in the continent of India, and
the tropical parts of New Holland, the proportion of
ferns to the phanerogamic plants is only as one to
twenty-six; whereas, in the South-Sea Islands, it is
as one to four, or even as one to three.* We might
expect, therefore, in the summer of the « great year,”
which we are now considering, that there would be &
predominance of tree-ferns and plants allied to palms
and arborescent grasses in the isles of the wide ocean,
while the dicotyledonous plants and other forms now
most common in temperate regions would almost dis-
appear from the earth. Then might those genera of
animals return, of which the memorials are preserved
in the ancient rocks of our continents. The huge
iguanodon might reappear in the woods, and the ich-
thyosaur in the sea, while the pterodactyle might fit
again through umbrageous groves of tree-ferns. Then
‘might coral reefs be prolonged once more beyond the
arctic circle, where the whale and the narwal now
abound; and turtles might again deposit their eggs
in the sand of the sea-beach, where now the walrus
sleeps, and where the seal is drifted along on foating
fields of ice.

But, not to indulge these speculations farther, I may
observe, in conclusion, that however great, in the lapse
of ages, may be the vicissitudes of temperature in every
2one, it accords with this theory that the general cli-
mate should not experience any sensible change in the
course of a few thousand years; because that period
is insufficient to affect the leading features of the phy-

* Ad. Brongniart, Consid. Générales sur la Nat. de 1a Végéc.
&c. An. des Sciences Nat. Nov. 1828,
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sical geography of the globe. Notwithstanding the
apparent uncertainty of the seasons, it is found that the
mean temperature of particular localities is very con-
stant, provided we compare observations made at dif-
ferent periods for 2 series of years.

Yet, there must be exceptions to this rule, and even
the labours of man have, by the drainage of lakes and
marshes, and the felling of extensive forests, caused
such changes in the atmosphere as greatly to raise our
conception of the more important influence of those
forces to which even the existence, in certain latitudes,
of land or water, hill or valley, lake or sea, must be
ascribed. If we possessed accurate information of the
amount of local fluctuation in climate in the course of
twenty centuries, it would often, undoubtedly, be con-
siderable. Certain tracts, for example, on the coast of
Holland and of England consisted of cultivated land
in the time of the Romans, which the sea, by gradual
encroachments, has at length occupied. Here, at least,
a slight alteration has been effected; for neither the
division of heat in the different seasons, nor the mean
annual heat of the atmosphere investing the sea, is pre-
cisely the same as that which rests on the land.

In those countries, also, where the earthquake and
voleano are in full activity, a much shorter period may
produce a sensible variation. The climate of the once
fertile plain of Malpais in Mexico must differ materially
from that which prevailed before the middle of the last
century ; for, since that time, six mountains, the high-

Plateau,
have been thrown up by volcanic eruptions. It is by the
repetition of en indefinite number of local revolutions
due to volcanic and various other causes, that a general
change of climate may finally be brought about.




CHAPTER VIIL

FURTHER EXAMINATION OF THE QUESTION AS 10 THE
DISCORDANCE OF THE ANCIENT AND HODERN CAUSES
OF CHANGE.

That the geographical features of the northern hemisphere, at the
‘period of the deposition of the carboniferous strats, were such
25 might, according 10 the theory before explained, have given
rise 0 an extremmely hot climate — State of the surface when the

tion and mountsin limestones, coal-sandstones, and coal

ated — Successive changes in the physical geography of

e e, emee o1 of i Sotonof s
boniferous series and the chalk — Character of orgasic remains
during these periods — Abrupt transition fro the organic re-
maias of the secondary to those of the tertiary strata— Mass-
richt beds— Great accession of land, and elevation of mountain
chains, after the consolidation of the newer secondary rocks

Consequent refigerston of climate — Remarks an fhe dhecry

of the diminution of central heat— Astronomicl causes of

fuctuations in climate,

72 thern hemisphere,
at the period of i daposition o the carbonifirous srata,
were such as might have given rise to an extremely hot
climate.—Tn the sixth chapter, I stated many reasons
for concluding that the mean annual temperature
of the northern hemisphere was considerably more
elevated when the old carboniferous strata were depo-
sited; as also that the climate had been modified more
than once since that epoch, and that it approximated
by successive changes more and more nearly to that
now prevailing in the same latitudes. Further, I en
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deavoured, in the last chapter, to prove that vicissi-
tudes in climate of no less importance may be expected
to recur in future, if it be admitted that causes now
active in nature have power, in the lapse of ages, to
produce considerable variations in the relative posi-
tion of Jand and sea. It remains to inquire whether
the alterations, which the geologist can prove to have
actually taken place at former periods, in the geogra-
phical features of the northern hemisphere, coincide
in their nature, and in the time of their occurrence,
with such revolutions in climate as would naturally
have followed, according to_the metearological prin.
ciples already explained.

‘The great carboniferous series, including the transi-
tion and mountain limestones, and the coal, may be
selected as the oldest system of rocks of which the
organic remains furnish any decisive evidence as to
climate. The indications which they afford of great
heat and uniformity of temperature extend, as was
before mentioned, over a vast arc, from about 45° to
60° or, perhaps, if we include Melville Island, to near
75° north latitude, *

When we attempt to restore in imagination the dis.
tribution of land and sea, as they existed at thatremote
epoch, we discover that our information is at pre-

determined; but it is conjectured, from the general character of
the orgasie remaias of the Apennine limestones, tha they belong
o some part of our secondary series, from the lias to the chalk fn.
clusive,
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sent limited to latitudes north of the tropic of Cancer;
and we can only hope, therefore, to point out that the
condition of the earth, so far as relates to our tem-
perate and arctic zones, was such s the theory
before offered would have led us to anticipate. Now
there is_scarcely any land hitherto examined in
Europe, Northern Asia, or North America, which has
ot been raised from the bosom of the deep since the
orginofthecarboniferousrocks, o which, if reviously

dditional altitude.
ll'we were to submerge again all the marine strata,
from the transition limestone to the most recent shelly
beds, the summits of some primery mountains alone
would remain above the waters. These facts, it is true,
considered singly, are not conclusive as to the uni-
versality of the ancient ocean in the northera hemi-
sphere; b
the subsidence as well as the upraising of the surface,
and by the alternate rising and sinking of particular
spaces, at successive periods, a great area may become
entirely covered with marine deposits, although the
whole has never been beneath the waters at one time,
nay, even though the relative proportion of land and
sea may have continued unaltered throughout the
whole period.

‘There is, however, the highest presumption against
such an hypothesis, because the land in the northern’
hemisphere is now in great excess; and this circum-
stance alone should induce us to suppose that, amid
the repeated changes which the surface has undergone,
the sea has usually predominated in a much greater
degree. But when we study the mineral composition
and fossil contents of the older strata, we find evidence
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of 2 more positive and unequivocal kind in confirm-
ation of the same opinion.

Stateof the surfoce e the transision and mountain
limestones, coal-sandstones, and coal
Calcareous rocks, containing the same class of organic
remains as our transition and mountain limestones,
extend over great part of central and northern Eu-
rope, are found again in the lake district of North
America, and even appear to oceur in great abund-
ance as far as the borders of the Arctic Sea® The
organic remains of these rocks consist principally
of marine shells, corals, and the teeth and bones of
fish; and their nature, as well as the continuity of the
calcareous beds of homogeneous mineral composition,
concur to prove that the whole series was formed in &
deep and expansive ocean, in the midst of which, how-
ever, there were many isles. These isles were com-
posed partly of hypogene (primary) end partly of
volcanic rocks, which, being exposed to the erosive
action of torrents, to the undermining power of the
waves beating against the clif, and to atmospheric

* It appears from the observations of Dr. Richardson, made dur-
ing the expedition under the command of Captain Frauklin to the
north-west coast of America, and from the specimens presented by
him to the Geological Society of London, that, between the paral-
1els of 60° and 70° north latitade, there is a great calcareous form-
ation, stretching towards the mouth of the Mackentie river, in
which are included corallines, producte, tercbratule, &e. having a
close affnity in generic character to those of our mountain lime-
stone, of which the group bas been considered the equivalent.
There is also in the same region & newer series of strats, in which
ae shales with impressions of ferns, lepidodendrons, and other
‘vegetables, and also ammonites.  These, it is supposed, may be-
long to the age of our oolitic series. — ings of Geclogical
Socicty, Marcl, 125
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decomposition, supplied materials for pebbles, sand,
and shale, which, together with substances introduced
by mineral springs and volcanos in frequent eruption,
contributed the inorganic parts of the carboniferous
strata.

‘The disposition of the beds in that portion of this
group which is of mechanical origin, and which incloses
the coal, has been truly described to be such as would
result from the waste of small islands placed in rows,
and forming the highest points of ridges of submarine
mountains. The disintegration of such clusters of
isles would produce around and between them detached
deposits of various dimensions, which, when subse-
quently raised above the waters, would resemble the
strata formed in a chain of lakes. The insular masses
of hypogene (or primary) rock would preserve their
original relative superiority of height, and would often
surround the newer strata on several sides, like the
boundary heights of lake basins.*

As might have been expected, the zoophytic and
shelly limestones of the same era (as the mountain
limestone) sometimes alternate with the rocks of
‘mechanical origin, but appear to have been, in ordinary
cases, diffused far and wide over the bottom of the sea,
remote from any islands, and where no grains of sand
were transported by currents. The associated volcanic
rocks resemble the products of submarine eruptions,
the tuffs being sometimes interstratified with calcareous
shelly beds, or with sandstones, just as might be ex-
pected if the sand and ejected matter of which they
are probably composed had been intermixed with the

* See some ingenious remarks to this effect, in the work of M.
Ad. Brongniart, Consid. Générales sur la Nat. de la Végét. &c.
Ann. des Sci. Nat., Nov. 1828.
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waters of the sea, and had then subsided like other
sediment. The lavas also often extend in spreading
sheets, and must hae been poured out on a surface
rendered horizontal by sedimentary depositions. There
is, moreove, a compactness and general sbsence of
porosity in these igneous rocks, which distinguishes
them from most of those produced in the open ir on
the sides of Etna, Vesuvius, and other land volcanos.

1f,on the other hand, we examine the fossil remains
of these stratz, we find the vegetation declared by
botanists to possess the characters of an insular, not &
continentalfiora; and we may suppose the carbonaceous
matter to have been derived partly from trees swept
from the rocks by torrents into the sea, and partly
from such dark vegetable matter as often discolours
and blackens the rills lowing through marshy grounds
in our temperate climate, where the vegetation is pro-
bably less rank, and its decomposition less rapid, than
in the moist and hot climate of the era under con-
sideration.

There is, as yet, no well authenticated instance of
the remains of a saurian animal having been found in
a member of the carboniferous series.* The
oviparous reptiles usually inhabit rivers of considerable
size in warm latitades; and had crocodiles and other

* It is, indeed, stated 'that, among other fosils collected from
the mountain limestone of Northumberland, the Res. Coarles V.
Vernon Harcourt has been fortunate enough

Unius sese dominum fecisse lacerta;
having found  saurian vertebra, togetber with patells and echinal
spines, and an impression of a fern analogous to those of the coal
measures in the mountain limestone. Aupual Report of the
Yorkshire Phil. Soc. for 1826, p. 14. But I am ioformed by
M. Barcourt himself, that the vertebra was iscovered in loose
allavium.
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animals of that class been abundant in a fossi state, as
in some of the newer secondary formations, we must.
have inferred the existence of many rivers, which could
only have drained large tracts of land. Nor have the
bones of any terrestrial mammalia rewarded our in-
vestigations. Had any of these, belonging to quadru-
peds of large size, occurred, they would have supplied
an argument against the resemblance of the ancient
northern archipelagos to those of the modern Pacific;
since in the latter no great indigenous quadrupeds have
been met with.

Ttis, indeed, a general character of smallislands situ-
ated at a remote distance from continents, to be alto-
gether destitute of land quadrupeds, except such as
appear to have been conveyed to them by man. Ker-
guelen's land, which is of no inconsiderable size, placed
inlat. 46° 20'S, a parallel corresponding to that of the
Scilly islands, may be cited as an example, as may all
the groups of fertile islands in the Pacific Ocean be-
tween the tropics, where no quadrupeds have been
found, except the dog, the hog, and the rat, which
have probably been brought to them by the natives, and
also bats, which may have made their way along the
chain of islands which extend from the shores of New
Guinea far into the southern Pacific.# Even the isles
of New Zealand, which may be compared to Ireland
and Scotland in dimensions, appear to possess Do
indigenous quadrupeds, except the bat; and this is
rendered thé more striking, when we recollect that
the northern extremity of New Zealand stretches to
Latitude 349, where the warmth of the climate must
greatly favour the prolific development of organic lfe

* Prichard's Phys. Hist. of Man, vol.i. p. 75.
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Lastly, no instance has yet been discovered of a pure
Iacustrine formation of the carboniferous era ; although
there are some instances of shells, apparently fresh-
water, which may have been washed in by small
streams, and do not necessarily imply  considerable
extent of dry land.

fore, point to

— the subaqueous character o the igneous products.—.
the continuity of the calcareous strata over vast spaces
—the marine nature of their organic remains— the
basin-shaped disposition of the mechanical rocks—the
absence of large fluviatile and of land quadrupeds —
the non-existence of pure lacustrine  strata— the
nsular character of the flora,—all concur with won-
derful harmony to establish the prevalence throughout
the northern hemisphere of a great ocean, interspersed
with small isles. If we seck for points of analogy to
this state of things, we must either furn to the North
Pacific, and its numerous submarine insular volcanos
between Kamischatka and New Guinea: or, in order
to obtain a more perfect counterpart to the coralline
and shelly limestones, we must explore the archipelagos
of the South Pacific, between Australia and South
America, where volcanos are not. wanting, and where
coral reefs, consisting in great part of compact lime-
stone, are spread over an area not inferior, perhaps, to
that of our ancient calcareous rocks, though we suppose
these to be prolonged from the lakes of North America
to central Europe.*

No geologists have ever denied, that when our
oldest fossiliferous rocks were produced, great conti-
nents were wanting in the temperate and arctic zones

* See Book ifi.  On coral reefs.
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