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more figurative expreffion: And, addrelles to
the paffions, and the finer feclings of men, give
full feope to the exercife of genius and of tafte,
Of thefc different fpecies of writing, thic exam=
ples are numerous in the works of the CounT
pe Burrox. The tranflator has endeavoured
to follow the original, as far as his abilities
would permit. The degree of fuccefs he has
attained muft be fubmitted to the impartial dex
termination of the public. He fhall only fay,
that his apprehenfions, though he is confcious
of no voluntary negligence, are much greater
than his hopes.

N. B. Since the firfk edition was printed, the
Count de Buffon has publifhed another fupple-
mentary volume. It confifts chiefly of curious
and interefting fa@s with regard to the hiftory
of the carth,  Thefe the Tranflator has added in
a fepanate volume, yhich, to accommodate the
purchafers of the former edition, he has direéted
to be fold by itfelf.

In the dimenfions of anis

Jator has retained the French meafure
differences between the foot o inch of
and France are fo inconfiderable, when applied

ividual animals, that he though
ceffary to red
ftandard, efpecially as the dimenfions are Eng-
lith in the defcriptions added in the notes.
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HE figure of the earth¥, its motions, of

the external relations which fubfift be=
tween it and the other parts of the univerfe, be=
long not to our prefent inquiry. It is the inter=
nal firuGure of the globe, its form and manner
of exiftence, which we here propofe to examines
The general hiftory of the earth ought to precede
that of its productions. Details -of particular
fa@s relating to the oeconomy ‘and ma
animals, or to the culture and vegeta
plants, are not, pethaps, fo much the obje@s. of
natural hiftory, as general dedu@ions from the
obfervations that have been made upon the dif~
ferent materials of which the earth itfelf is com=
pofed; as its heights, depths, and inequalities;
the motions of the fea, the dire&ion of moun-
tains, the fituation of rocks and quarries, the ra=
pidity and effeCs of currents in the ocean, &e.

% Set fubfequent proofs of the theory of the earth, ast. I
VOL. I. A This




THEORY OF THE EARTH.

“This s the hiftory of Nature at large, and of het
principal operations, by which every other infe~
sior or lefs general effet is produced. The the-
ory of thefe effets conftitutes what may be call-
ed the primary fcience, upon which a precife
knowledge of particular appearances, as well as
of terreftrial fubftances, folely depends. This
Gecies of fcience may be confidered as apper-
wining to phyfics ; but, s not all phyfical know-
ledge, where fyflem is excluded, a part of the
hiftory of nature ?

In fubjeds of an extenfive kind, the relations
of which it is difficult to trace, where fome
fats are but partially known, and others ob-
feure, it is more eafy to form a fanciful fyftem,
than to cftablifh a rational theory. Thus the
theory of the ecarth has never hitherto been
treated but in a vague and hypothetical manner,
I fhall, therefore, exhibit a curfory view only
of the notions of fome authors who have writ-
ten upen this fubject.

The firft hypothefis I fhall mention is more
confpicuous for its ingenuity than folidity. It
is the prodution of an Englith aftronomer¥,
who was an enthufiaftic admirer of Sir Ifaac
Newton's fyftem of philofophy. Convinced
that every poffible event depends upon the mo-

Y ion of the ftars, he e
to prove, by means of mathematical calculations,

* Whiflon, See the proofs, art. 11,

THEORY OF THE EARTH. 3

that all the changes. this earth has undergone
have been produced by the tail of a comet.

For another hypothefis we are indebted to a
heterodox divine ¥, whofe brain was fo fully im-
pregnated with poctical illufions, that he ima-~
gined he had feen the univerfe created. After
telling us the flate of the carth when it firft
fprung from nothing, what changes have been
introduced by the deluge, whatthe earth has been,
and what it now is, he affames the prophetic
fiyle, and predics what will be its condition af-
ter the deftru@ion of the human kind.

A third writer f, a man of more extenfive
obfervation than the two former, but equally
crude and confufed in his ideas, explains the
principal appearances of the globe by the aid of
an immenfe abyfs in the bowels of the carth,
which, in his eftimation, is nothing but a thin
cruft inclofing this vaft ocean of fluid matter.

Thefe hypothefes are all conftructed on tot-
tering foundations. The ideas they contain are
indiftinét, the fa&s are confounded, and the
whole is a motley jumble of phyfics and fable.
They, accordingly, have never been adopted but
by men who embrace opinions without exami-
nation, and who, incapable of diftinguifhing the
degrees of probability, are more deeply impreff-
ed with marvellous chimeras than with the ges
nuine force of truth.

# Burnet. See proofs, art. IIL.

t Woodward, See proofs, art. IV.
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My ideas on this fubject will be lefs extraor-
dinary, and may even appear unimportant, when
compared with the grand fyftems of fuch hypo-
thetical writers. But it fhould not be forgotten,
that it is the bufinefs of an hiftorian to deferibe,
Mot to invent; that no gratuitous fuppofitions
are to be admitted in fubje@ts which depend up=
on fa& and obfervation; and that, in hiftorical
compofitions, the imagination cannot be employ=
ed, except for the purpofe of combining obferva=
tions, of rendering fats more general, and of
forming a conneéted whole, which prefents to
the mind clear ideas, and probable conjeCures:
1 fay, probable ; for it is impoffible to give de-
monftrative evidence on this fubje&. Demon-
ftration is confined to the mathematical fciences.
Our knowledge in phyfics and natural hiftory
depends entircly on experience, and is limited to
the method of reafoning by induction.

or Rory of the earth, there-
fore, we thall begin with fuch fats as have been
univerfally acknowledged in all ages, not omit=
ting thofe additior al truths which have fallen
within our own obfervation.

The furface of this immenfe globe exhibits to
our obfervation heights, depths, p 1
marfhes, rivers, caverns, gulfs, volcano’s; and,
on a curfory view, we can difcover, in the dif-
pofition_of thefe objecs, neither order nor re=
gularity. If we penetrate into the bowels of the

carth,
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earth, we find metals, minerals, ftones, bitumens,
fands, carths, waters, and matter. of every Kind,
feemingly placed by mere accident, and without
any apparent defign. Upon a neaer and:giore
attentive infpection, we difcover funk moun
tains*, caverns filled up, - fhattered rocks, whole
countries fwallowed up, new ,iflands emerged
from the ocean, heavy fublances ‘placed above
light ones, hard bodies inclofed within foft bo-
dies 3 in a word, we find matter in every form;
dry and humid, waem and eold, folid and britde,
blended in a chaos of confufion, which can be
compared to nothing but a heap of rubbi
the ruins of a worl

Thefe ruins, however, we inhabit with per-

fod fecurity. The different generations of men,

of animals, and of plants, fircceed one another
without interuption ; The producions of the
earth are fufficient for their fuftenance ; the mo-
tions of the fea, and the currents of the air, are
regulated by fixed laws 1 ; the returns of the fea-
{ons are uniform, and the rigours of winter in-
variably give place to the verdure of the fp:
thing has the appea
a chaos, is
ful ha-
bitation, where all is animated and governed by
ee Sence. Quach. ib. 6. cap. 21. X fib. 1.
s, lib. 2. cap. 18. Plin. lib . de Pacad,
s feiences, année 170!
+ See the proof, art.
fuch
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fiich amazing difplays of power and intelligence,
as fill us with admiration, and elevate our minds
to the contemplation of the great Creator.

But let us not decide precipitantly concern=
ing the irregularities on the furface of the earth,
and the apparent diforderin its bowels : We fhall
foon perceive the utility, and even the neceffity
of this arrangement. ~ With a little attention,
we fhall perhaps difcover an order of which we
had no conception, and general relations that
cannot be apprehended by a flight examination.
Our knowledge, indeed, with regard to this fub-
jec, muft always be limited. We are entirely
unacquainted with many parts of the furface of
this globe®, and have partial ideas only con-
cerning the. bottom of the ocean, which, in ma-
ny places, has never been founded. We can
only penetrate the rind of the earth. The

atelt caverns , the deepeft mines, defeend
not above the eight thoufandth part of its dia-
met dur judgment is therefore confined to
the upper ftratum, or mere fuperficial part.  We
Inow, indeed, that, bulk for bulk, the earth is
four times heavier than the fun: We likewife
know the proportion its weight bears to that of
the other planets. But flill this eflimation is
only relative.  We have' no ftandard.  Of the
real weight of the materials we are fo ignorant,
that the internal part of the globe may be eitlw;

# Sce proof, art.

VI. t Phil. tranf. abridged, vol.
P 323 t Boyle’s works, vol. ii. p. 232.

a void
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a void fpace, or it may be compofed of matter
a thoufand times heavier than gold. Neither is
there any method of making farther difcoveries
on this fubject. It is even with difficulty that
rational conjectures can be formed*.

We muft therefore confine ourfelves to an ac=
curate examination and defeription of the furface
of the earth, and of fuch inconfiderable depths
as we have been able to penetrate. The firft
obje@ which attracts attention, is that immenfe
colle@tion of waters with which the greateft
part of the globe is covered. Thefe waters oc-
cupy the loweft grounds ; their furface is always
Jevel ; and, notwithftanding their uniform ten=
dency to equilibrium and reft, they are kept in
perpetual agitation by a powerful agent F, which
counteracs their nataral tranquillity, which com=
municates to them a regular periodic motion,
alternately elevating and depreffing their waves,
and which produces a concuffion or vibration
in the whole mafs, even to the moft profound
depths. This motion of the waters is coéval with
time, and will endure as long as the fun and
moon, by which it is produced.

In examining the bottom of the fea, we per-
ceive it to be equally irregular as the furface of
the dry land §.  We difcover hills and valleys,
plains and hollows, rocks and earths of every

# See proofs, art. T. + Proofs, art. XIT.
1 Proofs, art. XIIJ.

A4 kind :
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kind*: We difcover, likewifé, that iflands are
nothing but the fummits of valt mountains,
whofe. foundations are buried in the ocean f ;
we find other mountains whofe tops are nearly
on a level with the furface of the water ; and
rapid currents which run contrary to the genes
sal movement §.  Thefe currents fometimes run

in the fame direion ; at other times their mos=

tion is retrograde || 5 but they never exceed their
satural Jimits, 'which-feem’ to be s immutdblg
as thofe which bound the efforts Gf land-rivers,
On one hand, t with fempeftuous res
gions, wherethe winds blow with irrefiftible fury,
where: the heavens and. the ‘ocean; equally ‘cond
vulfed, are mixed and confounded in the general
Thock; violentinteftine motions, tumultious fivel-
lings§; water-fpouts**, 'and firinge  agitations,
produced by volcano's, whofe mouths, though
many fathoms below the furface, vomit forth
torrents of fire, and pufh, even to the clouds
a [hlc_l: vapour, compoled of water, hlfp]\\ll)
and bitumen; and dreadful gulphs or whirl-
pools 4, which feem to attract vellels for mo

other purpofe than to fwallow them up. On

the other hand, we difcover vaft regions of an
oppofite nature, always fmooth and calm, but

 depths of the ocean betwees
-+ Varenii Gea. gen. p. 218,
Il Varen. p. 140. and Voyages de
s. %8 Proofs, art. XVI.
room in the Norwegian fea,

equally
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equally dangerdus to the mariner *.  Here the
winds never exert their force; the nautieal ‘art
is/of no utility; ' the becalmed voyagers muft
remain immoveably fixed, till death relieve them
from mifery. To conclude; direQing our eyes
toward the fouthern or northern extremities: of
the globe, we difcover huge mafles of ice f,
which, detaching themfclves from the polar e~
gions, advance, like floating mounthins, to the
mofe temperate climates, where they diflolve
and vani(h from our view !

Befide thefe grand obje@s, the ocean prefents
us with myriads of animated beings, almoft in=
finite in variety: Some, clothed in light fcales,
fwim with amazing fwiftnefs ; others, loaded
with thick fhells, trail heavily along, leaving
their traces in the fand : - To others Nature has
given fins refembling wings, with which they
fapport themfelves in the air, and fly before
their enemics to confiderable diftances, ~ Laftly,
the fea gives birth to other animals, which, to-
tally deprived of motion, live and dieimmoveably
fixed o the fame rocks: All, however, find
abundance of food in this fluid elem ¥
bottom of the ocean, and the fhelving fides of
ps of plants of many

rocks, produce plen
different fpecies; its foil is compofed of fands
gravel, rocks, and fhells; in fome places, it is &
fine clay, in others, a compad carth; and,
in general, the bottom of the fea has an

* The exlms and tornados in the Zithiopan fea.
§ Proofs, ait, VL and X, 1 Sec Buache's chart, 1739:
exalt
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exa& refemblance to the dry land which we
inhabit.

Let us next take a view of the land: What
prodigious differences take place in  different
climates! What a variety of foils! What inequa-
lities in the furface! But, upon a more attentive
obfervation, we fhall perceive, that the great
chains of mountains lie nearer the equator than
the pole: that, in the Old Continent, their
dire@ion is more from eaft to weft than from
fouth to north; and that, on the contrary, in
the New Continent, they extend more from north
to fouth than from eaft to weft. But, what is
Aill more remarkable, the figure and dire@tion
of thefe mountains, which have a moft irregular

appearancef, fo wonderfully, that the
prominent angles of one mountain are conftant-
Iy oppofite to the concave . angles of the neigh
bouring mountain |, and of equal dimenfions,
whether they be feparated by An extenfive plain,
or a fmall valley, I have further remarked, that
oppofite hills are always nearly of the fame
height; and that mountains generally occupy
the middle of continents, iflands, and promon-
tories, dividing them by their greateft lengths §.
I have likewife traced the courfes of the princi
pal rivers, and find that their dire@ion is near-
ly perpendicular to the fea-coafts into which
they empty themfelves; and that, during the
art, IX. 4 Dbid. art, IX. XIL ¢ Saliant

and re-entering angles ; Muller's fortification.

¢ If Lettres
Piil, de Bourguer, p. 131,

§ Varen. Geog. p.

greateft
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greateft part of their courfes, xhcy' follow the
dire@tion of the mountains from which they dex
sive their origin*. The fea-coafts are generally
bordered with rocks of marble and other hard
fones, or rather with earth and fand accumu-
Jated by the waters of the fea, or brought down
and depofited by rivers.  In oppolite coafls, fepa-
xated only by fimall arms of the ea, the different
firata or beds of earth are of the fune materials .
I find that volcano’s never exift but in high
mountains 15 that a great number of them
are entirely extinguifhed; that fome are connedl-
edwith others by fubterrancan paffages, and their
eruptions not unfrequently happen at d_\e fame.
time [l. There are fimilar communications be-
tween cestain lakes and feas. Some rivers fud=
denly difappear §, and feem to precipitate them-
felves into the bowels of the earth. We likewife
find certain mediterranean o inland feas, which
conftantly receive, from many and great rivers,
prodigious quantities of water, wx(hou_(_any aug-
‘mentation of their bounds, probably difcharging,
by fubterraneous paflages, all thlc(F extrancous
fupplies. It is likewife cafy to diftinguith lands
which have been long inhabited, from thofe new
countries where the carth appears in a rude ftate,
where the rivers are full of catarads, where the
Jand is either nearly overflowed with water, or
burnt up with drought, and where every place
* Proofs, art. X. 4 Ibid. art. VIL. 1 Ibid. art. XVI.
I Kircher Mand, fabter. in pracf. Varen. Geag. p. 43.

capable




12 THEORY OF THE EARTH.
capable of producing trees i totally covered with
wood.

Proceeding in our examination, we difcover
that the upper fratum of the earth is univerfal-
Iy the fume fubflance *; that this fubflance,
from which all animals and vegetables derive
their growth and nourithment, is nothing but
a compofition of the decayéd parts of animal
and vegetable bodies, reduced into_ fuch fmall
particles chat their former organic fate s ot
diftinguithable.  Penetrating a litle deeper, we
find the real carth, beds of fand, lime-ftone, clay,

, marble, gravel, chalk, &c. Thefe beds
are always parallel to cach other 5 and of the
fame thicknefs th
ncighbouring hills, beds ‘or firata of the fame

vhole extent. In
materials are ound at the fame le~
| by decp and
3 of the
mott folid rocks, ‘are-uniformly divided by per=
pendicular fiffres f, Shells, ifkeletons of fifhes,
marineplants, &c. are often found in the bowels
of the earth, and on the tops of moytains||, even
at the greateft diftances’ from therfes.  Thefe
fhells, fithes, and plants, are axadtly fimilar to
thofe which exift in the oc Petrified fhells
are to be met with, almoft every where, in
prodigious quantities: They’ arer not eal
clofed in rocks of marble and lime-ftone; as

 Proofs, art. VIL  + Ibid. and Wo:

t Propfs, art, VIIL || Proofs, art. VI
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well carths and clays, but are adually in-
corporated and filled with the very fubftances
in swhich they are inclofed. Tn fine, Tam con=
vinced, by repeated obfervation, that marbles,
lime-ftones, chalks, marles, clays, fand, and al=
moft all terrefirial’ fubftances, wherever fitua-
ted, are full of fhells nd other fpoils of the
ocean®

Having enumenated thefe fadts, let us try
what conclufions can be drawn from them.

The changes which the earth has undergone
during the laft two or three thoufand years
are inconfiderable, when compared with the
great revolutions which muft have happened

in thofe ages t immediately fucceeded the
creation.  For, as terreftrial fubRances could
only acquire folidity by the continued adion
f gravity, it is eafy to demontirate, that the
furface of the carth was at firft much fofter than
it is now; and, confequently, that the fame
caufes, which at prefent produce but flight and
almoft imperceptible alterations during the courfe
of many centuries, were then'capable of produ-
cing; very great revolutions in & few year
appears, indeed, to be an incontrovertibl
that the dry land which we now int
even the famm £ the higheft
were formerly covered with the waters of the
fea; for thells, and other marine bodies, a

© Steno, Woodward, Ray, Bourguet, Scheachzer, Phil.
Tranf. Mem, del’Acad. &c.

9 il
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£ill found upon the very tops of mountains, T
likewife appears, that the waters of the fea have
remained for a long track of years upon the fur-
face of the earth; becaufe, in many places, fuch
immenfe banks of fhells have been difcovered,
that it is impoffible fo great a multitude of anj~
mals could exift at the fame time. This circum-
flance feems likewife to prove, that, although
the materials on the furface of the earth were
then foft, and, of courfe, eafily difunited,
moved, and tranfported, by the waters; yer
thefe tranfportations could not be fuddenly ef.
feted. They muft have been gradual and fuc-
ceflive, as fea-bodies are fometimes found
more than 1000 feet below the furface. Such
a thicknefs of earth or of ftone could not be ac.
cumulated in a fhort period. Although it fhould
be fuppofed, that, at the deluge, all the fhells
were tranfported from the bottom of the ocean,
and depofited upon the dryland; yet, befide the
difficulty of eftablifhing this fappofition, it is
clear, that, as fhellsare found incorporated in
marble and in the rocks of the higheft moun-
tains, we muft likewife fuppofe, that all thefe
marbles and rocks were formed at the fame
time, and at the very inflant when the deluge
took place; and that, before this grand revolu-
tion, there were neither mountains, nor marbles,
nor rocks, nor clays, nor matter of any kind,
fimilar o what we are now acquainted with,
as they all, with few exceptions, contain fhells,
and
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and other produ@ions of the ocean. Befides, at
the time of the univerfal deluge, the earth muft
Tave acquired a confiderable degree of folidity,
by the action of gravity for more than fixteen
centuries. During the fhort time the deluge
lafted, therefore, it is impoffible that the waters
fhould have overturned and diffolved the whole
furface of the earth, to the greateft depths that
mankind have been able to penctrate:

But, not to infit longer on this point,
which fhall afterwards be more fully canvafled,
1 fhall confine myfelf to known and eftablithed
fads. It is certain, that the waters of the fea
have, at fome period or other, remained for a
fuceeffion of ages upon what we now know to
be dry land; and, confequently, that the vaft
continents of Afia, Europe, Africa, and Ameri-
ca, were then the bottom of an immenfe ocean,
replete with every thing which the prefent ocean
produces. It is likewife certain, that the diffe-
rent ftrata of the carth are horizontal, and pa-
rallel to each other®  This parallel fituation
muft, therefore, be owing to the operation of
the waters, which have gradually accumulated
the different material en them the fame
pofition that water itfelf invariably afTumes.
The horizontal pofition of ftrata is almoft uni~
verfal: In plains, the ftrata are exadly horizon-
tal. It is only in the mountains that they are
inclined to the horizon ; becaufe they have ori=

® Proofs, art. VIL

ginally
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sinally been formed by fediments depofited tpa
on an inclined bafe. Now, [maintain, that thefe
firata muft have been gradually formed, and
that they are not the effed of any fudden revos
lution; becaufe nothing is' more frequent than
frata compoled of b als placed above
Tight ones, which never could have happened,
according to fome authors, the whole had
been blended dnd diffolved by the deluge, and
afterwards precipitated:  On' this fuppofition
every thing hould have had a different afped
from what now appears. - The heavieft bodies
fhould have and every firatum
muul have ]\aJ a fituation correfponding to
its fpecific gravity. . In this cafe we thould not
have feen folid rocks or metals placed above
light fand, nor clay under coal.
Another circumftance demands our attention,
o caufe but the motion and fediments of
water could poffibly produce the regular’ pos
fition of the various ftrata of which the fuperfi
cial part of this earth is compofed. The higheft
rallel frata, as well as
the loweft valle: courle, the formation of
mountains cannot be mmmml to the fhocks of

mountains confilt of 7

earthquakes, or to the eruptions of volcand's
Such fmall eminences as have been raifed by
voleano's or convulfions of the earth, inftead of
being compoled of parallel firata, are mere maf+
3 ials, blended together in the
utmoft
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utmoft confufion®. But this parallel and hori=
zontal pofition of frata muft neceffarily be the
operation of a uniform and conftant caufe.

We are, therefore, authorifed to conclude,
from repeated and incontrovertible fadls and ob=
fervations, that the dry and habitable part of the
earth has for a long time remained under the
waters of the fea, and muft have undergone the
fame changes which are at prefent going on
at the bottom of the ocean. To difcover what
has formerly happened to the dry land, let us
examine what pafles in the bottom of the fea;
and we fhall foon be enabled to make fome ra-
tional conclufions with regard to the external fi=
gure and internal confiitution of the earth.

The ocean, from the creation of the folar fyf-
tem, has been conftantly fubject to a regular
flux and reflux, Thefe motions, which happen
twice in twenty-four hours) are principally oc-
cafioned by the adtion of the moon, and are
greater in the equatorial regions than in other cli-
mates. The carth likewie performs a rapid mo=
tion round its axis,and, confequently, has a centri-
fugal force, Ry greateft at the equator.
This laft circumftance, independent of actual
obfervations, proves, that the earth i
feck fphere, but that it muft be more el
under the equator than at the poles. From thefe
two combined caufes, the tides, and the motion

® Proofs, art. XVIL
B of
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of the earth, it may be fuitly concluded, that, al-
though this globe had been originally a perfect
fphere, its diurnal motion, and the ebbing and
flowing of the tides, muft neceffarily, in a fuc-
ceffion of time, have clevated the equatorial
parts, by gradually carrying mud, carth, fand,
thells, &c. from other climates, and depofiting
them at the equator®, On this fuppofition, the
greateft inequalities on the furface of the carth
ought to, be, and, in fad, are found, in the
neighbourhood of the equator.  Befides, as the
alternate motion of the tides has been con-
flant and regular fince the exiftence of the
world, is it not evident, that, at each tide, the
water carries from one place to another a {mall’
quantity of matter which falls to the bottom
as a fediment, and forms thofe horizontal and
parallel firata that every where appear? The
motion of the waters, in the flux and reflux,
being always horizontal, the matter tranfported
by them muft neceffarily take the fame parallel
direction after it is depofited.

To this reafoning, it may be objected, that, as
the flux is equal to, and regularly fucceeded by,
the reflux, the two motions will balance each
other; or, that the matter brought by the flux will
be carried back by the reflux; and, confequently,
that this caufe of the formation of ftrata muft
be chimerical, as the bottom of the ocean can
never be affeted by a uniform alternate motion

* Proofs, art, XIL

of
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of the waters; far lefs could this motion change
its original ftrucure, by creating heights, and
other inequalities.

But, in the firft place, the alternate motion of
the waters is by no means cqual; for the fea
has a continual motion from eaft to weft: Be-
fides, the agitations occafioned by the winds pro-
duce great inequalities in the tides. It will like-
wife be acknowledged, that, by every motion
in the fea, particles of earth, and other mate-
rials, muft be carried from one place, and de-
pofited in another; and that thefe colleGions
of matter muft afume the form of parallel and
horizontal ftrata. Farther, a well-known fact
will entirely obviate this objeftion. On all
coafts, where the ebbing and flowing are dif-
cernible®, numberlefs materials are brought in
by the flux, which are not carried back by the
reflux. The fea gradually increafes on fome
places, and recedes from others, narrowing its
limits, by depofiting carth, fand, fhells, &c.
which naturally take a horizontal pofition.
Thefe materials, when accumulated and elev.
ted to a certain degree, gradually fhut out the
water, and remain for ever in the form of dry
land.

But, to remove every doubt concerning this
important point, let us examine more clofely
the practicability of a mountain’s being formed
at the bottom of the fea, by the motion and fe-

* Proofs, art. XIX.
B2 diments
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diments of the water.  On a high coaft which
the fea wathes with violence during the flo
fome part of the earth muft be carried off by
every ftroke of the waves,  Even where the feas
bounded by tock, it is a known fad, that the
flone is gradually wafted by the water®; and
confequently, that finall particles are carried off
by the retreat of every wave. Thofe particles
of earth or flone are neceffarily tranfported to
fome diftance. Whenever the agitation of the
water is abated, the particles are precipitated in
the form of a fediment, and lay the foundation
of a firft ftratum, which is either horizontal, or
inclined, according to the fituation of the fur-
face upon which they fall. This fratum will
foon be fucceeded by a fimilar one, produced
the fame caufe; and thus a confiderable
quantity of matter will be gradually amaffed,
and difpofed in parallel beds. Tn procefs of
time, this gradually accumulating mafs will be-
come a mountain in the bottom of the fea, ex=
a@ly refembling, both in external and internal
firu@ture, thofe mountains which we fee on the
dry land. If there happened to be fhells in
that part of the bottom of the fea where we
have fuppofed the fediments to be depofited,
they would be covered, filled, and incorporated,,
the depofited matter, and form a part of
the general mafs. Thele fhells would be lodged
rent parts of the mountains, correfpond-
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ing to the times they were depofited. Thofe
which lay at the bottom, before the firft firatum
was formed, would occupy the loweft ftations
and thofe which were afterwards depofited,
would be found in the more elevated parts.

In the fame manner, when the bottom of the
fea, at particular places, is troubled by the agi-
tation of the waters, earth, clay, thells, and other
matter, muft neceffarily be removed from thefe
parts, and depofited elfewhere. For we are af=
fured by divers, that the bottom of the fea,
at the greateft depths to which they defeend %,
is fo frongly affected by the agitation of the
water, that earth, clay, and fhells, are removed
to great diftances. Tranfportations of thiskind
muft, therefore, be conftantly going on in every
part of the ocean; and the matters tranfporced,
after fubfiding, muft uniformly raife eminences
fimilar, in every refpedt, to the compofition and
firuQure of our mountains. Thus the motions
produced by the flux and reflux, by winds and
currents, muft uniformly create inequalities in
the bottom of the ocean.

Farther, we muft not imagine that thefe
matters cannot be carried to_ great diftances,
fince we daily find grain, and other produtions
of the Eaft and Weft Indies, arriving on our

Thefe bodies are, indeed, fpecifically
lighter than water; and the other fubftances

* Boyle’s works, vol. 3. p. Particularly on the
coalts of Scotland and of Ircland. See Ray's Difcourfes.
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are fpecifically heavier. ~ Still, however, as they
are reduced to an impalpable powder, they may
be kept long fufpended in the water, and, of
courfe, tranfported to any diftance.

1t has been conceived, that the agitation pro~
duced by the winds and tides is only fuperficial,
and affeds not the bottom, efpecially when it is
very deep. But it ought to be remembered,
that, whatever be the depth, the whole mafs

put in motion by the tides at the fame time;
and that, in a fluid globe, this motion would be
communicated even to the centre.. The power
which occafions the flux and reflux is penetrat-
ing; it ats equally upon every particle of the
mafs. Hence the quantity of its force, at differ-
ent depths, may be determined by calculation,
Indeed, this point is fo certain, that it admits
not of difpute.

We cannot, therefore, hefitate in pronouncing,
that the tides, the winds, and every other caufe
of motion in the fea, muft produce heights and
inequalities in its bottom ; and that thefe emi-
nences muft uniformly be compofed of regular
ftrata, either horizontal or inclined. Thefe
heights will gradually augment; like the waves
which formed them, they will mutually refpec
each other; and if the extent of the bafe be
great, in a track of years they will form a vaft
chain of mountains, Whenever eminences are
formed, they interrupt the uniform motion of
the waters, and produce new motions, known

by
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by the name of currents. Between two neigh-
bouring heights in the bottom of the’ ocean,
there muft be a current¥, which will follow
their common dire@ion, and, like a river, cuta
channel, the angles of which will be alternately
oppofite through the whole extent of its courfe,
Thefe heights muft continually increafe; for,
during the flow, the water wil depofite its or-
dinary fediment upon their ridges, and the wa-
ters which are impelled by the curreat will force
along, from great diftances, quantities of matter,
which will fubfide between the hills, and, at the
fame time, fcoop out a valley with correfponding
angles at their foundation.  Now, by means of
thefe different motions and fediments, the bot-
tom of the ocean, though formerly fmooth,
muft foon be furrowed, and interfperfed with
hills and chains of mountains, as we aually
find it at prefent. The foft materials of which
the eminences were originally compofed, would
gradually harden by their own gravity. Such
of them as confifted of fandy and cryRalline
particles, would produce thofe enormous maffes
of rock and flint in which we find cryftals and
other precious ftones. Others compofed of fto-
ny particles mixed with fhells, give rife to thofe
beds of lime-ftone and marble, in which vaft
quantities of fea fhells are ftill found incorpora=
ted. Laftly,all our beds of marble and chalk have
derived their origin from particles of fhells mix-

* Proofs, art, XL
B
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ed with a pure earth, colleted and depofited at
particular places in the bottom of the fea. ~All
thefe fubftances are difpofed in regular ftrata;
they all contain heterogeneous matrer, and vaft
quantities of fea-bodies fituated nearly in pro-
portion to their fpecific gravities.  The lighter
hells are found in chalk; the heavier in clay
and lime-flone.  Thefe fhells are uniformly fill-
ed with the matter in which they are found,
whether it be flone or earth. Thisis an incon-
teftible proof, that they have been tran(ported
along with the matter that fills and furrounds
them, and that this matter was then in the form
of an impalpable powder. In a word, all thofe
{ubftances, the horizontal fitnation of which has
arifen from the waters of the fea, invariably pre-
ferve their original pofition.

It may here be objected, that moft hills, the
fummits of which confift of folid rocks, or of
marble, are founded upon fmall eminences,
compofed of lefs heavy materials, fuch as clay
or light fand, the ftrata of which commonly
extend over the nei hbouring plains. If the
above theory be juft, what could bring about an

rangement fo fingular fo contrary, to the laws

3 But this phznomenon admits
al and eafy explication. The wa-
ters x\:n‘uhl operate firft upon the upper flra-
tum cither of coafts or the bot F the
il ot g e o
fand; and thefe light fubft SETR L T
hefe light fubflances, being ca
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off and depofited previous to the more denfe and
folid, they would of courfe form finall eminen-
cas, and become foundations for the more hea=
vy particles to reft upon. - After the light faper=
ficial fubftances were removed, the harder and
more ponderous would next be fubjected to the
attrition of the water, reduced to a fine powder,
and carried off and depofited above the hillocks
of fand or clay. Thefe fmall flony particles
would, in a fucceffion of ages, form thofe folid
rocks which we now find on the tops of hills
and mountains. As particles of flone are heavier
than fand or clay, it is probable that they were
originally covered and preffed by fuperior firata
of confiderable depthi; but that they now oc-
cupy the higheft flations, becaufe they were lalt
tranfported by the waves.

To confirm this reafoning, let us inveftigate
more minutely the fituation of thofe materials
which compofe the fuperficial part of the globe,

the only part of which we have any adequate
knowledge. The different firata of ftones in
quarries are almoft all horizontal, or regularly in-
clined. Thofe founded upon hard chy, or

other folid matter, are evidentdy horizontal
efpeciallyin plais

The difpofition of quarrics,
swhere flint or brownifh free-ftone are found in
detached portions, is indeed lefs regular. But
even here the uniformity of nature is not inter-
rupted; for the horizontal or regularly inclining
pofition of the ftrata is apparent in granite and

brown
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brown free-flone, wherever they exift in large
connedted mafles. This pofition is univerfal,
except in flint and brown free-ftone in fmall
detached portions, fubftances the formation of
which we fhall demonftrate to have been pofte
Tior to thofe juft now mentioned. The firata of
granite, vitrifiable fand, clays, marbles, calcare~
ous ftones, chalk, and marls, are always pa-
rallel or equally inclined. In thefe the original
formation is eafily difcoverable; for the firata
are exa@ly horizontal, and very thin, being
placed above each other like the leaves of a book,
Beds of fand, of foft and hard clay, of chalk,
and of fhells, are likewife cither horizontal or
uniformly inclined. Strata of every kind pre-
ferve the fame thicknefs through their whole ex-

teat, which is often many leagues, and might, by
proper obfervations, be traced ftll farther. In
a word, the difpofition of firata, as deep as man-
kind have hitherto penetrated, is the fame.
Thofe beds of fand and gravel which are
wafhed down from mountains, muft, in fome
meafure, be

excepted from the general rule,
They are fometimes of a confiderable extent in
valleys, and are fituated immediately under the
foil or firft firatum.  In plains, they are level,
like the more antient and interior firata. But
near the bottom, or upon the ridges of hills,
they have an inclination correfponding to that
of the ground upon which they have been de-
pofited.  As thefe beds of fand and gravel are

formed
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formed by rivers and brooks, which, efpecially in
the valleys, often change their channels, it is not
furprifing that fich beds fhould be fo frequent,
A fmall rivulet is fufficient, in a courfe of time,
to fpread a bed of fand or gravel overa very
large valley. Ina champaign country, furround-
ed with hills, whofe bafes, as well as the upper
firatum of the plain, confifted of a hard clay, I
have often obferved, that, above the origin of
the brooks or rivers, the clay was fituated imme~
diately under the vegetable firatum; but, in the
low grounds, there was a firatum of fand, about
a foot thick, above the clay, and extending to a
great diftance from the banks of the rivers. The
firata formed by rivers are not very antient; they
are cafily diftinguifhed by their frequent inter=
ruptions, and the inequality of their thicknefs.
But the antient ftrata uniformly preferve the
fame dimenfions through their ‘whole extent.
Befides, thefe modern frata may be diftinguifh-
ed, with certainty, by the form of the ftones and
gravel they contain, which bear evident marks
of having been rolled, finoothed, and rounded,
by the motion of water. 'The fame obfervation
may be made with regard to thofe beds of turf,
and corrupted vegetables, which are found in
marthy grounds, immediately below the foil:

They have no claim to antiquity, but have de-
rived their exiftence from fucceflive accumula-

tions of decayed treés, and other plants. The
firata of flime, or mud, which occur in many
places,
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places, are alfo recent productions, formed by

flagnating waters, or the inundations of rivers,

They are not fo cxadtly horizontal, nor fo uni-

formly inclined, as the more antient firata, pro=

duced by the regular motions of the fea. In
frata formed by rivers, we meet with river,
but feldom with fea-fhells ; and the few \\-hicl;
oceur are broken, detached, and placed without
order. But, in the antient ftrata, there are no
river-fhells; the fea-fhells are numerous, well
preferved, and all placed in the fame manner,
having been tranfported and depofited at the
fame time, and by the fame caufe. From
whence could this beautiful regularity proceed?
Inftead of regular firata, why do we not find
the matters compofing the earth huddled to-
gether without order? Why are not rock
marbles, clays, marls, &c. fcattered promifcu~
ufly, or joined by irregular or vertical firata?
Why are not heavy bodies uniformly found in
a lower fituation than light ones? It is eafy to
perceive, that this uniformity of nature, ‘this
fpecies of organization, this union of different
materials by parallel ftrata, without regard to
their weights, could only proceed from a caufe
equally powerful and uniform as the motions
of the fea, produced by regular winds, by the
tides, &c.

Thefe caufes a& with fuperior force under
the equator than in other climates; for there
the tides are higher, and the winds more uni-

form,

' THEORY OF THE EARTH. 29

form. The moft extenfive chains of mountains
are likewife in the ncighbourhood of the equa-
tor. The mountains of Africa and Peru are
the higheft in the world, often extending
through whole continents, and firetching to
great diftances under the waters of the ocean.
The mountains of Europe and Afia, which ex=
tend from Spain to China, are not fo clevated
as thofe of Africa and South America. ~ Accord-
ing to the relations of voyagers, the mountains
of the north are but fmall hills, when compared
with the mountains of the equatorial regions.
Befides, in the northern feas, there arc few
iflands 3 but, in the Torrid Zone, they are in-
numerable.  Now, as iflands are only the fum-~
mits of mountains, it is apparent, that there are
more inequalities on the furface of the earth
near the equator, than in northerly climates.
Thofe prodigious chains of mountains which
run from weft to eaft in the Old Continent, and
from north to fouth in the New, muft have been
formed by the general motion of the tides. But
the origin of the lefs confiderable mountains
and hills muft be aferibed to particular mo-
tions, occafioned by winds, currents, and other
iregular agitations of the fea: Their formation
" indecd, be owing to a combination of all
fe motions, which are capable of infinite va-
riations; for the winds, and the fituation of
different iflands and coafts, conftantly change
the natural courfe of the tides, and oblige them
to
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to run in every poffible dire@ion. It is no,
therefore, furprifing to fee confiderable eminen-
ces which have no determined diretion in their
courfes.  But, for our prefent purpofe, it is fuf-
ficient to have fhown, that mountains have not
been produced by carthquakes, or other acci-
dental caufes, but that they are effe@s equally
refulting from the general laws of nature, as
well as their peculiar ftru€ture, and the fituation
of the materials of which they are compofed.
But how has it happened, that this earth,
which we and our anceftors have inhabited for
ages, which, from time immemorial, has been
an immenfe continent, dry, compa@, and re-
moved from the reach of the water, fhould, if
formerly the bottom of an ocean, be now ex~
alted to fuch a height above the waters, and fo
completely feparated from them ? Since the wa-
ters remained fo long upon the carth, why have
they now deferted it? What accident, what
caufe, could introduce a change fo great? Is it
poflible to conceive a caufe poflefied of power
fufficient to operate fuch an amazing effect ?
Thefe are difficult queftions. But, as the

fa@s are incontrovertible, the precife manner
in which they have happened may remain a fe=
cret, without prejudice to the conclufions that
ought to be drawn from them. A little re-
flection, however, ‘will furnifh us at leaft with
plaufible folutions . We daily obferve the fea

# See proofs, art. XIX,
gaining
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gaining ground on certain coafts, and lofing it
on others. We know, that the ocean has a
general and uniform motion from eaft to weft 3
that it makes violent efforts againft the rocks
and the low grounds which encircle it; that
there are whole provinces which human induf-
try can hardly defend from the fury of the
waves ; and that there are inftances of iflands
which have but lately emerged from the waters,
and of regular inundations. Hiftory informs
us of inundations and deluges of a more exten-
five nature. Should not all thefe circumftances
convince us, that the furface of the carth has
experienced very great revolutions, and that the
fea may have aQually given up poffeflion of
the greateft part of the ground which it for-
merly occupied 2 For example, let us fuppofe,
that the Old and New worlds were formerly but
one continent, and that, by a violent earth=
quake, the antient Atalantis of Plato was funk.

‘What would be the confequence of fuch a

mighty revolution? The fea would neceffarily

rufh in from all quarters, and form what is

now called the Atlantic Ocean ; and vaft con-

tinents, perhaps thofe which we now inhabit,

would, of courfe, be left dry. This great revo-

lution might be effected by the fudden failure
of fome immenfe cavern in’the interior part of

the globe, and an univerfal deluge would infal-

libly fucceed. I fhould rather incline to think,

that
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that fuch a revolution would not be fuddenly
ccomplifhed, but that it would require a very
long period. However thefe conjectures ftand,
it is certain, that fuch a revolution has happcncd,
and I even believe that it happened naturally
for, if a judgment of the future is to be formed
from the paft, we have only to attend carefully
to what daily paffes beforc our eyes. It is a fadty
eftablifhed by the repeated obfervation of voya=
gers, that the ocean has a conftant motion from
eaft to weft. ‘This motion, like the trade-winds,
is not only perceived between the tropics, but
through the whole temperate climates, and as
near the poles as navigators have been able to
approach. As a neceffary confequence of this
motion, the Pacific Ocean muft make continual
efforts againft the coafts of Tartary, China, and
India ; the Indian Ocean muft act againft the
eaft coaft of Affrica; and the Atlantic muft a&t
in a fimilar manner againft all the eaftern coafts
of Am Iknc" the fea muft have gained,
and wil ontinue to gain, on the caft, and
to lofe on the weft. 'I‘his circumftance alone
‘would be fufficient to prove the poffibility of the
change of fea into land, and of land into fe
fuch is the natural effect of the fea’s motion from

€aft o weft, may it not reafonably be fuppofed,
that Afia, and all the eaftern continent, is the
moft antient country in the world ? and
rope, and part of Aftica, efpecially the v
of thefe continents, as Britai 5
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are countries of a more recent date ? Both hif~
tory and phyfics concur in eftablifhing this hy=

pothefisi

But, befide the conftant motion of the fea
from eaft to weft, other caufes concur in produ~
cing the effeét juft mentioned. There are many
lands lower than the level of the fea, and are de~
fended by a narrow ifthmus of rock only, or by
banks of ftill weaker materials. The action of
the waters muft gradually deftroy thefe barriers;
and, confequently, fuch lands muft then becorie
part of the ocean. Befides, the mountains are
daily diminifhing, part of them being conftantly
carried down to the valleys by rains. Tt is like-
wife well known, that every little brook carries
earth, and other matters, from the high grounds
into the rivers, by which they are at laft tranf-
ported to the ocean. By thefe means the bot-
tom of the fea is gradually filling up, the fur=

¢ of the carth is approaching to a level, and
nothing but time is wanting for the fea’s fuiccef~
fively changing places with the land.

I fpeak not here of caufes removed beyond
the fphere of our knowledge, of thofe convul-
fions of nature, the flighteft cffort of which
would be fatal to the globe. The near approach
of a comet, the abfence of the moon, or the in~
troduc@ion of a new planet into the fyftem, &c.
are fuppofitions upon whi
may rove at I Caufes of kind will
produce any effe@ we choofe. From a fingle hy-

YOL. I c pothefis
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pothefis of this nature, a thoufand phyfical ro
mances might be. compofed, and their authors
might dignify them with the title of Theory of
the Earth. s an hiftorian, Treject thefe vain
fpeculations: They depend upon mere poffibili
ties, which, if called into adtion, necelfarly im=
ply fuch a devaftation in the univerfe, that our
globe, like a fugitive particle of matter, efcapes
obfervation, and is no longer worthy of ou
attention. But, to give confiftency to our ideas,
we muft take the earth as it is, examine its dif-
ferent parts with minutenefs, and, by il\(]uﬂi.on,
judge of the future, from what at prefent exifl,
We ought not to be affefted by caufes ‘\\'luch
feldom aé, and whofe a&ion is always fudden
and violent. Thefe have no place in the ordi-
nary courfe of nature. But operations uniforms
Iy repeated, motions which fucceed one another
without interruption, are the caufes which alone
onght to be the foundation of our reafoning.
Some examples fhall be given: We fhall com-
bine particular effe@s with general caufes, and
il of fads, which will illuftrate and
fe terations that the earth
ons of the fea

retiring from

has underg

upon the

Difcourfet,

ocean
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ocean runs with prodigious rapidity through a
natrow paflage between two promontories*, and
then forms a vaft fea, which, exclufive of the
Black Seca, is about feven times larger than the
kingdom of France. The motion through the
Straits of Gibraltar is contrary to the motion in
every other firait. The general motion of the
fea is from eaft to welt; but, in the Straits of
Gibraltar, it is from weft to eaft; an incontef=
tible proof, that the Mediterrancan Sea is not an
ancient gulf, but that it has been formed by an
irruption, produced by fome accidental caufe,
fuch as an earthquake fivallowing up the bar=
tier, or a violent cffort of the ocean, occafioned
by the wind, and forcing its way through the
bank between the two promontories of Gibral-
tar and Centa. This opin
teftimony of the ancicnts , who inform us, that
there was a time when the Meditérrancan had
no exiftence, 1t is likewife confirmed by na~
tural hiftory, and by obfervations upon the ftra-
ta on the oppofitc coafts of Africa and Spain,
where, as in neighbouring mountains, the beds
of earth and flone are precifely the fame at
equa 3

When the forced this paffage, it ran
through the Straits with much more rapidity
than at prefent, and inftantly deluged that large
tract of land which formerly joined Europe to

* Phil. Tranf, abri ; s

Sicalus, St

frica,
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Africa. The waters covered all the grounds
which were lower than the level of the ocean
and no part of them is now to be feen, except
the tops of fome of the mouritains, fuch as part
of Ttaly, Sicily, Malta, Corfica, Sardinia, Cy-
prus, Rhodes, and the iflands of the Archipe-

lago.

T have not mentioned the Black Sea as an ef
fee® of this irruption ; becaufe the quantity of
water it reccives from the Danube, the Nieper,
the Don, and other rivers, is more than fuffi
cient both to form and fupport this fea. Befides,
it runs with great rapidity through the Bofpho=
rus into the Mediterranean®. It may even be
fuppofed that the Black and Cafpien Seas were
only two large lakes, which were perhaps join=
ed by a narrow communication, or rather by a
morafs, or fmall lake, uniting the Don and the
Wolga about Tria, where thefe two rivers run
very near each other. It is likewife probable,
that thefe two feas, or lakes, were formerly of
a much greater extent; for the large rivers
which fall into the Black and Cafpian Seas muft
have gradually brought down a quantity of earth
and fand fufficient to flop up the communication,
and to form that neck of land by which thefe
two feas are divided. We know, that large ri
vers, in a courfe of time, block up feas, and form

the mouth of
the Yellow Riv a0 at 8

mouth
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mouth of the Miflifippi ; and the northern part
of Egypt, which derived its exiftence * from
the inundations of the Nile . Such quantities
of earth are brought down, by the rapidity of
the Nile, from the interior parts of Africa, and
depofited during the inundations, that you may
dig fifty fect deep before you can reach the bot-
tom of the flime and mud. Louifiana, and the
province of the Yellow River, have, in the fame
menner, been originally formed by the flime of
rivers.

Farther, the Cafpian Sea is a real lake. It has
no communication with any other fea, not even
with the Lake Aral, which appears to have been
a part of it, being only feparated by a large
trac of fand, in which neither river nor canal
for carrying off the waters have been difcoyered.
"This fea, therefore, has no external communica=
tion with any other ; and I doubt much if there
is any reafon to fufpec a fubterraneous commu-~
nication with, the Black Sea, or with the Gulf
of Perfia. The Cafpian, it is true, receives the
Wolga, and feveral other rivers, which appear
to furnifh as much water as is loft by evapora=
tion, But, independent of the difficulties attend-
ing fuch calculations, if it communicates with
: fea, a uniform and rapid current to-

ds the place of communication would be an

infallible confequence ; but nothing of this kind

has yet been dilcovered.  Travellers of the beft
+ Proofs, art. XIX.

3 credit
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credit affure us of the contrary. . We, therefore,
conclude, ¢hat the Cafpian Sea receives juft as
much water from the rivers and clouds as it lofes
by evaporation.

It is not improbable, that the Black Sea wi
in time, b entirely divided from the Medit
rancan ; and that the Bofphorus will be choke
ed up, whenever the rivers fhall have accumu-
lated a fufficient quantity of materials to bring:
about that effect. It is impoffible to fix the
zra, of this events but time, and the diminua
tion of waters in rivers, in proportion as the
mountains are lowered by the caufes mentioned
above, will one day exhibit this phenomenon
to the world.

The Cafpian and Black Seas fhould, there-
fore, be confidered rather as lakes than as gulfs
of the ocean; becaufe they exally refemble
other lakes which receive a number of rivers
without any vifible outlet, as the Dead Sea, fe=
veral lakes in Africa, and elfe Befides,
the faltnefs of thefe two feas is not nearly equal
to that of the Mediterranean or of the ocean
and, itis an agreed point, that the navigation

in the Cafpian and Black Seas, on account of

their numberlefs thoals, rocks, and banks, is fo
extremely hazardous, that fmall veffels only can
be ufed in them with fafety. This circum{tance
farther proves, th

i thefe feas ought not to be
confidered as gulfs of the ocean, but as vaft col=
leions of water amaffed by large r

If
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If the ifthmus which feparates Africa from
Afia were cut, it would neceffarily create a great
irruption of the fea upon the land.  This junc-
tion was formerly proje@ed by the Kings of E~
gypt, and adopted fince by the Califs, T doubt
whether the pretended communication between
the Red Sea and Mediterranean be fufficiently
eftablithed. The Red Sea is a narrow branch of
the ocean: Through its whole extent, not a
fingle river runs into it from the Egyptian fide,
and very few from the oppofite. s fea will
not, therefore, be fiubjeét to diminution, like
thofe feas or lakes which are adually impaired
by the flime and fand brought down by large
rivers. The Red Sea receives all its waters di-
redly from the ocean, and the motion of the
tides in it are very difcernible ; of courfe, it muft
be affeted by the general motions of the ocean.
The Mediterranean, on the other hand, muft
be lower than the ocean ; becaufe the current
through the Straits is exceedingly rapid. Be-
fides, it receives the Nile, which runs parallel to
the weft coaft of the Red Sea, and paffes through
the longeft extent of Egypt, which is a very low
country, From thefe circumftances, it is at leaft
probable, that the Red Sea is higher than the
Mediterrancan, and, confequently, that, if the
ifthmus of Suez were cut, a great inundation,
and a confiderable augmentation of the Mediter-
rancan, would enfue ; efpecially if the waters
were not reftrained by dikes and flu

c4
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at proper diftances. This precaution was prox
bably ufed, if ever the ancient canal fubfifted.
But, not to fpend time on conjectures, which,
However well founded, may perhaps appear
yalh, we fhall give fome certain and recent ex=
amples of the changes of fea into land, and of
landinto fea*. At Venice, the bottom of the fea
is conftantly rifing: If the canals had not been
carefully kept clean, the moats and city would,
long ere now, have formed a part of the conti=
nent. The fame thing may be faid of moft har-
bours, bays, and mouths of rivers. In Holland,
the bottom of the fea is elevated in many places;
the gulf of Zuderzee and the firaits of the Tex
el cannot receive fuch large vef formerly.
At the mouth of almoft every river, we find fmall
$flands, and banks of carth and fand brought
down from the higher ‘grounds 5 and it is in-

controvertible, that the fea is conftantly dam-
ty themfelves.

med up, vt reat rive

he Rhine is loft in the fands which itfelf has
accumulated, The Danube, the Nile, and all
large rivers, after having tranfported great quan-
tities of flime, fand, &. never more arive at
the fea by a fingle channcl; they fplit into
branches, the intervals of which confift of the

aterials which they themfelves have tranfport=
ed. Marfhes are dai 15 lands, aban=
doned by the fea, are now plowed and fown we
navigate whole countries now covered by the

¢ Proofs
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waters 3 in a word, we fee fo many inffances of
land changed- into water, and water into land,
that we muft be convinced of the continual,
though flow, progrefs of fuch changes in all
places. Hence the gulfs of the ocean will in
time become continents ; the ifthmufes will be
changed into ftraits; and the tops of the moun=
tains will be metamorphofed into fhoaly rocks
in the fea.

The waters, therefore, have covered, and may
fll cover, every part of the earth which is now
dry. Hence our aftonifhment at finding the pro-
du@ions of the fea difperfed every where, and a
compofition of bodies, which could not be ef-
feted by any other means than the operation of
the waters, ought for ever to ceafe. We have
already explained how the horizontal ftrata of
the earth were formed. But thofe perpendicular
fifures, which are equally diffufed through racks,
clays,and every conftituent material of theglobe,
vemain to be confidered, The perpendicular i
fures are indeed placed at greater diftances from
cach other than the horizontal ; and the fofter
the matter, the more diftant are the fiffures.
marble and hard ftone, the perpendicular f
are only a few feet afunder. If the mafs of rock
be extenfive, the diftance betwixt the fiffures is
fome fathoms: Sometimes they extend from the
fummit to the bafe of the rock, and fometimes
they terminate after arriving at a horizontal fif-
fure, 'They arc uniformly perpendicular in the

flrata
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frata of all calcareous fubftances, as ¢halk,
marls, marble, &c. But they are more oh,.q\.e,
and lefs regularly fituated, in v refcent bodies,
brown free-ftone, and rocks of flint, where they
are often adorned with cryftals and other mix
nerals. In quarries of marble, or of calcareous
flone, the fiffires are filled with fpar, gypfum,
gravel, and an earthy fand, which- contains a
mum!u able portion of chalk. In marls, and

every other fpecies of earth, except fand-ftone,

the perpendicular fiffures are cither empty, or
filled with fuch matters as have been tranfported
thither by water.

The caufe’ of perpendicular fiffures is cafily
inveftigated. As the variousmate ials whi
ftitute the different firata
the waters, and dc'mﬁm\
ments, they woull
ftate, and would gradu
the fuperfluous quantity of water AM» or
Tn the procefs of drying, they
contrad, and of courfe fplit at irregular dif=
tances. . Thefe fiffures neceffarily affumed a per-
pendicular diretion § becaufe, in this direétion,
the adtion of gravity of one particle upon
another is equal to nothing ; but it ad
Iy oppofite in a horizontal fituat
minution in bulk could have no fenfible
but in a vertical line. 1 fay, the contraction of
the parts in drying, not the contained water
forcing an iffise, as has been alleged, is the caufe

of
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of pérpendicular fiffures; for T have often re-
marked that,thq’ fdes of thele Giires hoB0 T
their whole extent, correfpond as exa@ly as the
two fides of a fplit piece of wood. Their fur-
faces are rude and rregular.  But, if they had
taken their rife from the motion of water, they
‘would have been fmooth and polithed. Hence
thefe fiffures muft have been produced, cither
fuddenly or gradually, by drying and contrad-
ing, like the cracks and fiffures in green wood 3
and the greatelt part of the water the bodies
contained muft have evaporated through the
pores. In the chapter upon minerals, we fhall
demonttrate, that fome part of the original wa=
ter flill remains in ftones and feveral other fub-
ftances; and that cryftals, minerals, and fome

‘other bodies, owe their exiftence to this water.
Perpendicular fiflures vary greatly as to the
extent of their openings. Some are about half
an inch, or an inch, others a foot, or two feet
fome extend feveral fathoms, and give rife to
thofe vaft precipices which fo frequently occur
between oppofite parts of the fame rocks in the
Alps and other high mountains. It is plain,
that the fiffures, the openings of which are fmall,
have been occafioned folely by drying. But
thofe which extend feveral feet are partly ow-
ing to another caufe; namely, the finking of
el Takion upon GHeIGARY while that of the
other remained firm. If the bafe finks but a line
or two, when the height of the rock is confider=
able,
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able an opening of feveral feet, or cven fa-
thoms, will be the confequence.  When r
are founded on clay or fand, they fometimes flip
a little to a fide; and the fiffures are of courfe
augmented by this motion. I have not hither~
to mcnucned thofe large openings, thofe prodi=
gious cuts, which are to be met with in rocks and
mountains: Thefe could not be produced by
any other means than the finking of immenfe
{fubterraneous caverns which were unable longer
to fuftain their incumbent load.  But thefe cuts
or intervals in mountains are not of the fame
nature with perpendicular fiffures: They ap-
pear to have been ports opened by the hand of
nature for the communication of nations. This
feems to be the intention of all large openings
in chains of mountains, and of thofe ftraits by
which different parts of the ocean are conned
ed; as the Straits of Thermopylae, of Gibral-
tar, &e. 5 the gaps ot ports in Mount Caucafus,
the Cordeliers, &c. A fimple feparation, by the
drying of the matter, could not ‘produce this ef:
fet: Large portions of earth muft have been
funk, fivallowed up, or thrown down

Thefe great finkings, though occafioned by
accidental and fecond ..A) caufes T, are leading
fa@s in the hiftory of the earth, and have con-
tributed greatly in changing the appearance of
its furface.  Moft of them have been produced
by fubterrancous fires, the explofions of which

* Proofs, are XVIL. + Inid,
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give 1ife to earthquakes and volcano's. The
force of inflamed matter, fhut up in the bowels
of the earth, is irrefitible *. By the a&ion of
fubterraneous fires, whole cities have been fwal-
lowed up, mountains, and large traés of coun-
try, have been overturned and rendered unfit
for the habitation of men. But, though this
force be great, though its effe@s appear to be
prodigious, we cannot affent to the opinions of
fome authors, who fuppofe that thefe fubte;
neous fires are only branches of an immenfe
abyfs of flame in the centre of the earth. Nei-
ther do we credit the common notion, that thefe
fires have their feat at a great depth below the
furface ; for matter cannot begin to burn, or at
lealt the inflammation cannot be fupported, with-
outair. In examining the materials which iffue
from volcano’s, even in their moft violent erup-
tions, it is ealy to perceive that the furnace is not
very deep, and that the inflamed fubftances are
the fame with thofe on the top of the mountain,
only disfigured by calcination and the melting
of the metallic particles they contain, To be
convinced that the matters thrown out by vol-
cano’s come not from any confiderable depth,
we need only attend to the height of the moun-
tain, and confider the immenfe force which
would be neceffary to proje ftones and mine-
rals to the height of half a leaguc ; for Ztna,
a de rebus qur cfila Pl
13, p. 391. Ray’s Di
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Hecla, and other volcano’s, have at leaft that
elevation,

Now, it is well kilown that fire. a@s equally
on all fides; it cannot, therefore, act upwards
with a force fufficient to throw large Rmm half
a league high, without an equal re-ation on
the bafe and fides. But the fides of the moun-
tain would very foon be pierced and blown to
pieces by this re-action ; becaule the materials
of which it confifts are not more denfe or firm
than thofe which are projeted.  How, then, can
it be imagined, that the cavity, which muft be
confidered as the tube or cannon, could poffibly.
refift a force neceffary to raife fuch heavy bodies
to the mouth of the volcano? Befi Alw
the cavity deeper, as the external
great, it would be impof

iquid and burning mat

thout clafthing ag

they would be in dange

gealing.  Rivers of 1

and bitu-
ith ftones
and minerals, run from Joun-
tains into the plains.

think,
that matter fo fluid ty

THEORY OF THE EARTH. 47

the mountains, and never defcends fo low as
the level of the plains *,

Tliis account of volcano's, however, is not
inconfiftent with their being the caufe of confi-
derable earthquakes ; neither does it contradi
the communication of one volcano with an-
other, by means of fubterrancous paflages t. But
the depth of the furnace is the objec of our
prefent inveftigation ; and it cannot be very di
tant from the mouth of the volcano, To pro-
duce an earthquake in a plain, it is not necelfary
that the bottom of the volcano fhould be below
the level of that plain, nor that there fhould be
{fubterrancous cavities filled with the fame burn-
ing matter und A violent explo-
fion, with which eruptions are uniformly ac=
comp: may, like that of a powder-maga=
zine, ;,nemu\ 8 concufion ek (s
its re-aclion, an carthquake of confiderable ex~
tent.

I mean not to fay that there are no carth-
quakes which derive their exiftence from fub=
terranean fires ] ; but that are carthquakes

folely by sthe explofion ‘of valcanolss
In confirmation of what has been faid upon this

s never appear in
rary, their mouths, or cra=
the hi;

olcanc’s
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voleano’s firetched below the plains, would not
new palfages be opened there during violent
eruptions, rather than in the tops of the moun-
tains; where the refiftance is greater? In the
fiuft eruption, would it not have been eafier to
pierce a plain, than a mountain of half a league
in height?

It is not difficult to difcover the reafon why.
~olcano’s appear only in mountains. ~Greater
quantities of minerals, fulphur, and pyrites,
ift in mountains, and nearer the furface, than in
plai The mountains have likewife this far
ther advantage ; they are more fabjeét to the
impreflions of the air, nd receive more rain and
moifture, by which mineral fubftances are ca-

ble of being fermented to fuch a degree a8 to

{xrcdncc a@ual inflammation.

To conclude, it has often been obfer
after violent erupti ins have funk
and diminifhed, neatly in proportion to the
quantity of matter thrown out, which is an-
other proof that volcano's are not fo deep as the

bafe of the mountains, and even that they are
not much below the fummit,

Tn many places, carthquakes have formed
confiderable hollows, and even fome large gaps,
in mountains.  All other inequal
¢ themfelves, and owe their

ities are coeval
the mount
ftence to currents in the ocean ; for, in every
place which has not been diftur bed by accident-
al convulfions, the firata of mountains are pa=
sallel
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mallel, and their. angles correfpond *,  Itds not
difficult to diftinguith fubterrancous caverns and
excavations formed by voleano’s, from  thofe
produced by water. The latter confift only of
folid rocks, the fand and clay with which they
were formerly filled being carried off by the
water, which is the origin of caverns in hills;
for thofe found in plains are commonly nothing
but old pits and quarries, like the falt-quarrics
of Maeftricht, the mines of Poland, &e. But
natural caverns are proper fo the mountains ;
the fummit, or higher parts, furnifh them with
water, which afterwards iffues out to the fur-
face wherever it can find a paffage. Thefe
caverns ate the fources of fprings and rivers.
When a large cavern of this kind is fuddenly
filled up by the falling of its roof, an inunda-
tion is generally the confequence T

From thefe facs, it is cafy to perceive how
much fubterrancous fires have contributed to
change both the furface and internal part of the
globe. This caufe has power fufficient to pro-
duce very great effe@s. But it is difficult to
conceive how any fenfible alterations upon the
land can be introduced by the windsf. Their
dominion would appear to be confined to the
fea. Indecd, next to the tides, nothing has fuch
a powerful influence upon the waters ;. the flux
and reflux proceed with an uniform pace;; their

* Proofs, ast. XVIL + Phil, Tranf, abridged, vl
322 1 Proofs, art. XV.
VOL. I. D operat
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operations are always the fame ; but the action
of the winds is capricious and violent: = Th
rufh on with irrefiftible fury, and excite fuch
impetuous commotions, that the ocean, froma
finooth and tranquil plain; in an inftant is furs
rowed with waves which emulate the height of
mountains, and dafh themfelves in pieces againft
the fhores.  The furface of the ocean is fubje&
to conflant  alterations from the winds. But
ought not the furface of the land, which has fo
folid an appearance, ever to remain uninfluenced
by a caufe of this kind 2 Ttis confonant 1o ex-
perience, however, that the winds raife moune
tains of fand in Arabia and Africa; that they
overwhelm large plains with it ; and that they
frequently carry thefe fands many leagues into
the fea, where they accumulate in fuch quanti-
ties as to form banks, downs, and even iflands®
¥t is alfo well known, that hurricanes are the
feourge of the Antilles, of N adagafear, and of
other countries, where their impetuofity is fo
reat, that they fiveep away trees, plants, and
together with the foil which nourifhed
them. They drive back, they annihilate, vivers,
and produce new ones ; they overthrow rocks
and mountains ; they fcoop out holes and gulfs
in the earth, and totally change the face of
thofe unhappy countries which give birth to
them. Happily, few climates are expofed to
Bellarmin. de afcen. mentis in Deum. Varen, Geog,
Voyag. de Pyrard, tom. i. p. 470,
the:
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the violence of thofe dreadful agitations of the
air.

But the greateft changes upoti’ the' furface of
the earth are occafioned by rains, rivers; and tor-
rents' from the mountains.  Thefe ‘derive their
origin from vapours raifed by the fun from the
furface of the ocean, and are tranfported by the
winds through every climate. The progrefs of
thefe vapours, which are fupported by the air;
and tranfported at the pleafure of the winds, is
interrupted by the tops of the mountai
they accumulate: into clouds, and fall down in
the form of rain, dew, or fnow. At firft, thefe
waters defcended into the plains without any
fixed courfe™ ; but they gradually hollowed out
proper channels for themfelves. ~ By the power
of gravity, they ran to the bottom of the moun-
tains, and, penetrating or diffolving the lower
grounds, they carried along with them fand and
gravel, cut decp furrows in the plains, and thus
opened paflages to the fea, which always reccives
as much water by rivers as it lofes by evapora-
tion. The windings in the channels of rivers
have uniformly correfponding angles on their
oppofite banks; and as mountains and hills,
which may be regarded as the banks of the val-
{678 by whicki tieiiace fepardted \HaveBeb
finuofities with correfponding angles, this cir-
cumftance feems to demonftrate, that the valleys
have heen gradually formed by currents of the

® See proofs, art. X, and XVIIL,
ocean,
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ocean, in the fame manner as the channels of
rivers have been produced.

The waters which run upon the furface, and
fupport the verdure and fertility of the (o,
compofe not perhaps one half of the quantity
that is produced by vapour. Numberlefs veins
of water fink deep into the bowels of the carth,
In fome places, you are certain of obtaining
water by digging in others, none can be found,
In almoft all the valleys and low grounds, ata
certain depth, water is uniformly to be met
with.  But, in all high grounds, it is impoffible
to extrac water from the bowels of the earth,
1t muft be colle@ted from the heavens. There
are extenfive countries where no wells can be
obtained : There men, and other animals, are
fapplied with drink from cifterns and pools. In
the ealt, and efpecially in Arabia, Egypt, and
Perfia, wells and fprings are great and valuable
rarities. ' To fupply their place, the inhabitants
have been obliged to make large refervoirs to
colle@ the water that falls from the heavens.
Thefe works, projected and executed from public
neceflity, conflitute the moft beautiful and mag-
nificent monuments of the eaft. Some eaftern
vefervoirs have more than two fquare leagues of
fuperficies, and fertilize whole provinces by
numberlefs dués and canals let out from all fides.
But, in phin countries, furnifhed with large ri-
vers, it is impoffible to break the furface of the
carth without finding water, Incamps fituated in

the
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tiie neighbourhood: of rivers, it often happens
that every tent may have its own well, by giv-
ing a few ftrokes with a pick-ax.

Moft of the water, fo liberally diffufed through
low grounds, comes from the neighbouring hills
and eminences.  During great rains, or the fud-
den melting of faow, part of the water runs
upon the furface ; but moft of it penetrates the
carth and rocks, by means of fmall chinks and
fiffures.  This water rifes again to the furface,
whenever it can find an iffues but it often drills
through fands, and creeps along till it finds a
bottom of clay, or hard carth, and there forms
fubterraneous lakes, brooks, and perhaps rivers,
of which the channels are for ever buried in ob-
Tivion.  Subterrancous  rivers, however, muft
follow the general law of nature, and uniformly
un from the higher to the lower ground.
Their waters muft of courfe cither fall at laft
into the fea, or be colleced in fome low place,
whether at the furface or in the bowels of the
earth: For there are feveral lakes which neither

receive nor give rife to any river. A fkill greater

number receive no confiderable river, but are
the fources of the largeft rivers on carth; as the
Iakes from which the river St. Lawrence iffues 5
the lake Chiamé, from which two large rivers
arife, that water the kingdoms of Afem and
Tegu; the lakes of Affiniboil in Ameri: thofe
of Ozera in Mufcovy; thofe that give rife to

D3 the
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the Bog and the Irtis, and many others®, T
is plain, that thefe lakes muft derive their exift=
ence from the waters of fuperior grounds, rune
ning througli fubterrancous paffages. Some,
indeed, have affirmed, that lakes are to be met
with on the tops of the higheft mountains. But
this is incredible; for the lakes found on the
Alps, and other elevated fituations, are all over-
topped by higher mountains, and derive their
origin from the waters which run down the
fides, orare filtered through the bowels of thefe
fuperior eminences, in the fame manner as the
Takes in valleys are fupplied.

From this reafoning, the exiftence of fubter~
rancous_colleions of water, cfpecially under
large plains, is apparent  : For mountains, hills,
and heights of every kind, are expofed on all
fides to the weather. The waters which fall
upon their fummits, and upon elevated plains,
after penetrating the carth, muft, from the de-
clivity of the ground, break out at many places
in the form of fprings and fountains: OF courfe,
little water will be found in the bowels of moun=~
tains. But, in plains, as the water filtrated
through the earth can find no iffue, it muft be
collected in fubterrancous caverns, or difperfed
in {mall veins, among fand and gravel. This is
the origin of the water fo univerfally diffufed
through low grounds. 'The hottom of a pit, or
well, is only a fmall artificial bafon, into which

+ Proofs, art, XVIIL
the
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the water infinuates itfelf from the higher
grounds. At firft it generally falls in by drops;
but afterwards, when the paffages become more
open, it receives freth fupplies from greater di-
ftances, and runs in fmall continued veins or
1ills. * To this circumftance it is owing, that
although water may be found in any part of a
plain, only a certain number of wells can be fup=
plied. This number is in proportion to the
quantity  of water diffufed, or rather to the ex~
tent of the higher grounds from which it comes.
To find water, it is unneceffary to dig below
the level of a river. Ttis commonly found at
fmaller depths.” The water of rivers feldom
fpreads far in the earth by filtration. Even
what is found in the earth, below the level of
rivers, is not derived from them; for, in rivers
which have been dried up, or whofe courfes have
been changed, no _greater quantity of water is
obtained by digging, than in the neighbouring
ground at an cqual depth.  Five or fix feet of
carth is fufficient to contain water, and to pre-
vent its efcape: I have often remarked, that the
banks of rivulets or pools have no fenfible
moifture at the diftance of fix inches from the
water. It is true, the filtration is always in
proportion to the penetrability of the ground.
But, upon examining the fagnating pools with
a fandy bottom, it is remarkable that the moi-
fture fpreads but a few inches. Neither is the
extent of it great in a vegetable foil, which is
D 4 much
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much more loofe and porous than fand or hard
earth, A garden-bed, though plentifully. was
tered, communicates little or no moifture to thofe
adjoining. 1 have examined level heaps of gar=
den-carth, of fix or eight feet thick, which had
remained andifturbed for fome years, and found
that the rain-water had never reached above
three or four fect deep. I have made the fame
obfervation upon earth which had lain 200 years
in ridges : Below the depth of three or four feet,
it was as dry as duft. Hence the fpreading of
water, by filtration alone, is not fo extenfive as
has generally been imagined. Very little can
defcend in this way to the bowels of the earth.
But water, by its own gravity, deflcends from
the furface to the greateft depths. It finks
through natural conduits, or forces paffages for
itfelf: It follows the roots of trees, the fiffures
of rocks, or interflices in the earth. It divides
and expands on all hands into an infinite num-
ber of {mall branches or rills; and uniformly
defcends till its progrefs is ftopped by clay ora
folid earth, where it accumulates and breaks out
tothe furface in form of a fpring or fountain.

It would be no eafy tafk to make an exal
calculation of the quantity of fubterraneous wa-
ters which have no apparent iffuie®. Many au-
thors pretend that it greatly furpaflcs all the wa-
tus on the furface: Not to mention thofe who

that the interior part of the globe is en=
* Proofs, art. X. XL and XVIIL.
tirely
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tirely filled with water, it'is imagined by fome,
that there is an infinite number of rivers, rills,
and lakes, in the bowels of the carth.  But this

1»mmn feems to have no Proper. foundation ;
and it is probable, that the quantity of fubte:
rancous waters, which never appear at th furs
face, is very inconfiderable; for, if the numbee
of fubterraneous rivers were fo great, Why.do.
we never fee any of their mouths break out,
like fprings, on the furface? Befides, rivers pro=
duce confiderable changes on the furface of the
carth; they cairy off the foil 3 they wear away
the moft folid rocks, and remove every thing
that oppofes their paffage. | The fame effecis
would refult from fubterrancous rivers. But
no fuch changes have ever been difcovered; no-
thing below the furface is/difplaced ; the differ=
ent firata every where preferve their parallel
and primitive pofition; and it is only in very
few places that fubterrancous veins of water, of
any confideration, have been difcovered.  Thus,
the internal operation of water is not great;
but, as it is divided into an infinity of fmall
veins, which are often fhut up by numberlefs
obftacles, it gives rife to many fubflances, which
are totally different, both in form and ftructure,
from thofe of the primitive matter.

From what has been advanced, we may con-
clude, that the flux and reflux of the ocean have
produced all the mountains, valleys, and other
inequalities on the furface of the carth; that

currents
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currents of the fea have fcooped out the valleys;
elevated the hills, and beftowed on them their
correfponding directions; that the fame waters
of the ocean, by tranfporting and depofiting
earth, &c. have given rife to the parallel ftrata;
that the waters from the heavens gradually de-
firoy the coffe@s of the fea, by continually di-
minifhing the height of the mountains, filling
up the valleys, and choaking the mouths of ri-
vers; and, by reducing every thing to its fors
mer level, they will, in time, reftore the earth
to the fea, which, by its natural operations, will
again create new continents, interfperfed with
mountains and valleys, every way fimilar ta
thofe which we now inhabit,

P R O ity £S5
THEORY ortug EARTH.

A RUT LG Els
Of the Formation of Plancts.

S natural hiftory is our proper fubjec, we
A would willingly difpenfe with aftronomi-
cal obfervations. But, as the earth is {o nearly
related to the heavenly bodies, and, as obferva-
tions of this kind illuftrate more fully thofe doc-
trines we have already advanced, it is neceflary
to give fome general ideas concerning the for-
mation, motion, and figure, of the carth, and
other planets.

The earth is a globe of about 3000 leagues in
diameter; it is fituated 3o million of leagues
om the fun, round which it' revolves in 3
days. This annual revolution is the effet of
two forces ; the one may be confidered as an
impulfe from right o left, or from left to right;

i the
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