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PREFACE

TO THE

FIFTH EDITION.

GEoLoGY, now deservedly one of the most
popular and attractive of the  physical
sciences, was, not many years ago, held in
little estimation ; and even at present, there
are not wanting some who do not hesitate
to maintain, that it is a mere tissue of ill ob-
served phenomena, and of hypotheses of
boundless extravagance. The work of Cu-
viER now laid before the public, contains in
~ itself not only a complete answer to these ig-
norant imputations, but also demonstrates
the accuracy, extent, and importance of
many of the facts and reasonings of this de-
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lightful branch of Natural History. Can it
be maintained of a science, which requires for
its successful prosecution an intimate ac-
quaintance with Chemistry, Natural Philo-
sophy and Astronomy,—with the details and
views of Zoology, Botany, and Mineralogy,
and which connects these different depart-
ments of knowledge in a most interesting
and striking manner,—that it is of no va-
lue? Can it be maintained of Geology,
which discloses to us the history of the first
origin of organic beings, and traces their
gradual developement from the monade to
man - himself,—which enumerates and de-
scribes the changes that plants, animals, and
minerals—the atmosphere, and the waters
of the globe—have undergone from the ear-
liest geological periods up to our own time,
and which even instructs us in the earliest
history of the human species,—that it offers
no gratification to the philosopher ? Can even
those who estimate the value of science, not
by intellectual desires, but by practical ad-
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vantages, deny the importance of Geology,
certainly one of the foundations of agricul-
ture, and which enables us to search out

materials for numberless important economi-
cal purposes ?

~ Geology took -its rise in the Academy of -
Freyberg, with the illustrious WERNER, to
“ whom we owe its present interesting condition.
This being the case, we ought not, (as is at
present too much the practice), amidst the
numerous discoveries in the mineral king-
dom which have been made since the system
of investigation of that greét interpreter of
nature was made known, forget the master,
and arrogate all to ourselves. In this Island,
Geology first took firm root in the north:
in Edinburgh the Wernerian geognostical
views and method of investigation, combined
with the theory of HuTToN, the experiments
and speculations of Havy, the illustrations
of Prayrair, and the labours of the Royal |
and Wernerian Natural History Societies, ex-
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cited a spirit of inquiry which rapidly spread
throughout the Empire ; and now Great Bri-
tain presents to the scientific'world a.scene
of geological ‘acuteness, activity, and enter-
prise, not surpassed in any other:country.

- On the Continent the writings of Cuviegr,
distinguished :equally by purity and- beauty
of stjle,.and profound learning, have proved
eminently .useful- in. aiding. the progress ‘of
Geology.  In this country: CuyiEr was first
made known as.a geologist by the publication
of the present essay, which, from its unexam-
pled popularity, has made his name as fami-
liar to us as that of the most distinguished
of olir own writers.

ROBERT JAMESON.

CoLLEGE MusEuM, EpINBURGH,
25th November 1826.
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ADVERTISEMENT
" TO

FOURTH EDITION.

Tais Fourth Edition of the celebrated
Essay on the Theory of the Earth, con-
tains, be31des many additional facts and
statements in regard to the Natural History
of the Earth, also lea_rned discussions by
CuvIER, on the newness of the present con-
tinents, as confirmed by the history of na-
tions ; and on the proofs regarding the anti-
quity of nations alleged to be contained in
their-astronomical and other monuments.

ROBERT JAMESON.

CoLLEGE MusEuM, EDINBURGH,
2d April 1822.
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Fossil organic remains are the relics of a primeval world long since
gone past, proclaiming with a loud voice the instability of earthly
affairs, and impressing upon the minds of those who seriously con.
sider them, sentiments of piety and f‘eelings of devotion. If the an-
tiquary digs from among the ruins of Herculaneum a piece of an- |
cient money, a vase, or a statue, we rejoice with him, in finding the
mode of life, the manners and arts of an ancient people, placed before
our eyes: If he finds an old record, illustrative of the history of his
country, however limited in extent that cou‘ntry_ may be, we are
grateful to him for the particle of knowledge he has added to our
store; but if, among the ruins of the common country of the hu-
man race, we linger at the great sepulchre of animated beings des.
troyed by the hand of fate, who can lock upon it without sentiments —
of piety ! It is not here the statues of Polycletus that we admire,
~ but the admirable monuments of the workmanship of Nature, taken
from the ruins of the great Herculeum overwhelmed by the ocean,
that we look upon with feelings of the deepest wonder and devotion.
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PREFACE

TO THE

THIRD EDITION.

THE attention of naturalists was early di-
rected to the investigation of the fossil
organic remains so generally and abun-
dantly distributed throughout the strata of
which the crust of the Earth is composed.
It is not, as some writers now imagine, en-
tirely a modern study; for even so early as
the time of Leibnitz, we find that philoso-
pher drawing and describing fossil bones.
After this period it continued to interest
individuals, and engage the particular at-
- tention of societies and academies. The
" Royal Society of London, by the Memoirs
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of Sloane, Collinson, Lister, Derham, Baker,
Grew, Hunter, Jacobs, Plott, Camper, and
many others, afforded satisfactory proofs
of the importance attached to this branch
of Natural History by philosophers in Eng-
land ; and the Memoirs of M. Graydon, in
the Transactions of the Royal Irish Acade-
my, shew that it was not entirely neglected
in Ireland. On the continent of Europe the
natural history of petrifactions was also
much studied, as appears from the Memoirs
of Hollman, Beckman, and Blumenbach,
in the Transactions of the Royal Society of
Gottingen ;—of Gmelin, Pallas, Herrmann,
Chappe, in the Memoirs of the Imperial
Academy of Sciences of Petersburg ;—of
Geoffroi, Buffon, Daubenton, Faujas St
Fond, and others of the old French Acade-
my of Sciences;—of Astruc and Riviere,
of the Royal Academy of Sciences of Mont-
pellier ;—of Collini of the Academia Theo-
doro-Palatina, at Manheim, &c. But the
geognostical relations of the rocks in which
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these organic remains are contained were
but il understood, until Werner pointed out
the mode of investigating them. His in-
teresting and important views were circu-
lated from Freyberg, by the writings and
conversations of his pupils, and have con-
' tributed materially to the advancement of
this branch of Natural History in Germany,
France, and also in Great Britain. Pe-
trifactions are no longer viewed as objects
of mere curiosity, as things isolated and
unrelated to the rocks of which the crust
of the Earth is composed ; on the contrary,
they are now considered as one of the most
important features in the strata of all re-
gions of the earth. By the regularity
and determinate nature of their distribu-
tion, they afford characters which assist us
in discriminating not only single beds, but
also whole formations of rocks; and in this
respect they are highly interesting to the
- geognostical inquirer. To the geologist this
beautiful branch of Natural History opens
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up numerous and uncommonly curious
views of nature in the mineral kingdom : it
~ shews him the commencement of the forma-
tion of organic beings,—it points out the
gradual succession in the formation of ani-
mals, from the almost primeval coral near
the primitive strata, through all the wonder-
ful variety of form and structure observed
in shells, fishes, amphibious animals, and
birds, to the perfect quadruped of the al-
luvial land ; and it makes him acquainted
with a geographical and physical distribution
of organic beings in the strata of the globe,
very different from what is observed to hold
in the present state of the organic world.
The zoologist views with wonder and
amazement those hosts of fossil animals,
sometimes so similar to the present living
species, at other times so far removed from
them in form and structure. He compares
the fossil orders, genera and species, with
those now inhabiting the earth’s surface, or -
living in its waters, and discovers that there
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is a whole system of animals in a fossil
state different from the present. Even the
physiologist, in the various forms, connec-
tions, and relations of the parts of those
animals, obtains new facts for his descrip-
tions and reasonings. Such, then, being the
nature of this branch of Natural History, it
1s not surprising that, when once understood,
it should have many and zealous cultivators,
and occupy the talents of men of learn-
ing and sagacity. In our time, Cuvier, the
celebrated Professor of Natural History in
Paris, has eminently distinguished himself
by his numerous discoveries, accurate de-
scriptions, and rational views, on this sub-
ject. His great work on Fossil Organic Re-
mains, of which a new edition is now in pro-
gress, is the most splendid contribution to

Natural History furnished by any individual
of this age.

The Essay on the Theory of the Earth,
now translated, is the introductory part of
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the great work of Cuvier. The subject of
the deluge forms a principal object of this
elegant discourse. After describing the

principal results at which the theory of the |
earth, in his opinion, has arrived, he next
mentions the various relations which con-
nect the history of the fossil bonés of land
animals with these results; explains the
principles on ‘which is founded the art of as-
certaining these bones, or, in other words,
of discovering a genus, and of distinguish-
ing a species, by a single fragment of bone:
and gives a rapid sketch of the results to
which his researches lead, of the new genera
and species which these have been the
means of discovering, and of the different
formations in which they are contained.
Some naturalists, as Lamarck, having main-
tained that the present existing races of
quadrupeds are mere modifications or va-
rieties of those ancient races which we now
find in a fossil state, modifications -which
Ihay have been produced by change of cli-
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mate, and other local circumstances, and
since brought to the present great difference,
by the operation of similar causes during a
long succession of ages,—Cuvier shews that
the difference between the fossil species and
those which now. exist, is bounded by cer-
tain limits; that these limits are a great
deal more extensive than those which now
dsstinguish the varieties of the same species,
and consequently, that the extinct species
of quadrupeds are not varieties of the pre-
sently existing species. This very interest-
ing discussion naturally leads our author
to state the proofs of the recent population
of the world; of the comparatively modern
origin of its present surface; of the deluge,
and the subsequent renewal of human so-
clety.

In order to render this Essay more com-
plete and satisfactory, I have illustrated the
whole with an extensive series of observa-

- tions, and have arranged them 1n such a

7
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manner that they will be readily accessible,
not only to the naturalist, but also to the
general reader.

Since the publication of the former edi-
tion of this Essay, many curious discoveries
have been made in regard to fossil organic
remains :(—some of these are included in the
[lustrations at the end of the Essay, others
want of room forces us to omit.

R. JAMESON.

CoLLEGE oF EDINBURGH,
19th April 1817.
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ESSAY
0& TﬁE

THEORY OF THE EARTH.

PRELIMINARY OBSERVATIONS.

In my work on Fossil Bones, the object which
I proposed was to discover to what animals the
osseous remains, with which the superficial stra-
ta of the globe are filled, may have belonged.
In pursuing this object, I had to follow a path
in which but little progress had hitherto been
made. As an antiquary of a new order, I was
obliged at once to learn the art of restoring these
monuments of past revolutions to their original
forms, and to discover their nature and relations;
I had to collect and bring together in their ori-
- ginal order, the fragments of which they consist-
ed; to reconstruct, as it were, the ancient beings
- to which these fragments belonged ; to reproduce
them with all their proportions and characters ;
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2 THEORY OF THE EARTH.

and, lastly, to compare them with those which
now live at the surface of the globe :—an art al-
most unknown, and which presupposed a science
whose first developments had scarcely yet been
traced, that of the laws which regulate the co-
existence of the forms of the different parts in
organised beings. I had therefore to prepare my-
self for these inquiries, by others of a far more
extensive kind, respecting the animals which still
exist. Nothing, except an almost complete review
of creation in its present state, could give a cha-
racter of demonstration to the results of my in-
vestigation into its ancient state ; but, from this
review, I had at the same time to expect a great
body of rules and affinities not less satisfactorily
demonstrated ; and it became obvious, that, in
consequence of this essay upon a small portion of
the theory of the earth, the whole animal king-
dom would necessarily be in some measure sub-
jected to new laws.
Thus I was encouraged in this twofold investi-
gation, by the equal interest which it promised
to possess, both with regard to the general science
of anatomy, the essential basis of all those which
treat of organised bodies, and with regard to the
physical history of the globe, the foundation of
~mineralogy, geography, and even, it may be said,
of the history of Man, and of all that it most con-
cerns him to know with regard to himself.
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If it be so interesting to us to follow, in the
infancy of our species, the almost obliterated traces
of extinct nations, why should it not also be so,
to search, amid the darkness of the infancy of the
Earth, for the traces of revolutions which have ta-
ken place anterior to the existence of all nations?
We admire the power by which the human mind
has measured the motions of the celestial bodies,
which nature seemed to have concealed for ever
from our view. Genius and science have burst
the limits of space; and observations, explained
by just reasoning, have unveiled the mechan-
ism of the universe. Would it not also be
glorious for man to burst the limits of time, and,
by means, of observations, to ascertain the his-
tory of this world, and the succession of events
which preceded the birth of the human race?
Astronomers have undoubtedly advanced more
rapidly than naturalists; and the present pe-
riod, with respect to the Theory of the Earth,
bears some resemblance to that in which some
philosophers fancied that the heavens were formed
of polished stones, and that the moon was of the
size of the Peleponnesus; but after ANAXAGO-
ras, came CoPERNICUs and KEPLER, who

 pointed the way to NEwTON; and why should
not natural history also one day have its New-

ton?
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4 THEORY OF THE EARTI.

Plan of this Essay.

WaaT I especially propose to present im this
discourse, is the plan and the result of my labours
regarding Fossil Bones. I shall also attempt to
trace a rapid sketch of the efforts that have been
made up to the present day, to restore the history
of the revolutions of the globe. The facts which
I have been enabled to discover, form, without
doubt, only a small portion of those which would
be necessary to complete this ancient history ; but
several of them lead to decisive consequences, and
the rigorous manner in which I have proceeded in
their determination, affords me reason to think
that they will be regarded as points definitively
fixed, and which in their aggregate will form an
epoch in science. Lastly, I trust their novelty
will be a sufficient excuse for me, if I claim for
them the earnest attention of my readers.

My object will first be to shew by what rela-.
tions the history of the fossil bones of terrestrial
animals connects itself with the theory of the
earth, and for what reasons a peculiar importance
is to be attributed to it, with reference to this
subject. I shall then unfold the principles upon
which is founded the art of determining these
bones, or, in other words, of recognizing a genus,
and of distinguishing a species, by a single frag-
ment of bone,—an art, on the certainty of which
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depends that of my whole work. I shall give a
rapid account of the new species, and of genera
previously unknown, which the application of
these principles has led me to discover, as well as
the different kinds of deposits in which they are
contained. And as the difference between these
species and those which exist at the present day
is bounded by certain limits, I shall show that
these limits much exceed those which now distin-
guish the varieties of the same species. I shall
therefore make known to what extent these va-
rieties may go, whether from the influence of time,
or from that of climate, or, lastly, from that of do-
mestication.

In this way I shall be enabled to conclude, and
to induce my readers to conclude with me, that
great events were necessary to produce the more
considerable differences which I have discovered.
I shall next mention the particular modifica-
tions which my researches must necessarily intro-
duce into the hitherto received opinions regard-
ing the revolutions of the globe; and, lastly, I
shall inquire how far the civil and religious his-
tory of different nations corresponds with the re-
sults of observation with regard to the physical
history of the Earth, and with the probabilities
which these observations afford concerning the
period at which societies of men may have found
fixed places of abode, and fields susceptible of
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cultivation, and at which, therefore, they may have
assume a durable form.

First Appearance of the Karth.

When the traveller passes over those fertile
plains where gently flowing streams nourish in
their course an abundant vegetation, and where
the soil, inhabited by a numerous population,
adorned with flourishing villages, opulent cities,
and superb monuments, is never disturbed, except
by the ravages of war, or by the oppression of
the powerful, he is not led to suspect that Nature
also has had her intestine wars, and that the sur-
face of the globe has been broken up by revolu-
tions and catastrophes. But his ideas change as
soon as he digs into that soil which now presents
so peaceful an aspect, or ascends to the hills which
border the plain ; his ideas are expanded, if I may
use the expression, in proportion to the expansion
of the view, and begin to embrace the full extent
and grandeur of those ancient events, when he
climbs the more elevated chains, whose base is
skirted by these hills, or when, by following the
beds of the torrents which descend from those
chaius, he penetrates, as it were, into their interior.

First progfs of Revolutions on the surface of the Globe.

The lowest and most level parts of the earth,
exhibit nothing, even when penetrated to a very
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great depth, but horizontal strata composed of sub-
stances ore or less varied, and containing almost
all of them innumerable marine productions. Si-
milar strata, with the same kind of productions,
compose the lesser hills to a considerable height.
Sometimes the shells are so numerous as to con-
stitute of themselves the entire mass of the rock ;
they rise to elevations superior to the level of every
part of the ocean, and are found in places where
no sea could have carried them at the present day,
under any circumstances ; they are not only en-
veloped in loose sand, but are often inclosed in
the hardest rocks. Every part of the earth, every
hemisphere, every continent, every island of any
extent, exhibits the same phenomenon.

The times are past when ignorance could main-
tain, that these remains of organized bodies are
mere sportings of nature, productions generated
in the womb of the Earth, by its own creative
powers ; and the efforts made by some metaphy-
sicians of the present day, will not probably suc-
ceed in bringing these exploded opinions again
into repute. A scrupulous comparison of the forms
of these remains, of their texture, and often even
of their chemical composition, does not disclose the
slightest difference between the. fossil shells and
those which still inhabit the sea: the preserva-
tion of the former is not less perfect than that of
the latter; most commonly we neither observe
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detrition nor fracture in them, nothing, in short,
that amounces a violent removal from their
original places; the smallest of them retain
their sharpest ridges, and their most delicate
spines. They have, therefore, not only lived in
the sea, but they have also been deposited by it.
It is the sea which has left them in the places
where they are now found. But this sea has
remained for a certain period in those places
it has covered them long enough, and with suffi-
cient tranquillity to form those deposits, so re-
gular, so thick, so extensive, and partly also so
solid, which contain those remains of aquatic ani-
mals. The basin of the sea has therefore under-
gone one change at least, either in extent, or in
situation. Such is the result of the very first
search, and of the most superficial examination.
The traces of revolutions become still more ap-
parent and decisive, when we ascend a little high-
er, and approach nearer to the foot of- the great
chains. There are still found many beds of shells;
some of these are even thicker and more solid ;
the shells are quite as numerous, and as well pre-
served, but they are no longer of the same spe-
cies. 'The strata which contain them are not so
generally horizontal ; they assume an oblique po-
sition, and are sometimes almost vertical. While
in the plains and low hills it was necessary to
dig deep, in order to discover the succession of the
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beds, we here discover it at once by their exposed
edges, as we follow the valleys that have been
produced by their disjunction. Great masses
of debris form at the foot of the cliffs, rounded
hills, the height of which is augmented by every
thaw and tempest.

These inclined strata, which form the ridges
of the secondary mountains, do not rest upon
the horizontal strata of the hills which are situ-
ate at their base, and which form the first steps
in approaching them ; but, on the contrary, dip
under them, while the hills in question rest upon
their declivities. 'When we dig through the
horizontal strata in the vicinity of mountains
whose strata are inclined, we find these inclined
strata re-appearing below ; and even sometimes,
when the inclined strata are not too elevated, their
summit is crowned by horizontal ones *. The in-
clined strata are therefore older than the hori-
zontal strata; and as they must necessarily, at
least the greater number of them, have been
formed in a horizontal position, it is evident that
they have been raised 1, and that this change in
their direction has been effected before the others
were superimposed upon them f.

* See Note A, at the end of this Essay.
t+ See Note B.
1 The opinion maintained by some geologists, that cer-
- tain strata have been formed in the inclined position in which
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Thus the sea, previous to the deposition of the
horizontal strata, had formed others, which, by the
operation of problematical causes, were broken,
raised, and overturned in a thousand ways ; and, as
several of those inclined strata which it had formed
at more remote periods, rise higher than the ho-
rizontal strata which have succeeded them, and
which surround them, the causes by which the
inclination of these beds was effected, had also
made them project above the level of the sea, and
formed islands of them, or at least shoals and in-
equalities ; and this must have happened, whether
they had been raised by one extremity, or whe-
ther the depression of the opposite extremity had
made the waters subside. This is the second re-
sult, not less clear, nor less satisfactorily demon-
strated, than the first, to every one who will take
the trouble of examining the monuments on which
it is established.

Proofs that such revolutions have been numerous.

But it is not to this subversion of the ancient

they are now found, admitting it true with regard to some
particular strata which might have been crystallized, as Mr
Greenough supposes, like the deposit which encrusts the in-
side of vessels, in which water containing gypsum has been
boiled, cannot at least apply to those which contain shells or
rolled stones, which could not have waited, so suspended,
the formation of the cement by which they were to be ag-
glutinated.
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strata, nor to this retreat of the sea after the for-
mation of the new strata, that the revolutions
and changes which have given rise to the present
state of the Earth are limited.

When we institute a more detailed compari-

son between the various strata and those remains
of animals which they contain, we presently per-
ceive, that this ancient sea has not always depo-
sited mineral substances of the same kind, nor re-
mains of animals of the same species; and that
each of its deposits has not extended over the
whole surface which it covered. There has ex.
isted a succession of variations; the former of
which alone have been more or less general, while
the others appear to have been much less so. The
older the strata are, the more uniform is each of
them over a great extent ; the newer they are, the
more limited are they, and the more subject to
vary at small distances. "Thus the displacements
of the strata were accompanied and followed by
“changes in the nature of the fluid, and of the
matters which it held in solution ; and when cer-
tain strata, by making their appearance above the
waters, had divided the surface of the seas by
islands and projecting ridges, different changes
might take place in particular basins.

Amidst these variations in the nature of the
general fluid, it is evident, that the animals whieh
lived in it could not remain the same. Their
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species, and even their genera, changed with the
strata; and, although the same species occasion-
ally recur at small distances, it may be announced
as a general truth, that the shells of the ancient
strata have forms peculiar to themselves; that
they gradually disappear, so as no longer to be
seen at all in the recent strata, and still less in
the presently existing ocean, in which their cor-
responding species are never discovered, and where
several, even of their genera, do not occur : that,
on the contrary, the shells of the recent strata are
similar, in respect to their genera, to those which
exist in our seas; and that, in the latest and least
consolidated of these strata, and in certain recent
and limited deposits, there are some species which
the most experienced eye could not distinguish
from those which are found in the neighbouring
seas.

There has, therefore, been a succession of va-
riations in the economy of organic nature, which
has been occasioned by those of the fluid in which
the animals lived, or which has at least corres-
ponded with them ; and these variations have
gradually conducted the classes of aquatic ani-
mals to their present state, till, at length, at the
time when the sea retired from our continents for
the last time, its inhabitants did not differ much
from those which are found in it at the present
day.
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We say for the last time, because, if we exa-
mine with still greater care those remains of or-
ganised bodies, we discover, in the midst of even
the oldest strata of marine formation, other strata
replete with animal or vegetable remains of ter-
restrial or fresh-water productions ; and, amongst
the more recent strata, or, in other words, those
that are nearest the surface, there are some in
which land animals are buried under heaps of ma-
rine productions. Thus, the various catastrophes
which have disturbed the strata, have not only
caused the different parts of our continents to rise
by degrees from the bosom of the waves, and di-
minished the extent of the basin of the ocean, but
have also given rise to numerous shiftings of this
basin. It has frequently happened, that lands
which have been laid dry, have been again covered
by the waters, in consequence either of their be-
ing ingulphed in the abyss, or of the sea having
merely risen over them. The particular portions
also, of the Earth, which the sea abandoned in its
last retreat,—those which are now inhabited by
man and terrestrial animals,—had already been
once laid dry, and had then afforded subsistence
to quadrupeds, birds, plants, and land produc-
tions of all kinds: the sea which left it had,
therefore, covered it at a previous period *.

* See Note C.
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The changes in the level of the waters have
not, th refore, consisted solely in a more or less
gradual, or more or less general retreat; there
have been various successive irruptions and re-
treats, the final result of which, however, has been
a universal depression of the level of the sea.

Progfs that these Revolutions have been sudden.

It is of much importance to remark, that
these repeated irruptions and retreats of the
sea have neither all been slow nor gradual ; on
the contrary, most of the catastrophes which have
occasioned them have been sudden; and this is
especially easy to be proved, with regard to the
last of these catastrophes, that which, by a two-
fold motion, has inundated, and afterwards laid
dry, our present continents, or. at least a part
of the land which forms them at the present
day. In the northern regions, it has left the car-
cases of large quadrupeds which became enveloped
in the ice, and have thus been preserved even to
our own times, with their skin, their hair, and
their flesh. " If they had not been frozen as soon
as killed, they would have been decomposed by
putrefaction. And, on the other hand, this eter-

~ nal frost could not previously have occupied the
places in which they have been seized by it, for
they could not have lived in such a temperature.
It was, therefore, at one and the same moment
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that these animals were destroyed, and the coun-
try which they inhabited became covered with ice.
This event has been sudden, instantaneous, with-
out any gradation ; and what is so clearly demon-
strated with respect to thislast catastrophe, is not
less so with reference to those which have pre-
ceded it. The breaking to pieces, the raising up
and overturning of the older strata, leave no doubt
upon the mind that they have been reduced to
the state in which we now see them, by the action
of sudden and violent causes ; and even the force
of the motions excited in the mass of waters, is
still attested by the heaps of debris and rounded
pebbles which are in many places interposed be-
tween the solid strata. Life, therefore, has often
been disturbed on this earth by terrible events.
Numberless living beings have been the victims
of these catastrophes ; some, which inhabited the
dry land, have been swallowed up by inundations ;
others, which peopled the waters, have been laid
dry, from the bottom of the sea having been sud-
denly raised ; their very races have been extin-
guished for ever, and have left no other memorial
of their existence than some fragments, which the
naturalist can scarcely recognize.

Such are the conclusions to which we are ne-
cessarily led by the objects that we meet with at
every step, and which we'can always verify, by ex-
‘amples drawn from almost every country. These
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great and terrible events are every where distinct-
ly recorded, so as to be always legible by the eye
skilled to decypher their history in the monu-
ments which they have left behind.

But what is still more astonishing and not less
certain, life has not always existed upon the
globe; and it is easy for the observer to distin-
guish the point at which it has begun to deposit

its productions.

Proofs that there have been Revolutions anterior to the
existence of living beings.

If we ascend to higher points of elevation, and
advance towards the great ridges, the craggy sum-
mits of the mountain chains, we shall presently
find those remains of marine animals, those in-
numerable shells, of which we have spoken, be-
coming more rare, and at length disappearing alto-
gether. We arrive at strata of a different na-
ture, which contain no vestiges of living beings.
Nevertheless, their erystallization, and even their
stratification, shew that they have been also in a
liquid state at their formation ; their inclined posi-
tion, and the cliffs into which they are broken,
shew that they also have been forcibly moved from.
their original places; the oblique manner in
which they dip under the shelly strata, that they
have been formed previously to these latter ; and
lastly, the height to which their rugged and bare
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peaks rise above all these shelly strata, that their
summits had already emerged from the waters,
when the shelly strata were forming.

Such are those celebrated Primitive Mountains
which traverse our continents in different direc-
tions, raising themselves above the clouds, sepa-
rating the basins of rivers from one another, af-
fording, in their perennial snows, reservoirs which
feed the springs, and forming, in some measure, the
skeleton, and as it were the rough framework, of
the Earth.

The eye perceives from afar, in the indenta-
tions with which their ridge has been marked,
and in the sharp peaks with which it is bristled,
indications of the violent manner in which they
have been elevated. Their appearance, in this re-
spect, is very different from that of those rounded
mountains, and hills with long flat surfaces, whose
less ancient masses have always remained in the
situation in which they were quietly deposited by
the waters of more recent seas.

These indications become more obvious as we
approach. The valleys have no longer those
gently-sloping sides, those salient and re-entering
angles corresponding on either side to each other,
which seem to denote the beds of ancient streams.

They widen and they contract without any ge-
‘neral rule; their waters, at one time, expand in-
to lakes; at another, fall in torrents; and some-
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times their rocks, suddenly approaching from each
side, form transverse dikes, over which the waters
tumble in cataracts. The dissevered strata, while
they shew on one side their edges perpendicular-
ly raised, on the other present large portions of
their surface lying obliquely ; they do net corres-
pond in height, but those which, on one side,
form the summit of the cliff, often dip underneath
on the other, and are no longer visible.

Yet, amidst all this confusion, distinguished
naturalists have been able to demonstrate, that
there still reigns a certain order, and that those
immense deposits, broken and overturned though
they be, observe a regular succession with regard
to each other, which is nearly the same in all the
great mountain chains. According to them, Gra-
nite, of which the central ridges of the greater
number of these chains consist, and which thus
surmounts every other rock, is also the rock which
is found deepest in the solid crust of the globe.
It is the most ancient of those which we have
found means of examining in the place assigned
them by nature; and we inquire not at present,
whether it owes its origin to a general fluid, which
formerly held every thing in solution, or may have
been the first consolidated by the cooling of a
great mass in fusion, or even in a state of vapour *.

- * The conjecture of the Marquis de la Place, that the
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Foliated rocks rest upon its sides, and form the
lateral ridges of these great chains; schists, por-
phyries, sandstones, and talcose rocks, intermingle
with their strata; lastly, granular marbles, and
other limestones destitute of shells, resting upon
the schists, form the outer ridges, the lower steps
as it were, the counterforts, of these chains, and
are the last formations, by which this unknown
fluid, this sea without inhabitants, would seem to
have prepared materials for the mollusca and zo-
ophytes, which were presently to deposite upon
these foundations vast heaps of their shells and
corals.

‘We even find the first productions of these
mollusca and zoophytes appearing in small num-
bers, and scattered at greater or less distances,
in the last strata of these primitive formations, or
in that portion of the crust of the globe to which
geologists have given the name of Transition rocks.
Here and there we meet with beds containing
shells, interposed between certain granites of later

materials of which the globe is composed, have perhaps ex-
isted at first in the elastic form, and have successively as-
sumed a liquid consistence on cooling, and have at length
been solidified, is well supported by the recent experiments
of M. Mitscherlich, who has composed, of all sorts of sub-
stances, and crystallized by the heat of intense furnaces, se-
-veral of the mineral species which enter into the composi-
tion of primitive mountains.—Note D.
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formation than the others, between schists of va-
rious kinds, and between some newer beds of gra-
nular marbles. Life, which was in the end to
obtain entire possession of the globe, seems, in
these primordial times, to have struggled with
the inert nature which formerly predominated;
and it was not until a considerable time after, that
it obtained the ascendancy over it, and acquired
for itself the exclusive right of continuing and ele-
vating the solid envelope of the Earth.

Hence, it is impossible to deny, that the masses
which now constitute our highest mountains,
have been originally in a liquid state; and that
they have for a long time been covered by waters
in which no living beings existed. 'Thus, it has
not been only since the appearance of life that
changes have been operated in the nature of the
matters which have been depostted ; for the mas-
ses formed previous to that event, have varied,
as well as those which have been formed since.
They have also experienced violent changes in
their position, and a part of these changes must
have taken place at the period when these masses
existed by themselves, and were not covered over
by the shelly masses. The proof of this lies in
the overturnings, the disruptions, and the fissures,
which are observable in their strata, as well as
in those of more recent formations, and which
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are in the ancient strata even in greater number
and better defined.

But these primitive masses have also under-
gone other revolutions since the formation of the
secondary strata, and have, perhaps, given rise
to, or at least have partaken of, some of those
changes which these strata themselves have expe-
rienced. There are actually considerable portions
of the primitive formations uncovered, although
placed in lower situations than many of the secon-
dary formations ; and we cannot conceive how it
should have so happened, unless the primitive
strata in those places had forced themselves into
view, after the secondary strata had been formed.
In certain countries, we find numerous large blocks
of primitive substances scattered over the surface
of secondary formations, aud separated by deep
valleys, or even by arms of the sea, from the peaks
or ridges from which they must have been derived.
We must necessarily conclude, therefore, either
that these blocks have been ejected by eruptions,
or that the valleys (which must have stopped their
course) did not exist at the time of their being
transported ; or, lastly, that the motions of the
waters by which they were transported, exceeded
in violence any thing that we can imagine at the
present day *.

* The Travels of Saussure and Deluc present a multi-
tude of facts of this description. These geologists imagined,
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Here, therefore, we have a collection of facts, a
series of epochs, anterior to the present time, of

that they could only have been produced by enormous
eruptions. De Buch and Escher have recently em-
ployed themselves upon this subject. The memoir of the
latter, inserted in the Nouvelle Alpina of Steinmiiller,
vol. i. presents the general results in a remarkable man-
ner. The following is a comprehensive view of them :
Such of these blocks as are scattered over the low parts of
Switzerland and Lombardy, come from the Alps, and have
descended along their valleys. They occur every where, and
of all sizes, up to 50,000 cubic feet, over the great extent of
country which separates the Alps from the Jura mountains ;
and they rise upon the sides of the latter facing the Alps,
to a height of 4000 feet above the level of the sea. They
are found at the surface, or in the superficial layers of debris,
but not in the strata of sandstone, molasse, or conglomerate,
which fill up almost every where the interval in question.
They are sometimes isolated, sometimes in heaps. The
height of their situation is not connected with their magni-
tude ; the smaller ones alone appear sometimes a little worn,
but the large ones are not so at all. Those which belong to
the basin of eachriver are found, upon examination, to be of
the same nature as the mountains of the tops or sides of the
high valleys in which the tributary streams of this river
take their rise. They are already seen in these upper val-
leys, and are particularly accumulated at the places which
are situated above some of the contractions of these valleys.
They bave passed over the lower hills, when their height has
not been more than 4000 feet ; and then they are seen upon
the other side of the ridges, in the cantons between the Alps
and Jura, and even upon the latteritself. Itis opposite the
mouths of the valleys of the Alps that they are seen in the
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which the successive steps may be perfectly ascer-
tained, although the duration of their intervals
cannot be defined with precision. They are so
many fixed points, which serve to regulate and di-
rect our inquiries respecting this ancient chro-
nology.

Ezxamination of the Causes which act at present on the
surface of the Globe.

Let us now examine those changes which are
taking place at the present day upon the globe, in-
‘vestigating the causes which still act in its surface,
and endeavouring to determine the possible extent
of their effects. This portion of the history of the
Earth is so much the more important, that it has

greatest quantity, and at the greatest heights; those of the
intervening spaces have not been carried so high. Among
the chains of the Jura mountains, which are more remote
from the Alps, they are only found in places which are op-
posite the openings of the nearer chains.

From these facts, the author draws the conclusion, that
the transportation of these blocks has taken place at a period
subsequent to the deposition of the sandstones and conglo-
merates, and has perhaps been occasioned by the last of the
revolutions which the globe has experienced. He compares
the transportation in question to that which still takes place
from the agency of torrents ; but the objections presented by
the consideration of the great size of the blocks, and the deep
valleys over which they must have passed, appear to us to
militate greatly against this part of his hypothesis.—Note E.
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long been considered possible to explain the more
ancient revolutions on its surface by means of these
still existing causes ; in the same manner as it is
found easy to explain past events in political his-
tery, by an acquaintance with the passions and
intrigues of the present day. But we shall pre-
sently see, that unfortunately the case is different
in physical history :—the thread of operations is
here broken; the march of Nature is changed ;
and none of the agents which she now employs,
would have been sufficient for the production of
her ancient works.

There still exist, however, four causes in full
activity, which contribute to alter the surface of
our continents. These are, rains and thaws, which
waste down the steep mountains, and precipitate
the fragments to their bottoms; running waters,
which carry off these fragments, and deposit them
in places where their current is abated ; the sea,
which undermines the foundations of elevated
coasts, forming steep cliffs, and which throws up
great banks of sand upon the low coasts; and, last-
ly, volcanoes, which pierce through the solid strata
from below, elevate these strata, or spread over the
surface vast quantities of ejected matter *.

-* Regarding the changes of the surface of the earth, known
from history or tradition, and consequently dependent on
causes still in operation, see the German work of M. de Hof,
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Of Slips, or Falling down of the Materials of

Mountains.

In every place where the broken strata present
their edges on abrupt surfaces, there fall down to
their base, every spring, and even after every
storm, fragments of their materials, which are
rounded by rolling upon each other. These col-
lected heaps gradually assume an inclination deter-
mined by the laws of cohesion, and thus form, at the
bottom of the cliff, taluses, of greater or less eleva-
tion, according as the fragments which have fal-
len are more or less abundant. These taluses
constitute the sides of the valleys in all elevated,
mountainous regions, and are covered with a rich
vegetation, whenever the fragments from the up-
per parts begin to fall less abundantly ; but their
want of solidity subjects themselves also to slips,
when they are undermined by rivulets. On
these occasions, towns, and rich and populous dis-
tricts, are sometimes buried under the ruins of a
mountain ; the courses of rivers are interrupted,
and lakes are formed in places which were be-
fore the abodes of fertility and cheerfulness. For-
tunately these great slips happen but seldom, and

entitled « Geschechte der Natiirliche Verinderungen der
Erdoberfliche,” 2 vols. 8vo. Goth. 1822 and 1824. The facts
contained in it are collected with equal care and erudition.
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the principal use of those hills of debris, is to fur-
nish materials for the ravages of torrents.

Alluvial Formations *.

The rains which fall, the vapours which are
condensed, and the snows which are melted, up-
on the ridges and summits of mountains, de-
scend, by an infinite number of rills, along their
slopes, carrying with them some portions of the
materials of which these slopes are composed, and
tracing slight furrows by their passage. These
rills soon unite in the deeper gutters with which
the surface is marked, run off by the deep valleys
which intersect their bottom,and thus form streams

“and rivers, which carry back to the sea the waters
it had formerly supplied to the atmosphere. On
the melting of the snows, or when a storm takes
place, these mountain torrents become suddenly
swollen, and rush down the declivities with a ve-
locity proportioned to their steepness. They dash
violently against the bases of those taluses of
fallen fragments which cover the sides of all the
high valleys, carrying off the already rounded
fragments of which they are composed, and which
thus become smoothed, and still farther po-
lished, by attrition. But in proportion as
they reach the more level valleys, where their

~ * Note F.
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violence is diminished, or when they arrive at
more expanded basins, where their waters are
permitted to spread, they throw out upon their
banks the largest of those stones which they had
rolled down. The smaller fragments are deposit-
ed still lower; and nothing reaches the great
canal of the river excepting the minutest par-
ticles, or the most impalpable mud. It often
happens, also, that before these streams unite to
form great rivers, they have to pass through large
and deep lakes, in which their mud is deposited,
and from which their waters come forth limpid.
The lower rivers, and all the streams which
descend from the less elevated mountains and hills,
also produce effects, upon the districts through
which they flow, more or less analogous to those
of the torrents from the higher mountains. When
these rivers are swollen by great rains, they attack
the base of the earthy or sandy hills which they
meet . with in their course, and carry their fragments
to be deposited upon the lower grounds, and which
are thus, in some degree, raised by each succeed-
ing inundation. Finally, when the rivers reach
great lakes or the sea, and when that rapidity,
which carried off and kept in suspension the par-
ticles of mud comes to cease entirely, these parti-
cles are deposited at the sides of their mouths,
~where they form low grounds, by which the shores
are prolonged. And if these shores are such, that

D]
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the sea also throws up sand upon them, and thus
contributes to their increase; there are created,
as it were, provinces, and even entire kingdoms,
which usually become the most fertile, and speedily
the richest, in the world, if their rulers permit
human industry to exert itself in peace.

Formation of Downs.*

The effects which the sea produces, without
the co-operation of rivers, are much less benefi-
cial. When. the coast is low, and the bottom
sandy, the waves push the sand toward the shore,
where, at every reflux of the tide, it becomes par-
tially dried ; and the wind, which almost always
blows from the sea, drifts it upon the beach.
Thus are formed those hillocks of sand, named
Downs, which, if the industry of man does not
fix them by suitable plants, move slowly, but in-
variably, toward the interior of the country, and
overwhelm fields and dwellings, because 'the
same wind that raises the sand of the beach up-
on the down, throws that of its summit in the op-
posite direction from the sea. When the nature
of the sand, and that of the water which is raised
with it, are such as to form a durable cement,
the shells and bones, thrown upon the beach, be-
come incrusted with it. Pieces of wood, trunks

% Note G,
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of trees, and plants growing near the sea, are en-
veloped in these aggregates; and thus are pro-
duced what might be denominated indurated
downs, such as we see upon the coasts of New
Holland, and of which a precise idea may be
formed from the description given of them by
Peron *, |

Formation of Cliffs or Steep Shores.

On the other hand, when the coast is high, the
sea, which is thus prevented from throwing up
any thing, exercises a destructive action upon it.
Its waves, by sapping the foundation, cause the
superincumbent portion of the face of the cliff,
thus deprived of support, to be incessantly falling
down in fragments. These fragments are tumbled
about by the billows, until the softer and more di-
vided parts disappear. The harder portions, from
being rolled in contrary directions, assume the
form of boulders and pebbles ; and these, at length,
accumulate in sufficient quantity to form a ram-
part, by which the bottom of the cliff is protected
against farther depredations.

Such is the action of water upon the solid land ;
and we see, that it consists almost entirely in re-
ducing it to lower levels, but not indefinitely.

* Voyage aux Terres Australes, t. i. p. 161.
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The fragments of the great mountain ridges are
carried down into the valleys; their finer parti-
cles, together with those of the lower hills and
plains, are borne to the sea; alluvial depositions
extend the coasts at the expence of the high
grounds. These are limited effects, to which ve-
getation in general puts a stop, and which, besides,
presuppose the existence of mountains, valleys,
and plains, in short, all the inequalities of the
globe ; and which, therefore, cannot have given
rise to these inequalities. The formation of downs
is a phenomenon still more limited, both in regard
to height and horizontal extent ; and has no rela-
tion whatever to that of those enormous masses
into the origin of which it is the object of geology
to inquire.*

Depositions formed in Water.

~ Although we cannot obtain a precise knowledge
of the action exerted by water within its own
bosom,; it 1s yet possible to determine its limits to
a certain degree.

Lakes, pools, marshes, and sea-ports, into which
rivulets discharge their waters, more especially
when these descend from near and steep hills, de-
posit large quantities of mud, which would at
length fill them up entirely, if care were not taken
to clean them out. The sea also throws quanti-

* Note H.
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ties of slime and sediment into harbours and
creeks ; into all places, in short, where its waters
arc more tranquil than ordinary. The currents
also heap up at their meeting, or throw out at
their sides, the sand which they are continually
raising from the bottom of the sea, forming it in-
to banks and shallows. |

Stalactites.

Certain waters, after dissolving calcareous sub-
stances by means of the superabundant carbonic
acid with which they are impregnated, allow these
substances to crystallize after the acid has evapo-
rated ; and, in this manner, form stalactites, and
other concretions. There are strata, confusedly
crystallized in fresh water, which are sufficiently
extensive to be compared with some of those
which have been deposited by the ancient sea.
The famous Travertine quarries of the neighbour-
hood of Rome, and the rocks of the same sub-
stance, which are formed, and continually varied
in figure, by the river of Teverona, are generally
known. These two modes of action may be com-
bined; the deposits accumulated by the sea may
be solidified by stalactite. Thus, when springs
abounding in calcareous matter, or containing
some other substance in solution, happen to fall
into places where these deposits are formed, we then
find aggregates in which marine and fresh-water
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productions may be blended. Of this description
are the anks in the island of Guadeloupe, which,
along with human skeletons, present land and sea
shells mingled together. Of the same nature
also is the quarry described by Saussure, in the
neighbourhood of Messina, in which the sand-
stone is seen forming by the consolidation of the

sand thrown up by the sea.

Lithophytes.

In the torrid zone, where lithophytes of many
species abound, and are propagated with great ra-
pidity, their strong trunks are interwoven and ac- -
cumulated so as to form rocks and reefs; and
rising even to the surface of the water, shut up the
entrance of harbours, and lay frightful snares for
navigators. The sea, throwing up sand and mud
upon the tops of these shoals, sometimes raises
their surface above its own level, and forms islands,
which are soon covered with a rich vegetation.

| I}zcmstatéon._

I1tisalso possible, that, in particular places, large
quantities of the animals inhabiting shells, leave
their stony coverings when they die, and that these,
cemented together by slime of greater or less con-
sistence, or by other cementing substances, form
extensive deposits or shell banks. But we have no
evidence that the sea can now incrust those shells
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with a paste as compact- as that of the mar-
bles, the sandstones, or even the coarse limestone
(calcaire grossier) in which we see the shells of
our strata enveloped. Still less do we any where
find the sea depositing those more solid and more
siliceous strata which have preceded the forma-
tion of the shelly strata. |

In short, all these causes united, would not
change, in an appreciable degree, the level of the
sea ; mor raise a single stratum above its surface;
and still less would they produce the smallest
hillock upon the surface of the earth.

It has been asserted that the sea has undergone
a general diminution of level ; and proofs of this are
sald to have been discovered in some parts of the
shores of the Baltic.* But whatever may be the
causes of these appearances, we are certain that they
are not general in their operation ; and that, in the
greater number of harbours, where any alteration

* It is a common opinion in Sweden, that the level of the
sea is becoming lower, and that many places may even be
forded or passed dry-shod, which were formerly impractica-
ble. Eminent philosophers have adopted this popular opi-
nion ; and M. von Buch goes so far as to suppose that the
whole of Sweden is gradually rising. But it is singular,
that no one has made, orat least published, a series of accu-
rate observations, calculated to confirm a fact that had been
announced so long ago, and which would leave no doubt up-
on the mind, if, as Linnaus asserts, this difference of level
were 5o much as four or five feet yearly. Note I.
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of the level would be a matter of so much in-
terest, and where fixed and ancient works afford
so many means of measuring its variations, the
mean level of the sea is constant. There has,
therefore, never been a universal lowering, nor a
universal encroachment, of the waters of the ocean.
In some places, indeed, such as Scotland, and va-
rious parts of the Mediterranean, evidence has
been thought to have been found, that the sea
has risen, and that it now covers shores which
were formerly above its level *.

Volcanoes.

The action of volcanoes is still more limited, and
more local, than any of those which have yet been
mentioned. Although we have no precise idea of
the means by which nature keeps up these violent
fires at such great depths, we can judge decided-
ly, by their effects, of the changes which they may

* Mr Stevenson, in his observatiens upon the bed of the
German Ocean and British Channel, maintains that the level
of the sea is continually rising, and has been very sensibly
elevated within the last three centuries. Fortis asserts the
same of some parts of the Adriatic sea. But the example
of the Temple of Serapis, near Pouzzola, proves that the
margins of that sea are, in many places, of such a nature as
to be subject to local risings and fallings. On the other
hand, there are thousands of quays, roads, and other works,
made along the sea-side by the Romans, from Alexandria to
Belgium, the relative level of which has never varied.
Note K.
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have produced at the surface of the globe. After
a volcano has announced itself, by some shocks of
an earthquake, it forms for itself an opening.
Stones and ashes are thrown to a great distance,
and lavais vomited forth. The more fluid part of
the lava flows in long streams, while the less fluid
portion stops at the edges of the opening, raises its
margins all round, and forms a cone, terminated by
acrater. Thus volcanoes accumulate upon the sur-
face matters which were previously buried in the
bowels of the earth, after modifying their nature,
and raise themselves into mountains. By these
means, they have formerly covered some parts of
our continent, and have also suddenly produced
islands in the middle of the sea. But these moun-
tains and islands have always been composed of
lava, and all their materials have undergone the
action of fire: they are disposed as matters should
be, which have flowed from an elevated point.
Volcanoes, therefore, neither raise nor overturn
the strata through which their apertures pass;
and if some causes acting from those depths have
contributed, in certain cases, to raise up large
mountains, they cannot have been volcanic agents
of the same nature as those which exist at the

present day.

Thus, we repeat, it is in vain that we search,

among the powers which now act at the surface of
| | c 2
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the earth, for causes sufficient to produce the revo-
lutions and catasttophes, the traces of which are
exhibited by its crust : And if we have recourse to
the constant external forces with which we are as
yet acquainted, we shall have no greater success.

Constant Astronomical Causes.

The pole of the earth moves in a cirele around
the pole of the ecliptic, and its axis is more or less
inclined to the plane of the ecliptic ; but these two
motions, the causes of which are now ascertained,
are much too limited for the production of effects
like those whose magnitude we have just been
stating. At any rate, their excessive slowness
would render them altogether inadequate to ac-
count for catastrophes which, as we ha.ve shewn,
must have been sudden.

The same reasoning applies to all other slow
motions which have been conceived as causes of

~ the revolutions in question, chosen doubtless in
the hope that their existence could not be de-
nied, because it might always be easy to hold out
that their very slowness rendered them impercep-
tible. But whether they be true of not is of lit-
tle importance, for they explain nothing, as no
cause acting' slowly could have produced sudden
effects.
~ Admitting that there has been a gradual dimi-
nution of the waters ; that the sea has transport-
ed solid matters in all directions; that the tem-
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perature of the globe is either diminishing or in-
creasing ;—none of these causes could have over-
turned our strata; enveloped in ice large ani-
mals, with their flesh and skin ; laid dry marine
testacea, the shells of which are, at the present
day, as well preserved as if they had been drawn
up alive from the sea; and, lastly, destroyed nu-
merous species, and even entire genera.

These considerations have struck most natura-
lists ; and among those who have endeavoured to
explain the present state of the globe, hardly any
one has attributed it entirely to the agency of slow
causes, still less to causes operating under our
eyes. The necessity to which they are thus re-
duced, of seeking for causes different from those
which we see acting at the present day, is the very
circumstance that has forced them to make so
many extraordinary suppositions, and to lose
themselves in so many erroneous and contradic-
tory speculations, that the very name of their
science, as I have elsewhere remarked, has long
been a subject of ridicule to prejudiced persons,
who have only looked to the systems which it has
been the means of hatching, and have forgotten
the extensive and important series of authentic
facts which it has brought to light *.

* When I formerly mentioned this circumstance of the
science of geology having become ridiculous, I enly expressed
a fact, to the truth of which every day bears witness ; but in
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Older Systems of Geologists.

- Durin a long time, two events or epochs only,
the Creation and the Deluge, were admitted as
comprehending the changes which have been ope-
rated upon the globe ; and all the efforts of geo-
logists were directed to account for the present
existing state of things, by imagining a certain
original state, afterwards modified by the deluge,
of which also, as to its causes, its operations, and
its effects, each entertained his own theory.

- Thus, according to one *, the earth was at first
invested with an uniform light crust, which cover-
ed the abyss of the sea; and which being broken
up for the production of the deluge, formed the
mountains by its fragments. According -to- ano-
ther 1, the deluge was occasioned by a momentary
suspension of cohesion among the particles of mi-
neral bodies ; the whole mass of the globe was dis-
solved, and the paste thus formed became penetra-
ted with shells. AccOrding toa third}, God raised

———— = o mese e e e e

this I did not profess to give my own opinion, as some re-
-spectable geologists seem to have believed. If their mistake
has arisen from any thing equivocal in my expressions, I here
apologize to them., .
* Burnet, Telluris Theoria Sacra. Lond. 1681.
.+ Woodward, Essay towards the Natura.l History of the
Earth. Lond. 1702.

- § Scheuchzer, Mém. de PAcad. 1708.
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up the mountains for the purpose of allowing the
waters, which had produced the deluge, to run
off; and selected those places in which there was
the greatest quantity of rocks, without which the
mountains could not have supported themselves.
A fourth * created the earth from the atmosphere
of one comet, and deluged it by the tail of ano-
ther: The heat which it retained from its origin,
was what, in his opinion, excited the whole of the
living beings upon it to sin; for which they were
all drowned, excepting the fishes, whose passions
were apparently less vehement.

It is evident, that, even while confined with-
in the limits prescribed by the Book of Genesis,
naturalists might still have a pretty wide range :
they soon found themselves, however, in too nar-
row bounds; and when they had succeeded in
converting the six days of creation into so many
indefinite periods, the lapse of ages no longer
forming an obstacle to their views, their systems
took a flight proportioned to the periods which
they could then dispose of at pleasure.

Even the great Leibnitz amused himself, like
Descartes, by conceiving the earth to be an extin-
guished sunt, a vitrified globe, upon which the
vapours falling down again, after it had cooled,

" * Whiston, New Theory of the Earth. Lond. 1708.
~ t Leibnitz, Protogea. Act. Lips. 1683 ; Gott. 1749.



http://geology.19thcenturyscience.org/books/1827-Cuvier-ThyEar/README.htm
40 THEORY OF THE EARTH.

formed seas, which afterwards deposited the lime-
stone formations.

By Demaillet the whole globe was conceived
to have been covered with water for many thou-
sands of years. He supposed this water had gra-
dually retired ; that all the land animals were ori-
ginally inhabitants of the sea; that man himself
commenced his career as a fish; and he asserts,
that it is not uncommon, even now, to meet with
fishes in the ocean, which are still only half con-
verted into men, but whose descendants will in
time become perfect human beings *.

The system of Buffon is merely an extension
of that of Leibnitz, with the addition only of a
comet, which, by a violent blow, struck off' from
the sun the liquefied mass of the earth, together
with those of all the other planets at the same
instant. From this supposition, he was enabled
to assume positive dates, as, from the present tem-
perature of the earth, it could be calculated how
long it bad taken to cool down so far; and, as all
the other planets had come from the sun at the
same time, it could also be calculated how many
ages are still required for cooling the greater
ones, anid to what degree the smaller are already
frozent.

* Telliamed. Amsterd. 1748.

+ Theorie de la Terre, 1749 and Epoques de la Nature,
1775.
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More recent Systems.

In our own times, men of still bolder imagina-
tions have exercised their minds upon this great
subject. Some writers have revived and greatly
extended the ideas of Demaillet. They suppose
that every thing was originally fluid; that this
fluid gave existence to animals, which were at
first of the most simple kind, such as the monads
and other infusory and microscopic species ; that,
in process of time, and by assuming different ha-
bits, the races of animals became complicated, and
assumed that diversity of nature and character
in which they now appear. By means of those
various races of animals, part of the waters of the
sea have gradually been converted into calcareous
earth ; while the vegetables, concerning the ori-
gin and metamorphoses of which these writers are
totally silent, have, on their part, converted a por-
tion of the same water into clay : These two
earths, on being stripped of the characters which
life had impressed upon them, are resolved, by a
final analysis, into silex; and hence the reason
that the oldest mountains are more siliceous than
the rest. All the solid parts of the earth, there-
fore, owe their existence to life, and, without life,
‘the globe would still be entirely liquid *.

- * See La Physique de Rodig. p. 106, Leipsie, 1801 ; and
: 1
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Other writers have preferred the ideas of Kep-
ler, and, like that great astronomer, have consi-
dered the globe itself as possessed of vital facul-
ties. According to them a vital fluid circulates in
it ; a process of assimilation goes on in it, as well as
in animated bodies; every particle of it is alive ;
it possesses instinct and volition, even to the most
elementary molecules, which attract and repel
each other according to sympathies and antipa-
thies. Each kind of mineral has the power of
converting immense masses Into its own nature,
as we convert our food into flesh and blood. The
mountains are the respiratory organs of the globe,
and the schists its organs of secretion; it is by
these latter that it decomposes the water of the
sea, in order to produce the matters ejected by vol-
canoes. 'The veins are carious sores, abscesses of
the mineral kingdom; and the metals are pro-
ducts of rottenness and disease, which is the
reason that almost all of them have so bad a

smell *, | - )

Telliamed, vol. ii. p. 169, as well as a multitude of new Ger-
man works. M. de Lamarck has of late years developed
this system to a great extent, in France, and supported it
with much ingenuity, in his Hydrogeologie and Philosophie
Zoologique. .

* M. Patrin has shewn much ingenuity in supporting
these fantastical ideas, in several articles of the Nouveau
Dictionnaire d’Histoire Naturelle.
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More recently still, a philosophy, which substi-
tutes metaphor for reasoning, and proceeds on
the system of absolute identity or of pantheism, at-
tributes the production of all phenomena, or which,
in the eyes of its supporters, is the same thing,
all beings, to polarization, such as is manifested
by the two electricities; and denominating every
kind of opposition or difference, whether of situa-
tion, of nature, or of function, by the title of Po-
larisation, opposes to each other, in the first place,
God and the universe ; then, in the universe, the
sun and the planets; next, in each planet, the
solid and the liquid ; and, pursuing this course,
changing its figures and allegories according to
its necessities, at length arrives at the last de-
tails of organic species *

It must, however, be observed that these are
what may be termed extreme examples, and that
all geologists have not carried the extravagance
of their conceptions to such a length as those
which we have just cited. Yet, among those who
have proceeded with more caution, and have not
searched for geological causes beyond the limits
of physical and chemical science, much diversity
and contradiction still prevail.

* This application of pantheism to :geology may be best
seen in the works of Oken and Steffens.
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Diversities of all the Systems.

According to one system, every thing has been
successively precipitated by crystallization, and
deposited nearly as it exists at present; but the
sea, which covered all, has gradually retired *.

According to another, the materials of which
the mountains consist, are incessantly worn down
and carried off by the rivers to be deposited at
the bottom of the sea, where they are heated un-
der an enormous pressure, and form strata, which
are one day to be violently lifted up by the heat
which consolidates them 7.

A third supposes the fluid divided into a mul-
titude of lakes, placed, like the seats of an am-
phitheatre, above each other, which, after having
deposited our shelly strata, have successively bro-
ken their dikes, to descend and fill the basin of
the ocean i.

According to a fourth, tides of seven or eight
hundred fathoms depth have carried off, from time
to time, the matter lying at the bottom of the sea,

~ * Delamétherie, in his Gedlogie,” admits crystalhza-
tion as the principal agent.

+ Hutton and Playfair.—Illustrations of the Huttonian
- Theory of the Earth. Edin. 1802.

¥ Lamanon,—in various parts of the Journal de Phy-
sique,—after Michaelis, and several others.
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and have thrown it, in the form of mountains and
hills, upon the original valleys or plains of the
continent *,

A fifth makes the various fragments of which
the earth is composed, fall successively from hea-
ven, in the manner of meteoric stones, bearing the
impress of their foreign origin in the unknown
beings whose remains they contain 7.

A sixth represents the globe as hollow, and
places within it a loadstone nucleus, which is
transported from one pole to the other, by the at-
traction of comets, carrying along with it the cen-
tre of gravity, and the mass of waters at the sur-
face ; thus alternately drowning the two hemis-
pheres 1.

We might mention twenty other systems, as
different from one another as those enumerated.
And to prevent mistake, we may here state, that
our intention is not captiously to criticize or find
fault with their authors ; on the contrary, we ad-
mit that these ideas have generally been conceived

- by men of intellect and knowledge, who were not

* Dolomieu, in the Journal de Physique.
~+ MM. de Marschall, in their Researches respecting the

Origin and Development of the present order of the World.
- Giessen, 1802.

1 Bertrand,—Periodical Renewal of the Terrestrial Con-
tinents. Hamburgh, 1799.
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“ignorant of facts, several of whom had even tra-
velled extensively for the purpose of examining
them, and who, in this manner, made numerous

and important additions to science.

Causes of these differences.

Whence comes it, then, that there should be
so much contrariety in the solutions of the same
problem, that are given by men who proceed up-
on the same principles? May not this have been
occasioned by the conditions of the problem ne-
ver having been all taken into consideration at

- once; by which it has remained hitherto indeter-
minate, and susceptible of many solutions,—all
equally good, when such or such conditions are
abstracted ; and all equally bad, when a new con-
dition comes to be known, or when the attention
is directed to some condition which had been for-

merly neglected ?

Nature and Conditions of the Problem.

To quit the language of mathematics, it may
be asserted, that almost all the authors of these sys-
tems, confining their attention to certain difficul-
ties which struck them more forcibly than others,
have endeavoured to solve these in a manner more
or less plausible, and have left unnoticed others,
equally numerous, and equally important. For

example, the only difficulty with one consisted in
2
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explaining the changes that had taken place in
the level of the sea ; with another, it consisted in
accounting for the solution of all terrestrial sub-
stances in one and the same menstruum ; and with
a third, in shewing how animals that were be-
lieved to be natives of the torrid zone could live
in the frigid zone. Exhausting all the powers
of the mind upon these questions, they conceived
that they had done every thing that was neces-
sary when they had contrived some method of
answering them; and yet, while they neglected
all the other phenomena, they did not always
think of determining with precision the measure
and limits of those whlch they had endeavoured
to explain.

This is peculiarly the case with regard to the
secondary formations, which constitute, however,
the most important and most difficult part of
the problem. During a long time, all that was
done with respect to these, consisted of feeble at-
tempts to determine the order of superposition of
their strata, and the connections of these strata
with the species of animals and plants whose re-
mains they contain.

Are there certain animals and plants peculiar
to certain strata, and not found in others? What
are the species that appear first in order, and what
those which succeed ? Do these two kinds of
species sometimes accompany each other ? Are
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there alternations in their appearance ; or, in other
words, do the first reappear a second time, and
do the others then disappear ? Have these ani-
mals and plants all lived in the places where their
remains are found, or have they been transported
thither from other places ? Do they all live at
the present day in some part of the earth, or have
they been partially or totally destroyed ? Is there
any constant connection between the antiquity of
the strata and the resemblance, or mnon-resem-
blance, of the fossils contained in them to the
animals and plants which now exist ? Is there
any connexion, in regard to climate, between
the fossils and such living beings as resemble
them most ? May it be concluded, that the
transportation of these living beings, if such a
thing ever happened, has taken place from north
to south, or from east to west; or were they irre-
gularly scattered and mingled together; and can
the epochs of these transportations be determined
by the characters which they have impressed up-
on the strata ?

What can be said regarding the causes of the
existing state of the globe, if no reply can be
made to these questions,—if there be no sufficient
grounds to determine the choice between an-
swering in the affirmative or negative ? It is
but teo true, that, for a long time, none of these
points was satisfactorily determined ; and scarce-
ly even would geologists seem to have had any
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idea of the propriety of clearing them up before
constructing their systems.

Reason jfor which the Conditions of the Problem hawve: .
been neglected.

- The: reason . of. this strange - procedure-will-be-
discovered, when: we reflect, that all geologists
have. hitherto been;. either mere-cabinet natura-
lists; who had themselves paid little atttention.
to the structure of  mountains, or mere mineralo-
gists; who had not studied it sufficient detail the
innumerable varieties of ‘animals, and ‘the infinite
complication of.their various-parts. The former
of these have only constructed systems: the latter
have furnished excellent: observations, and Ligve
laid the foundation of true geologieal science; but-
have been unable to complete the edifice.

Progress of Mineral Geology.

The purely mireral part: of the great problem
‘of the Theory of the Earth hds been investigated
with: admirable care- by Saussure, and has been
since carried to an- astonishing degree of develop-
ment by Werner, and by the numerous: enlight-
ened pupils of his sehool:

The fornier- of  these. celebrated men, by a la-
botfious;iﬁvéstigation of the most inaccessible dis-
triéts, continued- for twenty-years, in which he
exainined: the :Alps- on- all- sides, and" penetrated
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through all their defiles; has laid open to our
view th entire disorder of the primitive forma-
tions, and has distinctly traced the limits by which
they are distinguished from the secondary forma-
tions. The other, taking advantage of the nu-
merous excavations made in the most ancient min.
ing district in the world, has fixed the laws by.
which the succession of the strata are regulated,
pointing out the relative antiquity of these stra-
t_e, and tracing each of .them through all its me-
tamorphoses. Itis from him, and from him alone,
that we date the commencement of real geo-
logy, in so far as concerns the mineral nature of
the strata : but neither he nor Saussure have de-.
termined the fossil organic species occurring in
each kind of stratum, with the accuracy which
has become necessary, now that the number of
animals already known. is so great.

Other naturalists, it is true, have examined the
the. fossil remains of organised bodies ; they have
collected and ﬁgured them by thousands, and .
their .works will serve as so.many precious collec--
tions_ of matenals But, considering these. ani- -
mals and plants more with reference to their own :
nature, than as connected with the theory of the .
earth ; 5 or regarding- these _petrifactions as “cu-
nos1t1es, ra.ther than as hlstoncal documents ; or, -
lastly, contenting themselves with practical ex-
planatmns regardmg the posmon .of each frag-.
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ment, they have almost always neglected to in-
vestigate the general laws affecting the geologi-
cal position of organic remains, or their connec-
tion with the strata.

Importance of Fossil Remains in Geology. .

And yet, the idea of such an investigation was
very natural ; for it is abundantly obvious, that it
is to these fossil remains alone that we owe even the
commencement of a theory of the earth, and that,
without them, we should perhaps never have even
suspected that there had existed any successive
epochs, and a series of different operations, in the
formation of the globe. By them alone we are, in
fact, enabled to ascertain, that the globe has not al-
ways had the same external crust; because, we
are thoroughly assured, that the plants and
animals must have lived at the surface before
they had thus come to be buried deep beneath it.
It is only by analogy that we have been enabled
to extend to the primitive formations, the con-
clusion which is furnished directly for the secon-
dary by the organic remains which they contain ;
and if there had only existed formations in which
no fossil remains were inclosed, it could never
have been shewn that these formations had not’
all been of simultaneous origin. o

It is also by means of the organic remains,
slight as is the knowledge we have hitherto ac-.
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quired of them, that we have been enabled to dis-
cover the little that we yet know respecting the
nature of the revolutions of the globe. Krom
them we have learned, that the strata in which
they are buried have been quietly deposited In a
fluid ; that their variations have corresponded
with those of the fluid in question ; that their be-
ing laid bare has been occasioned by the transpor-
tation of this fluid to some other place; and that
this circumstance must have befallen them more
than once. Nothing of all this could have been
known - with certainty, had no fossil remains ex-
isted. -

The study of the mineral part of geology,
though not less necessary, and even of much more
utility to the practical arts, is yet much less in-
structive with reference to the object of our pre-
sent inquiry.

We remain in utter ignorance respecting the
causes 'which have given rise to the variety in the
mineral substances of which the strata are com-
posed. We are even ignorant of the agents
which may have held some of these substances in
solution; and it is still disputed, respecting seve-
ral of them, whether they have owed their origin
to water or to fire. After all, philosophers are only
agreed on one point, which is, that the sea has:
changed its place; and how should this have been
known; unless by means of the fossil remains ?

The organic' remains, therefore, which have
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given rise to the theory of the earth, have, at the
same time, furnished it with its principal illustra-
tions ;—the only ones, indeed, that have as yet
been generally acknowledged.

It is this consideration which has encouraged
us to investigate the subject. But the field is
vast ;. and it is but a very small portion of it that
could be cultivated by the labour of a single in-
dividual. It was necessary, therefore, to select a
particular department ; and the choice was soon
made. The class of fossil remains which forms
the subject of this work, engaged our attention
at the very outset, because it appeared to us to
be that which is the most fertile in precise results,
and yet, at the same time, less known, and richer
in new objects of research *.

- High importance of the Fossil Bones of Quadrupeds.

1t is obvious, in fact, that the fossil bones of
quadrupeds must lead to more accurate conclu-
sions than any other remains of organized bodies,
and that for several reasons.

* My work has, in fact, proved how far this inQuiry was
yet new when I commenced it, notwithstanding the excel-
lent labours of Camper, Pallas, Blumenbach, Merk, Stm-
mering, Rosenmiiller, Fischer, Faujas, Home, and other
learned men, whose works I have most scrupulously cited

in such of my chapters as then' researches are oonnected
with. .



http://geology.19thcenturyscience.org/books/1827-Cuvier-ThyEar/README.htm

54 THEORY OF THE EARTH.

In the first place, they indicate much more
clearly the nature of the revolutions to which
they have already been subjected. Shells certain-
Iy announce the fact, that the sea has once exist-
ed in the places where they have been formed ;
but the changes which have taken place in their
species, when rigorously inquired into, may have
arisen from slight changes in the nature of the
fluid in which they lived, or merely in its tempe-
rature. They may even have been produced by
causes still more accidental. We can never be
perfectly assured that certain species, and even
genera, inhabiting the bottom of the sea, and oc-
cupying certain fixed spaces, for a longer or shor-
ter time, may not have been driven away and
supplanted by other species or genera.

In regard to quadrupeds, on the contrary, every
thing is precise. The appearance of their bones
in strata, and still more of their entire car-
cases, announces, either that the stratum itself
which contains them has, at a former period, been
laid dry, o, at least, that dry land must have exist-
ed in its neighbourhood. Their disappearance ren-
ders it certain, that this stratum has been inun-
dated, or that the dry land in question has ceased
to exist. It is from them, therefore, that we learn
with perfect certainty the important fact of re-
peated irruptions of the sea, which the shells
and other marine productions could not of them-
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selves have proved; and it is by a careful investi-
gation of them, that we may hope to ascertaln the
nnmber and the epochs of these irruptions. -
- Secondly, The nature of the revolutions which
have altered the surface of the globe, must have
exerted a more powerful action upon terrestrial
quadrupeds, than upon marine animals.. As these
revolutions have consisted chiefly of changes in
the bed of the sea, and as the waters must have
destroyed all the quadrupeds which they reached,
if their irruption was general, it would necessa-
rily have destroyed the entire class; or if it only
overwhelmed certain continents at one time, it
would at least have destroyed the species pecu-
liar to those continents, without having the same
effect upon the marine animals. On the other
hand, millions of aquatic animals would have been
left dry, or buried under newly-formed strata, or
thrown violently on the coasts; while their races
would still have been preserved in some more
peaceful parts of the sea, whence they might again
be propagated after the agitation of the waters
had ceased. - -
Thirdly, This more complete action is also
more easily ascertained. It is more easy to de-
monstrate its effects, because, the number of qua-
drupeds being limited, and the greater part of
their species, at least the large ones, being known,
we have more means of determining whether fos-
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sil+bonesibelong to them, or to.a species that is
now lest -.As, on the other hand, we are very
far from being :acquainted with all the testa-
ceous -animals and . fishes which -inhabit.the sea,
and:as ~we -are still probably ignorant of .the
greater number of those which live in deep water,
it-is:impossible to-knew with certainty, whether
a-species-which ocenrs in ‘'a. fossil state, may not
still exist somewhere alive. .And hence, we see
naturalists persisting in giving the name of pela-
gic :shells, that is to say, shells .inhabiting the
open sea, to the belemnites, cornua-ammonis, and
other -testaceous remains, which - have _hitherto
been found only in the older strata; meaning
by this, that if they have not yet been discovered
in a living state, it is because they inhabit the
depths: of ‘the sea, far ‘beyond the reach of our
nets. -

-Small. probability of discovering New Species of
-large Quadrupeds.

“Naturalists, certainly, have not yet explored all
the continents, nor do they even know-all the
quadrupeds which inhabit the countries that they
have ‘explored. New species of this class: are dis-
covered “from time to.time ;- and “those who have
not‘examined *with attention . all : the eircum-
stanees belonging to these discoveries; might :also
invagine ‘that¢he “unknown quadrupeds, ‘whose
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bones are found in our strata, may remain to this
day concealed, in some islands not yet discover-
ed by navigators, or in some of the vast deserts
which occupy the middle of Asia, Africa, the two
Americas, and New Holland.

However, if we carefully examine what kinds
of quadrupeds have been recently discovered, and
in what circumstances they have been found, we
shall see that there is little hope of our ever find-
ing alive those which have hitherto been observed
only in a fossil state.

Islands of moderate extent, and at a consider-
able distance from the continents or large islands,
possess very few quadrupeds, and these, for the
greater part, of diminutive size. When they hap-
pen to contain any of the larger species, these must
have been carried to them from other countries.
Bougainville and Cook found no other large qua-
drupeds than hogs and dogs in the South Sea
Islands; and the largest species of the West In-
dia Islands was the agout..

It is true that the great continents, such as
Asia, Africa, the two Americas, and New Hol-
land, possess large quadrupeds, and, generally
speaking, contain species peculiar to each; inso-
much, that whenever large countries of this de-
seription have been discovered, which their situa-
tion has kept isolated from the rest of the world,
the class of quadrupeds which they contained has
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been found entirely different from any that exist.
ed elsewhere. Thus, when the Spaniards first
penetrated into South America, they did not find
a single species of quadruped the same as any of
Europe, Asia, or Africa. The puma, the jaguar,
the tapir, the cabiai, the lama, the vicuna, the
sloths, the armadilloes, the opossums, and the whole
tribe of sapajous, were to them entirely new ani-
mals, of which they had no idea. Similar cir-
cumstances have recurred in our own time, when
the coasts of New Holland and the adjacent
islands were first explored. The various species
of kangaroo, phascolomys, dasyurus, and perame-
les, the flying phalangers, the ornithorynchi and
echidnz, haveastonished naturalists by the strange-
ness of their conformations, which presented pro-
portions contrary to all former rules, and were
incapable of being arranged under any of the sys-
tems then in use. |
If there yet remained some great continent to
be discovered, we might still hope to become ac-
quainted with new species, among which there
might be found some having more or less simi-
larity to those of which we have discovered the
remains in the bowels of the earth. But it is
sufficient to cast a glance over the map of the
world, and see the innumerable directions in
which navigators have traversed the ocean, in or-
der to be satisfied that there remains no other
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large land to be discovered, unless it may be si-
tuated towards the South Pole, where the exis-
tence of life would necessarily be precluded by the
accumulation of ice. |

- Hence, it is only from the interior of the Iarge
divisions of the world, that we can have any hope
of still procuring quadrupeds hitherto unknown.
But a little reflection will be sufficient to con-
vince us, that our expectations from this source
have as little foundatlon as from that of the is-
lands.

Doubtless, the European traveller cannot easi-
ly traverse vast extents of countries, which are
either destitute of inhabitants, or are peopled only
with ferocious tribes ; and this is more especially
true with regard to Africa. But there is nothing
to prevent the animals themselves from roaming
over these countries in all directions, and pene-
trating to the coasts. JEven when there may be
great chains of mountains between the coasts and
the deserts of the interior, they must always be
broken in some places to allow the rivers to pass
through ; and, in these burning deserts, the qua-
drupeds naturally follow the banks of rivers.
The inhabitants of the coasts also ascend these
rivers, and soon become acquainted with all the
remarkable species which exist even to their
sources, either from personal observation, or by
means of intercourse with- the inhabitants of
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the interior. At no period, therefore, . could
civilized nations have frequented the coast of a
large country for any considerable length of time,
without gaining some tolerable knowledge of such
of the animals which it contained as were re-
markable for their size or configuration.

This reasoning is confirmed by well kncwn
facts. Although the ancients never passed the
mountains of Imaus, or crossed the Ganges, in
Asia ; and, although they never penetrated very
far beyond Mount Atlas, in Africa; yet were
they, in reality, acquainted with all the large a-
nimals of these two divisions of the world ; and,
if they have not distiuguished all the species, it
was not because they had not seen them, or heard
them spoken of by others, but because the mu-
tual resemblances of some of these species caused
them to be confounded together. The only im-
portant exception which can be opposed to this as-
sertion, presents itself in the Tapir of Malacca, -
recently sent home from India by two young na-
turalists, pupils of mine, Messrs Duvaucel and
Diard, and which in fact is one of the most inte-
resting discoveries with which Natural History
has been enriched in these latter times.

" The ancients were perfectly acquainted with
the Elephant ; and the history of that quadruped
1s given more accurately by Aristotle than by
Buffon.  They were not even ignorant of some of
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the differences which distinguish the elephants of
Africa from those of Asia*.

They knew the two-horned Rhinoceros, which
has never been seen alive in modern Europe.
Domitian exhibited it at Rome, and had it
stamped on his medals, which have been very
well described by Pausanias.

The one-horned Rhinoceros, distant as was its
country, was equally known to them. Pompey
shewed one at Rome ; and Strabo has accurately
described another which he saw at Alexandria .

The Rhinoceros of Sumatra described by Mr
Bell ; and that of Java, discovered and sent home
by Messrs Duvaucel and Diard, do not appear to-
inhabit the continent. Hence, it is not surpris-
ing, that the ancients should have been ignorant
of them'; besides, they probably would not have
distinguished them from the others.

The Hippopotamus has not been so well de-
scribed as the preceding animals; yet very exact
representations of it have been left by the Ro-
mans in. their monuments relative to Egypt, such
as the statue of the Nile, the Palestrine pave-

* This is' more particularly noticed in the Chapter on
Elephants in the first velume of Professor Cuvier’s Recker-
ches,

t See the history of the Rhinoceros in the first part of
the second volume of Professor Cuvier’s Reckerches.
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‘mexit, and a-great number of medals. In fact,
this animal was repeatedly seen by the Romans ;
having been exhibited by Scaurus, Augustus,
Antoninus, Commodus, Heliogabalus, Philip,
and Carinus *. |

- The two species of Camel, the Bactrian and
Arabian, are both very well described and charac-
terized by Aristotle .

- The Giraffe, or Camelopard (Camel-Leopard),
was also well known to the ancients. A live one
was shewn at Rome, in the circus, during the
dictatorship of Julius Caesar, in the year of Rome
708 ; and ten of them were exhibited together by
Gordian III. all of which were killed at the se-
cular games of Philip I,—a circumstance which
may well surprise the moderns, who have only
witnessed a single individual, which was sent by
the Soldan of Egypt to Laurentius de Medicis,
in ‘the fifteenth century, and is pamted in the
frescoes of Poggio-Cajano. |
- If we read with attention the descnptmns of
‘the Hippopotamus, given by Herodotus and A-
ristotle, and which are supposed to have been
borrowed from Hecatzeus of Miletum, we shall

* See the chapter on the Hippopatamus, in the first
volume of Recherches. |

~ + Hist. Anim. Lib. ii. cap. 1.
% Jul. Capitol.,, Gord. iii. cap. 23.
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find, that they must have béen made up from two
different animals, one of which was perhaps the
true hippopotamus, and the other was assuredly
the Gnou *, a quadruped, of which our natura-
lists begin to take notice only about the end of
the eighteenth century. It is the same animal
of which fabulous accounts were given by Pliny
and AClian, under the name of catoblepas and
catablepon +. | |
- The Ethiopian Boar of Agatharchides, which
is 'described as having horns, is precisely the.
Ethiopian Boar of modern times, the enormous.
tusks of which deserve the name of horus nearly
as much as those of the elephant {. |
The- Bubalus and Nagor are described by .
Pliny §; the Gazelle by Zlian ||; the Oryx by
Oppian 9 ; the Axis, so early as the time of Cte-.
sias *¥ ; and the Algazel, and Corinne, are accu-
rately figured upon the Egyptian monuments{+. .

* Antilope Gnu, Gmel. |
"+ Pliny, Lib. viii. cap. 32.; and Zlian, Lib. vii. cap. 5.

-+ Alian, Anim. v. 27.

§ Pliny, lib, viii. cap. 15. ; and lib. xi. cap. 37.

|| Alian, Anim. xiv. 14.

9 Opp. Cyneg., ii. v. 445. et seq.

** Pliny, lib. viii. cap. 21. -

T+ See the great Work upon Egypt, -Antiq. iv. pl. 49. ;

and pl. 66.
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Alian- has well described the Bos grunniens
or Yak, under the name of the ox having a tail
which serves for a fly-flapper *.

The Buffalo was not domesticated by the an-
cients; but the Indian Ox, of which Atlian
speaks +; and which had horns large enough to
hold three amphora, was assuredly that variety
of the buffalo which is now called the arnee.
And even the wild ox with depressed horns,
which is mentioned by Aristotle as inhabiting
Arachosia, a province of ancient Persia, could be
nothing else than the common buffalo f.

The ancients were acquainted with the horn-
less variety of the ox{, and with the African
oxen, whose horns, being only attached to the
skin, moved with it{. They also knew the In-
dian oxen, which equalled the horse in speed [ ;
and those which were so small as not to exceed a
he-goat in size**.- Nor were the broad.-tailed
sheep unknown to them ++,—mnor those of India,
which were said to be as large as asses }1.

Although the accounts left us by the ancients,

* Alian, Anim. xv. 14..
t 1dem, Anim. iii. 34.
I Arist. Hist. Anim, lib: ii.. cap,5.:
§ Zlian, ii. 53. || Idem; ii. 20. .
. 9 Idem, xv. 24. % Idem;z'xirv."24:~
+t Idem, Anim, iii. 3. 1t Idem, iv. 32.
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respecting the Aurochs, the Rein-deer, and Elk,
are all mingled with fable, they are yet sufficient
to prove that these animals were in some degree
known to them, but that the reports which had
reached them, had been communicated by igno-
rant people, and had not been corrected by a ju-
dicious examination *. 'These animals still inha-
bit the countries which the ancients assigned to
them ; and have only disappeared in such of them
as have been too. much cultivated for their ha-
bits. The aurochs } and elk still exist in the fo-
restsof Lithuania, which were formerly continu-
ous with the great Hercynian Forest. The for-
mer of these animals still occurs in the northern
f)arts of Greece, as it did in the days of Pausa-
nias. The rein-deer inhabits the snowy regions
of the north, where it always had its abode; it
changes its colour, not at pleasure, but according
to the change of ithe seasons. It was in conse-
quence of mistakes scarcely excusable, that it was
imagined to have occurred in the Pyreneesin the
fourteenth century t.

* This ils.' xﬁoré p'articularlluym explained. in the chapvters'
upon Deer and Oxen, in the fourth volume of Professor Cu-
vier’s Recherches.

-+ Aurochs is Bos Urus, Lin., not the Urus of the ancients,
which latter appears now to be extinct.

1 Buffon having read in Du Fouilloux a mutilated pas-
sage of Gaston-Phébus, Count de Foix, in which that prince
describes the chace of the rein-deer, imagined that, in the
time of Gaston, this animal lived in the Pyrenees ; and the
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Even the White Bear had been seen in Egypt
while under the Ptolemies *

Lions and Panthers were common at Rome
where they were presented by hundreds in the
games of the Circus. Even several Tigers were
exhibited there, as well as the Striped Hyena
and the Crocodile of the Nile.” In the ancient
mosaics preserved at Rome, there are excellent
representations of the rarest of these animals.
Among others, the striped hyena is seen repre-
sented with accuracy in a fragment preserved in
the Museum of the Vatican ; and, while I was at
Rome in 1809, a mosaic pavement, composed of
natural stones, arranged in the Florentine man-
ner, was discovered in a garden beside the tri-
umphal arch of Galienus, which represented four
Bengal tigers executed in a superior manner.

- In the Museum of the Vatican, there is depo-
sited the figure of a crocodile in basalt, which is
almost a perfect representation of that animal +.

printed editions of Gaston were so faulty, that it was diffi-
cult to make out, with certainty, what the author had in-
tended to say ; but having had recourse to his original ma-
nuscript, which is preserved in the Royal L1brary, 1 have
ascertained that it was in Xueden and Nourvégue, (Sweden
and Norway), that he relates having seen and hunted the
rein-deer.

* Atheneis, lib. v..
t -The?or‘xly'error committed, is that of giving it a claw’




http://geology.19thcenturyscience.org/books/1827-Cuvier-ThyEar/README.htm
THEORY OF THE EARTH. 07

1t cannot in the least be doubted, that the
Hippoligris was the Zebra, which, however, is
only found in the southern parts of Africa *.

- It would be easy to shew that almost all the
‘more remarkable species of Apes and Monkeys
have been distinctly indicated by the ancients,
under the names of Pitheci, Sphinxes, Satyri,
Cebi, Cynocephali, and Cercopithect . |

They even knew, and have described several
species of Glires of inconsiderable size, when these
animals presented any thing remarkable in their
conformation or properties . DBut the small
species are of no 1mportance with reference to
the object in view ; and, it is sufficient for our
purpose to have shewn, that all the large species,
which possess any remarkable character, and which
we know to inhabit Europe, Asia, and Africa, at
the present. day, were known to the ancients;

too much o the hind foot. Augustus exhibited thirty-six
of them ; Dlon, hb Iv.

’ Caracalla killed one of them in the Circus ; Dlon,
1ib. Ixxvii. Consult also Gisb. Cuperi de Eleph. in nummis
'obvus% ex. ii. cap. vii._

t Se'e' 'LichjiehStéin, Comment. de Simiarum quotquot
‘veteribus innotuerunt formis. Hamburgh 1791.

+ The ‘Jerboa' is- impressed upon the medals of Cy-

rene, and, indicated by Aristotle under the name of T'wo-
legged Rat.



http://geology.19thcenturyscience.org/books/1827-Cuvier-ThyEar/README.htm

68 THEORY OF THE EARTH.

whence we may fairly conclude, that their silence
in respect to the small quadrupeds, and their ne-
glect in distinguishing the species which very
nearly resemble each other, as the various species
of antelopes, and of some other genera, were occa-
sioned by want of attention and ignorance of me-
thodical arrangement, rather than by any diffi-
culty proceeding from climate. We may also
conclude, with equal certainty, that, as the lapse
of eighteen or twenty centuries, together with the
advantages of circumnavigating Africa, and of pe-
netrating into India, have added nothing in this
department to the information left us by the an-
cients, there is no probability that succeeding -
ages will add much to the knowledge of our po-
sterity.

But perhaps some persons may be disposed to
employ an opposite train of argument, and to al-
lege that the ancients were not only acquainted
with as many large qradupeds as we are, as has
already been shewn, but that they have described
several others which we do not now know,—that
we act rashly in considering these animals as fabu-
lous,—that we ought to search for them before
concluding that we have exhausted the history
of the present animal creation,—and, in fine, that
among those animals which we presume to be fa-
bulous, we may, perhaps, discover, when we be-
come better acquainted with them, the originals
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of those bones of unknown animals which we dis-
cover bu ied in the earth. Some may even con-
ceive, that those various monsters, which consti-
tute the essential ornaments of the history of the
heroic ages of almost all countries, are precisely
those very species which it was necessary to de-
sti‘py,_ in order to allow the establishment of civi-
lization. Thus the Theseuses and Bellerophons
of ancient times had been more fortunate than all
the nations of our days, which have only been
able to drive back the noxious animals, but have
never yet succeeded in exterminating a single
species.

Inguiry respécting the Fabulous Animals of the An-
| cients. |

It is easy to reply to the foregoing objection, by
examining the descriptions of these unknown be-
ings, and by inquiring into their origins. The
greater number of them have an origin purely my-
thological, and of this origin their descriptions
bear unequivocal marks ; for in almost all of them
we see merely parts of known animals united by
an unbridled imagination, and in contradiction to
all the laws of nature.

~ Those which were invented or arranged by the
Greeks, have at least the merit of possessing ele-
gance in their composition. = Like those ara--
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besqueswhich decorate the remains of some ancient
building , and which have been multiplied by the
fertile pencil of Raphael, the forms which they
combine, however repugnant to reason they may
be, present agreeable contours. They are the
fantastic productions of playful genius ; perhaps
emblematic representations in the oriental taste,
in which were supposed to be concealed under my-
stical images certain propositions in metaphysics
or in morals. 'We may excuse those who employ
their time in attempts to discover the wisdom con-
cealed in the sphinx of Thebes, the pegasus of
Thessaly, the minotaur of Crete, or the chimera
of Epirus; but it would be absurd to expect seri-
ously to find such productions in nature. As well
might we search for the animals described in the
Book of Daniel, or for the beast of the Apoca-
lypse |
Neither may we look for the mythologlcal ani-
mals of the Persians, creatures of a still bolder
imagination : the martichore, or man-destroyer,
bea.nng a human head on the body of a lion, ter-
minated by the tail of a scorpion * ; the griffon,
guardian of treasures, half eagle, half lion -l- the_

% Plin. - viii. 31, Arist. lib. i. cap 40. Phot Blbl A.rt.
492 ; Ctes. Indlc Elian, Amm iv. 21, :

”' JEhan, Amm iv. 27
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cartazonon, or wild ass, armed with a long horn
on its fo ehead *.

Ctesias, who has described these as real animals,
has been looked upon by many authors as an in-
ventor of fables ; whereas he has merely attribut-
ed an actual existence to emblematical figures.
These imaginary compositions have been seen in
modern times sculptured upon the ruins of Per-
sepolis . What they were intended to -signify
we shall probably never know ; but of this much
we are certain, that they do not represent actual
beings.

Agatharchidas, another fabricator of animals,
drew his information in all probability from a si-
milar source. The ancient Egyptian monuments
still furnish us with numerous fantastic representa-~
tions, in which the parts of different species are
combined : gods are often figured with a human
body and the head of an animal, and animals are
seen with human heads; thus giving rise to the
cynocephali, sphinxes, and satyrs of ancient natu-
ralists. The custom of representing in the same
painting men of very different sizes, of making the

C Elian, xvi. 20. Photms, Bibl., art. 72. Ctes Indlc

-+ See Cornellle Lebrun, Voyage en Muscovze, en Perse et

aux Indes, tom. ii. See also the German work by M. Hee-
ren, on the Commerce of the Ancients.
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king or the conqueror gigantic, the subjects or the
conquered three or four times smaller;: must. have
given risé to the fable of the pigmies. It was in
some corner of one of thes¢ monuments that . Aga-
tharchidas ‘must have “seen: his carniverous bull,
which, ‘with:mouth extending from ear-to ear, de-
voured every other animal*:- Certainly no natura-
list would admit: the existence of such an animal ;
for nature never. combines -either cloven . hoofs or
homs with teeth adapted for devouring .animal
food.

There may perhaps have been many other fi-
monuments as have not been able to resist the ra-
vages of time, or in the temples of KEthiopia and
Arabia, which have been destroyed by the religi-
ous zeal of the Mahometans and Abyssinians.
The monuments of India teem with such figures ;
but the combinations in these are too extravagant
to have deceived any one. Monsters with a hun-
dred arms, and twenty heads all different from
one another, are far too absurd to be believed.
Nay, the inhabitants of Japan and China: also
have their imaginary animals, which they repre-
sent as real, and which figure even in their religi-
ous books The Mex.lcans ha.d them In short,

. fphotius‘, Bibl., art. 250. Agatharchid.,‘ Excerpt. hist.,
cap. xxxix. /lian, Anim xvii. 45." Plin. viii, 21.



http://geology.19thcenturyscience.org/books/1827-Cuvier-ThyEar/README.htm
THEORY OF THE EARTH, 73

they are the fashion among all nations, whether
at-the periods when their idolatry has not yet been
refined, or when the import of these emblematical
combinations has been lost. But who would dare
to affirm that he had found those productions of
ignorance and superstition in nature ? And yet it
may have happened that travellers, influenced by
a desire of making themselves famous, might pre-
tend that they had seen those strange beings, or
that, deceived by a slight resemblance, into which
they were too careless to enquire, they may have
taken real animals for them. In the eyes of such
people, large baboons or monkeys may have ap-
peared true cynocephali, sphinxes, or men with
tails. Itis thusthat St Augustin may have ima-
gined he had seen a satyr. - 3

Some real animals, inaccurately observed and
described, may have given rise to monstrous ideas,
which, however, have had their foundation in some
reality. Thus, we can have no doubt of the ex-
istence of the hyena, although that animal has not
its neck supported by a single bone *, and al-

* I have even seen, in the collection of the late Mr Ad-
drien Camper, a skeleton of a hyena, in which several of the
vertebree of the neck were anchylosed. It was probably
from seeing some similar individual that the character in
question was attributed to all hyenas. This animal ought
to be more subject than any other to such an accident, on
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though it does mnot change its sex every year, as
Pliny alleges®*. Thus, also, the carnivorous bull is
perhaps nothing else than a two-horned rhinoceros
erroneously described.. M. de Weltheim affirms
with probability, that the auriferous ants of He-
rodotus are corsacs.

One.of the most famous amongst these fabulous
animals of the ancients, is the wnicorn. Even to
our own time people have obstinately persisted in
searching for it, or, at least, in seeking arguments
to prove its existence. Three several animals are
frequently mentioned by the ancients as having
only one horn in the middle of the forechead. The
African oryx, having cloven hoofs, the hair
placed in the contrary direction to that of other
animals {, equal in size to the bull {, or even the

account of the prodigious power of the muscles of its neck,
and the frequent use which it makes of them. When the
hyena has laid hold of any thing, it is easier to dragit along
by it than to wrest it from its jaws; and it is this circum-
stance which has caused the Arabs to consider it as the em-
blem of invincible obstinacy.

- * It does not in reality change its sex, but it has an ori-
fice in the perineum, which might make it be supposed to
be hermaphrodlte '

'I‘AnstAmmulml Phnxl46
4 Herod. iv. 192, |
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rhinoceros *, and said to resemble deer and goats
in form 1 ; the Indian ass, having solid hoofs:
and the monoceros, properly so called, whose feet
are sometimes compared to those of the lion 1, and
sometimes to those of the elephant §, and which
is therefore considered as having divided feet.
The one-horned horse || and one-horned bull are
doubtless both to be referred to the Indian ass, for
even the latter is described as having solid hoofs €.
I would ask, If these animals exist as distinet spe-
cies, ‘should we not at least have their horns in
our collections? And what single horns do we
possess, excepting those of the rhinoceros and nar-
wal? |

‘How is it possible, after thls, to refer to rude
figures traced by savages upon rocks **2 Ignorant
of perspective, and wishing to represent a straight
horned antelope in profile, they could only give it
a single horn, and thus they produced an oryx.
The oryxes, too, that are seen on the Egyptian
monuments, are probably nothing more than pro-
ductions of the stiff style, imposed upon the ar-

_.*_ Oppian, Cyneg. ii. vers. 551. t Plin. viii. 53
+ Philostorg. ii. 11. § Plin. viii. 21.
|| Onesicrit, ap. Strab. lib. xv. ZElian, xiii. 42.
¢ Plin. viii. 31.

** Barrow’s Voyage to the Cape, Fr. transl. ii. 178.
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tists of that country by their religion. Many of
their pr files of quadrupeds shew only one. fore
and one hind leg ; and this being the case, why
should they have shewn two horns ? It may per-
haps have chanced that individuals have been ta-
ken in the chace, which had accidentally lost one
of their horns, as pretty frequently happens to the
chamois and saiga: and this would have been
sufficient to confirm the error produced by these
representations. It is probably in this way that
the unicorn has recently been reported to be found
in the mountains of Thibet.

All the ancients, however, have not represented
the oryx as having only one horn. Oppian ex-
pressly .gives it several *, and Alian mentions
oryxes which had four {. Finally, if this animal
was ruminant and cloven-hoofed, we know assu-
redly that its frontal bone must have been longi-
tudina]ly divided into two, and that it could not,
as is very justly remarked by Camper, have had a
horn placed upon the suture.

But it may be asked, What two- horned animal
could have given the idea of the oryx, and pre-
sented the characters which it is described as pos-
sessing with regard to its conformatlon, even in-

“ Oppian, Cyneg, lib. H. v. 468. and 471.
t De Anim. lib. xv. cap. 14.
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dependent of the notion of a single horn? To this
I reply, with Pallas, that it was the straight
horned antelope, the Antilope oryx of Gmelin,
improperly named pasan by Buffon. It inhabits
the deserts of Africa, and must approach the con.
fines of Egypt. It is this animal which the hie-
roglyphics appear to represent. Its form is near-
ly that of the stag; its size equals that of the
bull ; the hair of its back is directed toward the
head ; its horns form exceedingly formidable wea-
pons, pointed like javelins, and hard as iron; its
hair is whitish, and its face is marked with spots
and streaks of black. Such is the description gi-
ven of it by naturalists; and the fables of the
Egyptian priests, which have occasioned the in-
sertion of its figure among their hieroglyphics, do
not require to have been founded in nature. Sup-
posing, therefore, that an individual of this spe-
cies had been seen which had lost one of its horns
by some accident, it might have been taken as a
representative of the whole race, and erroneously
adopted by Aristotle, and copied by his successors.
All this is possible, and even natural, and yet
proves nothing with regard to the existence of a
single-horned species.

In regard to the Indian ass, if we attend to the
properties ascribed to its horns as an antidote a-
gainst poison, we shall see that they are precisely
the same as those which the eastern nations attri-
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bute at the present day to the horn of the rhine-
ceros. When this horn was first imported into
Greece, the animal to which it belonged might
still have been unknown. In fact, Aristetle
makes no mention of the rhinoceros, and Aga-
tharchides was the first who described it. In the
same manner, ivory was in use among the an-
cients long before they were acquainted with-the
elephant. It is even possible that some of their
travellers might have given to the rhinoceros the
name of Indian ass, with as much propriety as
the Romans denominated the elephant the bull
of Lucania. Every, thing, morcover, that is said
of the strength, size, and ferocity of this wild ass
of theirs, corresponds very well with the rhinoce-
ros. In succeeding times, naturalists, who had
now become better acquainted with the rhinoce-
ros, finding this denomination of Indian ass in
the writings of authors who had preceded them,
might have taken it, from want of proper exami-
nation, for that of a distinct animal; and from
the name, they would have concluded the animal
should have solid hoofs. = There is, indeed, a full
descriptionof theIndian ass given by Ctesias*, but
we have seen above that it had been taken from
the bas-reliefs of Persepolis, and must therefore go
for nothing in the real history of the animal.

 * Elian, Anim. iv. 52 ; Photius, Bibl. p. 154.
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When there afterwards appeared more exact
‘descriptions of an animal having a single horn
only, but with several toes, a third species would
have been made out, to which they gave the name
of monoceros. 'These double references applied
to the same species, are more frequent among
ancient naturalists, because most of their works
-which have come down to us were mere compila-
tions; even because Aristotle himself has fre-
quently mingled facts borrowed from others with
those which he had observed himself ; and because
the habit of critical examination was then as little
known among naturalists as among historians.

From all these reasonings and digressions, it
may be fairly concluded, that the large animals of
the old continent with which we are now acquaint-
ed, were known to the ancients ; and that the ani-
mals described by the ancients, and which are
now unknown, were fabulous. It also follows,
that the large animals of the three principal parts
of the then discovered world could not have been
long in being known to the nations which fre-
quented their coasts. = = |

It may also be concluded, that no large species
remams to be discovered in America. If there
were any; there can be no reason. why we should
not be acquainted with it ; and in fact none has
been ‘discovered there during the last hundred
and fifty years. The tapir, the jaguar, the puma,
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the cabiai, the lama, the vicunna, the red wolf,
the buffalo or American bison, the ant-eaters,
sloths and armadilloes, are as well described by
Margrave and Hernandez as by Buffon ; it may
even be said that they are better, for Buffon has
confused the history of the ant-eaters, mistaken
the jaguar and red wolf, and confounded the bison
of America with the aurochs of Poland. Pen-
nant, it is true, was the first naturalist who clear-
ly distinguished the small musk ox ; but it was
long before made mention of by travellers. The
cloven-footed horse of Molina, has not been de-
scribed by the early Spanish travellers; but its
existence 1s more than doubtful, and the autho-
rity of Molina is too suspicious to authorise our
adopting it. It might be possible to characterise
more accurately than has been done the different
species of deer belonging to America and India;
but the case is with respect to these animals as it
was among the ancients with respect to the ante-
lopes; it is the want of a good method for dis-
tinguishing them, and not of opportunities of see-
ing them, that has left them so imperfectly known
to us. It may, therefore, be said, that the Mou-
flon of the Blue Mountains is the only American
quadruped of any considerable size of which the
discovery is.altogether modern ; and even it is per-
haps only an argali that may have crossed upon
the ice from Siberia.
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How should it be thought, after this, that the
huge mastodons and gigantic megatheria, whose
bones have been discovered under ground in North
and South America, still exist alive on that con-
tinent ? How should they have escaped those
wandering tribes which continually traverse the
country in all directions, and which are themselves
aware that these animals no longer exist, since they
have invented a fabulous account of their destruc-
tion, alleging that they were killed by the Great
Spirit, to prevent them from extirpating the hu-
man race. But it is evident that this fable has been
occasioned by the discovery of the bones, like that
of the inhabitants of Siberia with respect to their
mammoth, which they pretend to live under
ground like the mole, and, like all those of the
ancients, about the graves of giants, who were
thought by them to have been buried wherever
the bones of elephants were discovered.

Thus it may safely be concluded, that if, as we
have just said, none of the large species of qua-
drupeds whose remains are at the present day
found in regular mineral strata, bear resemblance
to any of the known living species, this is not
the effect of mere chance, nor because those spe-
‘cies of which we possess.nothing but the bones,
are still concealed in the deserts, and have hi-
therto eluded the observation of travellers. On
the contrary, this phenomenon must be regarded
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as resulting from general causes ; and its investi-
gation may be considered as affording one of the
best means for discovering the nature of these
causes. | |

Dgﬁczdty of determmmg tlze Fossil Bones of
Quadrupeds.

If this study is more satisfactory in its results
than that of other fossil remains of animals, 1t is
also beset with more numerous difficulties. Fos-
sil shells usnally present themselves in an entire
state, and with all the characters requisite for
comparing them with their analogous species,
preserved in the collections or figured in the works
of naturalists. Even fishes present their skele-
ton more or less entire ; the general form of their
body is almost always distinguishable, and most
commonly, also, their generic and specific charac-
ters, which are drawn from their solid parts.
In quadrupeds, on the contrary, even should the
skeleton be found entire, it would be difficult to
apply to it -characters derived, for the most part,
from the hair, the colours, and other marks which
have disappeared previous to._their incrustation.
It is even excessively rare to find a fossil skeleton
approaching in any considerable degree to a com-
plete state. ‘The strata, for the most part, only
contain separate bones, seattered confusedly, and al-
mast.always broken, and reduced to fragments; and
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these constitute the only resources of knowledge
to-the naturalist in this department. ' It may al-
so be' stated, that most observers, deterred by
these difficulties, have passed slightly over the
fossil bones of quadrupeds ; have classed them in
a vague manner, according to superficial resem-
blances, or have not even ventured to assign them
a name; so that this part of the history of fossil
remains, although the most important and most
instructive of all, is, at the same time, that which
has been the least cultivated *. '

Principle by'whz'ch this determination is effected.

Fortunately, comparative anatomy possesses a
principle, which, when properly developed, en-
ables us to surmount all the obstacles. This prin-
ciple consists in the mutual relation of forms in
organised beings, by means of which, each species
may be determined, with perfect certamty, by
a.ny fragment of any of its parts. - . .

Every organised being forms a whole,—a pe-
cu.har system of its own, the parts of which mu-

- *.I do'not. intend by this remark, as I have already ob-
served on a former occgsion, to detract from the merit of the
observatlons of Camper, Pallas, Blumenbach Scemmermg,
Merk Faugas, Rosenmuller, Home, &c. ; but their excellent
works, which have beén very useful to me, and which I quote
throughout, ‘are incomplete ; and'several of these works have
only been: published since the first/editions of thi§ Essay.
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tually corrrespond, and concur in producing the
same de nitive action, by a reciprocal reaction.
None of these parts can change in form, without
the others also changing ; and consequently, each
of them, taken separately, indicates and ascer-
tains all the others.

Thus, if the intestines of an animal are so or-
ganised as to be fitted for the digestion of flesh
only, and that flesh recent, it is necessary that its
jaws be so constructed as to fit them for devouring
live prey ; its claws for seizing and tearing it; its
teeth for cutting and dividing it ; the whole sys-
tem of its organs of motion, for pursuing and
overtaking it ; and its organs of sense for discover-
ing it at a distance. Itis even requisite that na-
ture have placed in its brain the instinct neces-
sary for teaching it to conceal 1tself and to lay
snares for its victims.

- Such are the general conditions which nature
imposes upon the structure of carnivorous ani-
mals ; and which every animal of this description
must indispensably combine in its constitution,
for without them its race could not subsist. But
subordinate to these general conditions, there ex-
ist others, having relation to the size, the species,
and the haunts of the prey for which the animal
is adapted ; and from each of these particular con-
ditions, there result modifications of detail in the
forms which arise from the general conditions.
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Thus not only the class, but the order, the genus,
and even the species, are found expressed in the
form of each part.

In fact, in order that the jaw may be able to
seize, it must have a certain form of condyle;
that the resistance, the moving power, and the
fulerum, should have a certain relative position in
regard to each other; and that the temporal
muscles should be of a certain size ; the hollow
or depression, too, in which these muscles are
lodged, must have a certain depth ; and the zy-
gomatic arch, under which they pass, must not
only have a certain degree of convexity, but it
must be sufficiently strong to support the action
of the masseter. |

“In order that the animal may be able to carry
off its prey, it must have ‘a certain degree of vi-
gour in the muscles which elevate thehead; whence
there results a determinate form in the vertebre
from which these muscles take their rise, and in
the occiput into which they are inserted.

In order that the teeth may be able to cut flesh,
they must be sharp-edged, and must be so in a
greater or less degree, according as they have flesh
mare or less exclusively to cut. 'Their base will
be solid, according to the quantity and size of the
bones which they have to break. The whole of
these circumstances must necessarily influence
the development and form of all the parts which
contribute to move the jaws.
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. In order that the paws may be able to seize the
prey, there must be a certain degree of mobility
in the toes, and a certain degree of strength in
the claws, from which there will result determi-
nate forms in all the phalanges, and a correspond-
ing distribution of muscles and tendons. The
fore-arm, or cubitus, must possess a certain facility
of turning, from which there will also result deter-
minate forms in the bones of which it is composed.
But the bones of the cubitus being articulated to
the humerus, a change in the proportions of the
former, will necessarily induce a corresponding
change in the latter. The shoulder-bones must
have a certain degree of firmness in such animals
as make use of their fore-legs for seizing, and from

‘this there must also result a certain peculiarity in
their form.  The play.of all these parts will re-
quire certain proportions in all their muscles, and
the impressions made by these muscles so propor-.
tioned, will determine still more partlcularly the
forms of the bones. . . '

. It is easy to see that similar conclusions may be
drawn with regard to the posterior extremities
which contribute to the rapidity of the general
motions ; ‘with regard to the composition of the
trunk, and the forms of the vertebrae, which exert
an -influence: upon the: facility and flexibility of °
these motions; and, lastly, with regard to the forms
of the bones of the nose, of the orbit, and of the-
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ear, the connection of which with the perfection
of the senses of smell, sight, and hearing, is evi-
dent. In a word, the form of the tooth regulates
the forms of the condyle, of the scapula, and of
the claws, in the same manner as the equation of
a curve regulates all its properties ; and as, by ta-
king each property separately for the base of a
particular equation, we find both the ordinary
equation, and all the other properties whatever ;
so, the claw, the scapula, the condyle, the femur,
and all the other bones taken separately, give the
tooth, or are reciprocally given by it ; and thus,
by commencing with any one of these bones, a
person who possesses an accurate knowledge of the
laws of organic economy, may reconstruct the
whole animal. |
This principle seems sufficiently evident, in
the general acceptation in which it is here taken,
and does not require any fuller demonstration ; but
when it comes to be applied, there will be found
many cases where our theoretical knowledge of
the relations of forms will not be:sufficient, unless
it be supported by observation and experience.
~ For example, we are well aware, that hoofed
animals must all be herbivorous, since they have
no means of seizing prey. Itis also evident, that,
having no other use to make of their fore-legs than
to support their body, they do not require a shoul-
der - so-'vigorously organised as that of carnivo-



http://geology.19thcenturyscience.org/books/1827-Cuvier-ThyEar/README.htm
88 THEORY OF THE EARTH.

rous animals ; they have, therefore, no acromion
or clavi le,-and their:shoulder-blades are narrow.
Having also.no occasion-to turn their fore-arm,
their radius is united to the ulna by ossification,
or at least articulated by a ginglimus or hinge-
joint, and net by arthrodia or ball and socket, to
the humerus. Their food being herbaceous, will
require teeth furnished with flat surfaces, for bruis-
ing seeds and plants. The crown of the teeth
must also be unequal, and, for this purpose, must
be composed of parts alternately consisting of bone
and of enamel. Teeth of this structure neces-
sarily require horizontal motions to enable them
to triturate the food ; and hence the condyle of
the jaw cannot be so strictly confined within its
articulating cavity as in the carnivorous animals,
but must be flattened, and thus correspond with
a more or less flattened surface: of the temporal
bones. Further, the temporal fossa, which will
only have a small muscle to contain, will be nar-
rower, and not so shallow, as that of carnivorous
animals. All these circumstances: are deducible
from each other, according to their greater or less
generality, and in.such a manner, that -some of
them are essential and exclusively peculiar to
hoofed animals, while others, although equally
necessary in these animals, are not entirely pecu-
Liar to them, but may occur in other animals also,
where the rest of the conditions will permit their
existence.
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If we proceed to consider the orders or subdi-
visions of the class of hoofed animals, and examine
what modifications the general conditions under-
go, or rather what particular conditions are con-
joined with them, according to the respective cha-
racters of these orders, the reasons of these subor-
dinate conditions begin to appear less obvious.
We can still easily conceive, in general, the ne-
cessity of a more complicated system of digestive
organs in those species which have a more im-
perfect masticatory system ; and hence we may
presume, that these latter must be rather rumi-
nating animals, in which there is wanting such
or such an order of teeth; and may also deduce
from the same consideration, the necessity of a
certain form of the cesophagus, and of correspond-
ing forms in the vertebra of the neck, &c. But
I doubt whether it would have been discovered,
independently of actual observation, that the ru-
minating animals should all have cloven hoofs,
and that they should be the only animals having
them ; that there should be horns on the fore-
head in this class alone ; or that such of them as
have sharp canine teeth, should, in general, have
no horns.

However, since these relations are constant, we
may be assured that they have a sufficient cause ;
but as we are not acquainted with that cause, we
must supply the defect of theory by means of ob-
servation, and in this way establish empirical laws
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which become nearly as certain as those deduced
from rational principles, when founded upon ob-
servations, the authenticity of which is proved by
frequent repetition. Hence, at the present day,
any one who observes only the print of a cloven
foot, may conclude that the animal which left this
impression ruminates ; and this conclusion is
quite as certain as any other in physics, or in
moral philosophy. This simple footmark, there-
fore, indicates at once to the observer the forms of
the teeth, of the jaws, of the vertebrz, of all the
bones of the legs, thighs, shoulders, and pelvis of
the animal which had passed. It is a surer mark
than all those of Zadig. That there are secret
reasons, however, for all these relations, is what
observation alone is sufficient to shew, independ-
ently of any general principles of philosophy.

* In fact, when we construct a table of these rela-
tions, we remark not only a specific constancy, if
the expression may be allowed, between a parti-
cular form of a particular organ, and some other
form of a different organ ; but we also perceive a
classic constancy of conformation, ‘and a corres-
ponding gradation, in the development of these
two organs, which demonstrate their mutual in-
fluence, almost as well as the most perfect deduc-

~ tion of reason.

- For example, the dentary system of the hoofed
animals, which are.not ruminant, is in general
more perfect than that of the cloven-footed or ru- -
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minating animals, because the former have either
incisors, or canine teeth, and almost always both
in each jaw ;. and the structure of their foot is in
general - more complicated, because they have
more toes or claws, or their phalanges less enve-
loped in the hoof,—or a greater number of dis-
tinct bones in the metacarpus and metatarsus—or
more numerous tarsal bones—or a fibula more
distinct from the tibia—or, lastly, that all these
circumstances are often united in the same species
of animals. | | .

It 1s 1mpossible to assign reasons for these rela-
tions ; but we aré certain that they are not the
effects of chance, because, whenever a cloven-footed
animal manifests, in the arrangement of its teeth
some tendency to approach the animals we now
speak of, it also manifests a similar tendency in
the arrangement of its feet. Thus the camels,
which have canine teeth, and even two or four
incisors in the upper jaw, have an additional
bone in the tarsus, because their scaphoid bone is
not united to the cuboid, and they have very
small hoofs, with corresponding phalanges. The
musk animals, whose canine teeth are much de-
veloped, have a distinct fibula along the whole
length of their tibia; while the other cloven-foot-
ed animals have only, in place of a fibula, a small
bone articulated at the lower end of the tibia.
There is, therefore, a constant -harmony between,
two organs apparently having no connection ; and




http://geology.19thcenturyscience.org/books/1827-Cuvier-ThyEar/README.htm
92 THEORY OF THE EARTH.

the gradations of their forms preserve an uninter-
rupted correspondence, even in those cases in
which we cannot account for their relations.

Now, by thus adopting the method of observa-
tion as a supplementary means, when theory is no
longer able to direct our views, we arrive at asto-
nishing results. The smallest articulating surface
of bone, or the smallest apophysis, has a determi-
nate character, relative to the class, the order, the
genus, and the species to which it belonged ; inso-
much, that when one possesses merely a well pre-
served extremity of a bone, he can, by careful ex-
amination, and the aid of a tolerable analogical
knowledge, and of accurate comparison, determine
all these things with as much certainty as if he had
the entire animal before him. I have often made
trial of this method upon portions of known ani-
mals, before reposing full confidence upon it,
in regard to fossil remains; and it has always
proved so completely satisfactory, that I have no
longer any doubts regarding the certainty of the
results which it has afforded me. | ‘

1t is true, that I have enjoyed all the advan-
tages which were necessary for the undertaking ;
and that my favourable situation, in the Museum
of Natural History at Paris, and assiduous re-
search for nearly thirty years, have procured me
skeletons of all the genera and sub-genera of qua-
drupeds, and even of many species in some
genera, and of several varieties of some species.
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With such means, it was easy for me to multiply
my comparisons, and to verify in all their details
the applications which I have made of the vartous
laws deducible from such circumstances as have
been stated.

- We cannot here enter into a more lengthened
detail of this method, and must refer to the
large work on Comparative Anatomy, in which
all its rules will be found. In the mean time, an
intelligent reader may gather a great number of
these from the work upon Fossil Bones, if he take
the trouble of attending to all the applications of
them which we have there made. He will see,
that it is by this method alone that we are guided,
and that it has almost always sufficed for referring
each bone to its species, when it was a living
species—to its genus, when it was an unknown
species—to its order, when it was a new genus—
and to its class, when it belonged to an order
not hitherto established—and to assign it, in the
three last cases, the proper characters for distin-
guishing it from the nearest resembling orders,
genera, and species. Before the commencement
of our researches, naturalists had done no more
than this with regard to animals, which they had
the opportunity of examining in their entire state.
Yet, in this manner, we have determined and
classed the remains of more than a hundred and
fifty mammiferous and oviparous quadrupeds.
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 View of ¢ the General Results g" these Resewrc?ee.s* |

Crons1dered with regard to species, upwards of
ninety of these animals are most assuredly hither-
to unknown to naturalists; eleven or twelve have
so perfect a resemblance to species already known,
that the slightest doubt cannot be entertained of
their identity; the others exhibit many traits of
resemblance to known species, but their compari-
son has not yet been made with sufficient plem-
sion to remove all doubts. .

Considered with regard to genera, of the ninety
hitherto unknown species, there are nearly sixty
that belong to new genera. The other species
rank under genera or subgenera already known.

1t may not. be without use, also, to consider.
these animals with regard to the classes and or-
ders to which they belong. Of the hundred and
fifty species, about a fourth part are oviparous
quadrupeds, and all the rest mammifera. Of these
last, more than the half belong to non-rumma,nt-
hoofed animals. - ' |

Notwithstanding what has been done, it would
still be premature to establish upon these numbers
any ‘conclusion relative to the theory of the earth,
because they are not in sufficient proportion to the
numbers of genera and species which may be bu-
rigd in. the,strata of the ‘earth. . Hitherto the.
bones. of . the larger species have-been :chiefly: col-
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lected, these being more obvious to agricultu-

ral labourers ; while the bones of the smaller

species are usually neglected, unless when they

chance to fall into the hands of a naturalist, or

when some particular circumstance, such as their

excessive abundance in certain places, attracts the
~ attention even of the common people.

Relations of the Species of Fossil Animals with the
Strata in which they- are found.

The most important consideration, that which,
in fact, is the chief object of all my researches,
and which establishes their legitimate connection
with the Theory of the Earth, is to ascertain in
what strata each species is found, and whether
there may be some general laws, relative either
to .the zoological subdivisions, or to the greater
or less resemblance of the species to those of the
present day. -

The laws which have been recogmsed with re-
spect to these relatlons are very distinct and sa-
tisfactory. " :

1In the first place, 1t is clearly ascertamed that
the oviparous quadrupeds appear much more early
than- the. viviparous; that they are even more
abundant, larger, and more varied, in the ancient
strata than at the surface of the globe, as it exists
at present,
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The Ichthyosauri, the Plesiosauri, several spe-
cies of Tortoise, and several species of Crocodile,
are found beneath the chalk, in the deposits com-
monly called Jura jformations. The Monitors
of Thuringia would be still older, if, according to
the Wernerian School, the copper-slate in which
they are contained, along with a great variety of
fishes supposed to have belonged to fresh-water,
is to be placed among the oldest beds of the se-
condary formations. The enormous crocodiles
and the great tortoises of Maestricht, are found
in the chalk formation itself; but these are ma-
rine animals.

This earliest appearance of fossil bones seems,
therefore, already to indicate, that dry lands and
fresh waters had existed before the formation of
the chalk deposits. But neither at this period,
nor while the chalk was forming, nor even long
after, have any bones of Jand-mammifera been
encrusted ; or, at least, the small number of these,
which are alleged to have been found in strata of
these dates, forms but a trifling exception.

We begin to find bones of marine mammifera,
namely, of lamantins and seals, in the coarse
shelly limestone which covers the chalk in the
neighbourhood of Paris; but there are still no
bones of terrestrial mammifera.

‘Notwithstanding the most assiduous investiga-
tion, I have not been able to discover any distinct
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trace of this class in any of the deposits preceding
those which rest upon the coarse limestone. Cer-
tain lignites and molasses do in fact contain
them ; but I am very doubtful whether these de-
posits are all, as is. commonly supposed, anterior
to that limestone. The places where these bones
have been found "are so limited, both in extent
and in number, as to induce us to suppose some
irregularity, or some repetition of the formation
containing them. On the contrary, the moment
we arrive at the. deposits which rest upon the
coarse limestone, the bones of land-animals pre-
“sent themselves in great abundance.

As it is reasonable to believe that shells and
fishes did not exist at the period of the forma-
tion of primitive rocks, we are also led to con-
clude that the oviparous quadrupeds began to ex-
ist along with the fishes, and at the commence-
ment of the period during which the secondary
rocks were formed ; but that the land-quadrupeds
did not appear upon the earth, at least in any
considerable number, till long after, and until
the coarse limestone strata, which contain the
greater number of our genera of shells, although
of species different from ours, had been depo-
sited.

It is remarkable that those coarse limestone
strata which are used at Paris for building, are
the last formed strata which indicate a long and

—
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quiet continuance of the sea upon our continents.
Above them, indeed, there are found formations

containing shells and other marine productions;

but these consist of collections of transported mat-
ters, sand, marls, sandstones, and clays, which ra-

ther indicate transportations that have taken

place with more or less violence, than strata formed

by tranquil deposition; and, if there be some
rocky and regular strata of pretty considerable

magnitude, beneath or above these transported

matters, they generally exhibit indications of ha-

ving been deposited from fresh water.

Almost all the known bones of viviparous qua-
drupeds, therefore, have been found either in those
fresh-water formations, or in the alluvial forma-
tions; and consequently there is every reason to
conclude that these quadrupeds have only begun
to exist, or, at least, to leave their remains in the
strata of our earth, after the last retreat of the
sea but one, and during the state of things that
preceded its last irruption.

But there is also an order in the disposition of
these bones with regard to each other; and this
order further announces a very remarkable succes-
sion in the appearance of the different species.
All the genera which are now unknown, the Pa-
lzeotheria, Anaplotheria, &c., with the position of
which we are thoroughly acquainted, belong to
the oldest of the formations of which we are now
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speaking, those which rest'immediately upon the
coarse limestone. It is chiefly these genera which
occupy the regular beds that have been deposited
from fresh-water, or certain alluvial beds of very
ancient formation, generally composed of sand and
rolled pebbles, and which were perhaps the ear-
liest alluvium of that ancient world. Along
with these there are also found seme lost species
of known genera, but in small numbers, and some
oviparous quadrupeds and fishes, which appear to
have been all inhabitants of fresh-water. The beds
which contain them are always more or less covered
by alluvial beds, containing shells, and other ma-
rine: productions.

The most celebrated of the unknown species,
which belong to known genera, or to genera close-
ly allied to those which are known, such as the
fossil elephants, rhinoceroses, hippopotami, and
mastodons, do not occur along with those more
ancient genera. It is in the alluvial formations
alene that they are discovered, sometimes accom-
panied with' marine shells, and sometimes with
fresh-water shells, but never in regular stony beds.
Every thing that is found along with these spe-
cies is either unknown like themselves, or at least
doubtful. .

- Lastly, the bones of species which are appa-
rently the same as those that are still found alive,
are niever discovered, except in the last alluvial



http://geology.19thcenturyscience.org/books/1827-Cuvier-ThyEar/README.htm
1600 FTHEORY OF THE EARTH.

deposits formed on the sides of rivers, or on the
bottoms of ancient pools or marshes now dried up,
or in the substance of beds of peat, or in the fis-
sures and caverns of some rocks; or, lastly, at
small depths below the surface, in places where
they may have been buried by the falling down
of debris, or even by the hand of man; and their
superficial position renders these bones, although
the most recent of all, almost always the worst
preserved.

It must not, however, be thought that this elas-
sification of the various geological positions of fos-
sil remains, is as certain as that of the species, or
that it is equally capable of demonstration. There
are numerous reasons which prevent this from be-
ing the case.

In the first place, all my determinations of spe-
cies have been made upon the bones themselves,
or by means of good figures; whereas it has been
impossible for me personally to examine all the
places in which these bones have been discovered.
I have very frequently been obliged to content
myself with vague and ambiguous accounts, given
by people who were not themselves well aware of
what it was necessary to observe; and, more fre-
quently still, I have been unable to procure any
information whatever on the subject.

Secondly, these repositories of organic remains
are subject to infinitely greater-doubts, than the
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bones themselves. The same formation may ap-
pear recent in places where it shews itself at the
surface, and ancient in those where it is covered
by the beds which have succeeded it. Ancient
formations may have been transported by partial
inundations, and thus have covered recent bones
they may have fallen upon them by crumbling,
and thus have enveloped and mingled them with
the productions of the ancient sea, which they
previously contained. Bones of ancient periods
may have been washed out by the waters, and
afterwards enveloped in recent alluvial formations.
Lastly, recent bones may have fallen into the
fissures or caverns of ancient rocks, and been en-
veloped by stalactites or other incrustations. In
every individual instance, therefore, it becomes
necessary to analyze and appreciate all those cir-
cumstances which might disguise the real origin
of fossil remains; and it rarely happens that people
who have collected bones have been themselves
aware of this necessity, the consequence of which
has been, that the true characters of their geolo-
gical position have been almost always neglected
or misunderstood.

Thirdly, there are some doubtful specxes, which
must occasion more or less uncertainty in the re-
sults of our researches, until they have been clearly
ascertained. - Thus the horses and buffaloes that
occur along with the elephants, have not yet re-
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ceived appropriate specific characters and such
geologists as are disinclined to adopt the different

epochs which I have endeavoured to establish with
regard to fossil bones, may, for many years to come,
draw from thence an argument against my system,
so much the more convenient as it is contained in
my own work.

But allowing that these epochs are llable to
some objections, from such as may only consi-
der some particular case, I am not the less satis-
fied, that those who shall take a comprehensive
view of the phenomena, will not be cheeked by
such inconsiderable and partial difficulties, .and
will be led to conclude, as I have done, that there
has been at least one, and very probably two, suc-
cessions in the class of quadrupeds, previous to
that which at the present day peoples the surface
of the earth.

Proofs that the Extinct Spe-cfiés of Quadrupeds are not
varieties of the presently existing Species.

I now p‘roceed to the consideration of another:
.0b3ect10n, one, in fact, which ha,s already Jbeen
urged against me.

'Why may not' the presently emstmg races of
land quadrupeds, it has been asked, be modifica-
tions of ‘those ancient races which- we find in:a
fossil state ;. which ‘modifications may:have been
produced by docal circumstances and change -of
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climate; and carried to the extreme difference
which they now present, during a long succession
of ages ?

This objection must appear strong to those
especially who believe in the possibility of indefi-
nite alteration of forms in organised bodies ; and
who think that, during a succession of ages, and
by repeated changes of habitudes, all the species
might be changed into one another, or might re-
sult from a single species. -

Yet to these persons an answer may be given
from their own system. If the species have chang-
ed by degrees, we ought to find traces of these
gradual modifications. Thus, between the palzo-
theria and our present species, we should be able
to discover some intermediate forms ; and yet no
such discovery has ever been made.

Why have not the bowels of the earth preser-
ved the monuments of so strange a genealogy, if
1t be not because the species of former times were
as constant as ours; or, at least, because the ca-
tastrophe which destroyed them, had not left
them sufficient time for undergoing the variation
alleged ? a

In order to reply to those naturalists who ac-
knowledge that the varieties of animals are re-
strained within certain limits fixed by nature, ‘it
would be necessary to examine how far -these li-
mits extend. This is a very curious inquiry,—
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highly interesting in itself, under a variety of
relations, and yet one that has been hitherto very
little attended to.

Before entering upon this inquiry, it is proper
to define what is meant by a species, so that the
definition may serve to regulate the employment
of the term. A species, therefore, may be defin-
ed, as comprehending tke individuals whick de-
scend from each other, or from common parents,
and those which resemble them as much as they
resemble each other. Thus, we consider as va-
rietics of a species, only the races more or less dif-
ferent which may have sprung from it by genera-
tion. Qur observations, therefore, regarding the
differences between the ancestors and descen-
dants, afford us the only certain rule by which
we can judge on this subject ; all other considera-
tions leading to hypothetical conclusions desti-

~ tute of proof. Now, considering the varieties in
this view, we observe that the differences which
constitute it, depend upon determinate circum-
stances, and that their extent increases in propor-
tion to the intensity of these circumstances.

Thus, the most superficial characters are the
most variable: the colour depends much upon the
light ; the thickness of the fur upon the heat ; the
size, upon the abundance of food. But in a wild
animal, even these varieties are greatly limited
by the natural habits of the animal itself, which
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does not voluntarily remove far from the places
where it finds, in the necessary degree, all that is
requisite, for the support of its species, and does
not even extend its haunts to any great distance,
unless it also finds all these circumstances con-
joined.  Thus, although the wolf and the fox in-
habit all the climates from the torrid to the fri-
gid zone, we hardly find any other difference
among them, in the whole of that vast space,
than a little more or a little less beauty in
their fur. I have compared skulls of foxes
from the northern countries and from KEgypt,
with those of the foxes of France, and have found
ro difference but such as might be expected in
different individuals. Such of the wild animals
as are confined within narrower limits, vary still
less, especially those which are carnivorous. The
only difference between the hyena of Persia and
that of Morocco, consists in a thicker or a thinner
mane. | |
The wild herbivorous animals feel the influ-
ence of climate somewhat more extensively, be-
cause there is added to it in their case, the influ-
ence of the food, which may happen to differ both
as to quantity and quality. Thus, the elephants of
one forest are often larger than those of another ;
and their tusks aresomewhatlonger in places where
their food may happen to be more favourable for
the production of the matter of ivory. The same
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may ta e place with regard to the horns of rein.
deer and stags. But let uscompare two elephants
the most dissimilar, and we shall not discover the
slightest difference in the number and articula-.
tions of the bones, the structure of the teeth, &e.

Besides, the herbivorous species, in the wild
state, seem more restrained from dispersing than
the carnivorous animals, because the sort of food
which they require, combines with the tempera-
ture to prevent them.

‘Nature also takes care to guard against the al-
teration of the species, which might result from
their mixture, by the mutual aversion with which
it has inspired them. It requires all the inge-
nuity and all the power of man to accomplish
these unions, even between species that have the
nearest resemblances. And, when the indivi-
dnals produced by these forced conjunctions are
fruitful, which is very seldom the case, their fe-
cundity does not continue beyond a few genera-
tions; and would mot probably proceed so far,
without a continuance of the same cares which
excited it at first. Thus, we never see in our
woods individuals intermediate between the hare
and the rabbit; between the stag and the doe; or
between the martin:and the pole-cat.

But the power of man.changes this order ;:it
discloses all those - variations, of which the type
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of each species is susceptible ; and from them de-
rives productions which the species, if left to
themselves, would never have yielded.

Here the degree of the variations is still pro-
portional to the intensity of their cause, which is
slavery. It is not very high in the semi-domes-
ticated species, such as the cat. A softer fur;
more brilliant colours ; greater or less size ; these
form the whole extent of the variations in this
species ; for the skeleton of an Angora cat dif-
fers in no regular and constant circumstance from
that of a wild cat.

In the domesticated herbivorous animals,
which we transport into all kinds of climates, and
subject to-all kinds of management, both with re-
gard to labour and nourishment, we certainly ob-
tain greater variations; but still they are all
merely superficial. Greater or less size; longer
or shorter horns, or'even the want of these entire-
lys a hump of fat, larger or smaller, on the
shoulder; these form the differences between the
various races of the common ox or bull ; and these
differences continue long, even in such breeds as
have been transported from the countries in
which they were produced, when proper care is
taken to prevent crossing.

- Of this nature are also the innumerable varie-
ties of the common sheep, which consist chiefly
in differences of their fleeces, as the wool which
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they produce is an important object of attention,
These varieties, although not quite so percepti-
ble, are yet sufficiently marked among horses.
In general, the forms of the bones vary little;
their connections and articulations, and the forms
of the large grinding teeth, never vary at all.
The small size of the tusks in the domestic
hog, compared with the wild boar’s, and the junc-
tion of its cloven hoofs into one in some races,
form the extreme point of the differences which
‘we have produced in the domesticated herbivo- -
rous quadrupeds.

'The most remarkable effects of the influence
of man are manifested in the animal which he has
reduced most completely under subjection, the
dog,~—that species so entirely devoted to ours, that
even the individuals of it seem to have sacrificed
to us their will, their interest, and inclination.
Transported by man into every part of the world,
subjected to all the causes capable of influencing
their development, regulated in their sexual in-
‘tercourse by the pleasure of their masters, dogs
vary in colour; in the quantity of their hair,
which they sometimes even lose altogether, and in

"its nature; in size, which varies as one to five in
the linear dimensions, amounting to more than a
hundred fold in bulk; in the form of the ears,
nose, and tail ; in the proportional length of the
legs ; in the progressive development of the brain
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in the domestic varieties, whence results the form
of their head, which is sometimes slender, with a
lengthened muzzle and flat forehead, and some-
times having a short muzzle and a protuberant
forehead ; insomuch that the apparent differences
between a mastiff and a water-spaniel, and be-
tween a greyhound and a pug, are more striking
than those that exist between any two species of
the same natural genus in a wild state. Final-
ly, and this may be considered as the maximum
of variation hitherto known in the animal king-
dom, there are races of dogs which have an addi-
tional toe on the hind foot, with corresponding
tarsal bones; as there are, in the human species,
some families that have six fingers on each hand.
Yet, in all these varieties, the relations of the
bones remain the same, nor does the form of the
teeth ever change in any perceptible degree ; the
only variation in respect to these latter being,
that, in some individuals, one additional false
grinder appears, sometimes on the one side, and
sometimes on the other *. |

Animals, therefore, have natural characters,
which resist every kind of influence, whether na-

* See M. Frederick Cuvier’s memoir upon the varieties of
dogs, in the Annales du Museum d’Histoire Naturelle, which
he drew up at the request of Professor Cuvier, from a series
of skeletons of all the varieties of the dog prepared in the
Professor’s collection.
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tural or produced by human interference, and no.
thing indicates that, with regard to them, time
has more effect than climate and domestication.

I am aware that some naturalists' lay great

stress upon the thousands of ages which they call
into action by a dash of the pen; but, in such
matters, we can only judge of what a long period
of time might produce, by multiplying in idea
what a less time produces. With this view, I
have endeavoured to collect the most ancient do-
cuments relating to the forms of animals; and
there are none which equal, either in antiquity or
abundance, those that Egypt furnishes. It af-
fords us, not only representations of animals, but
even their identical bodies embalmed in its cata-~
combs.

I have examined with the greatest attention the
figures of quadrupeds and birds sculptured upon
the numerous obelisks brought from Egypt to an-
cient Rome. All these figures: possess, in their
general character, which alone could be the object
of attention to an artist, a perfect resemblance to
the species represented, such as we see them at
the present day.

On examining the copies made by Kirker and
Zoega, we find that, without preserving every trait
of the originals in its perfect purity, they have
given figures which are easily recognised. We
readily distinguish the ibis, the vulture, t he owl,
' 1




http://geology.19thcenturyscience.org/books/1827-Cuvier-ThyEar/README.htm

THEORY OF THE FARTH. 111

the falcon, the Egyptian goose, the lapwing, the
landrail, the aspic, the cerastes, the Egyptian hare
with its long ears, and even the hippopotamus ;
and, among the numerous monuments engraved in
the great work on Egypt, we sometimes observe
the rarest animals, the algazel, for example, which
was not seen in Europe until within these few
years *.

My learned colleague, M. Geoffroy Saint-Hi-
laire, strongly convinced of the importance of this
research, carefullycollected in the tombs and tem-
ples of Upper and Lower Egypt as many mum-
mies of animals as he could. He has brought
home cats, ibises, birds of prey, dogs, monkeys,
crocodiles, and the head of an ox, in this state ;
and there is certainly no more difference to be
perceived between these mummies and the species
of the same kind now alive, than between the hu-
man mummies and the skeletons of men of the
present day. A difference may, indeed, be found
between the mummies of the ibis and the bird
which naturalists have hitherto deseribed under
that name ; but I have cleared up all doubts on

* The first figure made of it from nature is in the De-
scription de la Menagerie, a work composed by M. Cuvier.
It is seen perfectly represented in the great work on Egypt.
—Antigq. t. iv, pl. xlix.
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this matter, in a Memoir upon the Ibis, which will
be found at the end of this Iissay, and in which I
have shewn that it is still at the present day the
same as it was in the time of the Pharaohs. I
am aware that, in these, 1 only cite the monu-
ments of two or three thousand years ; but this is
the most remote antiquity to which we can resort
in such a case. |
There is nothing, therefore, to be derived from
all the facts hitherto known, that could, in the
slightest degree, give support to the opinion that
the new genera which I have discovered or esta-
blished among the fossil remains of animals, any
more than those which have in like manner been
discovered or established by other naturalists, the
paleo:heria, anoplotheria, megalonyces, masto
donta, pteroductyli, ichthyosauri, &c. might have
been the sources of the present race of animals,
which have only differed from them through the
influence of time or climate. Even if it should
prove true, which I am far from believing to be
the case, that the fosil elephants, rhinoceroses,
elks, and bears, differ no more from those at pre-
sent existing, than the present races of dogs differ
from one another, this would not furnish a suffi-
cient reason for inferring the "general identity of
the species, because the races of dogs have been
subjected to the influence of domestication, which

these other animals neither did nor could expe-
rience. 2
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Farther, when I maintain that the rocky beds
contain the bones of several genera, and the allu-
vial strata those of several species which no longer
exist, I do not assert that a new creation was re-
quired for producing the species existing at the
present day. [ only say that they did not origi-
nally inhabit the places where we find them at
present, and that they must have come from some
other part of the globe. |

Let us suppose, for instance, that a great'irrup-
tion of the sea were now to cover the continent of
New Holland with a coat of sand or other debris ;
it would bury the carcases of animals belonging
to the genera Kangurus, Phascolomys, Dasyu-
rus, Perameles, flying phalanger, echidna, and
ornithorynchus, and it would entirely destroy the
species of all these genera, since none of them ex-
ist now in any other country. |

Were the same revolution to lay dry the nu-
merous narrow straits which separate New Hol-
land from the continent of Asia, it would open a
road to the elephants, rhinoceroses, buffaloes,
horses, camels, and tigers, and to all the other
Asiatic quadrupeds, which would come to people
a land where they had been previously unknown.

Were some future naturalist, after having
made himself well acquainted with this new race
of animals, to search below the surface on which
they live, he would find remains of  quite a diffe-
‘rent nature.
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What New Holland would be, under the cir-
cumstan es which we have supposed, Europe, Si-
beria, and a large portion of America, now actu-
ally are. And, perhaps, when other countries
shall have been examined, and New Holland a-
mong the rest, it will one day be found that they
have experienced similar revolutions, I might al-
most say, mutual changes, of productions. For,
if we push the supposition farther, and, after the
supply of Asiatic animals to New Holland, ad-
mit a second revolution, which destroyed Asia,
their original country, those naturalists who might
observe them in New Holland, their second
country, would be equally at a loss to know
whence they had come, as we now are to find out
the origin of the races of animals that inhabit our
own countries. ;

I now proceed to apply this manner of reason-
ing to the human species.

Proofs that there are no Fossil Human Bones.

It is certain that no human bones have yet
been found among fossil remains; and this fur-
nishes an additional proof that the fossil races
were not mere varieties of known species, since
they could not have been subjected to human in-
fluence. | |

When I assert that human bones have never
been found among fossil organic remains, (I must
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be understood to speak of fossils or petrifactions,
properly so called), or, in other words, in the regu-
lar strata of the surface of the globe; for in peat~
bogs (tourbiéres), and alluvial deposits, as in
burying-grounds, human bones might as well be
found as bones of horses, or other common species.
They might equally be found in fissures of rocks,
and in caverns, where they may have been covered
over by stalactite; but in the beds which contain
the ancient races, among the paleotheria, and
even among the elephants and rhinoceroses, the
smallest portion of a human bone has never been
discovered. Many of the labourers in the gypsum
quarries about Paris, believe that the bones which
occur so abundantly in them, are in a great part
human ; but I have seen several thousands of
these bones, and 1 may safely affirm that not
one of them has ever belonged to our species. I
have examined at Pavia the groups of bones
brought by Spallanzani from the Island of Ce-
rigo; and, notwithstanding the assertion of that
celebrated observer, I equally affirm, that there is
not one among them that could be shewn to be
human. The komo diluvii testis of Scheuchzer
has been restored, in my first edition, to its true
genus, which is that of the salamanders; and, in
a more recent examination of it at Haarlem, al-
lowed me by the politeness of Mr Van Marum,
who permitted me to uncover the parts enveloped
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in the stone, I obtained complete proof of what I
" had before announced. Among the bones found
at Canstadt, the fragment of a jaw, and some ar-
ticles of human manufacture, were found ; but it is
known that the ground was dug up without any
precaution, and that no notes were taken of the
different depths at which each article was disco-
vered. Every where else, the fragments of bone
alleged to be human, are found, on examination,
to belong to some animal, whether these frag-
ments have been examined themselves, or merely
through the medium of figures. Very recently,
some were pretended to have been discovered at
Marseilles, in a quarry that had been long ne-
glected ;¥ but they have turned out to be impres-
sions of tuyaux marines.+ Such real human
bones as have been exhibited as fossil, belonged
to bodies that had fallen into fissures, or had been
left in the old galleries of mines, or that had been
incrusted ; and I extend this assertion even to
the human skeletons discovered at Guadaloupe,
in a rock formed of fragments of madrepore,
thrown up by the sea, and united by water im-

E See the Journal de Marseille et des Boucheé—du—Rhﬁne,
of the 27th Sept. 25th Oct. and 1st Nov. 1820.

+ I am confirmed in this opinion by the sketches trans-
m;tted to me by M. Cottard, one of the Professors of the
Coﬁege of Marseilles.
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pregnated with calcareous matter.* The human
bones f und near Keestriz, and pointed out by
M. de Schlotheim, had been announced as taken

L

* These skeletons, more or less mutilated, are found near
Port de Moule, on the north-west coast of the mainland of
Guadaloupe, in a kind of slope resting against the steep
edges of the island. This slope is, in a great measure, covered
by the sea at high-water, and is nothing else than a tufa,
formed, and daily augmented, by the very small debris of
shells and corals, which the waves detach from the rocks,
and the accumulated mass of which assumes a great degree
of cohesion in the places that are most frequently left dry.
We find, on examining them with a lens, that several of
these fragments have the same red tint as a part of the
corals contained in the reefs of the island. Formations of
this kind are common in the whole archipelago of the An-
tilles, where they are known to the Negroes under the name
of Magconne-bon-dieu. Their augmentation is proportioned
to the violence of the surge. They have extended the plain
of the Cayes to St Domingo, the situation of which has
some resemblance to the Plage du Moule, and there are
sometimes found in it fragments of earthen vessels, and of
other articles of human fabrication, at a depth of twenty
feet. A thousand conjectures have been made, and even
events imagined, to account for these skeletons of Guada-
loupe. But, from all the circumstances of the case, M. Mo-
reau de Jonnes, correspondent of the Academy of Sciences,
who has been upon the spot, and to whom I am indebted for
‘the above details, thinks that they are merely bodies of per-
sons that have perished by shipwreck. They were discovered
in 1805 by M. Manuel Cortés y Campomangs, at that time
a general officer in the service of the colony. General Er-
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out of very old beds ; but this estimable natural-
ist is anxious to make known how much this as-

nouf, the governor, caused one to be extracted with much
labour, of which the head, and almost the whole superior
extremities, were wanting. This had been deposited at
Guadaloupe, in the expectation that another and more com-
plete specimen would be procured, in order to send them to-
gether to Paris, when the island was taken by the English.
Admiral Cochrane having found this skeleton at the head-
quarters, sent it to the English Admiralty, who presented it
to the British Museum. It is still in that collection, and
M. Keenig, Keeper of the Mineralogical Department, has
described it in the Phil. Trans. of 1814, and there I saw it
in 1818. M. Kcenig observes, that the stone in which it is
imbedded, has not been cut to its present shape, but that it
seems to have been simply inserted, in the form of a distinct
nodule, into the surrounding mass. The skeleton is so
superficial, that its presence must have been perceived by
the projection of some of its bones. They still contain some
of their animal matter, and the whole of their phosphate of
lime. The rock being entirely formed of pieces of corals,
and of compact limestone, readily dissolves in nitric acid.
M. Kcenig has detected fragments of M:llepora miniacea,
of several madrepores, and of shells, which he compares to
Helix acuta and Turbo pica. This fossil skeleton is repre-
sented in Plate I. More recently, General Donzelot has
caused another of these skeletons to be extracted, which
is now in the Royal Cabinet, and of which a figure is given
in Plate II. It is a body which has the knees bent. A
small portion of the upper jaw, the left half of the lower,
nearly the whole of one side of the trunk and pelvis, and a
large portion of the left upper and lower extremities, are
what remain of it. The rock which contains it, is evidently
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sertion is still subject to doubt. * The same has
been th case with the articles of human fabrica-
tion. The pieces of iron found at Montmartre
are fragments of the tools which the workmen
use for putting in blasts of gunpowder, and which
sometimes break in the stone +.

Yet human bones preserve equally well with
those of animals, when placed in the same circum-
stances. In Egypt, no difference is remarked be-
tween the mummies of men and those of quadru-
peds. I picked up, from the excavations made
some years ago in the ancient church of St Ge-
nevieve, human bones that had been interred be-
low the first race, which may even have belonged
to some princes of the family of Clovis, and which

a travertin, in which are imbedded shells of the neighbouring
sea, and land-shells, which are still found alive in the
island, namely, the Bulimus guadalupensis of Ferussac. -

* See M. de Schlotheim’s Treatise on Petrifactions, Go-
tha, 1820, p- 57 ; and his Letter in the Isis of 1820, 8th

Number, No. 6. of Supplement.

+ It is perhaps proper that I take notice of those frag-
ments of sandstone, regarding which some noise was at-
tempted to be made last year](1824), and in which a man
and a horse were alleged to have been found petrified. The
mere circumstance of its being a man and a horse, with their
flesh and skin, that these fragments must have represented,

‘might have enabled every one to perceive that the whole was
a mere lusus naturce, and not a true petrifaction.—Note L.
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still retained their forms very perfectly *. We
do not find in ancient fields of battle that the ske-
Jetons of men are more wasted than those of horses,
except in so far as they may have been influenced
by size; and we find among fossil remains the
bones of animals as small as rats, still perfectly
preserved. - ,
Every circumstance, therefore, leads to the con-
clusion, that the human species did not exist in
the countries in which the fossil bones have been
discovered, at the epoch of the revolutions by
‘which these bones were covered up; for there
cannot be a single reason assigned,why men should
have entirely escaped from such general cata-
strophes, or why their remains should not be now
found like those of other animals. I do not pre-
sume, however, to conclude that man did not exist
at all before this epoch. He might then have in-
habited some narrow regions, whence he might
have repeopled the earth after those terrible events.
“Perhaps also, the places which he inhabited may
have been entirely swallowed up in the abyss,
and his bones buried at the bottom of the present
seas, with the exception of 4 small number of in-
dividuals, which have continued the species.

* Fourcroy has given an analysm of them in the Annales
ﬂ\} Museum, vol. x. p, 1.
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However this may be, the establishment of man
in those countries in which we have said that the
fossil remains of land animals are found, that is
to say, in the greatest part of Europe, Asia, and
America, has necessarily been posterior, not only
to the revolutions which have covered up these
bones, but also to those which have laid bare the
strata containing them, and which are the last
that the globe has undergone. Hence it clearly
appears, that no argument in favour of the anti-
quity of the human species in these different
countries can be derived either from those bones
themselves, or from the more or less considerable
masses of rocks or of earthy materials by which
they are covered.

Physical Proofs of the Newness of the Present

Continents.

~ "On the contrary, by a careful examination of
what has taken place on the surface of the globe,
since it has been laid dry for the last time, and
1ts continents have assumed their present form,
at least in the parts that are somewhat elevated,
it may be clearly seen that this last revolution,
and consequently the establishment of our exist-
ing societies, could not have been very ancient.
This result is one of the best established, and, at
the same time, one of the least attended to in ra-
tional geology; and it is so much the more valu-
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able, that it connects natural and civil history in
one uninterrupted series.

When we measure the effects produced in a
given time by causes still acting, and compare
them with those which the same causes have pro-
duced since they have begun to act, we are en-
abled to determine nearly the instant at which
their action commenced ; which is necessarily the
same as that in which our continents assumed
their present form, or that of the last sudden re-
treat of the waters.

It must, in fact, have been since this last re-
treat of the waters, that our present steep decli-
vities have begun to disintegrate, and to form
heaps of debris at their bases; that our present
rivers have begun to flow, and to deposit their
alluvial matters; that our present vegetation has
begun to extend itself, and to produce soil ; that
our present cliffs have begun to be corroded
by the sea ; that our present downs have be-
gun to be thrown up by the wind: just as it
must have been since this same epoch, that co-
lonies of men have begun, for the first or second
time, to spread themselves, and to form establish-
ments in places fitted by nature for their recep-
tion. I do not here take the action of volcanoes
into account, not only because of the irregula-
rity of their eruptions, but because we have no
proofs of their not having been able to exist un-
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der the sea; and because, on that account, they
cannot serve us as a measure of the time which
has elapsed since its last retreat.

Additions of Land by the Action of Rivers.

MM. Deluc and Dolomieu have most care-
fully examined the progress of the formation of
new ground by means of matters washed down
by rivers; and although exceedingly opposed to
each other on many points of the Theory of the
Earth, they agree in this. These formations aug-
ment very rapidly ; they must have increased still
more rapidly at first, when the mountains fur-
nished more materials to the rivers, and yet their
extent is still inconsiderable.

Dolomiew’s Memoir respecting Egypt * tends
to prove, that the tongue of land on which Alex-
ander caused his city to be built, did not exist in
the days of Homer ; that they were then able to
navigate directly from the island of Pharos into
the gulf afterwards called Lake Mareotis ; and
that this gulf was then, as indicated by Mene-
laus, from fifteen to twenty leagues in length.
1t had, therefore, only required the nine hundred
years that elapsed between the time of Homer
and that of Strabo, to bring things to the state in

* Journal de Physique, t. xlii, p. 40. et seq.
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which this latter author describes them, and to
reduce the gulf in question to the form of a lake,
of six leagues in length. 1t is more certain, that,
since that time, things have changed still more.
The sand thrown up by the sea and winds have
formed, between the island of Pharos and the site
of ancient Alexandria, a tongue of land two hun-
dred fathoms in breadth, upon which the modern
city has been built. It has blocked up the near-
est mouth of the Nile, and reduced the lake Ma-
reotis to almost nothing ; while, during the same
period, the alluvial matter carried down by the
Nile, has been deposited along the rest of the
shore, and has greatly increased its extent.

The ancients were not ignorant of these
changes. Herodotus says, that the Egyptian
priests regarded their country as a gift of the
Nile. It is only in a manner, he adds, within a
short period, that the Delta has appeared *.
Aristotle observes, that Homer speaks of Thebes
as if it had been the only great city in Egypt;
and nowhere makes mention of Memphist. The
Canopian and Pelusian mouths of the Nile were
formerly the principal ones; and the coast ex-
tended in a straight line from the one to the

* Herod. Euterpe, v. and xxv.

+ Arist. Meteor. lib. i. cap. 14.
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other ; and in this manner it still appears in the
charts o Ptolemy. Since then, the water has
been directed into the Bolbitian and Phatnitic
mouths; and it is at these entrances into the sea
that the greatest depositions have been formed,
which have given the coast a semicircular outline.
The cities of Rosetta aud Damieta, which were
built upon these mouths, close to the edge of the
sea, less than a thousand years ago, are now two
leagues distant from it. According to Demaillet*,
it would only have required twenty-six years to
form a promontory of half a league in extent be-
fore Rosetta . "

An elevation is produced in the soil of Egypt,
at the same time that this extension of its surface
takes place, and the bed of the river rises in the
same proportion as the adjacent plains, which
makes the inundations of every succeeding cen-
tury pass far beyond the marks which it had
left during the preceding ones. According to He-
rodotus, a period of nine hundred years was suf-
ficient to establish a difference of level amount-

“ing to ten or twelve feet. At Elephantia {, the
inundation at present exceeds by seven feet the
greatest heights which it attained under Septi-
mus Severus, at the commencement of the third

* Demaillet, Description _of Egypt, p. 102,-3.
t Herod. Euterpe, xiii.
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century. At Cairo, before it is judged sufficient
for the urpose of irrigation, it must exceed, by
three feet and a half, the height which was neces-
sary in the ninth century. The ancient monu-
ments of this celebrated land have all their bases
more or less buried in the soil. The mud left by
the river even covers, to a depth of several feet,
the artificial mounds on which the ancient towns
were built *.

The delta of the Rhone is not less remarkable
for its increase. Astruc gives a detailed account
of it in his Natural History of Languedoc; and
proves, by a careful comparison of the descriptions
of Mela, Strabo and Pliny, with the state of the
places as they existed at the commencement of
the eighteenth century, taking into account the
statements of several writers of the middle age,
that the arms of the Rhone have increased three
leagues in length in the course of eighteen hun-
dred years; that similar additions of land are
made to the west of the Rhone ; and that a num-

- * See M. Girard’s Observations on the valley of Egypt ;
and on the secular increase of the soil which covers it, in the
great work upon Egypt, and Mod. Mem. t. ii. p. 343. On
this subject we may further observe that Dolomieu, Shaw,
and other respectable authors, have estimated these secular
elevations much higher than M. Girard. It is to be lament-
ed, that nowhere has it been tried to examine the depth of
these deposits over the original soil, or the natural rock.
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ber of places, which were situated, six or eight
hundred years ago, at the edge of the sea or of
large pools, are now several miles distant from
the water.

Any one may observe in Holland and Italy,
with what rapidity the Rhine, the Po, and the
Arno, since they have been confined within dikes,
raise their beds, advance their mouths into the
sea, forming long promontories at their sides;
and judge, from these facts, how small a number
of ages was required by these rivers to deposit the
low plains which they now traverse.

Many cities, which were flourishing sea-ports
at well known periods of history, are now some
leagues inland ; and several have even been ruin-
ed, in consequence of this change of position.
The inhabitants of Venice find it exceedingly
difficult to preserve the lagunes, by which that
city is separated from the continent; and.not-
“withstanding all their efforts, it will be inevitably
joined to the mainland *.

We know, from the testimony of Strabo, that
Ravenna stood among lagunes in the time of Au-
gustus, as Venice does now ; but at present Ra-
venna is a league distant from the shore. Spina

* See M. Forfait’s Memoir on the lagunes of Venice,

inserted in the Mém. de la Classe Phys. de IInstitut, t. v.
p- 213.
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had been built by the Greeks at the edge of the
sea; ye in Strabo’s time it was ninety stadia
from it, and is now destroyed. Adra in Lom-
bardy, which gave name to the Adriatic sea, and
of which it was, somewhat more than twenty cen-
turies ago, the principal port, is now six leagues
distant from it. Fortis has even rendered it pro-
bable that, at a more remote period, the Kuga-
nian Mountains may have been islands.

M. de Prony, a learned member of the Tnsti-
tute, and inspector-general of bridges and roads,
“has communicated to me some observations which
are of the greatest importance, as explaining those
changes that have taken place along the shores of
the Adriatic*. Having been directed by govern-
ment to investigate the remedies that might be ap-
plied to the devastations occasioned by the floods
of the Po, he ascertained that this river, since the
period when it was shut in by dikes, has so great-
ly raised the level of its bottom, that the surface
of its waters is now higher than the roofs of the
houses in Ferrara. At the same time, its allu-

vial depositions have advanced so rapidly into the
sea, that, by comparing old charts with the pre-
sent state, the shore is found to have gained more
than six thousand fathoms since 1604, giving an
average of a hundred and fifty or a hundred and

* Note M.
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eighty, and in some places two hundred feet year-
ly. The Adige and the Po, are at the present
day higher than the whole tract of land that lies
between them; and it is only by opening new
channels for them in the low grounds, which they
have formerly deposited, that the disasters which
they now threaten may be averted.

The same causes have produced the same ef-
fects along the branches of the Rhine and the
‘Meuse ; and thus the richest districts of Holland
have continually the frightful view of their rivers
held up by embankments at a height of from
twenty to thirty feet above the level of the land.

M. Wiebeking, director of bridges and high-
ways in the kingdom of Bavaria, has written a
memoir upon this subject, so important as to.be
worthy of being properly understood, both by
the people and the government, in all countries
where these changes take place. In this memoir,
he shews that the property of raising the level of
their beds is common in a greater or less degree to
all rivers.

The additions of land that have been made a-
long the shores of the North Sea, have not been
less rapld in their progress than in Italy. They
can be easily traced in Friesland and in the coun-
try of Groningen, where the epoch of the first
dikes, constructed by the Spanish governor Gaspar
Robles, is well known to have beenin 1570. An
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hundred years afterwards, land had already been
gained, in some places, to the extent of three
quarters of a league beyond these dikes ; and even
the city of Groningen, partly built upon the old
land, on a limestone which does not belong to the
present sea, and in which the same shells are
found as in the coarse limestone of the neighbour-
hood of Paris, is only six leagues from the sea.
Having been upon the spot, I am enabled to ad-
duce my own testimony in confirmation of facts .
already well known, and which have been so well
stated by M. Deluc *¥. 'The same phenomenon
may be as distinctly observed along the coasts of
East Friesland, and the countries of Bremen and
Holstein, as the period at which the new grounds
were inclosed for the first time is known, and the
extent that has been gained since can be measured.

This new alluvial land, formed by the rivers and
the sea, is of astonishing fertility, and is so much
the more valuable, as the ancient soil of these coun-
tries, being covered with heaths'and peat-mosses, is
almost everywhere unfit for cultivation. The allu-
vial lands alone produce subsistenice for the many
populous cities that have been built along these
coasts, since the middle age, and which perhaps
would not have attained their present flourishing
condition, without the aid of the rich deposits

* In various parts of the two last volumes of his Letters
to the Queen of England.
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which the rivers had prepared for them, and which
they are continually augmenting.

- If the size which Herodotus attributes to the
Sea of Asoph, which he makes equal to the Eux-
ine ¥, had been less vaguely indicated, and if we
knew precisely what he meant by the Gerrhus 4,
we should there find strong additional proofs of
the changes produced by rivers, and the rapidity
with which they are made ; for the alluvial depo-
sitions of rivers alone have, since the time of He-
rodotus, that is to say, in the course of two thou-
sand and two or three hundred years, reduced
the Sea of Asoph i to its present comparatively
small size, shut up the course of the Gerrhus, or
that branch 