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PREFACE.

——

ALTHOUGH the theory of central heat and
the former igneous fluidity of our planet have
been much dwelt upon in the following pages,
the author trusts that he will not be considered
so attached to these views as not to be ready to
reject them and embrace others which may af-
ford a better explanation of an equal number
of observed facts, should such be brought for-
ward. It can only be amid a thousand errors,
and by a determination to abandon our precon-
ceived opinions, when shown to be untenable,
not by pertinaciously adhering to them because
we have once adopted them, that we can ap-
proximate towards the truth. By strictly ad-
vocating a particular theory, prominently dis-
playing those facts only which may appear to
afford it support, we are in perpetual danger
of deceiving ourselves and others. Facts of all
kinds, whether in favour of or against our
views, should be honestly brought forward, in
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order that those whose opinions are unpreju-
diced may fairly weigh the evidence adduced.
As when we approach simplicity we gene-
rally approach truth, the author has in the fol-
lowing researches been always anxious to seek
for a simple cause, explanatory of several facts,
such as the former igneous fluidity of the earth,
rather than adopt other views which may have
more novelty though not the same simplicity to
recommend them. In doing so he may, indeed,
not always have succeeded in referring effects
to the right causes, but he trusts, should his
conclusions be found erroneous, that he will
not be accused of any unfair advocacy of opi-
nions, suppressing or only half stating facts for
the purpose of rendering any given hypothesis
apparently more tenable than another.
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RESEARCHES
IN

THEORETICAL GEOLOGY.

CHAPTER 1.

THE sun and the known planets of our solar system
are of different densities; it therefore follows that
the materials of which these bodies are respectively
formed are either different, or do not exist under
precisely the same conditions in each. Hence a given
density is not necessary to the existence of a planet;
and, consequently, there is no argument, d priori,
-against the supposition that the density of a planet,
such as the earth, may have changed during the lapse
of time.

There is no direct evidence to prove that the mat-
ter of the other planets either differs from, or is the
~ same with, that of the earth. It can only be as-

-sumed that, in accordance with the simplicity and
grandeur of design manifested in the Creation, the
general character of such matter would not materially
differ, precisely as we see an infinite variety of form
produced by the combination of a few elementary
substances in animals and vegetables.

B
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2 DENSITY OF THE PLANETS.

Assuming therefore—and it does not appear un-
philosophical to do so—that the matter of the planets
does not materially differ as respects its general cha-
racter, there must be some agent or force counter-
acting the effect of gravity unequally in each of these
bodies ; otherwise a large planet, such as Saturn,
would not be less dense than the earth. When such
an agent is sought, heat readily presents itself as ca-
pable of producing the effects we endeavour to ex-
plain. It is capable of changing the density of all
bodies, and we have every reason to believe that all
ponderable matter would become gaseous, if the heat
applied to it were sufficiently intense. The effect of
gravity on the surface of the sun has been estimated
to be so great, that a man, if he could be transported
‘there, would be crushed by his own weight. Yet the
density of the sun is comparatively inconsiderable.
It has therefore been inferred that great heat exists
in the interior, enabling it to resist the enormous
pressure exerted upon it¥*. If this mode of reasoning
be applicable to the sun, it would also appear appli-
cable to large planets, such as Saturn, the density of
which is considered not much to exceed that of cork+.
Now, if it be probable that considerable heat is an
antagonist force to the pressure, from the action of
gravity, of the matter of Saturn towards its centre,
preventing that density which it would otherwise pos-
sess, there seems no reason, @ priori, why consider-
able heat should not existin the interior of the earth,
modifying its density. Hence, if this mode of view-
ing the subject be correct, and assuming that the

* Herschel, Treatise on Astronomy, p. 239. Jbid. p. 278,
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matter forming our planet is, on the whole, much
the same as that composing another, variations in the
density of the planets are greatly due to the different
intensities of heat in each.

That many of the planets, at least all comparatively
near the sun, possess atmospheres, seems nearly cer-
tain. Assuming this to be true, we have proof that
matter exists at least in two states in these bodies.
There is, therefore, no great difficulty in advancing a

. step further, and in considering that matter may exist
in the solid, liquid and gaseous state in all the planets,
How far this may also be the case with those minor
bodies termed satellites is another question. It is
commonly supposed that our satellite, the moon, has
no atmosphere; there is, however, some difficulty,
when we regard the volcanic character of its solid
surface, in considering this absolutely true. Sir John
Herschel has observed appearances on the moon’s sur-
face which justify him in concluding, that on some
of the lunar mountains there are “decisive marks of
volcanic stratification, arising from successive deposits
of ejected matter*.” Now the volcanic eruptions of
the moon must be very different from those on the
surface of the earth, if they be not accompanied by
the evolution of gas. If gases be evolved in lunar
volcanic eruptions, gravity necesserily brings them
down on the moon’s surface, and they can only dis-
appear from thence, either by combining with liquid
or solid matter, by the influence of intense cold, or
by the effect of considerable pressure. Pressure on
the moon’s surface can only arise from the attraction

Herschel, Treatise on Astronomy, p. 229.
' B2
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of the mooa itself, and therefore must be altogether
insufficient to produce the effect required. Combi-
netion with liquid or solid matter must necessarily
depend upon chemical affinities, so that, if there be
any general resemblance of the matter of the moon
to the matter of the earth, we should consider that
some of the gases evolved would at least require time
to combine with the superficial liquids and solids.
If, therefore, volcanic eruptions were moderately fre-
quent, gases would be found on the moon’s surface,
provided the temperature were not too low, on the
same surface, for more than their momentary exist-
ence.

If there be any truth in the calculations of Baron .
Fourier, that the planetary spaces have a temperature
= — 58° Fahr., comparatively small bodies, such as
the moon, would radiate their heat sooner than large
bodies, such as Saturn, supposing the various planets
and their satellites to have been formed at the same pe-
riod,—to have possessed an equal temperature, more
elevated than that of the surrounding planetary space,
—and to be composed of similar matter. Upon this
hypothesis the moon and the earth could not long
preserve equal temperatures, the former becoming
colder than the latter ; so that great cold might exist
on the moon, while the earth was comparatively warm.
‘We might, viewing the subject in this light, suppose
the temperature on the surface of the moon to be so:
depressed as to prevent the existence of an atmo-
sphere, were it not for the influence of the solar rays,
whioch must, at least on those parts of the moon’s sur-
face exposed to the sun, counteract the effects of the
cold in the body of this satellite, supposing such cold
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really to exist. There is, therefore, some difficulty
in considering the moon to be totally devoid of ga-
seous matter on its surface, if volcanic action be still
frequent upon it, as certain appearances would lead
us to conjecture.

The white spots on the poles of Mars are, it is ima~
gined, due to the presence of snow, ““ as they disap-
pear when they have been long exposed to the sun,
and are greatest when just emerging from the long
night of their polar winter*.” Now, if this opinion
be founded on probability, it goes far to show that
the inorganic matter on the surface of Mars may be
similar to that on the surface of the Earth, and obeys

. the same laws.

It by no means follows, if even the planets be com-
posed of somewhat similar materials, chemically con-
sidered, that all the badies of our solar system are
formed of similar matter. We have direct evidence
to the eontraryin the luminous envelope or atmosphere
of the Sun, unless indeed we suppose some of the laws
governing matter on the great scale to be brought,
by design, into visible and intense action on the sur-
face of the sun, for the benefit of the various bodies
which hold their courses round it, while the same
laws are in a feeble state of activity, or dormant, in
these bodies. Be this as it may, it does not follow,
because a hody is wholly gaseous or composed of va-
pour, that intense heat necessarily exists in it. A
highly elevated temperature is no more essential to the
existence of that strange mass of light vapour, termed
Encke’s Comet, than to the existence of our atmo-
sphere. . ’

® Herschel, Treatise on Astronomy, p. 279.
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Whether the materials of the planets were, or were
not, originally, at a high temperature, the forms of
these bodies seem to require the once free passage,
-among each other, of the particles of matter com-
posing them. Now, this condition certainly does not
-exist at present on the surface of our earth, at least
in those parts of the mineral crust which either pro-
trude into the atmosphere or constitute the bed of
‘the ocean. Hence a great change has taken place
in the condition of our globe. 'We cannot, by any
repetition of such effects as we now witness, conceive
the possibility of a free passage of the particles of
‘matter forming the earth among each other. When
we suppose that seas can transport detritus from one
distant place to another, and remove by their action
any protruding portion of dry land, we assume the
preexistence of solid matter, and, consequently, that
the particles of such matter did not move freely among
each other. ' To produce an action of water capable
of wearing away solid matter, the water must either
‘flow on land, be ‘projected in the shape of waves on
cliffs, or cut away the ground against, or on which,
it may rest while running in streams or currents. It
is clear, therefore, that solid matter must have existed
before those rocks, commonly termed mechanical,
could have been deposited; and, consequently, land
either rising above the seas, or situated at a moderate
depth beneath their levels, must also have existed,
otherwise there would have been no action of water
on the land sufficient to have formed detritus. Now
the cubical contents of the mechanical rocks, known
to us, is immense; so that, with every allowance for
the production of siliceous and other minerals, from
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chemical solutions or combinations, during the de-
posit of the meehanical rocks, there remains a large
amount of matter that must have existed in a solid
state prior to the deposit of any mechanical rock.
However true, therefore, it may be, that, if time
sufficient be.allowed, the action of water on land
would tend to produce the spheroidal form of the
surface of our planet, we are compelled to admit the
prior solidity of land in such situations as would per-
it the removal of solid matter by the action of Water
upon it.

There is much difficulty in conceiving the earth to
have revolved round the sun, as a planet, otherwise
than with a spherical or sphervidal form. To assume
that it was once an irregular solid, of a rough and
uneven surface, and that it has been ground subse-
quently and externally by the action of water into a
spheroid, seems but a clumsy hypothesis at best, and
by no means accords with that simplicity which so
preeminently - distinguishes all the great works of
creation. It would, moreover, but ill agree with the
great mass of geological phznomena known to us.
It seems fair to infer that, before the solid surface of
our globe had been abraded by water on the one hand,
or capable of supporting deposited detritus on the
other, such surface was spherical or spheroidal.

- When we regard the chemical composition of that
part of the earth which falls under our examination,
we are struck with the enormous volume of oxygen
entering into the composition of all portions of it,
whether air, water, or solid rock. Oxygen consti-
tutes about 20 per cent. of the volume of the atmo-
sphere ; it forms a third part, by measure, of the gascs
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composing pure water ; and is locked up to an im-
mense amount in the various rocks whieh are, viewed
on the Jarge scale, little else than a mass of oxidized
substances. We shall not be far wrong if we esti-
‘mate ilica as constituting at least 45 per cent. of the
mineral crust of our globe. Now silica is, according
to Berzelius, compounded of 484 parts of silicium,
and 51°6 parts of oxygen. - Hence, if the oxygea
confined in silica alone were thrown in its gaseous
state into the atmosphere, the volume of the latter
would be increased to an immense extent ; and if the
same substance were freed from the other mineral
compounds forming solid rocks, and from the waters
of the globe, the increase wounld be enormons.

The relative abundance of either hydrogen, nitro-
gen, carhon, sulphur, or ehlorine, is by no means so
sonsiderable as that of oxygen. Hydrogen is known
to us as entering into the compesition of all waters,
snd as evolyed in 2 componnd state from voleanos,
from ceytaip fissyres in the earth, snd in districts
where coal is found. It algo enters into the compo-
sition of coal and gimilar mineral products. We must
mesgure the volume of hydrogen principally by the
amount of water, either prepent in the atmoephere,
forming seas, lakes sad rivers, o mechanically dis-
seminated smong rocks. As two volumes of hydro-
gen unite 'with one of oxygen in the production of
water, it follows, as far as respects the water of our
planet, that the volume of hydrogen is double that of
oxygen. As the aqueous vapour disseminated in the
atmosphere is continually varying, it is difficult to
estimate jts amonnt ; indeed, water so circumstanced
is little else than on its passage from one part to an-



HYDROGEN. IN THE EARTH’S CRUST. 9

other of the solid or liquid surface beneath, so that it
can scarcely be said to belong to the atmosphere,
though the latter, to answer one of its great objects,
is never without aqueous vapour.

As far as the superficies of our planet is concerned,
water so predominafes that, at first sight, hydrogen
might be considered as constituting a substance of
more relative abundance than it really does. Before
we estimate the amount of hydrogen in the ocean, we
bave to deduct the amount of salts in solution. This
is no large deduction, not amounting to more than
3 or 4 per cent. Regarding the area of the ocean,
and taking its mean depth at about three miles, we
certainly have, it must be confessed, an immense vo-
lume of hydrogen locked up. To this we must also
add, as highly important, the great quantity of water
meehaxnically disseminated through rocks. Much of
this water is, no doubt, merely received from the at-
mosphere fo be again discharged in the shape of
springs, the rocks only acting as a reservoir for the
time; aad certainly a more beautiful or simple con-
trivance for the fertilization of the earth and the sup-
port of animal and vegetable life cannot well be ima-
gined. There still, however, remains a quantity of
concealed water, which in the aggregate must be very
considerable, disseminated through rocks. Even in
these rocks whieh merely supply springs, the amount
of disseminated water must be enormous; for they so
far respmable filters, that they are necessarily charged
with the fluid before they permit it to pass out.

Capillary attraction must have great power, both
in mechenically disseminating water among rocks,
and in refaining it in them when so disseminated ; it
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therefore keeps them, to a certain extent, saturated
with moisture, and assists in promoting a more equal
flow of water in springs. Capillary attraction and
gravity no doubt carry water down far beyond those
situations where it can be returned in springs, at least
cold springs, for there are certain circumstances con-
nected with those which are thermal, pointing to the
conclusian that the water thrown up by them may
have percolated to considerable depths. We may
fairly consider that most rocks contain disseminated
moisture, for there are very few which, when exposed
to the proper heat, do not give out water. Some
serpentines contain as much as from 12 to 15 per
cent. of it. Water, moreover, enters .into the com-
position of several minerals, apparently as a consti-
tuent part of them; but probably its amount, from
this cause, is not of very great comparative import-
ance. . : : :

The quantity of hydrogen locked up in coal and
lignite would appear to be considerable. According
to Dr. Thomson, cannel coal contains 2156 per cent.
of it. The same author states its amount at not more
than 4-18 per cent. in Newcastle caking coal, so that
it varies materially as a constituent part of this mi-
neral. If it exists highly compressed, and even liquid,
as there is some reason to believe, united with carbon,
forming carburetted hydrogen, in the vesicles of coal,
no small volume must occur in this state. In this
account we must not neglect the hydrogen evolved
from volcanos, either in aqueous vapour, or com-
bined with other substances in a gaseous form. It
would appear, however, that the evolution of hy-
drogen, either from volcanos, or from fissures in the
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rock, in the shape of inflammable gases*, produces
little effect on the atmosphere, o that either the ge-
neral amount must be inconsiderable, or it unites
with the oxygen of the atmosphere, when in contact
with the incandescent matter of volcanos, or exposed
to an electrical discharge. Upon the whole, we may
regard hydrogen as the next important substance of
its class, which enters into the composition of the
crust of our globe.

Nitrogen is chiefly important as constituting about
80 per cent. of the atmosphere. Its existence in ani-
mal and vegetable life may be considered as secondary,
that is, derived from the atmosphere in the first in-
stance. There is also every reason to suppose that

_it cannot be absent from numerous rocks which con-
tain the organic remains of animals that have been
entombed living, or at least with their flesh upon
them. We have direct evidence in coal that nitrogen
forms a portion of what may be considered solid rock.
Dr. Thomson found it to constitute 15:96 per cent. of
the Newcastle caking coal, and there is good reason
for supposing that this is rather an under estimate of
the amount of nitrogen contained in some coal, judg-
ing at least from the abundance of ammoniacal pro-
ducts given out from the distillation of coal in gas-
works.

Carbon, independent of its existence in living ve-
getable and animal substances, is entombed to a large
amount in fossil vegetables and in limestone. It is
contained to the amount of 75-28 per cent. in New-
castle caking coal, of 75 per cent. in Glasgow splint

* See Geological Manual, 3rd edit., p. 151, &c.
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coal, and of 64:72 per cent. in cannel coal. It is,
however, in the mass of limestone, occurring on the
earth’s surface, that we should probably discover the
principal amount of carbon. If carbonic acid be com-
posed of equal volumes of the vapour of carbon and
oxygen, the volume of the vapour of carbon condensed
in the calcareous strata must be very great. Taking
the specific gravity of pure limestone at 2-7, and
estimating the weight of 100 cubic inches of car-
bonic acid at 47377 grains, every cubic yard of pure
limestone would contain 17092 cubic feet of car-
bonic acid gas*. As, however, limestone is rarely
pure over considerable areas, we shall probebly not
be far wrong if we estimate the average amount of
carbonic acid, locked up in every cubic yard of lime.
stone, at about 16000 cubic feet. If, therefore, the
carbonate of lime constituting not only the lime-
stones, but also the calcareous matter disseminated
through various rocks, were deconiposed over the sur-
face of the earth, the yolume of carbonic acid set free
would be immense."

The carbon in the atmosphere is not considerable,
but without it vegetation could not exist. Theod.
de Saussure ascertained that 10,000 parts of atmos-
pheric air contained, as a mean, 4'9 of carbonic acid.
There is a constant discharge of carbonic acid into the
atmosphere from numerous springs and fissures in
the eartht. M. Bischof estimates that 219,000,000

® This calculation is founded on the specific gravity of a very
pure specimen of Carrara marble, sent me for the purpose by
Mr. Chantrey. I found the specific gravity of an average spe-
cimen of carboniferous limestone from Bristol to be = 2-75, ex-
ceeding that of the Carrara marble by -05.

t+ See Geological Manual, 3rd edit., Ar¢. Gaseous Exhalations.
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pounds of this gas are evolved from the vicinity of
the lake of Laach .in one year, which, taking 100
cubic inches of carbonic acid to weigh 47:377 grains,
would give a volume of about 1,855,000,000 cubic feet
of this gas, rising annually into the atmosphere from
an area of a few square miles. These considerable
evolutions of carbonic acid are merely local, and
confined for the most part to districts of ancient or
active volcanos; yet the collective amount of such
discharges of gas from the surface of the earth into
the atmosphere must be far from inconsiderable, more
particularly when we take into account the mean an-
nual volume thrown out from volcanic vents them-
selves.

Sulphur must be a more abundant substance in
rocks than, at first sight, we might suppose. We
are in the habit of associating our ideas of the con-
nexion of sulphur and rocks more especially with vol-
canic products. When so estimated, the amount,
though often locally great, is, taken generally, not
considerable. Sulphuris, however, widely dissemi-
nated among many rocks. As a sulphuret of iron, it
is distributed over the surface of the earth to a great
extent, more particularly in those rocks which I have
elsewhere termed the superior stratified or fossilifer-
ous rocks*, and in those usually known as trappean.
In many clays sulphuret of iron prevails to a great
extent, and not a few organic remains are mineralized
by it. Iron pyrites is a necessary and abundant sub-
stance in those shales whence alum is prepared, and
thence named alum-shales. By far the largest por-

* See Geological Maaual, 4r¢. Classification of Rocks,



14 CHLORINE IN THE EARTH’S CRUST.

tion of the ores of copper and lead worked in different
parts of the world are sulphurets. In the state also
of sulphate of lime, sulphur is widely spread. Nothing
is more common than selenite in beds of clay, and
gypseous masses are sometimes of considerable mag-
nitude. Not only does sulphur thus occur among
rocks, but it is also disseminated throughout the ocean,
sulphate of soda being one of the salts constantly pre-
sent in all analyses of sea water. M. Eichwald states
that sulphate of magnesia is a common salt in the
waters of the Caspian Sea. We may therefore con-
sider that sulphur is far from being a rare substance
on the surface of the earth.

Chlorine is principally important as disseminated
throughout the ocean, muriate of soda being the most
abundant salt contained in sea water, and constitu-
ting about 2°5 per cent. of the whole saline solution.
Muriate of magnesia and muriate of lime, other salts
in sea water, though of minor importance, must still,
collectively considered, contain a considerable amount
of chlorine. No small volume of this substance must
also be locked up in rock salt. When we regard the
great quantity of matter which has been deposited
mechamcally, and sometimes chemically, in the sea,
it is rather surprising that there are not greater indi-
cations of the presence of the chlorides in them than
chemists have as yet detected.

Of the other simple non-metallic substances, as
they are termed, phosphorus, boron, selenium, iodine,
bromine and fluorine, the relative geological import-
ance is not very considerable. Phosphorus is prin-
cipally known as entering into the chemical com-
position of animals, Human bones contain, accord-
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ing to Berzelius, 51'04 per cent. of phosphate of
lime; and the enamel of teeth is stated by Mr. Pepys
to be composed of 78 per cent. of the same substance.
As a component part of minerals, phosphorus is rare ;
but there must be some amount of it entombed in
various fossiliferous rocks, for the fossil bones of all
ages contain it. Dr. Turner found 50 per cent. of
phosphate of lime in a rib and a tooth of an Ichthyo-
saurus from the lias of Lyme Regis, and 29 per cent.
in a vertebra of the same creature. He also detected
244 per cent. of phosphate of lime in a fish palate
from the carboniferous limestone of Bristol, and 188
per cent. in a palate from the chalk*.

Boron enters into the composition of several mi-
nerals, but they are not such as constitute great
masses of rock, with the exception of shorl rock, not
unfrequent in some districts, such as Cornwall and
Devon, at the skirts of the granitic masses, where the
latter come into contact with the slates. According
to calculation, boracic acid would form 1-79 per cent.
of a shorl rock composed of equal parts of shorl and
quartz. Boracic acid is also detected in some thermal
springs. Selenium is only known in such small quan-
tities as to possess little geological interest. Iodine
is probably disseminated, though in exceedingly mi-
nute proportions, throughout the ocean, whence it is
considered that sponges, sea-weeds and many marine
creatures obtain it: it is also detected in many mi-
neral springs. Bromine is probably also disseminated
in all sea water; and Dr, Daubeny and other chemists
have detected it in many mineral springs. It still

* Geological Manual, pp. 348 and 413.
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further resembles iodine in its mede of occurrence, as
1t is found in the ashes of some sea-weeds and marine
animals.

Fluorine is of more geological value than the sim-
ple substances immediately preceding, entering into
‘the composition of some minerals which form consti-
tuent portions of great masses of rocks. Fluoric acid
is found in mica and hornblende, two minerals of very
great importance, particularly the former, as compo-
nent parts of many rocks, the solid contents of which
are, comparatively, very considerable. Fifteen ana-
{yses of mica, from various parts of the world, by
Klaproth, Vauquelin, Rose and Beudant, afford, as a
mean, 109 per cent. of fluoric acid; and Bonsdorf’s
analysis of hornblende, from Pargas, (a fair mean of
various analyses of hornblende from different places,)
gives 15 per cent. of the same substance. Calcula-
tion affords us 0-36 of fluoric acid in gneiss with mica,
0:54 per cent. of the same substance in mica slate,
0'75 per cent. in hornblende rock and greenstone,
018 to 0°21 per cent. in granite with mica, 05 per
cent. in granite formed of quartz, felspar and horn-
blende (sienite), 0°65 per cent. in granite composed
of quartz, felspar, mica and hornblende, and 0'3 per
cent. in porphyritic greenstone*. Fluoric acid pro-
bably also enters, as a constituent part, into several
trap rocks, difficult to class, but which there is every
reason to conclude contain hornblende. If, therefore,
we were certain that all micas contained fluoric acid,
we might conclude that fluorine was not without a
certain importance in the composition of the mineral

* Geological Manual, pp. 440, 441, and 449, 450.
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erust of the earth; but we must not forget that lithia
takes the place of fluoric acid in certain micas. To
what extent lithia micas prevail is not exactly known;
but there is always a possibility that, though their
relative amount may now be considered small, more
exact examination may find it large. Fluor spar is,
doubtless, the mineral in whick the greatest relative
amount of fluorine is detected, but, geologically con-
sidered, it is one of little importance.
* Of the metallic bases of the alkalies and earthe,
silicium is the most abundant on the surface of our
planet, silica entering so largely into the composition
both of the chemical and mechanical rocks. Accord-
ing to calculation¥®, silica is contained in the rocks
enumerated beneath in the following proportions :
’ per cent. '

Gneiss...cuueeee esees 70°06 to 71-86

Mica slate ......... 61-94 to 73:07

Hornblende rock «..eceeeeeee 54-86

Chlorite slate ...cseeeesneesses 6371

Talcose slate c.ovececcsees weee 78:15

Compact felspay ... 5100 to 60:00.

Greenstone..cceocseescanscees 9486
Hypersthene rock §9-14 to 61-85

Basalt ...c.c00 eovesse 44°50 to 59°50
Pitchstone ......... 72°80 to 73:00
Serpentine ......... 42-00 to 43-07

Diallage rock ...... 58:42 to 60'55
1In pure quartz rock silica would be the sole ingre-

* Geological Manual, p. 440—443, and p. 440—454.
c
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dient. When quartz rock is composed of equal parts
of quartz and felspar, silica would form 82 per cent.
of the constituent parts. It is also abundant in the
rocks of decidedly mechanical origin. The greater
part of the immense mass of conglomerates, sand-
stones and slates known as grauwacke, is composed
of silica. The same with the old red sandstone (if it
be considered a separate rock from grauwacke), the
coal measures, the varipus rocks known as the new
red sandstone, numerous beds .of sandstone and clay
in the oolitic group, the various sands and sandstones
of the Wealden rocks and of the cretaceous group,
and numerous rocks of the supracretaceous group.
It is often disseminated among the calcareous beds
themselves, even to a considerable amount. This is
well seen in portions of the chalk where the flints
constitute nearly one third of the whole mass. Many
other limestones contain silica, as the lime-burners
sometimes find to their cost, the lime and the silica
forming, from the heat. of the kiln, silicate of lime.
Next to silicium, aluminium would appear to be the
most important base of the earths on the face of the
globe. Its collective amount is by no means so great
as that of silicium, but it is quite as widely spread,
Even limestones are rarely so pure as to be without
it; many ipdeed contain it in considerable quantity,
and are valuable for water-setting purposes in conse-
quence. By calculation*, alumina would exist in the

rocks enumerated beneath in the following propor-
tions: . .

* Geological Manual, 4r¢. Inferior Stratified Rocks, l.nd Un-
stratified Rocks, .
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i} . per cent.

Gneiss .. 1520
Mica slate .......cceee. 1308 to 1545
Hornblende rock ....oceeiennnnes 15°56
Chlorite slate ......cceeeveeesesses 895
Talcose slate ......ccersnereaneees 13:20
Compact felspar ....... 15:00 to 30-00
Granite .....ceceeereneees 10:37 to 14:32
Schorl rock ...cvveererressiereraese 1791
Greenstone vueeeeereereercessereess 15°56
Hypersthene rock .....c.ccoeeeee 10:59
Basalt ...coocvveneerenees 11°50 to 16-75
Pitchstone ........... . 10-84 t0.11:50
Diallage rock .......... 13'14 to 13:86

There is scarcely any among the mechanical rocks
that does not contain alumina. It constitutes the base,.
as is well known, of the various clays, and must be re-~
garded as a very abundant and xmporhmt constxtuenb
part of rocks.

. Potassium and sodium appear to be the next most
lmportant metals, of their class. Potash is more abun-,
dant than soda as an ingredient of rocks, and can only,
notwithstanding its name, be considered as existing
in a secondary condition in vegetation, that is, the
potash of plants is derived from the decomposition of
rocks containing that substance. Though very widely
disseminated, its amount, collectively considered, i
very inferior to that of silicium and aluminium. There:
are few, if any, of the inferior stratified rocks without
potash ; and it may be stated, as a fair approximation
tp the truth, that it constitutes from 5.to 6 per cent:
of such rocks, viewing them in the mass. It is more
or less abundant, according to circumstances, in al-

c2
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most all the decidedly detrital rocks. Indeed, we can
scarcely consider it otherwise than present in the
greater proportion of mineral masses. It may be cal-
culated that potash constitutes between 6 and 7 per
cent. of the mass of granites, and about 7 per cent.
of greenstone and rocks of that class.

Sodium is chiefly important in rocks from its
Ppresence in certain felspars, thence named soda fel-
spars ; these constitute a component part of certain
of the gneiss family, and of granites. Soda is found
in schorl and certain hypersthene rocks, in some
eurites, in trachytes, pltchstones, basalts, and some
diallage rocks. Beudant found that it amounted to
59 per cent. in a basalt from Baulieu. There can be
little doubt that a large amount of soda is thus locked
up in rocks, particularly when we include the masses
of yock salt, discovered in different parts of the world ;
but it would appear to be most widely desseminated
in the ocean, constituting an essential part of the
principal salt dissolved in its waters.

. Magnesium and calcium are the substances which
gppear to succeed in importance : of the two, mag-
mesium is probably the most abundant. Magnesia is
present in all the inferior stratified rocks, with the.
exception of quartz rock (without mica) and certain
eurites or compact felspars. In the detrital rocks it
8 also common, particularly when mica forms any
considerable portion of them. There are few lime-
stones which do not contain magnesia : in some it is
shundant, as in those termed magnesian limestones.
It is an essential ingredient of dolomite, properly so
called, carbonate of magnesia constituting more than
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40 per cent. of that rock. Magnesia is also dissémi-
nated through the waters of the ocean, muriate of
magnesia forming from ‘004 to ‘005 of their mazs.

The relative value of calcium is more apparent in the
more modern than in the more ancient rocks; for al-
though it is always found in gneiss, mica slate, chlorite
slate, talcose slate, clay slate, eurite, and hornblende
rock, it is always in very small quantities, with the ex-
ception of the last, in which it amounts to 7°29 per
cent. ; taking the others as a whole, it would not form
more than *55 per cent. of the mass. In this accountwe
have neglected the limestones and dolomites associated
with the inferior stratified rocks. They forma very
small portion of such rocks; and would not add greatly
to their collective amount of lime ; but they are im:
portant, as the lime exists as a carbonate in them, while
in the others it is in the condition of a silicate. Lime
is found in all granites, and with the excéption of the
granite with hornblende, in very small quantities. It
is also dis¢overed in greenstone and all trappean rocks,
in hypersthene rock, basalt, pitchstone, serpentine;
diallage rock; and trachyte. There has been occasion
.elsewhere to remark*, that the relative fusibility of
the igrieous rdcks depends upon the amount of silicate
of lime found in them, and therefore that rocks com
taining much hornblendé or dugite are moré feadily
a¢ted on by hedt than the others. Litne is more abun<
dant among the fossiliferous recks, particularly to:
wards the central and higher part of the series, where
- it chiefly exists as 4 carbonate. Lime is also dissemi:
nated through sea waters, though in small quantities ;
g0 that calcium is widely distributed in land and wetef;

¢ Geological Manual, p. 454, -
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‘heing principally abundant in the central and higher
"parts of the fossiliferous rocks, and' widely dispersed
in small quantities throughout the more ancient rocks,
and in the waters of the ocean.’
. - The other bases of the alkalies or earths, barium,
strontium, glucinium, yttrium, thorium, zirconium
and lithium, occur in quantities too small to be of
geological importance, with the exception perhaps of
Jithium, which may be contained in more micas than
is generally supposed. -

- Of all the metals, the oxides of which are nelther
alkahes nor earths, iron and mariganese are the most
important, geologically considered. Calculating the
mean of thirty different kinds of rock, and neglecting
iron ores, properly so called, of every kind, iron con-
stitutes, as an oxide, 5'5 of the lowest stratified rocks,
. amounting to 14'72 per cent. in mica slate with gar-
nets, and 15-31 per cent. in chlorite slate. It forms
12-62 per cent. in hypersthene rock, and about 20 per
gent. in basalts. - Oxide of iron constitutes between 2
and 3 per cent. of the mass of granites and gneiss, and
between 3and 4 per cent. of the massof greenstone and
the more common trappean rocks. When we consider.
the large amount of iron which exists either in thestate
of an oxide, a carbonate, a carburet, a silicate, or a sul«
phuret, therefore including all iron ores of importance,
and also regard the proportions which the various rocks
bear to éach other, we shall probably not err greatly if
swe estimate iron as constituting about 2 per cent. of
the whole mineral crust of our globe. Itisremarkable
that manganese is almost, thoug'h not quite, as widely
disseminated ,through rocks as iron, the proportions
in which it enters into their composition being, how-
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ever, much smaller. There is scarcely a rock without
iron, and there are very few which do not afford some
trace of manganese; except, however, in the places
where its ores are worked, the latter exists only in
minute quantities. Its calculated amount is greatest
in mica slate with garnets, where, as an oxide, it forms
1-23 per cent. of the constituent parts of the rock.
Takipg rocks generally, manganese cannot be esti-
mated as forming more than ‘03 or ‘04 per cent. of
the mass. ) .

The other metals, such as tin, copper, lead, zinc,
arsenic, silver, gold, &c., are, when we view rocks in
the mass, of little geological importance: they are
principally found in veins. When regarded with re-
ference to their presence in such veins, and their ge-
neral mode of occurrence, they possess very high geo-
logical interest, but their relative amount among the
substances composing the crust of the earth must be
inconsiderable. Chromium is so frequently discovered
among rocks of the serpentine family, that there may
be some connexion between them, and it is possible
that the colour of these rocks may partake of the green
tint of the oxide of chromium. Titanium may also be
more widely disseminated than is supposed, foritisa
common accompaniment of iron ores. The manner
in which it is discovered in some, is a strong proof that
metals may be widely disseminated, and yet escape
detection, unless large masses of the substances con-
taining them be subjected to chemical action*.

The principal substances entering into the chemical
composition of our planet’s surface may be classed in

® Minute crystals of titanium are discovered in the slag from
large iron works, more particylarly from those of Merthyr Tydvil.
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the following order, according to the respective im.
portance of each.

Simple non-metallic substances.

1. Oxygen. | 3. Nitrogen. | 5. Sulphur. | 7. Fluorine
2. Hydrogen 4. Carbon. | 6. Chlorine. | 8. Phosphorus.

Metallic ba:es of the alkalies and earths.

1. Silicium. 3. Potassiam. { 5. Magnesium,
2. Aluminium. | 4. Sodium. 6. Calcium.

Metals the oxides of which are neither earths nor al-
kalies.

1. Iron. | 2. Manganese.

It would therefore appear that sixteen substances,
commonly considered simple, constitute by their va-
rious combinations, if not entirely, at least by far the
largest amount of, all the matter which, either gase-
ous, hqmd or solid, organic or inorganic, is known to
exist 6n the surface of the earth.
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CHAPTER 1.

Tarere is 50 much grandeur and simplicity in the
fdea of the condensation of gaseous matter into those
spheres or spheroids which exist, not only in our solar
system, but also by myriads throughout the universe,
that we are irresistibly led to adopt some view of
this kind, more particularly as it would accord with
the unity of design so evident throughout creation.
Encke’s comet, that remarkable body of vapour which
revolves round the sun in about 34 years, proves, by
its existence, that gaseous matter or vapour, of extra-
ordinary tenuity, may float around our great luminary
in given times, and in a given orbit, checked only by
aresisting medium of still more extraordinary tenuity.
There is therefore no argument, a priori, against the
hypothesis that the matter composing our globe may
once have existed in a gaseous state, and in that state
have revolved round the sun. We might even go
further, and consider, with La Place, that our whole
solar system is but a condensation into parts, doubtless
From design, of that matter which now constitutes the
sun, the planets and their satellites, —matter which ro-
tated on an axis, and hence the fact that all the planets
move in the same direction. In support of this view,
let any one weigh the evidence recently adduced re-
specting nebulz, more particularly by Sir John Her:
schel *, and he will have some difficulty in resisting the
impression that these bodies are enormous masses of

* Phil. Trans., 1833, and T;eakise on Astronomy.
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matter in the act of condensation. If all the matter
existing in the sun, planets and satellites were ex-
panded to, and even beyond, the orbit of Uranus, the
whole mass would still be but a spéck in the universe.
. -Heat would act the part of an antagonist force to
the condensation of the matter composing our globe,
supposing it to exist in a gaseous state. It would not
only tend to resist the action of gravity, but also the
attraction of chemical affinity. Now, if it be highly
probable, as has been previously observed, that heat to
a certain extent resists the action of gravitation in the
sun, Jupiter, and Saturn, there is nothing unphiloso-
phical in the inference that heat has resisted, and may
continue to resist, in a minor degree, the action of
gravitation in our planet. We shall have occasion to
show, from other reasons, that the latter inference is
highly probable, and if so, from the nature of things,
a greater and a previous resistance is not less so. .
The probable effects resulting from a mixture of all
terrestrial matter in the state of gas or vapour it would
be exceedingly difficult to appreciate, inasmuch as
we are unacquainted with the matter beneath the
crust of the globe; and even if we were, the necessary
calculations would be so intricate, that it is extremely
doubtful if our actual knowledge could carry us to the
end desired. Let us, however, for a moment consider
what might be some of the effects of diminished tem-
perature on the principal substances constituting the
earth’s crust, including the seas, lakes, rivers and
atmosphere, and see how far the calculated effect
might accord with the present distribution and cen-
dition of such matter. -
So long as matter exists in the state of gas or
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wapour, there is reason to conclude that the different
kinds wonld be permeable to éach other; at least ex-
periments on gases would lead to this inference.
Hence, supposing, for the sake of the argument, that
the heat were sufficiently intense, the simple non-
metallic substances, and the vapours of the various
metals, would tend to mix with each other. This
condition of things would not continue to the external
part of the sphere or spheroid, the existence of which
we now suppose; for the temperature would become
Jess, from various obvious causes, at the outer parts,
and the vapours of a great proportion of the metals
would cease, from want of the necessary heat, to
exist. They would tend to condense and to separate
from the mass of the non-metallic simple substances,
neglecting for the moment any chemical affinity which
may exist between the metals and certain of those
substances. A condensation of the particles of me
tallic vapours would cause them to lose their support
among the particles of gaseous matter, and the action
of gravity would tend to carry them towards the cen.
tre of the sphere; but as they could not pass beneath
the point where the heat would again convert them
into vapours, we should obtain an inner sphere or
spheroid of metallic vapours, striving to condense,
surmounted by a body of the non-metallic simple
substances, which could readily exist, some even to
the extreme superficies of the whole sphere or sphe-
roid, at a greatly inferior temperature*. We must

. It is not lntended to infer from thu view that the non-me=
tallic simple substances could not exist beneath, or intermingled
with the inner sphere or spheroid; but merely that a mass of lueh
tubstance rose above it externally, . . )
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not hiere néglect the hetion of gravity. It has been
assumed, that the heat being sufficient to countéract
this action {0 & certain ainount, all terrestrial matter
wais gaseons. The strugigle betwéen these antagonist
ferces would be most powerful, for as the volume of
goseous fluids is inversely as the pressure to which they
aré exposed, the pressure upon the internal portions of
the gaseous sphere or spheréid would bé enormous,
and thérefore, when, from that radiation of héat which
must take place into the cold planétary spaces, gravity
came foreibly into-action, liquids and solids would ne-
cessarily result from this cause alone, and particles of
matter be squeezed together, even into liquids and
solids, in the interior, which would retain a gasecus
form on the surface at the same or higher teinpera:
- If we consider that the attraction of chlorine for
metals is greater than that of oxygen, it does not at
first sight appear probable that when a diminished
temperature permitted the metals to become either
liquid or solid, they should unité with oxygen; (as we
find has been the easeinthe mass of the older rocks,)
in preference to chlorfine, when both were équally
present, independently of any combinations formed
when the metals were in a staté of vapour. As a
constituent part of the globe’s sufface, the volume of
chlorine is greatly imfefior to that of oxygen, if both
only existed in a gabeous state:

. .- It is considered that chlorine and hydrogen, in the
da.tk and at common temperatures, may remain toge=
ther, as gases, for anylength of time withoutcombining,
notwithstanding the powerful affinity of the former for
the latter, which is so great that chlorine will decom.
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pose water by the action of light, to unite with hydro-
gen. In the case we have supposed these substances
would neither be in the dark, nor exposed to low tem-
peratures. They would, however, not be alone to-
gether; they would be mixed with other simple non-
metallic bodies and with metallic vapours. Now: if
chlorine should unite, in consequence of its great
attraction for metals, with their vapours, the union
would .probably not continue after the formation of
water or aqueous vapour. For, if the most abundant
metals should have a strong affinity for oxygen, as
silicium, aluminium, potassium, sodium, magnesium
and calcium have, the water or aqueous vapour would
probably be decompoeed, the hydrogen going over to
the chlorine, and the oxygen to the metal: Thus a
large amount of the chlorides would disappear, and
oxides would be abundant, independently of the direct
formation of the latter-by the uniop of oxygen with
the metallic bases of the earths and alkalies. Fhe
union of the chlorine and hydrogen would form mu-
tiatic acid gas. Fhis combination once formed, the
value of chlorine over oxygen in its attraction for me-
tals is destroyed, and the two latter can freely unite,
as they- have done, in the production of great masses
of rock, which are, as has been previously noticed, little
else than metallic oxides.

The absence of the chlorides from rock masses, (if
we except rock salt, the production of which must be
considered as resulting from secondary agency,)is very
remarkable, and agrees with the above hypothesis.

Hydrogen unites with few metals, and among them
potessium is the only one of importance to our present
subject. It, however, possesses. & strong attraction
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for oxygen. Although it does not unite with oxygen,
even when mixed in the proper proportion of two to
one, at ordinary temperatures, except by the electric
spark, by flame, or a body heated to bright redness,
it nevertheless does quietly combine with that sub-
stance, when they are exposed to a temperature above
the boiling point of mercury, and below that at which
glass begins to appear luminous in the dark. Hydro-
gen also silently unites with oxygen, by a succession
of electric sparks, when diluted with toa much air to
explode by the same means; and spongy platinum
causes hydrogen to combine slowly with oxygen, even
when mixed with- one hundred times their bulk of
oxygen gas*. The power of oxygen and hydrogen
gases to unite quietly, even when mixed beyond the
proportions in which they exist in water, without the,
necessity of explosion, is an important consideration
in our present inquiry, because it seems to point out
the possibility of producing water by slow means
when a large amount of oxygen, a less proportion ef
hydrogen, and a still less amount of nitrogen were
mixed together, with minor proportions of a few other
substances; in fact, under conditions which might
exist in the exterior parts of the gaseous ephere or
spheroid under consideration. ,

If water or aqueous vapour were produced, exthet
quietly by some such means as those above noticed,
or more suddenly by explosions, it wonld be speedily
seized upon by the muriatic acid gas, from the well
known powerful affinity of the latter for water; an
attraction so strong, that the mere escape of this gas
into common air causes a dense white cloud, from its

# Turner's Elements of Chemisfry, 4th edit., p. 219,



GASEOUS STATR OF THE EARTH, 31

imniediate combination with the aqueous vapour in
the atmosphere.

When we view the present dxstnbutlon of the pnn-
cipal substances constituting the earth’s surface, in-
cluding the ocean, we are struck with the fact, that
while sodium exists both in rock and water, it is
principally as a chloride in the latter, while it is
united with oxygen in the former. Indeed, the mass
of chlorine is combined with sodium and dissolved in
the waters of the ocean, for rock salt is a secondary
production, not found in the oldest stratified rocks,
Chloride of sodium is also not uncommon in mineral
springs. The chlorine of marine vegetation can only
be considered in a secondary light, and cannot enter
inte our present calculations. It does, therefore, seem
probable that there was once a condition of the globe
when chlorine by combining with hydrogen and so-
diam, and hydrogen by uniting with oxygen, laid the
foundation of the actual ocean, omitting for the pre-
sent the consideration of the muriates of magnesia
and lime, which, with sulphate of soda, also exist in
migor proportions in the waters of the sea. It is
worthy of observation, that however hypothetical the
gaseous condition of our planet may he, it does not
directly oppose any serious obstacle to the production
of an ocean in which the great amount both of hy-
drogen and chlorine should be combined; for even
supposing that, from intense heat, such combination
would not in the first instance be absolutely liquid,
it must necessarily become so when the radiation of
heat was sufficiently advanced to permit the existence
of a moderately cool solid beneath it. By this hypo-
thesis we at once dispose of the chlorine and hydro.
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gen; for the latter, like the former, only exists in &
secondary condition among rocks.

- Nitrogen presents little difficulty. It seems prin-
cipalty designed to correct an excess of oxygen in
the atmosphere, and to enter into the composition of
gertain of the organic substances which exist in it.
Hence, probably, the reason why nitrogen does not
constitute a portion of masses of rock, except where
they contain organic remains. From the beginning,
Ritrogen, viewed in the large scale, would probably
not combine to any extent with liquids or solids,
until the atmosphere was finally fitted for- the exist-
ence of animal and vegetable life. When organic
exuvie were entombed and became portions of rocks,
nitrogen also entered into the composition of the mi-
heral strata. It does not occur as the component part

of the older rocks.
* Carbon is so rare among the older rocks, that under

whatever conditions they have been produced, some
bar to its union with the lime, magnesia, potash, sode
and other substances contained in them must have
existed, even when it was combined with oxygen in
the shape of carbonic acid. Carbon would, under the
conditions we have supposed, most probably combine
with oxygen, and produce this acid. Now the ab-
sence or, rather, comparative rarity of the carbonates
among the older strata, and the prevalence of the si-
licates in the same rocks, seem to point to the pre-
valence of considerable heat at the time when the
minerals composing them were first formed; for though
the carbonates can be readily fused beneath pressure,
the necessary force must first exist, and the state of

things we have been contemplating would scarcely
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permit this, at least at the beginhing, or on the outer
portions of the sphere. Supposing an union of car-
bon and oxygen in the proper proportions, and car-
benic acid the result, being gaseous, it would readily
permeate the other gases and vapours, and would
have a tendency to float, mixed with them, in the
higher or outer parts of the sphere or spheroid, while,
from the radiation of heat, consolidation was proceed-
ing in the inner portions, so that it might eventually
constitute a considerable part of an atmosphere prin-
cipally composed of nitrogen and oxygen. As it is
no part of our intention to conceal difficulties, it must
be stated that to suppose carbonic acid originally and
in a great measure confined to a gaseous envelope of
our planet, does not well accord with the production
of limestones, nor with the evolution of this gas from
volcanos, fissures in the earth, and from springs. It
would, indeed, accord with the views of M. Adolphe
Brongniart, who, to account for the early vegetation
of our planet, considers the atmosphere to have once
been more impregnated with carbonic acid than at
present. That this has been the case is highly pro-
bable, more particularly when we regard the amount
of carbon entombed in coal and fossil plants, which,
from analogy, we consider to have been principally
derived from the atmosphere. To account, however,
for various geological phenomena, we require carbon
as well beneath the crust of the earth as on its sur-
face. :

Sulphur is so readily volatilized, that it would be
kept in the state of vapour, as far as regards mere
‘temperature, after a considerable radiation of heat;
Jbut there are other conditions that must be consi-

D
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dered. The vapour of sulphur would endeavour to
combine with oxygen, and the result would be sul-
phurous acid; and this again, if aqueous vapour be
present, would become sulphuric acid. The sulphates
are not collectively abundant in rocks; they are un-
known among the inferior stratified rocks, though sul-
phate of lime is not rare among the fossiliferous strata.
The vapour of sulphur would also strive to unite with
the metallic vapours and produce sulphurets; but so
long as the heat was great, and oxygen present, this
would bea difficult combination, for there is a tendency
in all sulphurets to decompose under such conditions,
however refractory, in this respect, some sulphurets
may be when exposed to mere heat. The principal
sulphurets contained in the older rocks are iron py-
rites. .

‘With respect to fluorine and phosphorus, the former
has a powerful affinity for hydrogen; and we can
scarcely consider it to exist without endeavouring ta
combine, when in contact with it. Phosphorus is so
little important as a constituent portion of land, air,
or water, except as a component part of some of the
organic exuvie entombed in the fossiliferous rocks,
that we might disregard it in a general view like the
present, did it not constitute so important a part of
the bones of animals; and hence it is not a little
interesting to inquire as to the manner in which it
probably existed prior to the period when it was re-
quired as a portion of organized life. This does not
readily suggest itself; and it is merely noticed for
the purpose of promoting investigation.

If there be any approximation to truth in supposing
-$hat the metallic vapours would be arrested, by dimi-
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nished temperature, at a certain height above the cen-
tre of the guseous sphere or spheroid, and an inner
spherical or spheroidal crust the result, the oxygen on
the upper surface of the latter would combine more
readily with the metals than on the under surface, from
the difference of temperature. The oxides would tend
sooner to consolidate above from the same cause, and
to exclude the metals beneath from the action of the
oxygen, which, from the high temperature of the inte-
rior,-would be far more dense above than towards the
interior, where, indeed, even supposing the metallic
vapours to mix with the other substances as gases do,
the oxygen would be of extraordinary tenuity. Hence,
there might eventually-be, from the radiation of heat,
an oxidized =olid crust surmounted by a gaseous en-
velope, in which oxygen was present, covering a still
heated interior, composed of metallic substances but
slightly mixed with oxygen and other simple non-
metallic substances. This hypothesis would therefore
produce a condition of things that would accord with
the theories both of central heat and of the existence
of the metallic bases of various substances beneath the
erust of the globe, the oxidation of which may now
produce many geological phenomena.

‘We have been induced thus to enter at some length
upon the hypothesis of a sphere or spheroid, composed
of the matter of the earth rendered gaseous by intense
heat, solely to promote further inquiry. Fully to
discuss the subject would be most difficult. It would
require very complicated calculations respecting the
action of gravity, heat, electricity and chemical affinity
under such conditions; but if, finally, anything like
.a fair approximation to the present state of the

-p2
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earth’s surface could be deduced from such calcula-
tions, a most important advance will have been made
in theoretical geology.

Althaugh a free passage of the particles of terres-
trial matter among each other seems necessary to the
production of the earth’s figure, (an object of the first
geological importance, however convenient it may be
for those theories to neglect it to which it is fatal,) it
by no means follows that this matter should have been,
altogether in a gaseous state in the first instance. A
gaseous envelope, and a liquid metallic nucleus, would
produce the effects required equally well, particularly
if we suppose an internal heat so intense as to prevent
the oxidation of the metallic nucleus except on the
surface. An oxidized crust would bar the progress of
oxidation except through cracks and fissures, and thus
many geological phanomena would be explained. In
fact, we should still have a condition of things favour-
able to an union of the theories of central heat, and of
the chemical action of oxygen upon the metallic bases
of certain earths and alkalies. The mean density,
of the earth being about double that of the oxidized
mineral crust, it appears too little for the conden-
sation of the same kind of oxides by pressure, from
gravity, towards the centre. We may therefore con-
sider the interior of the earth to be heated, if metallic,
in order to account for the density.

It has been opposed to this view, that potassium
and sodium, important substances in the earth’s crust,
are too light to produce the effect required, the density
of potassium being only 0°865, that of sodium 0-972.
Now, if we admit, for the sake of the argument, that all .
metals are capable of uniting with edch other in certain
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propottions, producing numeroiis alloys, it does not
follow that they can do so at all temperatures ; the
process of obtaining pure silver by amalgamation is
a well-known example to the contrary, for though it
depends upon the affinity of silver for mercury in the
first instance, this would be entirely useless if the mer+
cury could not be readily volatilized by heat, and thus
leave the silver. Hence, we may not only conclude
that the more volatile metals, such as potassium and
sodium, would be driven to the outer portions of the
metallic sphere or spheroid by great heat, but that
they would have much difficulty in forming alloys if
the temperature be very elevated, and from this cause
also be driven to the surface, where a large portion
of them would readily become oxidized, and possess
the density of such compounds. Consequently, the
small density of such metals as potassium and sodium
would have little weight as an argument against the
supposition of a metallic nucleus in our planet, one in
which an elevated temperature still prevails, thus ren-
dering the mass of comparatively small density, not
exceeding the mean usually assigned it.

As we have elsewhere * accumulated the various
facts observable on the earth’s surface, which render
such a centrgl heat highly probable, it would be su+
perfluous to adduce them here: it will therefore be
sufficient to state the general results. 1. Numerous
experiments in mines show, notwithstanding their
liability to error from various causes, an increase of
temperature from the surface downwards, that is, from
those depths where the action of the solar rays ceases

* Geological Manual, p. 6—37.
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to produce a variable heat, which, taking the experi-
ments made in the vaults beneath the Observatory of
Paris as a guide, would be from 60 to 80 feet.. 2. Ther-
mal springs occur in all parts of the world, and among
all varieties of rock. They are generally discharged
on the surface through fissures or cracks, produced
by -disrupting causes at various geological periods.
3. The temperature of the water in thase perforations
into the earth’s surface named Artesian Wells, is
found to increase with the depth, whence it occurred
to M. Arago that the temperature of the earth at
‘different depths might be ascertained by them. 4. Ter-
restrial temperature, at small depths, does not coincide
with the mean temperature of the atmosphere above
it. Wahlenberg remarks, and Kupffer confirms the ob-.
servation, that many.deep-rooted plants only flourish
in the northern regions, because the mean tempera-
ture of the earth exceeds the mean temperature of
the air in such situations. ' The experiments of Von
Buch, Humboldt, Hamilton, Hunter, Smith and Fer-
rier .tend to show that the temperature of common:
springs in the tropics is beneath the mean of that of
the air in the same places. 5. Igneous matter has been
ejected at all periods from the interior of the earth,
6. Activevolcanas occur widely spread over the surface
of theworld, and present, in their general phzenomena,
80 close a resemblance to each other, that they may
be considered as produced by a common cause, and
that cause deep-seated. 7. Geological phenomena
attest a great decrease of temperature on the surface
of the globe. 8. The water of seas and lakes merely
. arranges itself according to its greatest specific gra-
vity, and therefore, in general, would afford little evi.
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dence in favour of, or against, central heat. There
is, however, an increase of temperature with the depth
in many places in high latitudes which does not ac-
cord with the arrangement of water according to this
law. It may be assumed that such increase of tem-
perature, interfering with the densities, is due to heat.
in the bottom beneath, which, though sufficient to
produce a visible effect upon waters so closely ap-
proaching their maximum density as those in high
latitudes, is insufficient to be apparent beneath warm
climates. 9. A decreased temperature of the earth
would, by radiation, and in accordance with the views
of M. Elie de Beaumont, produce the various moun-
tain ranges and fractured strata found on the surface
of our planet.

‘When all these circumstances are taken into con-
sideration, and we add the probability that heat
counteracts the effects of gravity in the sun and
certain planets, and that the free passage of the par-
ticles of terrestrial matter among each other was ne-
cessary to produce the figure of the earth, the evi-
dence in favour, not only of a central heat at present,
but also of a heat of far greater intensity at remote
geological® epochs, becomes exceedingly strong; so
strong, indeed, that there is some difficulty in resisting
the impression that we have, by various means, made
as fair an approximation towards the truth, as the
nature of the subject will admit.

It may here be remarked, as not a little curious,
that geologists who are unwilling to admit the proba-
bility of a central or internal heat, still call in the aid
of very intense heat, acting very generally over the
earth’s crust, to account for various geological phe-
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nomena. ‘Soine go so far as to consider that all the
inferior stratified rocks have been deposits precise-
ly similar to those now going on, even to have con-
tained organic remains, and that their present cha-
racter is due to the agency of great heat, which pro-
duced the necessary alteration. Without stopping to
notice the physical and chemical objections to this
view, it may be observed that the inferior stratified
rocks being widely spread, with common characters,
over the face of the globe, this hypothesis requires as
high a temperature, and a heat as widely diffused, as
the advocates for a central heat could possibly desire ;
a temperature, indeed, which, if this process be still
considered in full force, would exceed that which
their calculations would afford them. . )
‘While on the subject of the early conditicn of our
planet, it is not a little interesting to observe the
effects of pressure upon gases, as shown by Mr. Fa-
raday*. The following table exhibits the pressure and
temperature at which the gaseous substances enume-
rated beneath became liquid in his experiments :

. Sulphurous acid gas...... ws 2 atmospheres at 45° F.

* Cyanogen gas ...c....ceeeue 36—————— 45°
Chlorine gas . 4 — 60°

- Ammoniacal gas ............ 6:5————— 500
Sulphuretted hydrogen gas. 17 —————— 50°
Carbonic acid gas.......ereee 36 ————— 320
Muriatic acid gas....cc.ceuees 40 ——mm8——— 500
Nitrous oxide gas............ 50 —————— 450

It is impossible not to be struck with the fact that
chlorine gas is liquefied by so small a pressure as that
of four atmospheres at a temperature of 60°, while

: ¢ Phil. Trans. 1823,
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muriatic acid gas requires a weight equal to forty at-
mospheres to produce the same effect at 50°. So that
while oxygen and hydrogen gases resist all the at-
tempts which have been yet made to force them into
a liquid state, chlorine gas requires but a small pres-
sure for its liquefaction. This alone is an important
element in calculations respecting such conditions of
terrestrial matter as we have above supposed. It is
no less interesting, that sulphurous acid gas becomes
liquid under the very small pressure of two atmo-
spheres, and that a compound of nitrogen and car-
bon, constituting cyanogen gas, is reduced to the same
state by a compressing force equal to 3'6 atmospheres.
Thus, though oxygen gas alone cannot by any
means yet employed be compressed into a liquid, it,
when united with an equal volume of the vapour of
sulphur, merely requires a pressure equal to two at-
mospheres, at a moderate temperature (45° Fahr.), to
produce this effect; and nitrogen, not yet rendered
liquid by pressure in its simple atate, readily takes
that form, beneath a small weight, when united with
twice its volume of the vapour of carbon. Again, hy-
drogen gas, which in its simple state has resisted all
attempts to compress it into a liquid, is no sooner
united with nitrogen, in the proportion of three
measures of the former to one of the latter, producing
two measures of ammoniacal gas, than the small
pressure of 6-5 atmospheres, at the moderate tempe-
rature of 50° Fahr., will force it into a liquid state.
Now this latter fact is very remarkable, for it shows
that while a large proportion of hydrogen, by its union
with a minor proportion of another simple non-metal-
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lic and, in the respect under consideration, highly re--
fractory substance, produces a readily liquefied com-
pound, an union of equal volumes of hydrogen and
chlorine, the latter the only simple substance of its
kind easily rendered liquid by pressure, produces a.
compound requiring forty atmospheres for its lique-
faction. We must not here forget that water, the.
union of two gases which resist all our attempts to
condense them by pressure, is liquid beneath a weight
still less than that of one atmosphere,

. Now it is important, in a geological point of view,
to remember, that a very moderate increase of tempe-
rature causes gases liquefied by pressure to boil, and
that the removal of the necessary compressing force
produces violent explosions in some; so that if con-
siderable heat should act upon certain of these liquid
gases, carbonic acid, for instance, entombed in an
uncombined state among rocks at moderate depths
under the surface of the earth, the superincumbent
matter would be rent and fractured, if the resistance
above were unequal to the expanslve force of the
heated gas beneath.

* To produce the liquefaction of the gases enume-
rated in the faregoing table would require, even for
nitrous oxide gas, no great depth of rock. Fo show
this more clearly, let us estimate the depth of water
(neglecting the combinations of the gases with it,)
necessary for the same purpose, taking the above ex-
periments to be, if not absolutely true, very close
approximations to truth. Estimating the height of a
column of water equal to the pressure of an atmo-
sphere, in the usual way, at 34 feet, and neglecting
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the saline contents of the sea, and the compression
of the water itself at great depths, both of which
would cause the same effects to be produced at less
depths, we find that

Sulphurousacid gas could not exist beneath 68 feet, at 45° F.

Cyanogen gas .....ceceereeseens seesresceess 123 — — 450
Chlorine gas........cuoucuerens veererereneas 136 — — 600 -
Ammoniacal ga8 ....c.ceceeriesnsrecrioneess 221 — — 500 |
Sulphuretted hydrogen gas...cceececevess 578 — — 500
Muriatic acid gas ....cccoveeeerreeeeenees 1360 — —50°
Nitrous oxide gas ...cveeeevenerecenne . 1700 — —45°

As carbonic acid gas requires a pressure of 36
atmospheres, at 32° F., for liquefaction, it cannot
enter in this table, which supposes the water to be
fresh, and consequently solid at 32° F. A greater
amount of pressure would of course cause this gas to
become liquid at a more elevated temperature; but
we have every reason to conclude .that deep masses
of fresh water always remain at a temperature be-
tween 39° and 40°, that at which such water is most
dense, so that we may suppose carbonic acid would re.
main gaseous, as far as mere pressure was concerned,
beneath all the known fresh-water lakes of the world,
their depths being insufficient to praduce the effect
required : it is otherwise, however, with the waters
of the ocean. According to M. Erman, salt water
of the specific gravity of 1027 diminishes in bulk
down to 25° F., and does not reach its maximum
density before congelation. Dr. Marcet’s experiments
also point to a similar result, 22° F. being, according
to this author, the temperature at which sea water
reaches its maximum density. Carbonic acid gas
would therefore become liquid, as far as regards pres-
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sure, beneath 204 fathoms of sea water, the tempe.
rature of which was 32° F. These conditions may
readily exist in high latitudes; indeed, according to
Capt. Ross, he found, in lat. 60° 44’ N., and long.
59° 20' W., a temperature of 29° at 200 fathoms,
28° at 400 fathoms, and 25° at 660 fathoms. Other
observers, however, give a more elevated temperature
for the deep waters of high northern latitudes.

If we estimate the mean density of the mineral
crust of the globe at 2-5, which is probably less than
the truth, we find that sulphurous acid, cyanogen,
chlorine, ammoniacal, and sulphuretted hydrogen
gases would be squeezed into liquids beneath 250 feet
of rock, while the same effect would be produced upon
muriatic acid gas at 570 feet, upon nitrous oxide gas
at about 750 feet, and upon carbonic acid gas at 1300
feet, allowance being made in each case for the in-
creased temperature found at increased depths. These
are important considerations, which not only have
weight when we consider the early conditions of our
planet, but also when we regard the chemical changes
now in progress beneath the immediate surface of the
earth, and which are manifested by various discharges
of gaseous matter into the atmosphere.
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CHAPTER III.

As there is great difficulty of conceiving any other
than the igneous fluidity of our planet previous to
the consolidation of its surface, and as fluidity seems
essential to the figure of the earth, it has been sug-
gested that the earliest transition from a liquid to a
solid state, consequent on the radiation of heat, would
take place at the equator, and that masses of the
solidified crust would float ypon the incandescent
fluid beneath®*. The fluid mass would necessarily,
be influenced by tides; therefore, so long as the soli-
dified crust was too thin to resist the effects of this
cause, it would be broken up into fragments, the pre-
cursors of those of which the solid surface of our globe
is everywhere composed. It may surprise many of
our readers, but it is nevertheless true, that when the
surface of England is minutely examined, we find there
is scarcely any area of eight or ten square miles in
extent which has not been fractured, or broken up into
minor portions, by causes that have acted at various
geological epochs. What is thus true of England is
found to be also generally true of the whole surface
of our continents and islands when examined with
the necessary attention. Sometimes a more modern
deposit may mask a surface broken into fragments,
the former not having been yet acted on by disrupt-

¢ Croizet et Jobert, Recherches sur les Ossemens Fossiles du
Département du Puy-de-Dome, 1828,
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ing forces; but when rocks, on which such deposits
rest, are exposed by denudation of any kind, either
in ravines or over a certain extent of horizontal area,
they will be found fractured.

There must have been inequalities in the earth’s
surface from its earliest consolidation. The radiation
of heat, and the necessity of the exterior solid crust
conforming to the fluid surface beneath, could not
have done otherwise than produce them. Hence
M. Elie de Beaumont’s theory of the elevation of
mountain chains, which rests on the necessity of the
earth’s crust continually diminishing its capacity, not-
withstanding the nearly rigorous constancy of its tem-
perature in order that it should not cease to embrace
its internal mass exactly, the temperature of which
diminishes sensibly, while the refrigeration of the sur-
face is now nearly insensible*.

' Waving for the present the consideration of moun-
tain chains, it will be sufficient to consider that ine-
qualities have existed on the surface of the earth from
the earliest times. If we now suppose the solid sur-
face sufficiently cool to support water, that water
could not do otherwise than act both chemically and
mechanically upon it. The chemical action would
be increased by any heat which might still remain in
the supporting solid substances,and evaporation would
be extensively carried on; so that the more elevated
parts being, in all probability, the coolest, and there-
fore the condensation of aqueous vapour readily taking
place upon them, running waters would be established,

* Geological Manual, 4rt, Elevation of Mountains, p. 488,



BTRATIFICATIQN. 47

and a wearing away of the exterior portions the ne-
cessary consequence. It might be supposed that the
external parts of the cooled crust, composed of various
oxidized materials, would be vitreous, and therefore
difficult of removal; but we have only to recollect
that the vitreous character of igneous products is
merely the result of rapid cooling, in order to see
that, so far from this being the case under the con-
ditions we have supposed, the necessary slow cooling
of the crust would produce a large crystallization of
the different substances, and, consequently, a surface
by no means difficult of decomposition or removal.

- It has been much debated whether the inferior
stratified rocks, such as gneiss, mica, slate, &c., have
been mechanically or chemically produced; that is,
whether they have resulted from the deposit of abraded
portions of preexisting rocks mechanically suspended
in water, or have been chemically derived from an
aqueous or igneous fluid in which their elements were
disseminated.

Before, however, we proceed in this inquiry, it be-
comes necessary to investigate what is generally un.

“derstood by the words ‘strata’ and stratified’, and
to see how far ‘cleavage’ may be confounded with
them. A ‘stratum’ may, perhaps, be strictly defined
to be a bed of rock, the upper and under surfaces of
which are parallel planes, in all cases where the bed
is not perpendicular, but when it is so, then the ver-
tical surfaces would be parallel planes.

This definition is found to be far too rigid for prac-
tical purposes, and hence rocks have been termed
stratified when divided into beds, the upper and under
surfages of which arc not strictly parallel plancs, as is
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seen in the following diagram, representing a section
of several beds, a, b, c, d and e, which would be
usually termed strata.

Now irregularity of stratification shows irregularity
of formation, and hence becomes an element in in-
quiries respecting the original production of any given
stratified rock. Strata having their upper and under
surfaces nearly parallel would seem to require extra-
ordinary tranquillity for their deposition, assuming,
for the sake of the argument, that all strata have
been deposited. This would be equally true whe-
ther they were chemically or mechanically produced.
The contrary would hold good with every irregular
stratification which may be inferred to result from
variations or disturbances in the chemical or mecha-
nical action that produced the rocks thus character-
ized.

Chemical deposits would take place from solutions
saturated with any given substance, from changes
among the substances in solution, or from new matter
introduced into them, which should produce insoluble
compounds. . The moment a substance becomes in--
soluble, it is mechanically suspended in the fluid con-
taining it, and hence will fall more or less rapidly to
the bottom, according to its relative specific gravity
and volume. All chemical changes in a fluid do not,
however, necessarily produce horizontal deposits from
dt; for, as is well known, pipes conveying mineral
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waters from place to place are often found incrusted
all round. This certainly may be due to the tran-
quillity arising from the friction of the sides, which
will not permit the water to pass so rapidly by them
as through the centre of the pipe; but the incrusta-
tion on the top is sufficient to show that a chemical
deposit may take place against gravity. Numerous
crystallizations from saline solutions are produced
equally on the sides and bottoms of the vessels con-
taining them, though they may be more abundant on
the latter than on the former. Hence chemical de-
posits may take place on the large scale, and the re-
sulting beds give rise, by the mode in which they
repose on other rocks, to the most deceptive appear-
ances. -

Let a, in the annexed figure (Fig. 2.), be the sur-
face of a fluid, such as the sea, from which the beds &
have been chemically deposited upon the preexisting
surface, ¢ d, of the stratified rock c c. If one of those
relative changes of levels so well known to geologists
should now take place, by which the beds & should
be raised above the surface of the sea, there would be
some difficulty in deciding whether the upturned ap-
pearance of the beds b at e was due to the protru-
sion of the mass of d, or whether the rocks b were

E
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originally deposited in the relative position then found:
To decide that the tilted character of the beds & was
due to forces acting from beneath would be evidently
wrong in this case. We should therefore exercise
some caution in our theoretical decisions when stra-
tified crystalline rocks are thus circumstanced.

- A mechanical deposit may also give rise, though in
a minor degree, to the same deceptive appearances.
If water, containing mechanically suspended matter,
move suddenly with a moderate velocity from off
shallow into deep water, the resulting stratification
will be inclined, even amounting in favourable situa-
tions to 40°. :

h.-

Leta b (Fig. 3.) be the surface of water moving
over the surface of a rock beneath, i ¢, with sufficient
velocity to transport pebbles about one or two inches
in diameter, so that they cannot repose on the plane
i c. It will be clear that they will fall over into the
deep water, where they will arrange themselves in
strata of high angles, f £, being removed from the:
velocity of the current, which passes on in the direc-
tion cd. They will fall over into comparatively still
water, and therefore arrange themselves according to
gravity, and the support that one pebble may afford
fo the other above it. Mr. Yates and Mr. Lyell
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have very properly called attention to this mode of
stratification*.

Let us suppose, as in the diagram before us, that the
rock 4 was stratified in the same manner, (baving the
same dip and direction as the newly formed beds ff, )
and that the relative level of water and land should so
change that the beds ff and the rock % rose into dry
land, and were exposed, as a section, in a ravine, the
surface e f f being concealed. It might be inferred
that the beds f f and the rock A had been raised by
the same elevating movement, a supposition in this
case evidently incorrect, as the beds £ have not been
raised at all; and if the rock % had been tilted up, it
was 8o previous to the existence of the conglomerate
beds £f.

‘We have above supposed that pebbles were moved
by the current, or stream, over the surface ic; let us
now consider that sand only is thus transported. If
the same velocity of water continued as before, the
sand would evidently be shot forward over the edge i,
and could by no means arrange itself in as highly
inclined beds as the pebbles. The finer the sand,
the longer it would be finding its way among the
particles of still, or comparatively still, water, out of
the influence of the superincumbent current. The
smaller, therefore, the grain of the sand, the more
horizontal would be the resulting strata, and th:
greater the amount of the fining off at their upper
edges. We should thus have, supposing the current
to carry forward gravel, sand and finely comminuted

® Yates, “ Remarks on the Formation of Alluvial Deposlts ¥
£dinburgh New Phllosophlcal Journal, July 1831; and Iyell
Principles of Geology, vol. iH. p. 169, 1833,

E2
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matter, a tendency in them all to form beds of various
degrees of inclination, the gravel beds rising at the
greatest angle, the silt beds being the most hori-
zontal.

If, instead of a stream or current sufficiently power-
ful to carry forward pebbles, we suppose one merely
able gently to move sand over the edge of a high
steep bank into deep water, so that the sand should
fall grain over grain, the one resting upon the other,
and not mechanically suspended in water; we should
obtain strata of sand rising a: a comparatively high
angle.

The natural situations in which circumstances would
be analogous to those above noticed are more nu-
merous than might at first sight be supposed. It has
been remarked by Mr. Yates*, that strata of this
highly inclined character would be produced in cer-
tain lakes by the protrusion of detritus where the fal
was suddenly into deep water. The same author ob-
serves, that similar effects would be produced at the
termination of deltas, where they also fall into deep
water. This would be the case with that of the
Ganges, if the detritus were not too comminuted, and
forced forward with such rapidity as to be carried on
in the body of the discharged waters, and thus be
spread over a considerable area, in beds nearly ap-
proaching to horizontality. There are, however, nu-
merous situations off the edges of what are termed
soundings, or minor depths of water, on many and
extensive lines of coast, where we can imagine the
effect of the current but barely sufficient to push

* Yates, “ Remarks on the Formation of Alluvial Deposnts,
Edinburgh New Philosophical Jourpal, July 183t.
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grains of sand over a steep bank, thus causing the
formation of strata of sand with an inclination of from
15° to 30°*. Minor effects of this cause are con-
stantly observable on the shifting banks of fivers, and
are to be found, as has been often observed, in almost
all sandstone rocks. The formation, therefore, of
moderately elevated strata, upon a larger scale, is
precisely what we should expect under favourable
circumstances.

‘What has been here stated leads to other and im-
portant conclusions respecting the formation of me-
chanical strata; and did we know with certainty the
amount of force required to carry forward different
kinds of detritus, we might proceed to calculate with
some precision the various velocities required to trans-
port, and deposit, given kinds of detrital matter over
planes inclined at various angles. Here, however,
our data fail us. We have no experiments on which
we can implicitly rely respecting the specific gravity
and form of detritus which water, with a given velo-
city, will move on a horizoutal surface. It has been
stated that a velocity of six inches per second at the
- bottom will lift fine sand ; eight inches, sand as coarse
as linseed ; and twelve inches, fine gravel; while it
réquires a velocity of twenty-four inches per second
to roll along rounded pebbles an inch in diameter,
and three feet per second to sweep along shivery an-
gular stones of the size of an eggt. It will readily
strike the reader that the relative specific gravities of

® Mr. Yates has also remarked on the abrupt transition from
shallow into deep water off many coasts: ‘ Remarks on the For-
mation of Alluvial Deposits,” Edinburgh New Philosophical Jour-
nal, July 1831. .

4+ Encyclopadia Britannica, 4r¢. RIVER.
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the substances to be transported would greatly mo-
dify these effects; but taking the above statement
as affording the best approximation that we can at
present find, we may proceed to certain general con-
clusions.

All the velocities enumerated above may be readily
found in most rivers, particularly when their beds are
moderately inclined, or when they are swept by freshes
or sudden rushes of water. Detrital matter, varying
in the manner stated, would therefore be also trans-
ported, to be here and there deposited, or swept on-
wards, as the case might be. Circumstances, how-
ever, become altered when we regard the extensive
deltas of great rivers, large estuaries, or the open sea.
Here we find more moderate velocities of moving
‘water, and consequently a diminished transport of all
but the finer detritus over considerable distances and
areas, at least viewing the subject with reference to
the known velocities of water in such situations.

We will not here repeat what we have elsewhere
stated * respecting the great improbability that streams
of tide, or oceanic currents, can transport any other
than fine detrital matter, sand, silt, or mud, except
very locally in some narrow channels, or off project-
ing headlands, where bodies of water are compelled,
from the peculiar form and resistances of land, to
move at rates greatly exceeding their usual or mean
velocities. If exact data fail us in regard to the ve-
locities necessary to transport detrital matter of va-.
rious kinds by water, they are also sufficiently rare
respecting the depths at which ocean currents act.

* Geological Manual, Art., Transporting Power of Tides and
Currents, pp. 110, 112.
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The only direct experiment of any importance as yet
made to ascertain this point is that of Captain Belcher
off the west coast of Africa, in latitude 15° 27' 9" N.,
and longitude 17° 31' 50" W. He concluded from
it that the current moved with nearly the same velo-
city (0°75 per hour,) at the depth of forty fathoms as
on the surface. Now this velocity, supposing it to
act upon the bottom, and the foregoing calculations
respecting the power of transport correct, would carry
forward fine gravel (making due allowance for the
differences of statute and nautical miles), though it
would be insufficient to roll along rounded pebbles
an inch in diameter, which require a velocity of about
1-1 nautical mile per hour.

If we could rely on the transporting powers of
water above noticed, we might proceed to calculate
the effects of various streams of tide or oceanic cur-
rents of depths equal to, or less than, forty fathoms,
inferring what might take place at greater depths.
But, even assuming that the statement alluded to isa
fair approximation to the truth, there is an element of
very great importance which must enter into all such
calculations : that element is friction. Now the fric-
tion of moving water on the bottom over which it
flows is very considerable; and no current or stream
of tide can have the same velocity on the surface and
on any bottom it may pass over. If such were not
the case, the tidal waters round most coasts would
be a mass of turbid waters. In point of fact, the re-
tardation of flowing waters by friction is so great,
that streams of tide with a surface velocity of two
miles per hour, and therefore sufficient to transport
(according to the calculations above quoted,) angular
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shivery stones of the size of an egg, pass over sand,
and even mud banks, at the depth of a few fathoms,
without removing them*.

It would be exceedingly desirable to have more di-
rect evidence, from careful ohservations on the passage
of tidal waters over mud, sand and other banks, of
the amount of friction which prevents their removal.
Those accustomed to navigate among, or otherwise
observe, sandbanks at the mouths of estuaries, must
often have observed how, when a falling tide throws
the body of ebbing water into numerous channels,
forming banks, the edges of such banks begin to
suffer removal by the action of the streams upon
them. Yet the cutting effect of friction is still very
inconsiderable, less than we might expect it to be;
and attentive examination will often show that a rip-
ple or surface motion of the water is as destructive
as the wearing action of the moving mass of water,
which is readily observed to be less near the bank
than at a short distance from it. In such situations,

® It is not a little curious to observe how many fish, trout, for
instance, avail themselves of the effect of friction on the sides and
bottoms of rivers. They usually prefer a certain velocity of water,
and therefore employ a given tof lar exertion to re-
sist it; but when, from rains, the volume and velocity of the rivers
are increased, the fish either sink deeper in the stream or approach
the sides, where they regain the former velocity, one which re-
quires no greater amount of muscular exertion than they habitu-
ally employ. Without this retardation of water by friction, the
fish would be swept out of rivers by freshes, as actually took place
from the effects of a hurricane, and therefore an extraordinary
cause, in Jamaica. The fall of rain was so great in the hurricane
of 1815, that it swept all the fish out of the Yallahs river, one
which descends rapidly from the high land of the Blue, St. An-
drews, and Port Royal Mountains; and it was considered, ten
years afterwards, that there were no fresh.water fish in that
river.
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also, the different velocities of water, caused by fric-
tion on the bottom, may be easily seen before the tide
falls sufficiently to leave the banks dry. Still or slow
moving water will be apparent over the shoal places,
shortly to become dry, while the body of the tide, not
-being able to move freely over so large 4 surface as
before, runs with greater velocity (unless the time be
near low or slack water,) over those parts of the area
which are deep, and are in fact the proper channels
of the river. Every boatman knows that if he keeps
close to a coast or bank when the tide is adverse to
his course, he makes more way than when he keeps
off, making every difference, in cases where the tides
run strong, whether he does or does not reach his
destination during that particular ebb or flow of tide,
as the case may be.

Now it is important to bear these facts in mind, as
they show that when streams of tide pass over sandy
bottoms, even witha velocity of two or three miles
per hour within a few feet of such bottoms, the
moving water does not carry away the sand to any
great extent, because there are interposed strata or
beds of water which move with a velocity in an in-
verse ratio to the proximity of the bottom. This
retardation is caused by friction; and without it the
numerous marine creatures inhabiting mud, sand
and shingle bottoms and banks would be unable to
exist; they and their retreats would be swept away
and transported from place to place by every tide.
Thus in this instance, as in every other in nature,
design is apparent. Various marine creatures live in
mud and sand; the destruction of rocks takes place,
and the necessary detritus thus produced is distri-
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buted at various depths over the bottom of the sea;
but if streams of tide or currents could readily cut up
the mud and sand so deposited, this accumulation of
detrital matter for the abodes of such marine animals
would be useless; and therefore provision is made that
it should be comparatively stable.
‘We must now notice a very important element in
all calculations respecting both the production and
transport of detritus. This element is the action of
waves, known, when they dash on shore, by the name
of breakers. This action has often, from the want of
proper attention, been confounded with that of streams
of tide and currents, in situations where the velocities
of the latter were utterly unable to produce the ef-
fects observed. Hence many erroneous impressions
respecting the destructive and transporting powers
of tides and currents. When land rises above the
level of the sea, the action of breakers tends con-
stantly to destroy and remove it: when land is low
and only rises to the same level, the same action tends
constantly to throw detrital matter upon it. There
is scarcely any considerable line of coast which does
not afford evidence of both these facts. An inexpe-
rienced observer could not doubt the destructive ac-
tion on coasts; but he might be inclined to doubt the
piling up of detritus by the sea, thus affording pro-
tection against its own ravages, when he sees high
banks and sand-hills rising above the sea-level. A
little attention would, however, soon show him that
the fact is as here stated.
‘Waves are generally considered as mere undulations
of water, the particles of which rise and fall nearly in
the same places, communicating movement to other
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particles, and thus producing vibrations. This view
of the subject may be correct enough as regards those
‘waves which are produced by disturbing causes in the
body of the water itself, or by throwing a stone into
water, resembling the vibrations of the air in the pro-
pagation of sound in it. The waves caused by the
winds on the ocean must be regarded in another light.
They are produced by the friction of the atmosphere on
the surface of the sea. No doubt the mere vibratory
motion is still in great force, but the superficial parti-
cles of water, in contact with the wind, are necessarily
forced forward by friction, and surface motion is pro-
duced, the velocity of which depends upon the strength
or power of the wind on the one hand, and the resist-
ance of the particles of surface water on the other.
Every one knows that currents are produced by pre-
vailing winds; the monsoons in the Indian and Chi-
nese seas afford the most complete evidence, if any
were wanting, of this fact. Now this could not hap-
pen if the friction of the wind on the surface of the
sea did not cause a forward motion of the waters of
that surface in the direction of the wind. '
Those who have experienced heavy gales on the
ocean know full well that the water on the summit
of waves, thrown forward by the action of the wind,
has tremendous forward force; a forward force ex-
tending downwards in the wave in proportion to the
velocity of the wind above. Hence those fatal acci-
dents to vessels on the open ocean when a heavy wave,
or sea as it is termed, strikes a ship, and sweeps every-
thing before it. We should carefully distinguish be-
tween such waves and those undulations of water,
however large, technically termed swells, which are
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merely the vibratory portions of waves that always
travel with far greater velocity than the particles of
water actually propelled forward. These extend far
beyond the areas traversed by the winds which have
caused the waves, and nothing is more common on
the open ocean than the appearance of a swell from a
quarter whence there has not been any wind.

The swell is merely an undulation of the water that
travels beyond the areas swept by the winds which
produce the waves, or that remains in those areas
after the wind has ceased to act upon them. These
vibrations do not in themselves cause any forward
movement of the water. To them such theories as
_ those of Bremontier, Emy and others, which suppose
either a succession of vertical or elliptical movements
of the particles of water, may be applicable. But the
surface water in waves produced by strong winds is
clearly propelled forward, the wave breaking from the
resistance of the water beneath in the open sea upon
the same principle which it does on coasts, with this
only difference in the effects, that on coasts, the re-
sistance being solid, the broken wave rushes forward
further than it can do when it breaks on a fluid re-
sistance, as it does in the open sea. While, there-
fore, powerful winds act on waves, the latter are com-
pounded of undulations, or vibrations, and of surface
water forced forward by the friction of the moving
mass of air above them, while when there are no winds
causing friction, waves are mere vibrations. The heavy
surf and rolling coast swells, more particularly obser-
vable on the shores of islands in large oceans, such as
at the Isle of Ascension, St. Helena, the Cape de Verd
Islands, &c., are evidently vibrations caused by the

.
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continued action of various winds on the surface of a
large body of water, and propagated even through
water which to the eye appears tranquil. It is not
until the proximity of land or shoal water offers re-
sistance that the vibration becomes checked, and is
first indicated by a rolling swell, which, rushing on the
shore, breaks, and thus that vibration is terminated,
as far as the particular coast line extends. Of course
these vibrations would be brought to rest, like those
producing sound in the air, by a sufficient distance
from the disturbing cause ; but the case of an open
ocean vexed and harassed by a multitude of winds in
various parts of its area, is like the air on the surface
of country kept in constant agitation by a multitude
of sounds on such surface, so that when one shall cease
in one situation, another shall commence in another
part of the area.

Both waves and swells necessarily dlsturb the par-
ticles of water beneath, to greater or less depths ac-
cording to their magnitude. The approximative depth
to which this disturbance extends is by no means
clear : those who have treated on the subject vary
much in their estimate. - M. Emy contends that it
extends to the depth of 500 feet on the Banks of
Newfoundland*. It is no easy matter to obtain the
necessary data on this head, for the apparent disturb-
ance of a bottom will depend upon the kind of mat-
ter of which it may be composed, whether mud, sand,
gravel or solid rock. Moreover, when such disturb-
ance takes place, it may not be known to those above,
unless they endeavour to obtain, by proper instru-

* Emy, Mouvement des Ondes, Paris 1831, p. 11.
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ments, water atdifferentdepths, and see whenitbecomes
charged with detrital matter ; for the agitation of the
water may not be so great as to cause the disturbed
bottom of sand or mud to rise high in the sea. Be
this as it may, water is evidently discoloured by the
action of considerable waves on bottoms of sand and
mud, .round most coasts, at the depth of about 15
fathoms, particularly when a heavy gale prevails for
some hours : thus giving time for the detrital matter
to be shaken, as it were, by continued agitation up to
the surface.

The mud and sand thus disturbed, and mechanically
suspended in water, would return again to their places,
or nearly so, when a swell subsided in moderately
deep water, though it would be otherwise nearer
coasts, where from the great resistance of the bottom
there is a forward motion of the water and a breaker
the result, Then the mud, sand or gravel would be
propelled onwards, necessarily towards the land. The
effect of waves driven forward by the action of the
wind would be more complicated: the transporting
power of the surface would be in the direction of the
wind producing the waves.- Now the amount of de-
tritus that could be thus forced forward, supposing it
to be mechanically suspended up to the surface, would
depend upon the depth to which the onward moving
water extended, and this again would depend upon
the strength and prevalence of the winds producing
the waves. As prevalent winds produce currents, our
next inquiry is as to the depths to which such cur-
rents are felt. Here again exact data fail us. The
experiment of Capt. Belcher off the coast of Africa,
previously noticed (p. 55), shows us that a current
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was not much impaired in velocity at the depth of 40
fathoms, and certain circumstances in other situations
would lead us to expect that they may extend to at
least 80 fathoms. If, therefore, from the action of
waves, a bottom be disturbed, the detrital matter thus
mechanically suspended in water may be moved on-
wards in the direction of a current, produced also
by the same action. The amount of mechanically
suspended matter committed to the moving mass of
water would depend upon the shallowness of the sea
and the strength of the prevalent wind on the one
hand, while the distance to which it would be carried
would be in proportion to the depth and velocity of
the current on the other.

‘We must here consider an observation by Mr:
Babbage, which though not applicable to the part of
the world selected by him for illustration, is yet true
in principle. He observes, that if mud, mechanically
suspended in water, sink through one foot of that
water in an hour, it will be carried by a current,
moving at about the rate of three miles an hour, a
distance of 1500 miles before it has sunk to the depth
of 500 feet*. Now although the velocity here given
to a current is not likely to be otherwise than local,
still the general principle must be borne in mind. It
would be curious to calculate, when from ordinary
friction a sand or mud bottom cannot be moved by &
current, how far it could be disturbed by the action
of waves, and the mud and sand be carried forward
in the one case, when it could not in another.

As winds on shore produce waves which gradually

# Babbage, Economy of Manufactures, 2nd edit., p. 51.
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increase in the intensity of their transporting powers
in proportion to their approach to the land, and as
off-shore winds cause calm water close to land, and
do not produce waves of importance until a certain
distance from it, the tendency of the greater pro-
portion of motion caused by waves round coasts is
to throw detritus on shore. The long lines of shingle
beaches, and of dunes or sand-hills in front of low-
lands, are ample evidences of this fact *.

‘We now come to the destructive action of waves
on land. This constitutes the greatest general force
of all those employed by nature for the degradation
of that land which rises above the level of the sea.
The force of a breaker is little known to those who
have not experienced or watched its effects. Its
crushing power is in heavy gales so great, that large
vessels, unfortunately wrecked, are speedily reduced
to fragments, and small vessels are sometimes broken
in two by a single blow of a breaker. We are not,
therefore, surprised to find that large blocks of rock
are. easily washed about by breakers, as was well
shown at Plymouth during the severe gales of 1824
and 1829, where masses of limestone from 2 to 5 tons
in weight were rolled about on the Breakwater like
pebbles, and a piece of masonry weighing 7 tons
was washed back 10 feet, though it formed a. part of
the pier in Bovey Sand Bay, and stood 16 feet above

* It was considered useless to repeat here all the circum-
stances attending the formation of shingle beaches, sandy beaches
and dunes, which are noticed under those heads in the Geological
Manual, and therefore many interesting facts are here omitted.
Those which are, however, thus omitted, do not much affect the
question of various kinds of stratification to which the remarks
in the text ultimately lead,
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an 18-feet spring tide*. These, no doubt, sre the
effects of extraordinary agitation of the water; but
the more general effects of breakers are still, eolbsc-
tively viewed, very considerable. They scoop out by
their continual action all those parts of coasts which
are soft, if the latter only rise a few feet above the
sea-level. Sand, slightly aggregated sandstones, and:
clays, soon disappear when brought by surface chinges
into their destructive influence.

Fig. 4

Let b, in the above diagram, represent the level of
the sea; a, a breaker falling on the shore, and cutting
away soft sandstone or clay strata at the cliff c. These
easily disintegrated rocks would evidently be speedily
cut back in the direction ¢ d, and the solid matter
composing them would be removed back to the sea,
to be transported by the power of the tides or cur-’
rents, as the case may be. Let us supposé that,
previous to the existence of this state of things, the
surface of the rock now in the act of removal formed
a continuous line e d, and that this line of surface has
been elevated from above the line g 4, by forces acting
from beneath, and which have raised the mass of rocks
bodily upwards. While the surface of the rock was at
g A, it was out of the destructive action of the breakers,

* Geological Manual, p. 82.
T
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but it might have been situated within their piling in-
fluence, that is, supposing the form and other circum-
stances connected with the land in the prolongation
of the bed to have been. favourable. The moment,
bowever, the elevation took place, sa that the line of
rocky surface, e d, should cross the sea-level, b f, the
destructive action of the breakers would commence,
and the removal of the soft sandstone or clay would
be the result.

‘When clay or other easily disintegrated rocks,
forming coasts, are thus cut away, the depth to which
such matter is excavated is not considerable. This is
well shown on the north coast of Kent, where, as is
well known, the cliffs of London clay, near the Re-
culvers, are continually washed away by the breakers,
so that the land must have once been far more exten-
sive than at present, the sea having gained ground at
its expense. Historical documents show this to have
been matter of fact. Now it appears that the sand-
banks in face of the coast are not covered to any
great depth by sand. Beneath a few feet clay is
found, most probably a continuation of the London
clay of the sea-cliffs. So that, if we consider this
clay to have been cut down by the action of the
breakers, it would appear to be now to a certain de-
gree protected from further excavation.
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CHAPTER 1IV.

Rrvers more or less charged with detritus, derived by
various causes from the land *, flow out into the sea,
particularly during freshes. It has been found that
water, even thus circumstanced, is, in almost all cases
where -attention has been given to the subject, speci-
fically lighter than the sea-water into which these
rivers deliver themselves. The relative specific gra-
vity necessarily depends on the relative amount of
matter mechanically suspended in the water of the
river. Few good experiments have been made to
ascertain this point; indeed, it is one which requires
considerable attention. It is not sufficient to ascer-
tain the mean annual amount of water passing down
a river, and by taking a portion from a particular part
of it, see the per-centage of solid matter mechanically
suspended in it; it must also be recollected that on
the velocity depends the transporting power of the
water. Inthose places, therefore, where the velocity
is greatest, the transporting power is greatest. The
greatest velocity is necessarily on the surface; and
supposing the bed of the river an uniform curve, rising
from a central depth to the banks on each side, it would
be at equal distances frum the banks on either side.
Now detritus which could only be carried forward by
the central stream, would be stopped in its passage by
the next curved stratum of water, if I may so express

* Geological Manual, Art. Degradation of Land.
F 2
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myself. It would, beyond the mere impetus it re-
ceived when it entered into this stratum, tend to come
to rest at the bottom. The resistance of the particles
of water in this stratum it would take a certain amount
of time to overcome, during which the stratum of
water itself would have passed onwards, so that the
detritus will gravitate through it in a kind of para-
bolic curve, which might be calculated, if the depth,
relative velocities of the strata of water, and kind of
detritus mechanically suspended, were known.

L]
Fig. 5.

Let the above diagram represent a section of a river,
d, ¢, b, a,b, c, d, with its banks g, g, the bottom of
the bed being at f. a will be the central stream of
water, having the greatest velocity and consequent
transporting power. The stratum of water 5, 5, would
have less velocity, and therefore less power of trans-
port. The stratum ¢, ¢, would have still Iess; and it
would be least in the stratum d, d, touching the sides
and bottom of the river-bed g, £, g, where the friction,
causing retardation, is greatest. In the above figure
the strata of water are, for the purposes of illustration,
represented as thick, whereas we must in reality con-
sider them as exceedingly thin, ’
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Fig. 6.
k i m

Leta, b, ¢, d, (fig. 6.,) represent a longitudinal sec-
tion of strata of water, corresponding with the same
strata in the cross section, fig. 5. Assuming that
the motion among the particles of water in the central
sjream g, is sufficient to keep some given detritus me-
chanically suspended, precisely as sediment is kept
suspended in a vessel containing water by a certain
amount of the agitation of such water, it would flow
on, sinking but slightly from the action of gravity.
Let us now suppose that, either from the action of
gravity, a surcharge of mechanically suspended matter,
or the friction of the beds or strata of water upon each
other causing retardation, a portion of the detritus
enters the stratum b, where the velocity is insuffi-
cient to keep it mechanically suspended; gravity now
acts with great force, and the particles of detritus tend
to settle perpendicularly downwards. The particles
of water offer such resistance in the stratum 5, that
the latter has passed from & to / (fig. 6.) before the
detritus can traverse b, and enter the stratum c. The
velocity of ¢ being, however, less than that of 5, the
detrital matter, in traversing through ¢, only passes
horizontally from / to m. From the like causes, in
traversing the stratum d, the detritus would only pass
from m to » before it came to rest om the bottom f,
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We should thus have the curved line i » (fig. 6.) for
the fall of the detritus from the central stream to the
bottom. :

It will be evident thatif it takes nearly equal times
for the detritus to traverse the strata b and ¢ (fig. 6.),
supposing them to be equally thick, while they trans-
port it unequally, the lower stratum carrying it a short
comparative distance, there will be an accumulation
of detritus in the lower strata; consequently, the nearer
the bottom, the larger would be the amount of the
detritus we should expect-to find. Experience teaches
us that this is also the fact. It may now be said,
that if we take all these circumstances irito considera-
tion, and strike a kind of mean, we shall have no dif-
ficulty in estimating the amount of detritus carried
down by a river at any given time. This would be
the case if we had only to take into account a parti-
cular perpendicular section of water of small horizontal
thickness, such as we may consider fig. 6. to be. If,
however, we now consider the river to be divided into
numerous sections of the same kind, each descending
perpendicularly to the bottom, as is represented in the
cross section, fig. 5., by the lines p, p, p, p, p, p, we
shall have two series, one on each side of the cen-
tral section, the terms of which shall not agree either
in respect to the velocities of the water, the power of
transport, or in the amount of detritus contained in
them. That the velocities would be unequal, is readily
seen by a glance at fig. 5., for the perpendicular sec-
tions unequally cut through different strata of water.
The transporting powers are consequently different.
The less amount of detritus would not wholly depend
on this cause, for the stratum d is uncoveéred by the
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others near the banks g, ¢; hence it has not received -
any detritus in that portion of it, from the fall of me-
chanically suspended matter through c or 4.

It will have been seen that, so far from being éasy
to determine, a calculation respecting the amount of
detrital matter carried down, even at a given time, by
a river, whose section should be as uniform as that
represented in fig. 5, would be a work of extreme
difficulty. Now a section so simple can scarcely ever
be obtained in nature ; on the contrary, a form of bed
so favourable for calculation must be considered as
one of the gréatest rarity. The usual sections of river-
beds are far more complicated. When, therefore, we
regard what has been above stated respecting the dif<
ficulty that would be encountered, evenin estimating
the amount of transported matter carried onwards by
a river at any given time, and reflect that such amount
is constantly varying, we shall perceive that to obtain
anything like a tolerable annual mean, requires more
experiment, time, and calculation, than can be afford-
¢d by any than those who are favourably situated for
the purpose, and who are willing to devote: themselves
to it.

The usual method of estimating the general amount
of detritus borne down by any great river which may
form a delta, is by calculating the increased superficial
area of such delta during any given time, such as one
year, or one hundred years. The superficial increase
of a delta by no means affords the necessary informa-
tion, unless the depth of water into which the delta
may protrude be also taken into account. If trans-
ported matter, carried down by the river, be added to
the external fall of a delta, the amount of such matter
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would he the same, all other ciroumstances being si-
milar, whether we consider the length of the super-
ficial increase as 2 end the depth as 4, or the former
sa 1 gnd the latter as 8. It follows that a delta
which shall increase a certain length superficially in
s given time in 8 given depth of water, will have
recsived, all other circumstances being the same, as
great an addition of solid matter as another delta
peotruded into half the same depth of water, the su-
perficial advapoe of which should be twice as great in
the same time.

- The distances to whigh river-water, more or less
charged with detritus, would flow over ges-water,
will depend upon a variety of obvious circumstances.
Captain Sabine found discoloured water, supposed to
be that of the Amazons, three hundred miles distant
in the ocean from the embouchure of that river. It
wes sbout 126 feet desp. Jis specific gravity was
== 1:0204, snd the specific gravity of the sea-water
== 1'0262. This appeers to he the greatest distance
from land st which river-water bas been detected on
the surface of the gcean, If rivers containing me-
chanically suspended detritus flowed over sea-water in
lines which, in genersl terms, might be called straight,
the deposit of transported matter which they carried
out would also bein straight Jines. If, however, they
be turned aside by an ogean current, as was the case
.with that observed by Captain Sabine, the detritns
-would be thrown down, and cover an ayea correspond-
ing, in a great degree, with the swesp which the river
‘has been compelled to mgke gut of the course that its
impulse, when discharged from its embouchure, might
lead it to take. Sypposing the velogity with which
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this river-water was moving has been correctly esti-
mated at about three miles per hour, it is not a little
curious to consider that the agitation and resistance
of its particles should be sufficient to keep finely com-
minuted solid matter mechanically suspended, so that
it would not be disposed freely to part with it, except
at its junction with the sea-water over which it flows,
and where, from friction, it is sufficiently retarded.
8o that a river, if it can preserve a given amount of
velocity flowing over the sea, may depesit no very
large amount of mechanically suspended detritus in
its course from the embouchure to the spot. where it
is ultimately stopped. 8till, however, though the de-
posit may not be so abundant as at first sight would
appear probable, the constant accumulation of matter,
however inconsiderable at any given time, must pro-
duce an appreciable effect during the lapse of ages.

Though ‘mechanically suspended detritus is thus
carried far out into the sea in certain favourable aitu-
stiens, the greater amouat will always be accnmu-
lated near the embouchures of rivers which transport
it. The river is most Joaded with foreign matter near
its bottom, where algo the retardation from friction is
greatest; therefore we should anticipate that this ef-
fect must be produced.

‘We have now considered the various means by which
detritus is carried into the sea, and, to a_certain ex-
tent, the manner in which it is moved by currents or
streams of tide, It now becomes necessary to notice
the specific gravities of various substances most cam-
mon]y transported.
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Specific gravities of Minevals most commonly entering
into the composition ¢f Rocks*.

N. Selenite.........2:2 to 24
D. B. Calcareous spar
(Iceland)...... 271
H. Arragonite ......... 2:93
D.B. Rock Crystal... 2:65
D.B. Quartz (common) 2:63
B. Flint (chalk) ...... 2:59

D.B. Chert............ 264

B. Steatite .......cc... 263
H. Chlorite ......c.c... 271
Hy. Chiastolite........ 2:94
H. Hypersthene ...... 3-38
D.B. Hornblende ... 3:27
D.B. Augite (black). 316
D. B. Olivine (grains) 3-39
H. Leucite ....ccceueee 2-48

H. Garnet...... 3:61 to 420
H. Shorl, or Tourma-

line ceeeveennnnenes 3°07
H. Diallage ........ veee 325
N. Iron pyrites 45 to 490

H. Felspar......2:53 to 2:60

H. Albite ..... . 261 to 2°68

D. B. Felspar (Labra- ,
dor) ............ 2°56

H. Mica .... .

D. B. Talc ...

Specific gravities of Rocks. -

. B. Calcaire grossier (Paris) «..ccceeeerseecesearosorsee 2°62
. B. Chalk, pure (Sussex) ..ic.ccocceereeceeareseressns 249
. Upper green sand (Wilts) .ceeeeeueiieeesececcees 247
. Lower green sand (Wilts) ceeceeeererseenerenceens 2:61
. Portland oolite (l?ortland) creesesesenensnerosciene 2°55
. B. Forest marble (Pickwall) ........... 2:72
Bath oolite (Bath) .....coceeeeeieerenneececenacene 247
. Stonesfield slate (near Stow-in-the-Wold)...... 2766
Lias limestone (Lyme Regis)......ccceeevtencree. 2:64
Red marl of the new red sandstone (Devon)... 261
Muschelkalk, fossiliferous (Géttingen) . . 262
. Coal sandstone, Pennant (Bristol) .....c..co0e0ee 2°60

. Coal shale, with impressions of ferns (New- _
castle) .oiiirereiiniiiiieciiiisteiniinreneesiens 259
Bituminous coal (Newecastle) ....vveeeenveerennees 1:27
D. B. Millstone grit (Bristol) ......ccoeseeersneneceeees 2:58
D. B. Carboniferous limestone (Bristol) ........... veee 275
R. Carboniferous limestone (Belgium) “............ 272

* The letters prefixed to the various substances in these tables
show by whom the respective specific gravities have been ascer-
tained. Hy., Haily; H., Haidinger; B., Breithaupt; R., Ron-
delet; B., Brisson; N., Naumann. Those marked D. B. were
taken by myself.
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. Old red sandstone, micaceous (Herefordshire) 2-69
. Old red sandstone (Worcestershire) ............ 2:65
. ‘Grauwacke (Hartz)........ccovveeeinencerconceneess 2:64
Grauwacke, common (llfracombe, Devon) ... 2'69
. Grauwacke, calcareous (Ilfracombe) ........ vee 2277
. Grauwacke (Snowdon) .......cceeeeeceenccsencess 276
Argillaceous slate, grauwacke (Devon)......... 2-81
. Carrara marble, pure «....ccecveuncrecennens ceenee 2:70
. Mica slate (Scotland) «...ceeeuierneienenecranceees 2°69
Gneiss (Freyberg) cccccvevicsiiuienicianieecnieees 2°72
. Domite (Puys de Ddme) .ccoconiieeirienineness 2:87
. Trachyte (Auvergne) cecensssreciencernncarsssnsese 242
Basalt (Scotland)...cceeeueerenecneecsrernseseecsees 278
. Basalt (Auvergne) ............. .. 2:88
. Basalt (Giant’s Causewa: ).... ceeeeee 2°91
Greenstones, various (different countr )2-69 t02:95
. Sienite (Dresden) ).... cesrasiennsentintansrnesane 274
. Porphyry (58X0ny) ciccvveecerierieseseccaraiiecease 2:62
SerP nytze (Lmlyd Cornwall) ....ccocveeenenss 2:58
. B. Di lage rock (Lizard, Cornwall) ............... 3:03
D. B. Hypersthene rock (Cocks’ Tor, Dartmoor) e 2:88

R. Granite, green ® (Vosges) c..coceeeenuencereeseass 2:85

R. Granite, gey (Brittany) ..coceeeenecneeeiiennens 274

R. Granite {Normandy) .....ccceosrnnensncnvecreacess 2966
D. B. Granite, mica scarce (Scotland).... ceeereeniees 2762
D. B. Granite (Heytor, Devon) .c.cceeee ceeeieieeniens 2°66

CEEEETET ST
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Specific gravities of some Shellst.
Land.
Helix Pomatia......... 2:82 || Auricula bovina ...... 2:84

Bulinus decollatus ... 2:85 || Helix citrina .......... 287
undatus ...... 2:85

Fresh-water.

Unio cardisce ......... 2:79 || Paludina ............... 2:82
cicatricosus...... 280 || Cyrena Sumatrensis.. 2:82

® Query greenstone ?
4 The specific gravities in this table were ascertained by myself.
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Marine.

Argonauta “tuberculo- Strombus Gigas ...... 2

BUS weevereeneecenneese 248 || Chiton ..oieeeteeenennns 2°
Nautilus umbilicatus . 2:64 || Pholas crispata ........
Ianthina communis... 2:66 | Cytherea maculata ...
Lithodomus Dactylus 267 || Bulla .......cceeurvnene
Teredo (great, East Voluta musica .........

Indies).....cccoveeeee 2:68 || Cassis Testiculus...... 2
Haliotis tuberculatus. 270 || Strombus Gibberulus.. 2-83
Cyprina vulgaris ...... 277 || Pyrula Melongena ... 2-84
l!;tilus bilocularis ... 277 || Tellina radiata ...... 2:85%

Before we proceed to consider the subject for
which the above tables have been introduced, let us
for a moment regard the data they afford us for a
rough approximation towards the mean density of the
earth’s mineral crust. This density has been usually
estimated at 2:5. It would, however, appear that this
estimate is somewhat too low, and that 2:6 would
be a nearer approximation. If we take a mean depth
of fifty miles beneath the bed of the sea and the

* It can scarcely eseape the observation of the reader, that,
while the specific gravities of the land shells enumerated is ge-
nerally greatest, the densities of the floating marine shells is much
the smallest. The design of the difference is obvious. The land
shells have to contend with all changes of climate, and to resist
the action of the atmosphere, while at the same time they are thin
for the purpose of easy transport : their density is therefore great-
est. ‘The Argonaut, Nautilus, and creatures of the like habits,
require as light shells as may be consistent with the requisite
strength ; the relative specific gravity of such shells is consequently
small. The greatest observed density was that of a Heliz, the
smallest that of an Argonaut. The shell ofthe Ianthina, a floating
molluscous creature, is among the smallest densities. The specific
gravity of all the land-shells examined was greater than that of
Carrara marble; in general more approaching that of Arragonite.
The fresh-water and marine shells, with the exception of the
Argonaut, Nautilus, Ianthina, Lithodomus, Haliotis, and great
radiated crystalline Teredo from the East Indies, exceeded Car-
rara marble in density., This marble and the Haliotis are of equal
specific gravities. )

ey
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surface of dry land, we might expect that gneiss,
mica slate, hornblende rocks, granites, greenstones,
and rocks of that character, weuld constitute about 8 of
the whole mineral mass. Now all these rocks exceed
the specific gravity of 2:6. I we estimate granite,
gueiss and mica slate as equal to *5 of the mass, such
portion would have the mean density of about 2-7.
Taking greenstome aiid trappean rocks at about ‘1,
and including diallmge: rock and serpentine among
them, we should obtain about 2-76 for their mean
specific gravity. We cannot estimate the mean den-
sity of the other rbcks of this portion, such ds horn-
blende rocks, chlorite slates, quartz rocks, clay slates,
&c., at less than 2:65 ; indeed & more detailed calcu-
lation would probably malke it greater ; but taking it
at 2°65, we should obtain 2:695 as the mean density’
of -8 of the earth’s mineral crust. Of the remaining
+2, the density would be very variable. Certain cal-
careous rocks, such as chalk and the common oolites,
would be comparatively light, as would also be the case
with some sandstenes, such as some in the crstaceous
series. Some lavas thrown out in the atmosphere,
or beneath moderate depths of water, would also have
comparatively small specific gravity : the same would:
also be the case with domites, trachytes, and rocks
of that class, Imbedded vegetables forming lignite
and coal, must also be included in this account. If
we take these rocks as forming ‘1 of the mineral mass’
under consideration, and that its mean is about 2'45,
we shall probably not commit any gross error in this
rough calculation. The remaining -1 will be at least
equal to 2°67, The mean density of the old red sand-
stone and grauwacke would, from the preceding ta-
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bles, be 2:71. Now these rocks, or others quite ana-
logous to them in mineralogical structure, though

_ not always of the same age, such, for instance, as many.

in the Alps, Oural, Himalaya, and other great ranges
of mountains, would constitute a large proportion of
the ‘1 under consideration. The mean density of the
various compact limestones cannot be much less than
266 : when fossiliferous or filled with shells, they
will not be lighter; on the contrary, their densities
will in most cases be then increased, as will be readi-
ly understood by reference to the specific gravities of
shells. To this portion we must add the basalts and
rocks of that class, often, as in India, occupying large
tracts of country, and common in many volcanic. di-

stricts. 'We cannot estimate the mean density of the

basalts at less than 2-8. Taking the grauwacke and
rocks of that structure at -4 of the ‘1 of the earth’s
crust under discussion, the compact limestones at *2,
the compact sandstenes at *3, (to which we may as-
sign a mean density of 2:6,) and the basaltic rocks
at 1, we obtain a mean of 2:67 for this portion. We
thus get about 2-59 for the mean density of the
mineral crust of the globe. The increased density from
the pressure of the superincumbent mineral masses
at various depths is here neglected; but when we
regard this, and consider that in this rough calcu-
lation the proportions of the more dense rocks have
been rather under- than over-estimated, we may pro-
bably take 2-6 as a fair approximation to the truth¥*.

To return, however, from this digression: it wilt

* It is my intention more fully to investigate the subject else-
where, when, from more abundant data and more minute detail
than could be admitted into this volume, it is hoped that a more
certain as well as a closer approximation may be attained. -
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- be obvious that_equal volumes of the various sub-
stances enumerated in the foregoing tables will not
be transported equal distances by a given velocity
of water, all other things being equal. If we suppose
equal volumes and like forms of mica, quartz, fel-
spar and hornblende to be mechanically suspended in
moving water, and gradually deposited from it, the
hormblende- would first come to rest, then the mica,
afterwards the -quartz, and - fipally the felspar. If
equal volumes and like forms of shells, such as Heliz
citrina, Strombus Gigas, and Argonauta tuberculosus,
‘were committed to a current of water, in the shgpe of
fine grains, such as we often find in nature, the frag-
ments of Heliz would be first deposited, then those
of the Strombus, and afterwards those of the drgonaut.
The specific gravities of the shells above given are
not sufficiently numerous to justify any very general
conclusions ; but as far as they go, they tend to show
that if equal volumes and like forms of land, fresh-
water and marine shells were mechanically suspended
in moving water, and gradually fell to the bottom of
the sea or river, as the case might be, the land shells
would be deposited before the others.

If we consider that a river may carry equal volumes
of land shells, quartz and felspar into the sea, the
felspar would be transported the greatest distances,
while the shells would be thrown down nearest the
land, and the quartz would occupy a mean place be-
tween the two: so that, under these conditions, the
resulting deposit, all others being equal, would be
most calcareous nearest the land, and most siliceous
farther out, while the furthest zone of all, if we may
use the expression, would be most argillaceous, assu-
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ming a certain amount of mixture in the substdnces
deposited.

Supposing the matter carried outwards by a river,
highly charged with detritus, was composed of sele-
nite, felspar, quartz, calcareous spar, tale, chlorite,
mica, hornblende, olivine and garnet, with equal vo-.
lumes and like forms, it would tend to come to rest
in the inverse order of the minerals here enumerated.
If, therefore, running waters, such as rivers, flow off a-
country of common granite, composed of quartz, fel-:
spar and mica, the velocities of the rivers being suf--
ficient to carry the detritus into the sea, we should
expect to find the micaceous matter predommate near
the land, while the comminuted felspar would prevail

* at the outer edge of the deposited detritus. Now it
maust have frequently struck those whose attention has
been given to the detritus carried down by rivers, that in
granitic districts the tendency to arrangement is such
as above stated, due allowance being made for varia-
tions in the form and volume of the substances trans-
ported. The mica endeavours to remain last; but as
its volume is generally less than that of the quartz or
felspar, it is carried onwards, sometimes with, some-
times beyond the other minerals, as must happen in all
cases where volume or form is sufficient to equalize
or overpower the effects of unequal specific gravity.

Sandstones are frequently micaceous, and are often
rendered schistose by plates of mica. For the most.
part such sandstones are siliceous. It will have been’
seen that equal volumes of mica and quartz, mechani-
cally suspended in water, would not descend in equal
times to the bottom, all other things being equal.
May we not here approximate towards an explanation
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of those alternations of miva and quartz grains so
common in many rocks ? The grains of mica are often,
i such cases, of less volume than those of quartz;
but supposing their volume the same, and that a liquid,
such as the sea, be supplied at equal intervals with
such detritus by another liquid charged with it, such
as a river, there will be a tendency to have alterna-
tions of mica and quartz, for the first charge of mixed
detritus will have fallen a certain distance before the
next is delivered into the sea. We must not, however,
forget that form would' greatly influence a deposit of
this natare. Though mica is specifically heavier than
quartz, the tabular form of the former, and the
rounded character of the detrital grains of the latter,
would not allow these minerals to descend through
water equally in equal times, even though their vo-
lume might be the same. If various mineral sub-
stances be mechanically suspended. in the same liquid
at the same time, thie nature of the deposit from such
a mixture would depend upon the relative densities,
form and volume of each. Arrived at the bottom,
the small fragments of mica would rest upon their flat
surfaces, if they even first fell upon their edges, and
the result would be the lamellar structure we observe
in micaceous sandstones.

The differences in specific gravities must necessa-
rily produce great effect in the deposit of detritus of
a larger kind, derived from various rocks. Thus equal
volumes of Bath oolite and carboniferous limestone,
supposing the forms the same, would not be trans-
ported equal distances by equal forces: the Bath
oolite would be carried the greatest distance. Equal
volumes of trachyte, granite and basalt would, under

G
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similar circumstances, be transported unequal di-
stances. If equal volumes of granite from Normandy
or Heytor, Devon, and of Stonesfield slate from Stow-
in-the-Wold, were carried onwards by moving water,
the tendency to-come to rest would be equal; the dif-
ference in their actually doing so would depend upon
their form. Most of the granitic rocks would travel
further than many of the compact limestones, (parti-
cularly when fossiliferous, such as the forest marble,)
certain argillaceous slates, many of the grauwacke
rocks, and the mass of basalts, greenstones, hyper-
sthene and diallage rocks.

Though the specific gravities of various minerals
and rocks are thus important, and may lead to valu-
able information when equal volumes of matter are
concerned, and we seek to discover the direction
whence any mechanical rock has been derived, we
must be careful to pay due attention to the differences.
of form and volume, when such exist, otherwise we
may arrive at very erroneous conclusions. We must
in the first place recollect, that when the same force
acts on different moving bodies, it communicates ve-
locities to them which are in the inverse ratio of their
masses, or of the quantity of matter of which they are
composed. Therefore, in estimating the forces which
may have transported any conglomerate or sandstone
beds, we must pay proper attention to the mixture of
the mass, and consider how the force has acted. We
should see whether it appears to have been sufficient
to have driven all the detritus, great and small, on
before it,—the smaller parts being entangled in the
eddies produced by the larger bodies, which did not
move with equal velocities,—or whether the detrital

-
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matter be arranged with reference to specific gravi-’
ties, forms and volumes. When we detect large
rounded masses, or pebbles of large size, mixed up
pell-mell with detrital matter of much smaller volume
(as at g, fig. 7.), we may infer that the velocity which

Fig. 7.

transported the mass was considerable, the larger bo-
dies being, for the time, mechanically suspended in
the water. When we find pebbles in such conglo-
merate rocks arranged with reference to their respec-
tive volumes, forms and densities, we have no evidence
that the larger bodies have ever been suspended in the
water which forced them onwards. They may have
been merely rolled forwards on the bottom.

The two kinds of arrangements may sometimes be
observed in rivers in which violent floods occur. The
deposit from the sudden rush of water generally con-
sists of a mixture of great and small pebbles, sand
and silt, much the same as is represented at « and &,
fig. 7.; but when the waters are only sufficient to
roll the pebbles over the bottom, there is always a
tendency to carry onwards the finer matter, which
necessarily becomes exposed to the action of the cur-
rent by the removal of the pebbles that might other-
wise protect it. The finer portions being thus re-

e2
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moved, the larger bodies arrange themselves as at the *
bottom of the bed c. No doubt there is the same
tendency to separate the finer matter from the larger
bodies, when all are, for the time, mechanically sus-
pended in water ; but the case is so far different that
the larger and smaller bodies are borne onwards to-
gether. We do not infer that the velocities of the
smaller and larger bodies would be equal, though
borne onwards in the same current; for the original
impulse would communicate unequal velocities to the
bodies moved. The velocities would be, as above
stated, inversely as the masses of such bodies. There
can be no doubt that matter, mechanically suspended
in water, is transported to distances proportionate to
its volume, form and density; yet in cases where de-
trital or other matter is suddenly caught up, as it
were, by a great rush of waters, and for a time me-
chanically suspended in them, it is curious to observe
how confusedly mixed the resulting deposit is when
thrown down where the rapidity of the current ceases.
When we look at the surface of masses of detritus so
borne down, we might often be led to suppose that
the masses themselves were composed solely of large
pebbles, as little else may be visible upon such sur-
faces; but artificial or natural sections generally ex-
hibit a confused assemblage of stones and sand, ar-
ranged without much regard to specific gravities,
forms, or volumes. These confused assemblages of
transported matter seem always the result of tu-
multuous action, and the deposit from waters highly
charged with rocky matter of most variable dimen-
sions. . Although such rock-charged masses of water
necessarily move as a whole with great rapidity, their
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internal motions are very different, from the unequal
velocities of the substances transported, and the con-
sequent confusion of eddies and counter-eddies, and
the whirling of the substances mechanically suspend-
ed; so that when suddenly brought to rest, as fre-
quently happens in such cases, there is a pell-mell
mixture of large and small bodies, and of every kind
of rock carried onwards. The surface of these de-
posited masses necessarily becomes washed, and the
smaller bodies removed; for, when brought to rest,
the water, before it passes off from them, acts with
considerable power, precisely as it would on the bot-
tom of a river.

‘When, therefore, we examine conglomerates, and
find that the beds contain fragments of various kinds
of rocks, or even of the same rock, arranged with-
out regard to density, form, or volume, we may infer
that they have been thrown down from a violent rush
and the tumultuous action of water. On the con-
trary, when we find the pebbles or fragments with
something of the order which they would present if
deposited in a comparatively quiet manner, we may
infer that if they have been mechanically suspended
in water, they have not been thrown violently upon
the surface on which they rest, but have gradually
separated out from the moving water as the velocities
of the latter decreased. We may often remark that
the fragments are more angular in those beds in which
they are confusedly arranged and of very various sizes,
than in those where the pebbles or fragments are of
more uniform sizes, and deposited in an order more
corresponding to their relative densities and volume.

These remarks are intended only with reference to
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conglomerates, either distributed over considerable
areas, or in situations where we may consider a lit-
toral deposit improbable. Lines of conglomerate,
composed of materials of very unequal volumes, may
readily be formed on coasts, particularly when steep-

Fig. 8.

Let a b (fig. 8.) be the level of the sea, and ¢ a cliff,
which, both by decomposition and the action of the
sea upon it, produces fragments of unequal size, that
fall into the water at its base. The action of the
waves will tend to arrange them more horizontally
than would happen if they fell upon dry land; and
from the unequal action of the waves, and the various
size of the fragments, the arrangement can scarcely
be otherwise than confused, much resembling that
noticed above as resulting from a violent and sudden
rush of water, highly charged with variously sized
detritus. From the nature of things, however, beds
of this kind could not be long continuous in directions
at right angles to the lines of coast on which they
have been produced. 'We may hence distinguish them
from those distributed over wide areas, and where
there is no reason to suppose that a retreat of cliffs, byy

N
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decomposition, or the action of the sea, could have
occasioned them.

As we may infer a large and confused deposit to be
the result of violent and tumultuous action of water, so
may we consider that a conglomerate or sandstone, in
which the volume of the pebbles or grains of sand is
equal, or nearly equal, in each bed, is the consequence
of a more regular or continueus movement of water,
from which mechanically suspended detritus is thrown
down. There would necessarily be much uniformity
in beds of conglomerate produced by a given velocity
of water forcing pebbles before it; for a given velo-
city would only drive fragments of a certain density,
volume and form before it, leaving those behind which
were more dense, of greater volume, or of less move-
able forms, while all detritus more favourable for
transport would be carried onwards. Particles of
finer detritus must become mixed with the larger,
when the latter, from diminished velocity in the water,
come to rest; for around the exposed surfaces of the
larger bodies the water will be so retarded, that the
smaller will be deposited from it, and introduced
among the interstices of the fragments and pebbles,
as well as in those situations where small eddies would
be formed. The resulting beds would present a uni-
formity corresponding to the uniform velocity of the
moving water. When variations were produced in
the latter, corresponding changes would be effected
in the former; and we should have beds which, though
to a certain extent uniform in themselves, would dif-
fer in the magnitude of the constituent detritus, as is
represented by the beds a, & and ¢, fig. 9.
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Most rocks, mechanicilly produced, afford marks
of the unequal action of the water from whence they
have been deposited. This is particularly observable
in sandstones.

" The annexed wood-cut (fig. 10.) represents a sec-
tion of a kind by no means uncommon, and is one

Fig. 10.

strongly characteristic of the forcing action of water
over a bottom, not a quiet deposition of matter from a
state of mechanical suspension. We may suppose da
sandstone bed resulting from the quiet deposition of
grains from water in which they were mechanically
suspended : the laminge may be considered sufficiently
horizontal. This, however, could scarcely be the
case with ¢, b and a, where the grains of sand must
have been forced over each other upon the bottom,
and have not descended solely from the action of
gravity until they came to rest, remaining afterwards
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undisturbed until quietly covered over by other grains
which had fallen in the same manner. We must
carefully distinguish between the diagonal or waved
lines here under consideration, and the cleavage of
rocks to be noticed in the sequel; but when we are
certain that the lines in question are not those of
cleavage, we may conclude that the rock has not
been formed by a superior current of water transport-
ing detritus which subsequently fell to the bottom
through still water. It must have been caused by
the pushing action of moving water on grains of sand
after they had touched the bottom. Variations in
the transport are marked by changes in the directions
and forms of the sectional lines, while large breaks in
the deposit are shown by the greater lines, which are
sections of planes, that divide the deposit into beds,
such as a, b and ¢, fig. 10.

A small wavy or ripply surface is by no means
uncommon in mechanical rocks, and may result from
the friction of water on an arenaceous bottom, in the
manner commonly observable on sands laid bare at
low tides, or on loose sandy districts where the wind
performs the same office as the water on the bottom
beneath it, as has been noticed by Mr. Lyell*. The
effect of waves, particularly those which act with
transporting force on the bottom, is to raise lines of
ripple marks. The particles at the bottom are then,
indeed, forced onwards by friction, the lines of little
elevations being modified by the vibratory action also
produced in the water at the same time. The ripple
marks, modified by vibrations in the water, may be

* Principles of Geology, vol. iii. p. 176.
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expected only in moderate depths, to which the vi-
brations of a wave might extend, while the little
elevated lines caused by the simple friction of a mass
of water upon yielding sand may be formed at any
depths in which water could move with sufficient
force.



! CHEMICAL CHANGES IN ROCKS. 91

CHAPTER V.

WE can scarcely conceive that detritus, particularly
when finely comminuted, and then most favourable
for the exertion of chemical affinity, can be in juxta-
position, and kept moist, and even wet, for long pe-
riods of time, without suffering some chemical change.
The abundance of crystals of selenite and iron pyrites
in clays, that have evidently been deposited from water
in which finely comminuted matter had been mecha-
nically suspended, clearly show that chemical affinity
has there been sufficiently strong to overcome the at-
traction of cohesion, which, to a certain extent, must
have existed among the particles of deposited matter.

Such effects must, of necessity, constantly vary.
It would be difficult to find any two deposits from
fine detritus, mechanically suspended in water, which
should be perfectly the same. Chemical changes in
them would therefore be produced under the influ-
ence of different circumstances. Rocks must also
receive considerable chemical modification by the per-
colation of water through them. Those which, from
geological changes in the relative level of sea amd
land, are elevated above the sea, would not be placed
under the same conditions as those which remained
beneath the sea. There is scarcely any spring water,
such as may be considered the result of the per-
colation of atmospheric water through rocks, that
does not contain some mineral substances in solu-
tion, which it must have procured in its passage
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through the rocks. Now, though this quantity may
be small, when we regard the composition of any
particular spring water, yet when we consider the
soluble matter contained in the spring waters of any
given 1000 square miles of country, and that this
subtraction of matter from rocks has been going on
for ages, we may readily conceive that the amount of
chemical change may be greater than at first sight
we might anticipate. We may also infer that the
more soluble portions of rocks have a constant ten-
dency to be removed when exposed, not only to direct
atmospheric influences, but also to the percolation of
rain water through them, so that most rocks would ex-
perience great difficulty in resisting chemical changes
of this kind, and of preserving their original chemical
nature, more particularly when elevated into the at-
mosphere.

Dr. Turner has shown that in the decomposition
of the felspathic rocks, producing porcelain clay, the
quantity of silica carried off by solution was enormous.
He attributes this loss to the freedom with which it
could be dissolved when exposed to the united action
of water and alkali at the moment of passing from the
state of combination which constitutes felspar. The
same author considers ‘“ that every 2 equivalents of
alumina, present in porcelain clay along with 3} of
silica, corresponded in the original felspar, from which
it was derived, to 12 equivalents of silica and 1 of
potash*.”

The great mass of mechanical rocks has been de-
posited in the sea. Hence we might generally expect

® ¢« On the Chemistry of Geology,” London and Edinburgh
Phil. Mag., July 1833.
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to find at least the predominant salts of the sea dis-
seminated through such rocks, so as to be readily
detected. This, however, is not the case. Now it
is difficult to conceive how this saline matter is sub-
tracted from them to such an extent as we find it is.
‘We may suppose that when elevated from beneath
the sea into the atmosphere, the rain water, which
then has a tendency to percolate through such rocks,
would carry off a large proportion of the saline mat-
ter in solutien. This would undoubtedly be a slow
process, but, continued through a long series of ages,
it would appear to be certain in its effects. This hy-
pothesis would not, however, account for the absence
of marine salts in rocks beneath the level of the sea.

The collective amount of soluble matter carried by
rivers into the sea, and derived from rocks by the
percolation of water through them, must be very con-
siderable, more particularly when we measure time
by centuries, and not by single years. Rivers in which
a large amount of finely comminuted detritus is me-
chanically suspended, cannot fail also to contain mat-
ter in solution. The very detritus itself is likely to
be acted on by the water in which it is suspended,
even if the latter was not impregnated with soluble
matter derived from the rocks whence its springs
issued. Calcareous detritus would be liable more
particularly to be so acted on, as also the fine com-
minuted particles of felspathic rocks.

All this matter must be carried somewhere. Many
changes must be produced by the action of the vari-
ous substances thus carried out into the ocean, not
only on each other, but also on the saline contents
of the sea. Chemical deposits cannot fail to be pro-
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duced, even of kinds which we do not anticipate from
our present knowledge either of the relative amount
of substances thus situated, or of the possible com-
binations they may enter into. The chemical de-
posits which we are most accustomed to study, as it
were, in the act of formation, have not been produced
under the same circumstances. They are chiefly cal-
careous and derived from the waters of rivers, fresh-
water lakes, or thermal springs. The few natural
deposits of silica and sulphate of lime which we ob-
serve now taking place are chiefly from the latter.
Of the chemical rocks which may be now forming in
the sea we know almost nothing; yet all the soluble
matter conveyed into it from the land, independently
of the soluble substances thrown into it from volcanic
action beneath its surface, must be productive of some
result.

There are also .certain aggregations of particles in
rocks, mechanically produced, which must have re-
sulted from mutual attractions among each other, and
which are not a little remarkable. It notunfrequently
happens that in clays, containing disseminated car-
bonate of lime, there are nodules more calcareous than
the other parts, and which we readily perceive are not
bodies rounded previous to deposition, although at a
distance they have that appearance. We will select
for illustration some nodules of this kind in the lias of
‘Lyme Regis, though such bodies are sufficiently com-
mon elsewhere.

Fig. 11.
b
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The nodules a a (fig; 11.) range in a line parallel
with the general stratification, and are not far removed
above the mass of lias limestones, which alternate
with marls or shales, and constitute the lower part of
the lias, taken generally, at the same place. Now these
nodules contain a greater amount of carbonate of lime
than the shale or marl above, beneath, or between
them. We might therefore suppose that they were
concentric concretions; but the fact is they are not

such.
Fig. 12.

a b c

‘When we obtain a section of, or fracture them,
we find that they are laminated, as represented
above, (fig. 12.,) the lamine having the same di-
rection as the great mass of stratified rock of which
they form a component part. The laminz of the no-
dules are precisely parallel to the laminz of the shale
or marl in which they are inclosed, and little doubt
can exist that they once constituted continuous por-
tions of each other. The particles of calcareous mat-
ter have separated from the mass of marl, and have
congregated together as we now see them. When
we fracture these nodules through their centres, and
parallel to the laminz, we generally find some fossil,
such as a fish, an ammonite, nautilus, or piece of
wood, which seems to have formed the point of attrac-
tion to the various particles of calcareous matter that
have assembled together. We might therefore infer
that a fossil or other foreign body was always neces-
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sary to the production of the npdules ; but though such
bodies are very commonly discovered in the centres
of the nodules; they are not always present in them.
There are many without them, and some contain small
scattered ammonites and other shells, not more abun-
dant in their centres than in other portions. Hence,
though fossils or other bodies may have, and most pro-
bably have, assisted in attracting these particles of mat-
ter together, they are not essential to the production of
the nodules. They have resulted from the aggregation
of these particles in such a manner that the original
laminated structure has not disappeared. If we con-
ceive a particular line of deposit to have contained
calcareous matter which, though insufficient to con-
stitute continuous limestone beds, was too plentiful to
remain disseminated in the marl without endeavouring
to arrange itself differently, and in small masses, we
may probably approximate to the truth. This view is
borne out by considering how some of the upper beds
of the lias limestones, at the same place, are circum-
stanced. They are evidently only extended lines of
flattened nodules, which are, however, not generally
laminated, but compact, the arrangement of the par-
ticles having been more general. Fig. 13. represents
such strata, or rather attempts at strata, @, a, a being
argillaceous limestones, b, b shales.

Now the latter structure in rocks, evidently me-
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chanically produced, and €ven not calearsous, must
be familiar to every geologist, though it is move pre-
valent where calcareous matter is intermingled with
other substances. Itis common in various sandstenes,
and is evidently the result of the attraction of certain
particles among each other after deposition. The la-
mellar structure of nodules in siliceous sandstones is
sometimes also observable, an aggregation of particles
having taken place on the same principle as that abeve
noticed in the lias, the cementing matter being some«
times calcareous, at others siliceous.

- Layers of nodules, not lamellar, yet composed of
substances which have separated out from the con-
stituent parts of a mechanical rock after deposition,
are common in many strata. The ironstone nodules
of the coal measures seem to have been thus preduced.
They also sometimes contain organic remains, such as
portions of fossil vegetables; but as multitudes exist
without organic exuvi, they are evidently not essen-
tial to the formation of the nodules. The matter of
nodules appears sometimes to have separated out from
the body of the rock in which they are found in such
a manner, that there has been a contraction of parts,
from desiccation in the interior, producing cracks,
which have subsequently been filled up, by the infil-
tration of earbonate of lime. The annexed sketch
(fig. 14.) represents one of these concretions, com-

Fig. 14.

1.
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monly known as turtle stones, ludus Helmontii, &c,
The external parts have first become consolidated, so
that during the desiccation of the interior, the internal
partswere compelled to separate intocracks,and shrink
towards the circumference, leaving the largest fissyres
in the innermost parts, as must necessarily happen.
The subsequent filling up of the cracks is generally
illustrative of the gradual accumulation of matter from
the side of such veins towards their middle portions.
Coat above coat of carbonate of lime cover one another
until the sides meet, highly crystalline matter filling
tp the irregular cavities which have often thus resulted.
Nodules of this description, which generally exhibit no
trace of either concentric or lamellar structure, are
frequent in many clays and marls.

An aggregation of siliceous particles is pointed
out by Mr. Babbage as accidentally occurring in the
preparation of the clay used in the manufacture of
porcelain. It may be regarded as an experiment high-
ly illustrative of the separation, by affinity, of ex.
tremely comminuted particles of matter, deposited
from water which previously contained them in me- °
chanical suspension. In the common process of pre-
paring the plastic substanice for the potteries, flints
burnt and ground are suspended with a certain pro-
portion of clayey matter in water, and a deposit is
produced of the required distribution of the particles
of silica among the clay. If the compound be used
in proper time, the siliceous particles remain dissemi-
nated; but if it continue long at rest, the silica be-
comes aggregated in small lumps, and the mass is
rendered useless for the manufacture *,

® Babbage, Economy of Manufactures, 2nd Edit. p. 50.
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- The same author calls attention to this fact as illus<
trative of the formation of flints in chalk ; and certainly
there appears considerableanalogybetween them. Thé
silica appears to have separated out of the great mass
of calcareous matter, and to have arranged itself in
Rumerous instances round various organic matters,
As in the case of the calcareous aggregations above
mentioned, though this frequently happens, it is not
a constant fact, and we may thus consider such a nu-
cleus not to be necessary to the production of the flint
Rodule. Some determining cause, though not neces+
sarily an organic remain, must have produced the ac-
cumulation of siliceous matter in a particular point;
and this cause must have extended in lines parallel
to the general stratification, since the flints commonly
occur as represented beneath, (fig. 15.,) a, a, a being
lines of flints in chalk.

Another curious circumstance attends the separation
of siliceous matter from the body of the chalk, Veins
of flint traversing the lines of stratification (fig. 15. ),
and appearing like cracks filled up by silica, are not
unfrequent in many parts of the rock. Now the sub-
stance of these veins seems as good flint as any of the
nodules, and we are led to conclude that they have
been produced by causes similar, as far as regards the

H2
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separation of the silieeous matter, to those which have
formed the modules. The regularity of the lines of
flints reminds us of the regularity of lines of calca-
yeous nodules in many clays. There wes, probably,
in a certain amount of deposit, formed over a certain
area, a quantity of siliceous matter which had a ten-
dency to aggregate into nodules, and the more readily
a8 organic exuvie constituted points of attraction.
We have seen in the case of the plastic substance
used in porcelain manufactures, that when we com-
pare it with great natural operations, a short compa-
ative time is alone necessary to cause the aggrega-
tion of the siliceous particles. Hence upon a certain
amount of deposit the siliceous matter would separate
out into nodules; and this operation being repeated,
there would be a repetition of similar effects, and we
should have lines of flints arranged in lines above each
other, and parallel to the general line of stratification.
The mere mechanical aggregation of siliceous parti-
cles, though ‘the latter may have been very minute,
is however insufficient to account for al} the phaeno-
mena observed. There has evidently been, in numer-
ous cases, such an infiltration of siliceous matter into
the pores of certain organic remains, that there is a
difficulty in explaining the presence of the silica, un-
der such circumstances, otherwise than by consider-
ing it to have entered into these bodies in a state of
solution. In certain chert nodules of the green sand,
and indeed of other arenaceous rocks, we often ob-~
serve a curious passage from a decidedly arenaceous
structure into one apparently chemical. The interior
of many of such nodules is hollow, and the mammil-
Iated chalcedonic interior has evidently been produced
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in the manner of stalactites. There has been a peri
colation of a liyuid, containing silica in solution,
through the arenaceous matter towards the interiot
of the nodule, yet the passage of one structure into
the other is generally gradual. We shall have occa-
sion to notice the flint veins under the head of veins
generally. '
The cleavage of rocks, which may be, and often has
been, mistaken for stratification, seems due to parti-
cular arrangements of the particles of matter after the
original deposition or production of the rock. It is
as much observable in some of the rocks, commonly
termed unstratified, as among those named stratified:
in those which have resulted from fusion, as in those
which have originated from solution or mechanical
deposition. We should more particularly be inclined .
to expect cleavage in rocks whose immediate origin
has been solution, and which approached the com-
position of a salt, such as nearly pure carbonate of
lime or dolomite. Numerous limestone rocks are
cleaved in directions perpendicular to the stratifica-:
tion, and sometimes the cleavage approaches the
rhomboidal character of calcareous spar. Limestones,
which even contain an abundance of organic remains,
frequently present natural cleavages in such abund-'
ance that it becomes no easy matter to decide at a’
short distance which lines should be-considered those-
of stratification. Attention to the general dip of the
rock, and to the mode in which the organic remains
occur, (beds generally containing certain marked as-
semblages of them,) will no doubt decide the diffi-
culty ; but there are situations where the cleavages
of limestones are sufficiently embarrassing.: Where
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the - cleavage traverses orgamic remains themselves;
dividing them in such a manner that a portion of the
shell or other fossil is on each side of the fissure, the
decision is necessarily easy. In some carboniferous
and grauwacke limestones deceptive cleavage is very
gommon.

Cleavage must even be more common in rocks than
is made apparent in natural sections or exposures; for
workmen are generally aware that the various rocks
they employ for building or other purposes have what
they term a grain, that is, the rock will split in one
or two directions easier than in others. Granite.
workers are, for the most part, particularly expert in
finding the grain, when, to a common observer, there
is no very marked difference in appearance between
those parts of the granite into which they drive wedges
to force open the rock into plane surfaces, and those
where they say it would be useless to work. Having
once ascertained the direction of the grain in a quarry,
they have little trouble in raising large masses of gra-
nite, which they find readily cleavable in given direc-
tions. Itis this cleavage which, by the decomposition
of the granite in part, has produced the tors, as they
are called, of Dartmoor, Devon, and which have often
the appearance of art. The following sketch (fig.16.)
of part of Great Staple Tor, seen from the south-west,
is more like the remains of some huge building, or

Fig. 16,
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battlement, than the effect of cleavage and decoms
position, which it is. '

The cleavage of the Devon and Cornwall granite is
frequently in given directions over considerable areas,
showing that the causes producing them have acted
on the large scale. The most general is from N.N.W,
to S.S.E., as has been observed by Mr. Fox in the
granite of Penryn*.

The cleavage of granite at its junction with slate
and other rocks is sometimes highly deceptive. The
granite of Devon and Cornwall has often been termed
stratified from this cause. A little attention will;
however, in general, show that the lines resembling
those of stratification run into one another in variousd
directions, or only continue for short distancest, i
the manner represented beneath (fig. 17.).

7’2

p———

As the granite of this part of England is generally
porphyritic, that is, contains large disseminated ery-

# «On the Granite District near Penryn, Cornwall,” London
and Edinburgh Phil. Mag., May 1833. ) )
" 4 The well-known Cheese Wring on the eastern edge of the
mass of granite north from Liskeard, Cornwall, appears like a
number of cheeses piled on one another, (whence the name,) when
viewed in one direction,—therefore like the remains of beds of
grauite; but seen on the W. and S.W, sides is found to be one
mass, with cleavage lines upon it, which do not run regularly
Mnd‘ . . ’ . N -
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stals of felapar, part of such crystals may sometimes
be ebserved on one, and part on the other side of the
cleavage, thus clearly separating such appearances
from stratification, While on the subject of these
appearances in the Devon and Cornwall granites, it
may be remarked, that though their posteriority to
the grauwacke of the same. districts may be shown
from various circumstances, the cleavage, resembling
stratification at a distance, runs in planes parallel to
those of the stratified rock which they support; thus
giving the uypper surface of the granitic masses the
appearance of stratified rocks upon which other stra.
tified voeks have been deposited. The following sec-
tion, on the north side of Dartmoor, will illustrate this
fact,

Fig. 18.
Belstone. Belstone Tor.

- granite, which becomes cleaved at b in lines pa-
rallel to the overlying altered grauwacke c. d green-
stone, hounded by planes parallel to the strike or di-
fection of the grauwacke, and thence appearing as an
included .bed. .¢ grauwacke sandstone. & merely
affords one view of the cleavage of the granite. It
is also cleaved perpendicularly in lines about N.N.W.
sad 8.8.E., and also by others which run at right-
angles, or nedrly so, to these last, so that the intex;
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sections of the resulting planes produce large flat,
tened prismatic blocks. The perpendicular cleavages
in N.N.W. and 5.5.E. lines are the most constant.
The perpendicular fissures of granite on the coast of
Cornwall often give a columnar character to the rock,
as has been remarked by Mr. Carne.

The attraction of the particles of granite in such a
way as very commonly to form either prismatic or
rhomboidal masses took place apparently after the
various elementary substances constituting the com.
ponent minerals of granite had crystallized out, and
produced the confusedly crystalline substance we now
see. If this view be correct, the cleavage would be
a secondary action. It might have taken place either
during consolidation, or even after the mass had as.
sumed the solid form. The cleavage of such a sub-
stance as granite would so far differ from that of
regular crystals, that the latter may be considered as
s definite chemical compound, while the granite is a
mixture of various crystalline substances, each with
its own cleavage as a separate minerel. If we con-
sider the granite blocks to be, as has been supposed,
the result of globular internal structure, we should
expect that the planes, produced by the pressure of
the spherical masses against each other, would not
be the rhomboids or parallelopipeds we find, but other
figures. .

That differences of temperature may produce-difs
ferent arrangements in the particles of a solid body,
without eltering its extemal form, has been well
established by M. Mitscherlich in his experiments on
sulphate of lime and other substances. Prismatic
crystals of sulphate of mickel had their internal ar-
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rangement changed in a few days by the mere actiont
of the sun’s rays upon them in a closed vessel, so that
when broken they were found composed of octohe-
drons, with a square base, the external forms of the
crystals being unchanged*. When acquainted with
these and other facts of the same kind, we are led to
suppose that rocks may not only become visibly al-
tered by the long-continued action of diminished or
increased heat upon them, but that they may alsg
have their various parts differently arranged, as. to
mutual attraction, without the general appearance of
the rock being sensibly changed, 'We might there-
fore regard the cleavage of granite as, to a certain
‘extent, a crystalline arrangement. of the mass, after
general consolidation and.the crystallization of the
minor parts. The regularity with which granite, in
various parts of the world, is split up, either naturally
or artificially, inte rhomboidal or prismatic masses, is
quite as remarkable as the cleavage of crystals inta
minor portions. ‘

Many sandstones, particularly siliceous sandstones,
readily divide into flat rhombic prisms and other re.
gular figures, which, though often observable from
the decomposition of the rock, are more frequently
seen when the sandstone is fractured, They are in
general comparatively small and thin, such as that
represented in fig. 19., which is from the grauwacke
of the Hartz. The longest side of the specimen
itself is five inches, and the shortest two and a half
inches long, the height being about three quarters
of an inch. The acute angle is = 67°, and the

® Mitscherlich, Annales de Chimie, tom, xxxvii,
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Fig. 19.

el

obtuse = 118°; so that this portion of an arena-
ceous rock, bounded by cleavage planes, has all the
regularity of a crystal. It is not intended to state
that all the portions of detrital rocks, thus formed by
cleavage into rhombic prisms, present the same an-
gles; but the numerous cases in which there is an
approximation towards them is somewhat remarkable.
In many parts of the arenaceous grauwacke these ap-
pearances are common, so that beds are easily broken
up into regular fragments, three, four, five and six
inches in length, and less than an inch in thickness.
The aggregation of particles in this case has taken
place among grains of detrital matter. Nevertheless
the prismatic or rhomboidal form, as the case may be,
resulting from the intersection of cleavage planes,
strongly reminds us, as before stated, of crystalliza-
tion. Calcareous matter is sometimes found, but it
is by no means a necessary condition of the rocks
which thus cleave, for the same kind of cleavage is
observable in sandstones in which carbonate of lime
cannot be detected.

Some shales have cleavage fissures of remarkable
appearances; among them we may notice perpendi-
cular lines parallel to each other, dividing the rock in
such a manner, that when the plane of stratification
is viewed for some extent, the divisions have the ap-
pearance of planks ranged side by side. This kind
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of cleavage is well seen in part of the lias shale of
Lyme Regis, beneath the Church Cliffs. The lines
may be considered as imperfect developments of rhom-
boidal or prismatic cleavage, the cross fissures not
having been formed. )

Nothing is more common among argillaceous slates
of various ages than the cross cleavage represented
beneath (fig. 20.), g, a, a, a, a, being the real lines

Fig. 20.
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of stratification, while the other parallel lines are
cleavage fissures. This structure is occasionally very
embarrassing ; and it is by no means easy to decide
between the lines of stratification and cleavage. Sach
cleavage fissures must be carefully distinguished from
that kind of substratification so common in many are-
naceous rocks, and noticed above, which gives a dia-
gonal arrangement to the parts of a bed. The former
may be generally known by their regularity, and fre-
quently by the considerable angle, sometimes amount-
ing to a right angle, which the cleavage planes make
with those of stratification. ‘

This tendency in so many rocks, both chemical 4nd
mechanical, to divide into solids of more or less regu-
larity, clearly points to some law according to which:
the particles of solid matter endeavour to arrange
themselves, no consequence how produced, in deter-
minate figures. Of these the prismatic and rhom-
boidal are most commonly observed, We have above
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noticed that the long continnance of some given tem-
perature will produce a change in the arrangement of
the constituent particles without altering the external
form of the mass. The arenaceous hearthstone long
exposed to continued heat, insefficient to fuse it, in a
blast furnace at Shiffnal, and noticed by Dr. Mac-
culloch, is a curious example of the prismatic arrange-
ment which may, uader such circumstances, take place
among grains of matter accidentally thrown into juxta-
position. This fact has been adduced in illustration
of the prismatic character of certain sandstones, in
positions which would justify the conclusion that they
also had been exposed to the long-continued action
of heat, being in contact with, or near, masses of
trappean rock. The disposition of sandstone to be-
come prismatic under sueh conditions, which is still
further illustrated by the prismatic arrangement of
sandstones, baked in kilns for the purpose of harden-
ing them, between Halifax and Huddersfield *, is
highly interesting in connexion with rock cleavage.
It shows that matter, in the first place mechanically
aggregated, may subsequently have its particles so
acted on that the mass becomes composed of numer-
ous solids, of a certain regularity of form, while its
arenaceous aspect remains.

- If we admit the theory of Mr. Gregory Watt re-
specting the columnar structure of basalt, and rocks
of that kind, we have evidence that by the pressure
of spherical coneretions produced during congolidation
of the rock, a series of prisms are formed, hexagonal
if the centres of the spheres or spheroids be equidi-

* Geological Manual, p. 472.
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stant from each other; of other figures if the pres.
sures be unequal from differences in the distances of
the centres. This author supposed that, in the sur.
face or surfaces first slowly cooled, a stratum of sphe-
roids, with centres more or less equidistant, was pro-
duced. These spheroids, by gradual increase in their
volumes, pressed against each other laterally, producing
hexagonal figures when the pressure was equal. Up-
wards, however, supposing the bed of basalt to be
nearly horizontal, they could extend indefinitely, at
least to the top of the bed, if circumstances were fa-
vourable. The result would be a multitude of prisms
pressed against each other, and perpendicular to the
surface where the spheroids were first formed. Mr.,
Whatt found, in his experiments on the fusion and
slow cooling of basalt, that the spheroids produced
were not only radiated from their centres, but were
also arranged in concentric coats. He hence con-
cluded that the joints, sometimes observable in ba-
saltic columns, were formed by surfaces corresponding
with such concentric coats. This theory is strongly
supported by facts, more particularly by the horizon-
tal arrangement of columns in perpendicular dykes,.
such as those at the Giant’s Causeway, and other
places, where the columns proceed from the sides of
the dyke to the central parts, and there become con-
fused, from the meeting of the two systems of co-
lumns, if, as Mr. Watt remarks, circumstances be so
far favourable as to permit such a meeting*.
Spherical and spheroidal concentric concretions are
very common in basaltic and other igneous rocks,

* Watt, ““ Observations on Basalt,” &c., Phil. Trans., 1804;
see also Geological Manual, 4r?, Unstratified Rocks, p. 469,
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They are sometimes not observable until the rock has
been subjected to a certain amount of decomposition,
when the outer coats being decomposed, and the inner
portions remaining unchanged, the rock seems com-
posed of numerous cannon-balls and bomb-shells, se-
parated from each other by softer substances.

Although the forms observed in these chemical
rocks so far resemble those noticed above as occur-
ring in the mechanical strata, that they are both the
results of particles aggregated together after the rock
has been first produced, yet they probably differ in
other respects. We can scarcely conceive that the
pressure of spheroids against each other would give
us the flat rthombic prisms arranged as they are so
commonly in the grauwacke; neither should we ex-
pect to obtain the long lines of laminz which so fre-
quently meet the lines of stratification at various
angles in argillaceous slates. No doubt in all these
cases there is an aggregation of particles giving rise
to peculiar forms; but the mode in which this was
effected appears to have been different.

The whole theory of altered rocks depends upon
the power of the constituent particles to arrange
themselves in a manner different from that in which
they previously existed, and this in consequence of
the continued action of a heat insufficient to produce
fusion. When we see chalk converted into granular
limestone on each side of a basaltic dyke, as is ob-
servable in the Isle of Raghlin on the north coast of ~
Ireland*, we remark that there has clearly been a
new arrangement of the particles of carbonate of lime,

® Buckland and Conybeare, Geol. Trans., vol. iii.; and Geo-
logical Manual, p. 279.:
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Instead of the loose aggregation, so well known in
chalk, we find a crystalline arrangement of parts, the
crystallization being more perfect in proportion to the
proximity of the basaltic dyke. All analogy teaches
ug that in this case the alteration has been produced
by heat, communicated to the chalk from the basalt.
The cause and effect are apparent. :
- If fusion took place, there would be an end to the
stratification of the rocks acted on by heat. The new
arrangement of parts is effected without & liquid con-
dition of the matter composing the rocks. That li-
quidity is not necessary to such changes is well proved
by M. Mitscherlich’s researches into those produced
in the structure of some crystallized substances by
different degrees of temperature.- The changes
caused in the sulphate of nickel have already been
noticed (p. 106.). Crystals of sulphate of zinc and
sulphate of magnesia, gradually heated in alcohol,
lose their transparency, and are found composed of
numerous small crystals, differing in form from those
used in the experiment. Prismatic seleniate of zinc,
exposed to the sun on paper, speedily changes into
octohedral crystals with a square -base. The same
distinguished anthor observed that the optical proper-
ties of plates of sulphate of lime and other substances
were altered by changes of temperature, showing an
alteration in the interior structure, while no sensible
exterior modification could be observed in the plates*.
" The various tempering of steel, and the annealing of
glass, must also arise from new arrangements of the
particles of steel and glass caused by heat insufficient

* Annales de Chimie, tom. xxxvii.
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to produce fusion. If we take a piece of common
green bottle-glass, and expose it to continued heat,
insufficient to cause fusion, we obtain a crystalline
substance, composed of numerous prisms arranged at
right angles to the surfaces of the glass, the external
form of which remains unaltered, notwithstanding the
new arrangement of the internal particles.

These changes, which can readily be made appa-
rent by experiment, prepare us for greater changes,
produced by similar means, though on a far different
scale, in nature. While, however, we conceive that
rocks are thus frequently altered on the large scale,
when in contact with masses of igneous matter which
have continued te give out heat through long periods
of time, we must not forget that rocks are very bad
conductors of heat, and therefore we must allow a
reasonable limit to an action of this kind. The well-
known fact that lava currents have been traversed by
men while the liquid melted rock has continued to
flow in the interior, is sufficient to prove the bad con-
ducting powers of at least such lavas. There seems,

* however, no exception in this respect in favour of lava,
for it appears to be the case with al rocks : if it were
not so, and the central heat of our globe be founded
on probability, the surface of our planet would be
uninhabitable by all that at present exists upon it.

The probable limits which we may assign to the
alteration of rocks by long-continued heat is of ne-
cessity exceedingly difficult to determine. Experi-
ments “to illustrate this point can scarcely be satis-
factorily made; for we can neither command the mass
of heated matter, nor the body of rock through which
the heat has to pass before all be reduced to a

1
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common temperature: neither can we command that
great element, time, the necessary joint cause of so
much we find on the surface of our planet.

_ As all rocks appear, with very slight variations,
such bad conductors of heat, it follows that if a great
mass of granite or trappean rock be thrown or in-
jected among detrital rocks, such as sandstones, shales,
&c., much will depend on the facility with which the
heat may pass off. If a portion of the liquid heated
rock be th rust through into the atmosphere, radiation
will take place more.rapidly than if it be entirely sur-
rounded by rock, and therefore alteration around it
would be more perfect in the latter than in the former
case. Pursuing this mode of reasoning, the deeper,
beneath a mass of strata, igneous rock may be in-
jected, the greater, all other circumstances being the
same, would be the alteration. of the surrounding
strata. The longer, also, a given heat should continue
to pass through a mass of rock, the more complete
should we expect to find the new crystalline arrange-
ment of parts.

‘We must be careful to limit the alteration of rocks
to reasonable distances, measured from the body of the
heated igneous mass. The latter can only retain its
heat, sufficient to produce the effect required, because
the difficulty of parting with it is great. Therefore
after a certain distance the quantity of heat passing
in a given time becomes too small to produce an ap-
preciable change. Hence the amount of change de-
pends on the mass of the heated rock, the conditions,
as to vosition, under which it may occur, and the
conducting powers, as to heat, of the surrounding
rocks. Ihe first gives us the greatest amount of heat,
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the second the length of time it may require to pass
off, and the third the distance to which it may ex-

tend with sufficient intensity to cause alteration in

the particles of the constitnent matter of contigypus
rocks.

" - We shall conclude this chapter with an observation
on the consolidation of rocks. It at first sight seems
difficult to explain how certain sandstones become
consolidated. A curious fact, noticed by M. Pouillet,

‘seems to throw light on this subject. He states that
after the plates for looking-glasses have received their
last polish in the manufactories of Paris, they are
placed side by side, like books slightly inclined on the
shelf of a library. If they be now left undisturbed
a long time, they adhere so strongly together, that
not only is it difficult to separate them without break-
ing, but three or four pieces are sometimes also so far
incorporated, that they may be worked together, and
even cut with & diamond, as if the whole were ori-
ginally one piece. This author also informs us that
M. Clement Desormes showed him portions of plate
glass, taken for the purpose of experiment from the
royal manufactory of St. Gobin, which were com-
posed of two, three, or four pieces originally distinct.
* These specimens were rectangulur, several inches
long, and the various pieces of which they were com-
posed, thus united by time, at common temperatures,.
adhered as powerfully as if formed together. Great
mechanical force was requisite to make them slide
on their junction surfaces; and when they were con-
sidered to have separated, it was found that, instead
of sliding, they had broken, so that the junction sur-

12
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face of one was covered to a great extent by detached
portions of another*.”

- We might, perhaps, infer from the facts above nos
ticed, that grains of quartz, so commonly constituting
sandstones, may be permanently made to cohere by
long-continued pressure, under favourable circum-
stances, beneath great masses of rock. The pressure
to which many arenaceous rocks have been subjected
must have been enormous ; and it is remarkable that
slightly aggregated sandstones are mere common
among the more modern than among the more an-
cient strata. There can be no doubt that cementing
matter, chemically produced, has greatly promoted
consolidation ; yet, probably, long-continued juxta.
position, under pressure, has not a little aided the
process. We certainly discover sands without co-
hesion among strata, but such are very rare among
the older rocks.

It may be here observed, that arenaceous rocks
long exposed to the percolation of water, charged with
foreign matter, would have a tendency to be consoli-
dated by the deposition of such matter among the
constituent grains. That silica in solution percolates
through such rocks, we have preof in the fossil shells
often converted into chalcedony in sandstones, the
calcareous matter of the shell having been removed,
and silica infiltrated into the mould thus prepared ta
receive it. That silica, carbonate of lime and other
substances percolate through rocks of much finer tex-

* Pouillet, Elémens de Physique Expénmentale, tom. iii. p.41.
Scconde Edition. Paris 1832.
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ture than sandstones, is proved by the formation of
agates and other minerals in the cavities of basaltic
and trappean rocks, such cavities having originally
been produced by bubbles of gas when the rock was
in a state of fusion.
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CHAPTER VI.

WE have previously remarked that the surface of dry
land has been shattered and broken into fragments,
and that there is rarely an area of a few square miles
which does not bear marks of having been acted on
by disrupting forces. Seeing that this is the case
with such portions of the earth’s mineral crust which
rise through the ocean into the atmosphere, we may
infer that the solid matter beneath the ocean is not
exempt from similar fractures ; for we cannot suppose
that the dislocations of the earth’s surface have been
confined to those portions only which are accessible
to our observation. We may, indeed, consider that
the whole mineral crust of the globe is broken into
fragments of various sizes, forced into contact by
gravitation towards the centre of the earth. The
more recent rocks must necessarily be less fractured
as a whole, than those which are more ancient, also
taken as a whole ; for as the former rest on the latter,
dislocations in them caused by forces acting from be-
neath would traverse both equally, while the more
ancient rocks may have been, and no doubt have been,
broken before the comparatively recent rocks were
formed. It would therefore follow, that in a district
composed of more recent rocks, the fractures visible in
it would not afford a just estimate of the amount of
dislocation to which that particular part of the earth’s
mineral crust has been subjected; for the strata be-
neath may have been greatly broken before the rocks
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visible in the district were in existence. Conse-
quently, in tracing lines of dislocation, we should be
careful to observe, whether they terminate at rocks
newer than those in which we had traced them,
whether they are continued in any older rock beyond
the area of the newer rock, or whether they have in
all probability never extended beyond the point no-
ticed, the natural fracture having there terminated.
In the first case we should have evidence that the
particular line of dislocation was produced before the
formation of the newer rock ; in the second, the rela-
tive date would be uncertain.

That disturbing forces have acted on rocks after
their formation, is as well shown by tilted and con-
torted strata as by fractures. Extensive ranges of
country often have the beds of rock of which they
are composed thrown into particular lines of direc-
tion. This fact is frequently observable in mountain-
chains, though it is by no means confined to them.
Such lines, when considered in the usual manner with
reference to our general ideas of distance, appear of
considerable length ; but when viewed, as they should
be, in connexion with the whole superficies of our
spheroid, a large proportion of them lose their appa-
rent importance. Many of them are then readily seen
to be so short, that the cracks or elevations of stratd
by which they are marked may readily be conceived
to have been effected by comparatively small intens
sities of force. It is perhaps to u want of due attens
tion to the relative proportions of the radius of the
earth to the height of mountains, and of the length of
mountain-chains to the superficies of the globe, that
those who have considered such lines of tilted strata
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or dislocations as the result of a few, instead of
very numerous elevations, have been supposed to call
in the agency of forces so tremendous as almost to
alarm the understanding ; while they really have re-
course to forces comparatively insignificant. .

Fig. 21.

The annexed diagram (fig. 21.) may afford an idea
of the proportion of the crust to the diameter of the
earth. Considering the whole circle as a section of
our planet, the black outer line would be one hundred
miles thick, that is, the thickness of that line bears
the same propertion to the area and diameter of the
circle in the annexed figure, as a crust, one hundred
miles deep, would bear to a real section of the earth
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made through its centre*. It is only necessary to
state that the highest mountains on the face of the
globe do not attain an elevation of six miles, to per-
ceive that inequalities of such an amount, even if they
were common, instead of being, as they are, rare,
might be produced either by contractions or expan-
sions in the mass of the globe itself, and the neces-
sary fractures and dislocations be comparatively in-
significant.

If the theory of central heat be founded on proba-
bility, as we conceive it to be, the very general oc-
currence of tilted and fractured rocks is of easy ex-
planation. We require a general cause for the pro-
duction of so general an effect. If we suppose with
M. Elie de Beaumont that the state of our globe is
such that, in a given time, the temperature of the
interior is lowered by a much greater quantity than
that on its surface, the solid crust would break up to
accommodate itself to the internal mass; almost im-
perceptibly when time and the mass of the earth are
taken into account, but by considerable dislocations
according to our general ideas on such subjects. We
should expect to find the lines of fracture innumerable,
precisely as we do find them. We should also be led
to anticipate that new dislocations would be more
readily effected through old lines of fracture, and that
under favourable circumstances, broken and tilted
masses would be thrust up into ridges or mountain-
chains, If, in the annexed exaggerated diagram,

# For a figure exhibiting on a larger scale the relative propor-
tions of the Alps, Andes and Himalayan mountains to the radius
of the earth, see my Sections and Views 1llustrat1ve of Geologlcal
Pheenomena, pl. 40.
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(fig. 22.), the outer circle represent the crust of the
earth at a given time, and that a subsequent contrac-

Fig. 22.

tion of the internal mass, which does not produce a
proportional effect on the previously existing crust,
requires the latter to descend to the inner circle,
dislocations and contortions of the strata would take
place, and masses would be squeezed up against each
other in order to accommodate the old surface to its
new condition. A sectional line would be produced,
something similar to that represented (fig. 22.) be-
tween the two circles, though by no meauns bearing
a like proportion to the diameter of the inner circle;
for it would require a circle many inches in diameter
to render such inequalities visible and proportional at
the same time.

If the edges of a considerable crack or fissure be
acted on in the manner here supposed, they would
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apparently be forced upwards, by lateral pressure,
with respect to the sea-level, which might be de-
preseed, filling the new hollows. When we estimate
the solid matter required to produce a very consider-
able addition to a mountain-chain, we find that an
equal volume of water received into a corresponding
depression of surface, would, if distributed over the
mass of the ocean, cause far less general depression
of level than we might anticipate.

Some geologists, misled by the idea that an accu-
mulation of small forces will always produce the same
effect as the sudden exertion of a great power, equal.
in intensity to the sum of the smaller forces, deride
those who conceive mountains to have been raised
by greater intensities of force than those observable
in a modern earthquake. This is as if, having piles to
drive into the ground, which it required the exertion
of considerable force to pierce, we employed a pile-
driver with the necessary power, and should for so
doing be laughed at by our friends, and advised not
to be thus extravagant in machinery, but to perch a
man with a hammer on each pile, who, by repeatedly
striking small blows on the head of it, would, it was
considered, accomplish the end equally well, and at
much less cost.

It is anything but desirable to have constant re-
course to comparatively great power in exphaining
geological phanomena, when the exertion of a small
force, or of an accumulation of small forces, will afford
sufficient explamation of the facts observed. This,
to follow up the above illustration, is as if we were
determined never to suffer a stake to be driven into
a hedge without a pile-driver. We should be careful
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not to suffer any preconceived opinion to bias our
views either way. We may be wrong in our endea-
vours to attribute the exertion of forces necessary to
produce mountains, fractures and great disturbances
of rocks to any particular causes, but the probable
* intensities of the forces themselves should be most
carefully estimated, so that should we fail in the first,
we may approximate towards truth in the second case,
and thus render our investigations of some use to the
progress of science.

- In our endeavours to account for mountain ranges;
with reference to the dislocations and disturbances of
rocks so commonly observed in them, circumstances
which have occurred beneath have always been con-
sidered as the cause of their existence. Even in
Mr. Lyell’s very ingenious theory respecting varia-
tions in climate produced by differences in the ele-
vation and position of land, the supposed changes in
the relative position of solid surface-matter are ne-
cessarily caused by something acting beneath it.
Consequently the climates so produced must be se:
condary, and depend for their existence on a previous
movement of the earth’s solid surface. Now as like
effects must be produced by like causes, and moun-
tains are not local, but distributed over the surface
of the world, (for we may fairly consider that they
exist as well beneath the ocean as on the dry land,
indeed islands are often little else than the exposed
tops of subaqueous mountains,) it follows that the
cause producing them, together with the great dislo+
cations and disturbances of rocks observable on dry
land, is common to at least the surface of a spheroid
placed immediately beneath the crust of the globe:
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What that cause may be is a separate question, and
is one to which we now propose to call the attention
of the reader.

That the relative level of sea and land can be
changed by earthquakes seems a well-established fact;
and it is more particularly to the labours of Mr. Lyell
that we are indebted for an accumulation of a mass
of evidence on this subject. It is only when Mr. Lyell
limits the intensity of this action to the ordinary force
exhibited in & modern earthquake that we are inclined
to differ from him on this head. Earthquakes are
occasionally felt, though with variable degrees of in-
tensity, in all the known parts of the world. Like
volcanos, they may be considered the result of general
causes existing beneath the surface of the earth’s mi-
neral crust. Now earthquakes produce long cracks
and dislocations of strata perfectly analogous to faults.
The most remarkable ridge produced by an earth-
quake, and hitherto brought to light, is that noticed
by Captain Burnes, as extending a distance of fifty
miles in an east and west direction across the delta
of the Indus, with a breadth, in some places, of six-
teen miles, and an elevation of about ten feet above
the level of the delta. This effect was produced by
the Cutch earthquake, a8 it is termed, of 1819. Here
we have a miniature representation of a mountain-
chain, so far as the elevation of land along a given
line is concerned. Fractures are not noticed, but we
can readily conceive that they would be produced by
the further exertion of an analogous force. A repe-
tition of the same intensity of force, acting along the

"same line, would, if the beds beneath were sufficiently
consolidated and brittle, cause dislocations; if they
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were soft or yielding, they would be contorted, or
drawn out and merely bent, as the ease might be.

If fractures be once formed in the crust of the earth,
whether elevation be caused by squeezing the edges
of the fracture against each other, or by matter strug-
gling to free itself, the crust would be more readily
acted on in the lines of previous fracture than in any
others, for they would also be the lines of least re-
sistance. It would, therefore, be no matter of sur-
prise that many successive earthquakes, as we might
term them, should act in the same line, or rather that
their greatest effects should be produced in such lines.
Now if mountain ranges bore no marks of the exer-
tion of greater intensities of force than those exhibited
in modern earthquakes, the mere elevation of their
masses to comparatively considerable heights above
the level of the sea could apparently be produced as
well by an accumulation of the effects of such forces
as by any other means. The examination of moun-
tains shows us, however, that we must have recourse
to greater intensities of force to account for the effects
we there see produced.

It will be readily granted that in many faults or
dislocations of strata it would be exceedingly difficult
to say whether the amount of dislocation (and it may
be considerable,) has been produced by repeated
shocks, or by one of a more powerful kind.

Fig. 23.
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If f (fig. 23.) be a fault traversing strata, and the
bed a on the one side be removed, either by elevation
or depression, to a on the other, it would be difficult
to say, from this section alone, whether the difference
in the levels of the once continuous bed a be caused
by several shocks, or by one. The polished surfaces,
s0 common in faults, will not assist us much in the
determination, as one powerful squeeze would pro-
duce the same kind of polish as many minor move-
ments,

Neglecting for the present many dislocations which
there is great difficulty in considering produced other-
wise than at one snap or break, let us consider those
contortions of strata so common in mountain ranges,
and not very unfrequent elsewhere. These exhibit
not only the effects of force, but also some informa-
tion as to its intensity. Contortion requires that the
rocks in which it is observable should have been in a
yielding state, and that the particles were capable of
a certain movement among each other, so that when
force was applied no absolute fracture was occasioned.
Sir James Hall has long since shown that to produce
contortion by lateral pressure, there must be resist-
ance both above and beneath, the former at least
being capable of yielding in a minor degree. He
illustrated this fact by experiment, and showed by
means of a diagram, of which the annexed figure
(fig. 24.) is a sketch, that these conditions are ne-
cessary to the production of contortions by lateral
forces. Sir James Hall took various picces of cloth,
some linen, some woollen, and placing them horizon-
tally on a table (c), covered them by a weight (a) act-
ing horizontally on the pieces of cloth. He then ap-
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plied forces laterally (4 5), and found that while the
superincumbent weight (a) was raised to a certain
extent, the cloth was folded and contorted in a man-
ner perfectly analogous to the contortions of rock ob-
servable in nature*.

It will be obvious that if there be resistance only
on one side, and sufficient pressure above, contor-
tions will be produced. It also follows, that if a
mass of solid matter be thrust between yielding beds,
and that they cannot move sufficiently upwards, they
will be squeezed and contorted so as to permit the
presence of the intruded mass. Now it is worthy of
attention that contorted strata are common on the
skirts or flanks of many mountain-chains, appearing
to show that, before the latter attained their existing
forms, there was a pressure from the central parts out-
wards, causing the lateral contortions we observe.

* Transactions of the Royal Society of Edinburgh, vol. vii.
p. 85. Sir James Hall subsequently.invented an instrument to
contort clay, laid in miniature beds; the principle, however, is
precisely the same, and the original experiment not only satis-
factory, but so simple that any one may make it on a table with
a few books and pieces of differently coloured cloth. .
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Fig. 25.

The above (fig. 25.) is a section of the Alps, by
Dr. Lusser, from the well-known Rigi to the Hospice
of St. Gothard; g, being gneiss; 7/, limestone;
n, nagelfluh or conglomerate. It is not exaggerated,
but affords a fair view of the manner in which the
calcareous Alps are contorted on the flanks of the
central range. To produce this effect, we seem com-
pelled to suppose the whole mass of the calcareous
Alps (a series of mixed strata of limestone, argilla-
ceous slates, shales and sandstones, the former pre-
dominating,) to have been in a yielding or compara-
tively soft state. We can scarcely suppose, with any
approach to probabilities, that the soft -yielding con-
dition of this mass of matter should have continued
sufficiently long to enable a succession of small shocks,
of no greater intensity than those of a modern earth-
quake, to have acted upon it. - The whole strongly
ampresses us with the idea of a powerful exertion of
force, squeezing the limestone and associated beds
outwards. And, as if to support this view, the na-
gelfluh or conglomerate of the Rigi, a rock really
posterior to the limestone series, is tossed over; so
that it plunges beneath the latter, and appears to
support that which in reality supported it before the
exertion of the force that upset the whole. This
section is go striking that it may be supposed to be
selected from a multitude of others on which a con-

K
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trary opinion might be founded. It certainly is a
good example of contorted strata on the large scale ;
but numerous others, equally good, might readily be
adduced. In the Alps themselves better sections
might be produced of huge masses of matter, consti-
tuting whole mountains, fractured and tossed over in
such a manner that it seems impossible to comsider
them otherwise than broken and heaved out of their
original places by the exertion of powerful forces;
forces of an intensity in comparison with which that
of a modern earthquake would be trifing. It must
not hence be concluded that we consider the power-
ful exertion of similar forces to be now impossible,
but simply that the intensity of force exhibited in a
modern earthquake is insignificant when compared
with those which have, and may hereafter produce,
high ranges of mountains.

. The amount of lateral pressure and resistance to it
are not the only circumstances to which we must di-
rect our attention; we have also to account for the
necessary soft condition of the rocks acted on, and
the superincumbent weight by which they are pre-
vented from being merely thrust upwards, If, in the
ennexed section (fig. 26.), a a represent two rocks,

Fig. 26.
)

c

or fractured portions of one rock, squeezed together,
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in consequiericeé of depressions at ¢ and a, they will
be merely thrust upwards at b, with perhaps a small
amount of contortion of the softer beds at ¢, if there
be such in the lower parts, and therefore not only
exposed to lateral pressure, but to that arising from
the weight of the superincumbent mass of rock. If,
instead of being squeezed together by depression on
either side, the rocks a ¢ be thrust upwards by the
intrusion of a mass of rocky matter, the section would,
be as annexed (fig. 27.), where & represents the in-

Fig. 27.

truded matter. aa would he merely tilted, with per-
haps some contortion of the softer inferior beds, if
the latter be more yielding than the mass intruded.
Neither of these hypothetical sections agrees with
that of the northern side of the Alps previously given
(fig. 25.). We can only obtain the observed con-
tortions beneath pressure, and that of no ordinary
kind. We might, indeed, get contortions towards
the central parts in these sections, when the weight
of the superincumbent matter was sufficiently great:
but to have produced such an effect in the Alps, we
must suppose the subsequent removal of such an enor-
mous mass of superincumbent matter, necessary to
cause the effects observed, that we are quite at a loss
K 2
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to conceive how. this has been accomplished. An im-
mense volume of matter has indeed been carried away,
as the great masses of conglomerate and sandstone on
the flanks of the chain, and evidently derived from it,
abundantly testify ; but how far the amount of this
mass would be sufficient for the effects required is
not apparent.

The question of how such a volume of matter as
that composing the contorted calcareous Alps was
sufficiently softened, if previously indurated, or kept
soft, if never consolidated as rocks usually are, before
acted on by the contorting cause, appears to be one
of no ordinary difficulty; and this difficulty not only
attends this case, but also an abundance of others.
As we might expect, shales and clays are frequently
contorted, in a disturbed district, while associated
limestones and sandstones are merely fractured. The
harder strata have snapped, and the softer have bent.
There is nothing in such phenomena which is not
readily understood. 'When, however, we find hard
siliceous and other sandstones, compact limestones,
and even brittle substances, twisted and bent into
every imaginable shape, and requiring a very soft yet
tenacious condition of matter, the subject is anything
but easy. If we have recourse to heat, we must re-
collect that rocks are very bad conductors of it, and,
consequently, that no great thickness of them could
be softened, g0 as to submit to flexure from this cause
without fusion in the lower parts ; at least such would
be the effect we should anticipate from our present
knowledge on such subjects.

" When we suppose that contorted rocks were not
consolidated before they took the forms we now see,
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there is agein difficulty, more particularly when we
consider that rocks of different ages are sometimes
twisted together. Compact limestones, so frequently
contorted, would scarcely remain long unconsolidated
if they have been produeed by a chemical deposit of
carbonate of lime, either alone or among organic re-
‘mains. Modern deposits of carbonate of lime, whe-
ther formed in the atmosphere or beneath water, either
fresh or of the sea, are indurated almost from the com-
mencement of the deposition. So that if. the lime-
stones of former periods have been produced in a
manner in any respect analogous, many must have
been indurated before they were contorted. Carbo-
niferous limestone and coal-measures are twisted to-
gether, evidently by the same disturbing cause, in
Peimbrokeshire and other places. Now, in this case,
we can scarcely conceive the carboniferous limestone
otherwise than consolidated prior to its present con-
dition as regards disturbance ; for the coal-measures,
a deposit clearly requiring a great lapse of time for
its production, were formed before both rocks suffered
equally from the same contorting force.

One thing we certainly are unacquainted with, and
which may assist us in the explanation of these and
similar facts, and that is, the extent to which the par-
ticles of various rocks, particularly when water is dis-
seminated among them, may be compelled to move
among each other by great lateral pressure, and be-
neath a superincumbent weight, so-great that they
cannot absolutely separate from each other. The
resistance would no doubt be enormous, so great in-
deed that we should expect the pressure would tend
rather to pulverise than contort the mass, if solids be
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forced against solids. It would not, however, be dry;
it would be variously mixed, according to the consti-
tuent rocks, with water; for the latter is dissemi-
nated among strata to a greater extent than is gene-
rally imagined, as may be readily shown by subject-
ing portions taken from considerable depths to imme-
diate experiment. Water is even disseminated among
‘limestones ; among the less compact it must exist in
considerable quantity taken as mass; for when dry
specimens are placed in contact with water, capillary
attraction is as apparent as if a lump of sugar were
used instead of the limestone. Dry oolite, such as
that of Bath or Portland, absorbs water with consi-
derable rapidity when placed in contact withit. It
is exceedingly difficult to expel moisture from rocks,
particularly if the fragments employed be large; but
if moderately sized specimens of mixed rocks, more
especially of the superior stratified or fossiliferous
strata, be taken and exposed to cousiderable heat;
sufficient to drive off at least a large part of the con.
tained water, then weighed, and afterwards allowed
to absorb as much water as they can take up, and
again weighed, the difference of weight will be found
greater than at first sight might be anticipated.
Although water is thus widely disseminated among
rocks, it does not follow that its presence there is
alone sufficient to give such softness to rocks that
they may be twisted and bent in any direction. If
it were 80, rocks, containing a mean amount. of dis.
seminated moisture, would generally be bent, not
fractured, when acted on by powerful forces. It may,
however, assist contortion by permitting a certain
amount of passage among the particles of the bodies
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acted on, and also by affording a certain kind of duc.
tility to their mass. That the particles of solid mat-
ter may be made to pass more freely among each
other than was once considered possible, and without
such matter becoming liquid, is proved by their change
of position in cases previouslynoticed (p. 112.), where
their relative positions must have been altered in a
most curious manner, even in one case, as it would
appear, by mere exposure to the solar rays.” The
nearly constant presence of disseminated water among
rocks, under ordinary circumstances, is here brought
forward for the purpose of exciting further inquiry,
and as one of the elements that should be taken into
account when we study the causes of contorted strata.
We may here make another remark. Numerous con-
tortions are often observable among the stratified rocks
where igneous rocks are also common, and where the
latter seem evidently to have been' protruded at the
same time that the contortions were effected. The
mere lateral pressure of liquid melted rock against a
golid stratified mass would not contort the latter to
any considerable extent, if the fluid rose freely up-
wards into air or water, encountering little resistance
in that direction. It would no doubt strive to intro-
duce itself among the strata, and would effect this
according to the height and consequent pressure of & -
superincumbent column of matter, as has been noticed
elsewhere*; but this would be a very different opera-
tion from squeezing up the whole mass on either side
into great bends and flexures of every desecription.

" Now the association of igneous and contorted rocks

~ ® Geological Manual, p. 140,
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is so common, that there must be something connected
with the former, which has had an influence on the
latter. A liquid mass of fused rock cannot be forced
from beneath through solid stratified masses without.
the prior fracture of such masses, caused either by the
force with which the fluid matter is propelled upwards,
the escape of vapour or gas from a highly compressed
state, the subsidence of two ends of a large tabular
mass of rock, by which a rent or dislocation is pro-
duced in the central parts, or by various combinations
of these disrupting forces. If, however, a mass of
liquid rock would not by mere lateral pressure cause
the great contortions we observe, its heat would .tend
to drive the moisture in the stratified rocks to a
greater distance from the fused mass, There would,
in fact, be a tendency to steam the stratified rock, and
the heated aqueous vapour would pass more readily
between the laminz, or among the fissures of strati-
fication and cleavage, than in any other direction, for
they would be the lines of least resistance. Hence
a rock may, under such conditions, be heated beyond
the part that would be acted on if it were dry, and a
superabundant amountof moisture be forced into those
portions which retained a comparatively low tempe.
rature. A state of things would be produced by no
means unfavourable to contortion, and not without
its influence in the chemical alteration of rocks, in
cases where igneous matter is protruded through, or
injected among them *.

# It will probably assist us in considering the quantity of water
which can percolate through rocks in a short time, if it be retol-
lected that, from the returns of duty done by the steam engines
in the mining district of Cornwall, the mesn; amount of water
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. The most favourable condition for contortion ap-
pears to be pressure of solid matter on yielding stra-
tified substances, which while they bend, also slide to
a certain extent on the planes of stratification. Stra-
tified rocks do not constitute one homogeneous solid

raised by the Cornish steam engines in 1833 was equal to 16,550
imperial gallons per minute, and that of this amount the Consoli-
dated mines alone afforded a mean of 2161 gallons per minute.

My friend Mr. Richard Taylor informs me that in all the mi-
ning districts where he has made observations, (and his opportu-
nities for so doing have been abundant,) he found the quantity of
water in a mine to vary with, and depend upon, the rain falling
In the districts where it was situated. Seasons of heavy rain are
followed by a great increase of water in a mine, and the reverse
happens from drought. The time which elapses before the effect
of these causes manifests itself in the mines varies considerably,
and depends on the geological character and physical features of
the country where the mines occur, and even on the peculiar geo-
logical circumstances in each mine in the same district. He has
observed that in carboniferous limestone districts the percolation
of rain-water is particularly rapid, and such that a heavy fall of
rain will overpower the machinery sufficient for ordinary drain-
age. He has known instances where a heavy fall of rain has pro-
duced within three or four hours so great an increase in the water
of two mines, Pent y Buarth and Cathole, on the Mold mountain,

" Flintshire, that the steam engines, after having been increased
in speed from 3 or 4 strokes per minute, to the extent of their
power, about 5 times as many, were yet incapable of preventing
the water from rapidly increasing and filling the workings. It
appears that the physical features of the country favour the in-
troduction of rain-water into these veins, and that there are great
cross courses or faults which can be traced several miles, and
which pour torrents of water into the veins. They are, in fact,
channels for subterranean rivers, and Mr. Taylor remarks that
the latter carry with them a quantity of sand and gravel, the de-
tritus of the rocks through which they pass.

The collective amount of water which passes through faults
and fissures must be enormous, and when added to that con-
tained in rocks themselves, shows us the volume of it which may
percolate downwards. Probably there are compensations, to a
certain amount, in the proportions of water falling on the surface
and percolating at moderate depths; for my friend Mr. Davies
Gilbert calculates that a fall of rain, one inch deep, upon = statute
sere is equal to about 100 tons,
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mass even in cases, which are necessarily rare, where
the strata are all similar in every respect : they are
masses composed of numerous solids piled on each
other, and readily separating in the lines of the beds.
If the particles composing the strata can move among
each other to a moderate extent, that is, the rock be
sufficiently softened, and lateral pressure applied, they
must become twisted and bent under a superincum-
bent weight of sufficient power. We can readily con-
ceive, in the section previously given (p. 129.), that
the matter of the calcareous Alps has been squeezed
laterally by the pressure of the gneiss and other rocks
of the central chain upon it. This would equally hap-
pen, whether the central Alps were thrown up by
pressure from subsidence on either side, or by pow-
erful expansive forces acting from beneath, and over-
coming the resistance above. In many cases we may
suppose the strata unconsolidated prior to contortion ;
in others, they appear to have been softened after
consolidation. Heat and moisture would have great
influence on the condition of the stratified matter so
softened. Contortion from lateral pressure cannot be
produced without a superincumbent weight, which,
though yielding, is sufficient to prevent the mass from
being merely turned up. When, therefore, we find
contorted strata on the surface of dry land, we know
that they are not now in the same relative position
in which they were so contorted. The pressure of
the atmosphere being insufficient to produce the effect
required, the essential superincumbent weight, no
consequence what that weight may have been, is re-
moved, . ‘

0]



.OXIDATION OF POTASSIUM, &o. 139

CHAPTER VII.

‘We have seen that tilted strata, forming mountain
ranges and many other inequalities on the earth’s sur-
face, may be due to two causes. They may be caused
by the upward pressure of the sides of a fissure against
each other, arising from the unequal subsidence of
large masses, or by the intrusion of matter thrown up
by elastic forces acting from beneath. Radiation of
heat from the mass of the earth would necessarily de-
crease its volume, from the consequent approximation
of particles ; whereas, if we suppose the oxidation of
a metallic nucleus, having the same temperature as
the surrounding planetary spaces, the volume of such
nucleus would be increased. It would, in the latter
case, take oxygen from its liquid or gaseous enve-
lope, and consequently abstract matter from it; the
surface of the metallic nucleus would also become
heated from the union of oxygen with certain metal-~
lic bases, but the expansion thus caused would gra-
dually subside, and leave only the increased volume
of solid matter arising from the new combination,

A cold metallic nucleus, particularly if sodium, po-
tassium, and bodies of the like kind, were abundant
on its surface, would speedily become oxidized, whe-
ther covered by water or by an atmosphere containing
oxygen. But the oxidation of the surface being ac-
complished, and admitting that numerous cracks
and fissures might be produced in the first crust,
from the percolation of water through it, the oxygen
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combining with metallic bases and the elastic force of
the disengaged hydrogen forcing it up; one does
not exactly see how those long lines of elevation
were produced, that are so common on the earth’s
surface, and of which the most remarkable appear to
be the mountain ranges of North and South America.
The heat caused by the combination of oxygen with
such substances as potassium and sodium would not
only assist in producing fractures by giving greater
expansive force to the hydrogen, upon the supposition
of water percolating to such bodies, but it would often
cause the fusion of the inferior portion of the previ-
ously oxidized crust, which might thus be forced up-
* wards through the fractures.

Now gaseous matter is evolved, and liquid melted
rock forced up in so many points on the earth’s sur-
face, under circumstances which render the theory of
the percolation of water to the metallic bases of cer-
tain substances so plausible, that it is one we should
not neglect; neither should we reject it because it does
not afford a good explanation of many phenomena
which have been attributed to combinations of this
kind. We should rather seek to discover the extent
to which it may account for observed ph®nomena
when combined with the theory of central heat.

- It has previously been obeerved that the gaseous
condition of our planet, caused by sufficent heat,
might produce an interior metallic crust above which
the greater proportion of oxygen and some other
simple nonmetallic substances might be driven, thus
leaving the metals, in the lower part of such crust, in
a great degree uncombined with other substances.
We will not again repeat what may be considered
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the probable effects of radiated heat, both on the mass
and surface of the globe. It is only necessary to re-
mark, that the fissures and dislocations so produced
would be highly favourable to the introduction of
water to the metallic bases of certain of the earths
and alkalies. By combining the effects that might
be caused by the radiation of central heat, and by the
percolation of water to the metallic bases of certain
earths and alkalies beneath a given depth of the earth’s
oxidized crust, we seem to arrive at explanations more
or less plausible, which are not so readily attained by
means of either theory taken by itself. The great
leading elevations of land, observable in our conti-
nents and islands, as also the principal lines of dis-
turbed strata, seem best explained by the gradual re-
frigeration of the mass of matter composing our globe,
while a large proportion of phenomena observable in
volcanic eruptions appear best to accord with the
theory of the percolation of water, containing certain
substances in solution, to the metallic bases of the
earths and alkalies. 'We should in this, as in many
other cases, strive rather to combine fair explanations
of phenomena, though they may at first sight appear
somewhat discordant, than to adopt oneleading theory
with the determination to see nothing except through
its medium, and hence distort, and even omit, facts,
often unintentionally, and in the heat of contest, for
the purpose of supporting it.

" It has often been observed that thermal springs are
thrown out from fractured or disturbed strata, either
in mountain-chains or in more level lands, and that
the constancy of their temperatures is very remark-
able, the eases being exceedingly rare in which any
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change has been suspected. Such effects can, we
should conceive, be only produced by some general
like causes. General heat beneath the surface, arising
either from central heat, or from a decomposition of
part of the water percolating to certain metallic bases,
supposing these to be commonly distributed beneath
the earth’s oxidized crust, would be readily obtained.
There is, however, this difference between the two
causes; in the former the water would be little more
than heated, while in the latter a part of it at least
would be decomposed, liberating a body of hydrogen,
which must either combine with something beneath,
or eventually pass upwards into the atmosphere.
Sulphuretted hydrogen, a compound very readily ab-
sorbed by water, is indeed contained in some thermal
springs, but it does not occur in all. Many thermal
springs neither give us hydrogen combined or un-
combined, except as a component part of the water
itself. If, therefore, such thermal springs have been
heated by the decomposition of part of the water
percolating to certain metallic bases, the hydrogen of
the water decomposed must either remain behind,
combined with some substance, or be set free. We
can scarcely consider the latter probable, for the vent
which would permit the undecomposed water to rise
to the surface of land, would permit the escape of
the gas; and as to the former, there are many diffi-
culties.

Should water percolate to the metallic bases so
often mentioned, we should expect that the resulting
action was more violent in its effects than the general
phenomena.of thermal springs seem to attest ; some-

shingmorgresembling volcanic action, The effects pro-
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ductive of thermal springs may indeed be secondary,
that is, the heated water and the contained substances
of many springs may be driven off in the shape of
vapour and gas, the aqueous vapour becoming lique-
fied, and absorbing certain gaseous substances, such
as sulphuretted hydrogen and carbonic acid, when
the fissures of the rock through which it passed were
cool enough to permit its liquid state, and the tem-
perature sufficiently low. This seems to be actually
the case where condensed aqueous vapour, containing
gases which it has absorbed, flows out of clefts of vol-
canos in the shape of hot springs. The steam rushing
out of the Solfatara, near Naples, was found by Dr.
Daubeny to contain sulphuretted hydrogen and mu-
riatic acid. Now it is obvious that if this steam
passed upwards through a fissure of rock, sufficiently
cool to condense the aqueous vapour, the result would
be a thermal spring ; the elasticity of the steam be-
neath being sufficient to propel the water upwards and
produce a flow of it, the requisite additional quantity
being always furnished by the condensation of the
steam continually discharged. It would moreover be
mineral, as it is termed, more particularly if the
muriatic acid united with some substance, such as
lime or magnesia, and thereby produced a compound
soluble in water, as might readily happen in the
passage of the water through limestones, either com-
mon or magnesian.

It will be obvious that many other substances, be-
sides those noticed above, might be mixed with the
steam rushing out of the Neapolitan Solfatara, and
very probably do accompany the aqueous vapours
discharged from many other solfataras. . The -results
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of such causes would be the production of mineral
and thermal springs in abundance, when the steam
was condensed in clefts or fissures of rock, sufficiently
.cool. So long as there was a supply of steam beneath,
its elasticity would probably cause the propulsion of
the condensed aqueous vapour above it: this cause
would also explain the constant temperature, as re-
gards each, of thermal springs. While the steam in
a cleft rose to a given height, so long would the
temperature of the water discharged on the surface
remain the same, being exposed to equal circum-
stances. From the bad conducting power of rocks,
the sides of the cleft or fissure would soon take their
proper temperature, which they might keep during
centuries.

Dr. Dauhbeny, in his remarks on thermal waters,
has insisted on the very common presence of nitrogen
in them as a proof that the water has originally beea
derived from the surface of the globe, that it there
contained atmospheric air, and that, descending into
the earth, the atmospheric air was deprived of its
oxygen by some process of combustion. We have
seen (p. 11.), that nitrogen is not altogether absent
from rocks, being contained somewhat abundantly in
coal. In this case, however, it may be regarded as
existing in a secondary condition, having been derived
from the atmosphere in the first instance. Nitrogen
has not been detected in rocks which are not fossili-
ferous : it does not indeed follow that this substance
may not exist as well beneath the crust of the earth
as in the atmosphere; but taking our present know-
ledge as a guide, the probabilities are in favour of its
being confined to.the atmosphere, or to bodies which
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have acquired it from the atmosphere in the first in-
stance. If thermal springs were confined to districts
of coal-measures, or other rocks in which nitrogen
was entombed, or to situations where such rocks may
occur beneath those strata whence the springs actu-
ally rise to the surface of land; the presence of this
substance might be due to its escape from the rocks
traversed by the waters in their passage upwards.
The occurrence of nitrogen in the thermal waters of
numerous localities, where we have no reason to sus-
pect the existence .of similar rocks, or those which
might afford this substance, incline us to believe that,
contained in water, it percolates to those situations
whence thermal springs derive their heat.

- If atmospheric air, contained in water, descend to
situations beneath the earth’s surface where the whole
is heated, the oxygen of that air may be separated, and
nitrogen evolved. Supposing the water with the con-
tained air to come into contact with such substances
as sodium and potassium, we should expect to have
at least a decomposition of part of the water, and a
consequent evolution of hydrogen. Now as hydrogen,
either free or combined with substances other than
oxygen, and then constituting the water itself, is not
found in all thermal springs, though it is present ‘in
some, we are led to conclude that the union of oxygen
with a metallic base causing great heat, is not neces-
sary to the existence of such heated waters. The
volcanic conditions, above adverted to, no doubt may,
and probably do, cause numerous thermal springs.
The condensation of ‘steam impregnated with the
gaseous and vapourized matter thrown off by volcanos,
would afford results so like the cliemical contents of

L
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certain thermal springs, mare particularly when we
consider the effects which may be produced by the
percolation of waters, se impregnated, through many
rocks, that there is much difficulty in resisting the
conclusjon that some at least are due to similar causes.
" To explain the origin of many thermal springs,
even when nitrogen is present in them, and when
sulphuretted hydrogen and certain like compounds
are absent, other conditions would suffice. The per-
colation of water, impregnated with atmospheric air,
to depths where it would take a high temperature from
the effects of central heat, and the iore quiet oxi-
dation of substances by means of the axygen of the
contained air, would afford us effects adequate to ex-
plain those we observe in many thermal springs. In
either ¢ase the elastic foroe of steam appears necessary
for the propulsion of the water upwards through the
ctacks and fissures of the earth’s crust, whether in
~mountain ranges or elsewhere. The theory of cen-
" tral heat would give us the necessary temperature at
reasonable depths, and the decomposition of water by
certain metallic bases would produce the same effect.
" We seem to make a fairer approximation towards an
explanation of the ph®nomena of therinal .springs
when we combine central heat with the decomposition
of water by certain metallic bases; such water being
variously impregnated with foreign matter. 'The equal
temperature of hot springs would be explained by
central heat ; for though thermal waters may be only
condensed steam, still the power of the aqueous va-
pour to rise to a constant height in the fissure, through
which the hot water escapes, must depend upon the
regularity. of the .heat beneath, This effact.could
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doarcely be produced by the mere oxidatiom of a
metallic base, because the less the thickness of the
resulting oxide, the greater the heat, from the com-
parative facility of combination; and consequently,
after a time, the heat thus caused would decrease, at
least until a fresh exposure of the metallic base be
obtained, by fracture of the oxidized crust, or other-
wise.

In volcanos we not only require great heat, but
also chemical combinations and changes, which shall
produce: the gaseous and liquid substances evolved
and thrown out when they are in aetivity. Aqueous
vapour is in general very abundant. The prineipal
gases hitherto detected consist, according to Dr. Dau-
beny, of muriatic acid gas, sulphur combined with
oxygen or hydrogen, carbonic aeid gas, and nitrogen.
The sublimations of Vesuvius are, according to Sir
Humphry Davy, common salt, chloride of irem, sul-
phate of soda, muriate and sulphate of petash, and
a small quantity of oxide of copper. M. Boussin-
gault, who has examined the gases and vapours dis-
charged from Tolima, Puracé, Pasto, Tuquéres, and
‘Cumbal, volcanos of equinectial Ameriea, considers
that such gases and vapours consist of a great volume
of aqueous vapour, carbonie acid, sulphuretted hydre-
gen, and sometimes the vapour of sulphur. He re-
marks that the sulphurous acid and. nitrogen found in
these craters are accidentally present; and that mu-
riatic acid gas, pure hydrogen, and nitrogen, were not
evolved from these volcanos*. The gases evolved
from volcanos, and the sublimations discovered in

® Annales de Chimie et de Physique, tom. lii. p. 23. 1833
; L2
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and around them, have been examined by few com-
petent chemists; and those to whom we are indebted
for our information on this head have, in a great
measure, confined their attention to a few volcanic
vents of Italy, Sicily, other Mediterranean islands,
and of equinoctial America. The field of observation
has therefore been limited, more particularly when we
consider the numerous volcanos scattered over the
world.

It will be obvious that many other products than
those above enumerated may be detected in volcanos.
Indeed we can scarcely suppose that a variety of sub-
stances thrown together, and exposed to great heat,
can do otherwise than afford products varying ac-
cording to the conditions under which the volcano
itself exists. However similar the general products of
-volcanos may be, many must be influenced by such
circumstances. Fragments of rock broken from the
sides of the vent are often thrown out with little
change, the rapidity of their discharge having pre-
vented any action of the heat or volcanic substances
upon them; but it must very frequently happen that
they fall into the incandescent mass, and thus assist
in the formation of new compounds. According,
therefore, to the nature and abundance of the dis-
rupted rocks would be the resulting products. We
might hence infer, what is matter of fact, that volcanic
countries offer a rich field for the labours of the mine-
ralogist.

When we observe liquid incandescent lava in a
volcanic crater, we generally find that it is greatly
agitated by the passage of vapour or gas through it.
At intervals the volume of vapour or gas is greater
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than at others, and is discharged with a proportionate
force, sometimes so great as to throw up a mass of
the liquid incandescent rock, and to scatter it on all
sides. The column of lava often appears as if in a
great measure sustained by compressed gaseous mat-
ter beneath, which, when it has acquired sufficient
force, uplifts the viscous substance above and escapes.
The pressure of the superincumbent lava en the
gases and vapours must often be very considerable ;
and there must always be a constant struggle be-
tween the compressing force of the lava and the ex-
pansive power of the heat, producing effects depen-
dent on the relative intensity of each. We have seen
that many gases are rendered liquid by a comparatively
small amount of pressure ; so that if by any chance,
such as the dormant state of a volcano, some of them
should be liquefied, their return to a gaseous state,
produced by the application of the necessary heat,
would cause explosions not only sudden but of ex=
treme violence ¥.

The abundance of aqueous vapour discharged, and
the common occmirence of volcanos in the sea of
@round coasts, naturally suggest the idea of the per-
eolation of sea-water to certain metallic bases of the
alkalies and earths. It has been supposed that the
galts sublimed, and the muriatic acid gas evolved, give
great countenance to this hypothesis; but the perco-

* Mr. Poulett Scrope has remarked (Considerations on Vol«
canos, p. 82.), that the great pro;ectlle force of the elastic vapour
discharged from a volcano is d by cir t ana-
{ogous to those produced by the ignition of gunpowder in a can-
non, as far as regards the direction and force communicated to
the discharged vapours or gases, the sides of the volcanic vent or
pipe corresponding to those of the cannon.




150 VOLCANIC ACTION,

lation of sea-water to incandescent matter, stach ax
lava, would, under certain circumstances, produce
somewhat similar results. 'When we obtain hydrogen
in abundance, we seem to require the decomposition
of at least a portion of the water. How far the
sulphur requisite for the production of the sulphu-
retted hydrogen, often observed, may be derived im-
mediately from the seat of volcanic action, or from
the sulphate of soda containet in sea-water, is anin-
teresting, question, because it leads to an estimate,
under this theory, of the substances situated beneath,
and in the foci ef, volcanic action, which it may be
neeeseary to add to the contents of the sea-water
itself, to account for the vapours and gaseous matter
evolved.

- We now know that volcanos exist at consideratde
distenices from the sea. Thete is, according to MM.
Klaproth, Abel Rémusat and Humboldt, a volcanic
region in central Asia, between 300 and 400 leagues
from the ocean, with an area of about 2500 square
geographical miles. In the central chain of the Audes,
also, the Peak of Tolima has been in & state of erup«
tien more than once since historical times. Now it
would be highly interesting to study how far the ga.
seous matters evolved from these vents, so distant from
the sea, differ from those discharged from vents either
surrounded by, or not far distant from, the waters of
the ocean. Where saline lakes or inland seas are
present, a8 might be the case in some parts of Asia,
‘the results would be equivocal. The percolation of
water through rocks impregnated with saline matter
‘would also render the observations uncertain; yet it
would be most valuable to have observations, by ex-
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perienced chemists, on the products of voleanos diffe-
rently situated as regards their proximity to the sea.
By snch means we should more surely approximate.
towards a knowledge of the causes of volcanic action.
- The most marked substance which we should not
expeet the sea, frem its known contents, to carry to
voleanic foci, is carbonic acid, a gas often evolved in.
considerable abundance, particularly at the termina-
tion of eruptions, as if escaping after the great mass
of matter has been thrown out. Now this is a sub-
stance brought freely to the surface of the earth both
by thermal and. cold springs. Its presence in the
former is interesting as connected with volcanos; in-
deed the cold eondition of the other waters containing
it does not prove that such waters may not originally
have been heated, and have become cooled in their
passage to the surface. The weight of a column of
water above, and the pressure of steam beneath, might
force the water of springs so circumstanced to take
up more carbonic acid than it would otherwise do,
upon the same principle that artificial carbonated
- waters are prepared under pressure. The warmer
the water, all other things being the same, the less
would necessarily be the quantity of carbonic gas;
and we see that the Carlsbad waters, with a tempe-
rature of 165° Fahr., contain five cubic inches of this
gas in a wine pint*, while those of Pyrmont are im-
pregnated with it to the amount of twenty-six cubic
inches in the same measure, the spring not being
thermalt. . _ , .

One of the great eharacteristics of volcanic action
is the violent evolution of gaseous matter and aqueous

PR & Berzeliys. - 1 Bergmsnn.
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vapour. Possibly some of the latter may be produced:
by an union of free hydrogen with the oxygen of the
atmosphere, and there would generally be no want
of electric discharges to produce the combination, for.
such are the very common accompaniments of “erup-
tions; but the great mass of it really seems water
converted into steam, and driven off with no ordinary
force. We should obtain aqueous vapour in abund-
ance by the discharge of water on incandescent mat-
ter; but the production of some of the gases evolved
by the mere decomposition of the salts dissolved in
sea-wiater appears to be more difficult by the same
means. * Chloride of sodium is common as a subli-
mation in volcanos, and chloride of iron has been de-
tected among the Vesuvian products by Sir Humphry
Davy. . The chloride of sodium is, however, nothing
but dry sea-salt, so that we obtain it by the mere
action of heat, and the evaporation of the sea-water.
Muriatic acid gas is frequently observed in volcanic
eruptions, but no estimate has yet been made as to
its relative importance, and it would remain a guestion
how far it might be produced in the volcano itself
by a combination of hydrogen with chlorine, or be
directly obtained from sea-water.

The relative amount of hydrogen gas evolved,
either combined with sulphur, as sulphuretted hydro-
gen, or free, is important, because from it some esti-.
mate might be formed of the necessity, or supposed
necessity, of the decomposition of water to account
for the phenomena observed. If volcanic action de.
pends on the decomposition of water, the oxygen
uniting with the metallic bases of certain earths and
alkalies, an enormous volume of hydrogen, viewed
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collectively, would be evolved. Dr. Daubeny has
suggested that the hydrogen thus thrown into the
atmosphere would combine with oxygen, form water,
and be again conveyed to metallic bases, again to be
liberated ; so thata given amount of hydrogen would
merely act as a carrier, and there would be no great
accumulation of this substance in the atmosphere.
One curious result would, however, be produced if
oxygen be separated from the atmosphere by these
or any other similar means: the volume of oxygen
in it must decrease in a ratio proportionate to the
number and intensity of volcanic eruptions.
Information respecting volcanic vapours, gases a.nd
sublimations is undoubtedly very limited, and not
exactly such as we require for a full consideration of
the subject : but as far as it extends, the percolation of
water to volcanic foci appears requisite for the phee-
nomena observed. Whether we are to suppose the
water decomposed, at least a portion of it, thus produ-
cing heat, or whether it merely falls on incandescent
matter, is a separate question. Elastic vapours or
gases seem necessary to the propulsion of the solid
and liquid matters ejected. Their discharge always
accompanies a great eruption, and their propulsion of
liquid or solid matter into the atmosphere is one of
the most marked and imposing features of volcanic
eruptions. Now the mere fracture of the earth’s
crust, even to liquid incandescent matter does mot
appear sufficient in itself to produce the effects we
witness in active volcanos, unless we suppose the
elastic vapours and gases, so commonly discharged,
to be constantly present beneath the earth’s solid crust,
over all parts of the globe, This supposition implieg
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a state of things very difficult to conceive, more par-
ticularly when we consider the kind of vapours and
gases evolved. At all events, it does not offer the
same simplicity as the hypothesis of the percolation
of sea or other waters, through fractured strata, to
volcanic foci, where they undergo changes, whatever
their immediate cause may be, producing at least a
large proportion of the elastic vapours and gases so
important in all volcanic eruptions.

We may here remark that sub-aqueous would 20
far differ from sub-aérial volcanos, that the vapours
and gases evolved from the vent would, for the most;
part, be readily absorbed in the first case, and not
escape into the atmosphere, unless the crater be so
near the surface of the sea, that the force with which
the vapours and gases are expelled is sufficient to
overcome the resistance of the superinecumbent weight.
At moderate depths this resistance would however be
sufficient, more particularly when added to the facility
with which most of the vapours and gases would com-
bine with water. Aqueous vapour would readily dis-
appear, and only be carried high abeve the discharging
crater when near the surface of the water, as was
the case during the formation of the island of Sciacca;
in 1831, between Sicily and Pantellaria. Sueh aque-
ous vapour condensed is in the condition of wager
from which air has been driven by ebullition ; i is
in fact distilled water. Its temperature would soon
be reduced by the surrounding mass of sea, and it
would speedily be, though somewhat mixed with the
latter,in a conditien to absorb muriatic acid, sulphurous
acid, sulphuretted hydregen, and carbonic acid, inde,
pendently of any absorption that might take place by
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the sea-water itself. - Free nitrogen would only be
sparingly absorbed, but if it be united with hydrogen
n the form of ammoniacal gas, it would speedily be
20. In deep waters there would necessarily be great
pressure, and this alone would tend to force the ga-
seous products into the water. Indeed, as far as re-
gards mere pressure, sulphurous acid gas would be
liquid beneath 68 feet, and sulphuretted hydrogen
beneath 578 feet of water, at the respective tempe.
ratures of 45° and 50° ; temperatures common in deep
waters, and to which we may conceive those around an
active volcanic vent would be reduced at no consi.
siderable distance from it. It is almost useless to
notice the effect of pressure by water of such sub-
stances as muriatic acid gas, or ammoniacal gas;
supposing the latter to be formed, for they would
rapidly disappear by absorption in it ; but they would
both become liquid beneath depths by no means con.
siderable, the former at 1360 feet, the latter at only
22] feet.

Viewing the subject solely with regard to pressure,
there would be more difficulty with carbonic acid, for
it required a temperature of 32° and a pressure egual
to 36 atmospheres to render it liquid in Mr. Faraday’s
experiments. The pressure would be readily obtained
beneath a moderate depth of sea, but such low tem-
peratures would only be found under certain cons
ditions in polar latitudes. Considering, however, that
great additional pressure would produce the same ef-
fect in forcing the particles of carbonic acid together
us the lesser pressure and greater cold above noticed,
we may infer that beneath 500 or 600 fathoms of
water this praseous substance would be liquefied. Now
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this is no extraordinary depth; on the contrary, it
must be very common over a considerable portion of
the area occupied by sea. Even in the Mediterranean
deeper water is not rare. M. Berard found no bottom
with a line of 1200 fathoms in situations between the
Balearic Isles and Algiers, when sounding for the
purpose of ascertuining the temperature at different
depths. As nitrogen has never yet been liquefied by
experiment, we do not know that it would become
80 beneath the water of any part of the ocean ; but
though it may not become liquid beneath such pres-
sure, it would, being elastic in its gaseous condition,
be rendered =0 dense as to be subject to those effects
which have been attributed to atmospheric air under
similar circumstances.

The evolution of vapours and gases, and the causes
which may have produced them, are, however, not
the only objects of interest in this inquiry. The pro-
bable production of the solid and liquid matter ejected
is also highly important. Streams of lava are rarely
if ever produced, except at those periods of intense
volcanic action termed eruptions, and it is very gene-
rally considered that these masses of liquid rock are
derived from considerable depths beneath the surface
of the earth. Prior to great eruptions, the volcanic
vent is generally clogged, as it were, by solid lava
and fallen rubbish, so that there is both solidity and
weight opposed to the free passage upwards of gases,
vapours, or liquid melted rock. We can scarcely
consider the crack, or vent, to be void of liquid or
solid matter from the orifice which is so choked up
to the depths whence we suppose the lava, vapours
and gases to be originally derived, We should rather
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infer that the pipe or crack was filled with lava in-
termingled with vapours or gases, which may, or may
not, be able to pierce through the matter accumulated
in the crater.

That lava retains its heat for considerable periods
of time, we have abundant evidence, even when it is
ejected from the crater or sides, and can thus radiate
its heat freely into the atmosphere*. If it can retain
its elevated temperature when thus exposed, what
length of time may we not allow for its doing so
within the pipe of the volcano itself, surrounded on

.-all sides by matter greatly heated, and like itself, an
exceedingly bad conductor of heat. Even in those
cases when centuries elapse between the great erup-
tions of any given volcano, the lava is probably liquid
‘beneath no very considerable depth. The particles
of the higher portions may be, and probably are, so
firmly united, even when red hot, as to require very
great force for their separation, and this perhaps may
‘be one of the reasons why explosions in the earlier
stages of an eruption are so violent, powerful resist-
ances being suddenly overcome not only by the strong
pressure of the liquid lava beneath, but also by elastic
vapours struggling to free themselves.

If the cone or elevated portion of a volcano bears,
-as is commonly supposed, but a small proportion, in

* Mr. Poulett Scrope observed a current of lava, flowing at
the rate of a yard a day, on the flanks of /Etna, in 1819, after it
had been ejected nine months. (Conslderatlons on Volcanos,
p- 101.) Dolomieu and Ferrara notice other currents of lava,
also ejected by ZEtna, as in movement ten years after they were
thrown out. Sir William Hamilton lighted small pieces of wood
in the fissures of a current of Vesuvian lava four yeau after it
Jhad been ejected. .
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height, to the depth whence the lava is derived, the
column of liquid rock would in all cases be consider-
able, though its height would vary materially in dif-
ferent volcanos, depending on the elevating power be-
neath. Now if the crust of the globe were of the same
general thickness throughout, and the interior of the
earth fluid, any cause acting uniformly in the latter,
so that it should endeavour to pierce the former
through fissures, would, all other circumstances being
equal, maintain columns of similar fluid matter at
equal altitudes ; so that we should expect volcanos
to be of nearly equal altitudes on the surface of the
earth, if they were produced solely by the endeavours
of an interior incandescent fluid to escape outwards
through fissures or cracks on the surface above. Such
a state of things supposes expansive power in the
interior mass, and consequently a cause by which its
volume is increased. This cause could not be radia-
tion of heat from the earth, which would tend to pro-
duce the contrary effect; it must be something causing
a comparatively wide separation of the particles of
matter in at least the external portion of the fluid
interior mass.

If the solid surface split while cooling into numer-
ous fragments, such fragments might be supposed to
sink or swim in the liquid matter beneath, according
to its relative specific gravity. Taking the mean den-
sity of the earth’s mineral crust at 2-6, fragments’ of
this specific gravity would sink in felspathic or tra-
chytic lava and float in basaltic matter. Considering,
however, that lava, whether trachytic or basaltic, would
be rendered so much lighter by heat, (as they must
always be to a certain extent,) that masses of cool
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‘matter of the density of 2:6 would sink in them, these
masses would all tend to come together from the ac-
tion of gravity; and as this force must always exist,
one does not see that the fragments could be sepa-
Tated at all, unless an expansive force acting from
‘beneath compels them to do so; for they would be
squeezed together. '

An expansive force of this kind, acting generally
beneath the crust of the earth, the latter, broken and
fractured as it is, could scarcely be expected to resist
the power exerted upon itin every direction. It must,
we should conceive, give way before so general an
application of force, liquid matter being introduced
among the fissures in all directions, and the solid
superficial portions separated to enable.it to do so;
the result being a state of comparative rest, produced
by the expansion having attained its limits. This
theory seems.directly opposed to that whieh considers
the present condition of the world to arise from the
radiation of heat, and a consequent diminution in the
volume, of the earth ; for according to it the volume
would be increased, producing all the consequences
of such increase. And should we supppse similar
effects to recur at intervals, the volume of the earth
would become gradually larger. Perhaps it may be
considered that the percolation of water to the me-
tallic bases of the earths and alkalies, situated gene-
rally beneath the oxidized crust, would cause expan-
sions both from the heat evolved and the combination
of the metals with oxygen ; the unequal checks offered
to. the passage of the water producing effects more
resembling those we witness, Radiation of the heat
so caused would certainly produce contrsction, and
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thus we might obtain a plausible account of some of
those alternate rises and depressions of continents
and islands, which geology teaches us have taken
place on the surface of our planet; for while intense
heat was produced by the combination of the oxygen
of one charge of water with the metallic base, no more
water could approach the lower body from above, until
the heat was sufficiently radiated or conducted away,
and therefore there would be no gradual and continued
expansion unchecked by contraction. It would also
serve to explain the unequal rise and depression of
masses of land. It would still, however, give us an
increase of solid matter at the expense of the atmo-
sphere, in the manner previously noticed (p.153), con-
tinuing to rob it of its oxygen to an enormous amount.
It is apparently a great objection to this view that
we should scarcely obtain the great inequalities we
now observe on the surface of the earth. We have al-
ready stated the difficulty of accounting for mountain
ranges and remarkable lines of elevated strata by these
means : there is also a difficulty as to the bed of the
ocean; for water, all other things being the same,
should percolate easier to the metallic bases beneath
deep seas, even supposing the oxidized crust to be
there of equal thickness, than through continents
and islands.

Should this cause produce the elevation of great
masses of land, we should expect the latter to exhibit
the marks of volcanic action at the same time; that
is, we should expect the hydrogen evolved to escape
through fissures, accompanied by fused rock and va-
rious gases and vapours. Such an hypothesis might
plausibly explain the elevations of parts of Italy, but
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appears inadequate to accommt for the remarkable rise
of land, within historical times, noticed in Norway
and Sweden*, it being unaccompanied. by the evolu~
tion or ejection of gases or .other sdbatances, which,
might lead us to believe that decompdsition of wasch
beneath, from the causes above notiged, zproduced
heat, and that heat the necessary expmﬁon

That changes in the relative positions:and levell
of sea and land have taken place on the surface of
our planet, all our continents; and the. greater: part
of our islands, bear abundant evidence. Byifar the
larger portion of dry land must. have bheen formed
beneath the waters of the ocean not only do #bund-
ant marine organic remains, but the structure of the
rocks themselves, prove this: indeed the comparative
area occupied by rocks which could have been formed
at those levels above the ocean which they now occupy,
is exceedingly small. They would necessarily consist
of volcanic products, of deposits in lakes and masses
of fresh water, which have disappeared and left them
exposed, and a few incrustations formed by the evapo-
ration of water charged with foreign substances, such
as carbonate of lime. The rocks which have been
clearly produced beneath the sea, by chemical or me-
chanical deposits from it, are stratified ; and when we
compare these with the stratified rocks which may
have been formed out of it, the difference in the
volume of the two products is enormous.

‘We have elsewhere observed that an.exceedingly

® This elevation is considered to be unequal, Heing estimated
at the rate of 4 feet in a century in tne northern part of the GEK
of Bothnia, thence diminishing towards the south, so that

only 2 feet in the same time on the coast of K&lnﬂ'r*‘a‘ld not
observable at the islands of (Eland and Gottland. 'R
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small and unequal expansion on the surface of the
earth might produce great continents*; and if the
reader will turn back to fig. 21, he will perceive how
readily this may be accomplished. The boundary
line of the circle represents a proportional depth of
one hundred miles. Now it will be evident that if
any circumstance should cause an increased thickness
of 5%y in this depth so that the exterior be raised -,
we should have an elevation produced to the height of
two miles, sufficient to raise a great body of matter
deposited beneath many parts of the sea above its level.
This thickness, however great it may appear to us,
accustomed as we are to measure elevations even by
fractions of our own mean height, is in fact so small,
relatively to the diameter of the earth, that the un-
avoidable roughness in the printed line of the circle
(fig. 21.), represents inequalities of far greater amount.

The unequal contraction of the crust of the globe,
(really of very trifling importance compared with
the volume of the earth,) would not only appear to
raise large areas, composing continents, bodily out
of the water, by producing great depressions, but
would squeeze the principal surface fractures into
mountain ranges. The general movement might he
so slow that we should bave difficulty in measuring
it by our ideas of time, while here and there the
pressure of the sides of the great fissures against each
other would cause more sudden movements, the force
applied, however general its nature, overcoming the
resistances opposed to it at unequal intervals; thus
producing those sudden dislocations which, measuring

';ISections and Views illustrative of Geological Phenomens,
p. 71, '
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them by his own height, or more commonlysome minor
portion of it, man terms enormous. Taken by itself,
this cause would act on too large a scale to produce
volcanos : these seem rather the effect than the cause
of great movements in the crust of the globe, the con-
ditions for their existence being apparently produced
by the effects resulting from a much more general
and greater exertion of power. While, however, the
more important effects may be attributed to the
greater, smaller disrupting effects may be assigned
to the minor cause; and probably no small amount
of the elevations, depressions and fractures observable
on the surface of the earth may be due to the com-
pound action of both ; not forgetting that the dislo-
cations and movements of superincumbent rocks may
be such as readily to permit the intrusion or injection
of igneous matter of different kinds among them*.

* To prevent misconception, it may be as well to state that the
foregoing remarks were in type, precisely as they now stand, be-
fore Mr. Babbage (as I had occasion to make known to that gen-
tleman at the time of reading his paper before the Geological
Society,) communicated his very interesting views to me respect-
ing the elevation and depression of land from variations in the
expansion and contraction of rocks; variations which depend on
the different conditions under which the rocks have been placed
b th surfaces p ing different powers of radiating heat.
The passage alluded to in the text, and to be found in the work
quoted, is as follows: “ To one who looks at such a diagram, it
will be obvious that slight and unequal contractions of the mass
of the earth would produce changes we should consider important ;
and it may occur to him that mere thermometrical differences
beneath the earth’s crust might be sufficient to raise whole con--
tinents above the level of the sea, or plunge them beneath it.”
Still further to prevent misconception, it may be as well to state
that I have every reason to believe Mr. Babbage never saw the
passage until I pointed it out to him, after he communicated his
views to me; and that I do not pretend to have entertained opi-
nions similar to his respecting the probable effects of the causes
he natices defore he stated them to me.

M2
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i CHAPTER VIII.

WaEN we regard any good representation of the real
physical features of a mountain-chain, such, for in-
stance, as a correct map of the Alps, we are struck
with the great resemblance which the principal val-
leys bear to fissures. There are commonly some
valleys which hold the same course with that of the
main range of mountains, while others run in direc-
tions nearly at right angles to it. These lines will
often be found not strictly straight when examined
in detail; but when viewed on the great scale, the
tendency of the leading valleys to take longitudinal
or transverse directions is very remarkable ; so much
50, that physical geographers have employed the terms
‘longitudinal’ and ‘transverse valleys’ without re-
ference to their origin. When we attentively study
the cause of these phenomena, we are generally able
to detect lines of dislocation or violent contortion co-
inciding with those of the valleys. The lines of the
principal valleys are therefore in such cases the lines
of principal fracture; in fact they are precisely such
as we should expect to find resulting from those
causes of mountain-chains which have been previ:
“ously noticed.

*. The great fractures generally run, as might be ex:
pected, in the lines of longitudinal valleys; that is,
the fissures productive of the greatest amount of ver-
tical movement, throwing the planes of once-conti-
nuous strata either up or down, as the case may be,
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are in such directions. The transverse valleys, un-
less the mountain-chain has been traversed by systems
of cross fractures of various geological epochs, are not
in general 8o remarkable for vertical as for horizontal
movements. The beds on either side more closely
correspond, and there is more resemblance to a se-
condary fissure ; that is, a fissure produced by the
rending of the masses split longitudinally.

‘When we attempt in imagination to replace the
dislocated rocks composing mountain-chains, so that
the edges of the disrupted strata should be brought
into contact and again form continuous planes, we
are soon sensible that a large amount of matter- has
been removed, and that we could not reproduce one
great continuous mass of the rocks composing the
mountain range.

Let a (fig. 28.) represent a mountain valley, in
which & fault, or dislocation, £, runs along the bot-
tom, and that in consequence of this dislocation a
well-known bed of rock 4 occurs at different levels on
either side. It is clear that if we attempt to bring
the bed & on the one side in a line with 4 on the
other, either by lifting up one mass, or letting down
the other, there would be no continuity of the gene-
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ral mass of beds ; a great portion of matter would evi~
dently be wanting.

Fig. 29.

The annexed diagram (fig. 29.) represents the bed &
placed in the same plane in which it existed prior to
the fracture, and the space a will convey an idea of the
amount of matter removed not only beneath the plane
of b b, but also above it. If, instead of a fracture pro-
ducing the sudden rise or fall of great masses of rock
on either side, we consider the opening caused by a
great bend of stratified matter, fracturing and sepa-
rating the upper parts from each other, (a fact often
observable in mountain-chains,) we still find matter
removed when we attempt in imagination to replace
the bend and reduce the stratified mass to horizon-
tality, as will readily be seen by reducing the lines b ¢
representing marked beds (fig. 28.), driven upwards
by the bend e on either side of the valley d, to hori-
zontality.

. Now if we form an approximative estimate of the
cubic contents of the matter contained in a mountain-
chain, such, for instance, as that of the Alps, above
any given level, and roughly calculate the amount of
matter that might be contained in the mass, if it were
merely broken to pieces, the dislocated parts fitted to
each other, and forming as once. a continuous whole,
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we find the portion carried away or missing very
considerable. Such a calculation is necessarily very
rough from the nature of its elements; the amount
of contortion is more particularly embarrassing; yet
sufficient may be accomplished to show satisfactorily
that there has been a very large amount of matter
removed. .

Moving water is the only agent known to us ca-
pable of carrying away this great collective mass of
rock. In order, therefore, to form a just conception
of the time and conditions required to produce the
effects observed, we should carefully examine the
latter, and estimate the transporting powers of those
running waters which now exist among the moun-
tains themselves, and which transport detrital matter
from the central parts outwards.

Beneath the envelopes of snow, commonly termed
perpetual, because a given amount of them never be-
comes liquefied under the ordinary circumstances i
which they are placed, the surface of solid rock is
greatly protected, if not from decomposition, at least
from removal, except when an avalanche may cut
deeper than usual, or a mass of the rock supporting
the snows fall into the valley below. So long as
ordinary circumstances continue, the dome of Mont
Blanc will be covered by snows, which began to ac-
cumulate there after the mean temperature of the
climate and the altitude of the mountain were the
same as at present. Such snows would protect the
supporting rock from removal if they had not a ten-
dency to descend in the shape of glaciers, and thus,
by friction on many points of the surface beneath,
foroe portions of such surface to a lower level. View-
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ing the subject in this light, we can scarcely consides
any considerable area of rock beneath perpetual snow
to be absolutely free from degradation, though such
conditions. would be generally unfavourable, and the
amount of detritus so produced be relatxvely unim-
portant. -

Lofty peaks, or aiguilles, on which snow cannot
rest, merely insihdating itself among the vertical or
highly inclined crevices,-and a.zone comprised be-
tween the line of a constant snowy covering, and that,
at a lower level, where the rapid alternations of frost
snd thaw terminate, are the parts of a high moun.
tainous region generally most productive of large de-
tached fragments, all other circumstances being equal.
If the sides of a mountain be precipitous and exposed
to the latter condition, the collective amount of faller
tatter will be found very considerable at those points
where it has, at least-for the time, been brought. to
rest. During those seasons of the year when the
melted snows above cause a descent of water to lower
levels, ns well over the general surface as among the
various drainage channels, the water, insinuating it-
gelf into the interstices of the surface rock during the
day, is frequently frozen at night. Water, entering
into its solid state, expands, as is well known ; there.
fore all those portions of rock which thus become
heaved out of their original places by the formation
of ice duaring the night, will, if their centres of gravity
permit, fall when the heat of the succeeding day li-
quefies the ice. Should the centres of gravity of the
rock-fragments be so situated as not to produce an
immediate fall, the repetition of the above effects
would tend not only ta loasen but alsa ta force them
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into positions where, if they do not fall by their own
weight, they may do so by the action of powerful
winds, by a blow from a fragment detached from above,
or by the loss of part of the support beneath.

Where the temperature and other circumstances
permit the growth of plants, the fall of rocks, from
the cause noticed above, is checked. The roots, it is
true, act most powerfully in dividing fragments from
each other, but at the same time they bind masses of
them together, not readily removed except under ex-
traordinary circumstances, such as violent storms and
the like. The less the slopes are inclined, the greater
is the stability of the vegetation upon them; and, con-
sequently, the greater the pretection afforded to the
rocks beneath from this cause, the less the amount of
rock removed to lower levels. Broken bare rocks, si.
tuated between the lines of perpetual snow and of a
fair protecting amount of vegetation, other things
being equal, will be the exposed area among lofty
mountains where we should expect to find the great-
est amount of degradation. The size of the masses
detached will necessarily depend upon the precipitous
character of the mountains, the relative elevation of
the peaks and cliffs, the nature of the rock of which
they are composed, and the kind of climate in which
the particular mountains are situated.

Atmospheric causes tend, therefore, constantly to
destroy and throw down to lower levels such parts
of rock-masses as are by any means thrust up suffi-
ciently high into the air, more particularly when there
is a zone in which there may be almost diurnal changes
from frost to thaw. In point of fact, all parts of a
mountain range have a tendency to be degraded more
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or less by the action of atmospheric causes upon them;
and even the portions protected by vegetation may be
eventually undermined, so that the fragments of rock
bound together by the roots of trees are moved in a
inass, should the trees be uprooted and washed on-
wards by descending waters. It should also be re-
collected that in mountainous regions the slopes, even
those supporting vegetation, are for the most part
highly inclined, so that mineral and vegetable matter,
finely divided, is readily moved downwards mechani-
cally suspended in myriads of little threads of water,
which pass almost imperceptibly among the vegeta<
tion itself.

‘We have hitherto merely noticed the mechanical
action of atmospheric causes; the chemical changes
are, however, no less important. We have seen
(p. 92.) that by the percolation of water numerous
rocks are continually suffering an alteration in their
component parts. Many of these changes produce
veady disintegration, so that substances, apparently
of great toughness and durability, give way hefore
moving water, which otherwise would long resist its
mechanical action. The quantity of oxygen con:
tained in the air, which rain-waters have absorbed
from the atmosphere in their fall, will greatly assist
in forming chemical combinations with certain con-
stituent portions of rocks, which thus becqme more
readily decomposed than would otherwise happen, as
has been remarked by Dr. Boase*. The carbonic
acid, also, absorbed by rain-water from the atmosphere
must likewise assist in the decomposition of many

# Contributions towards the Geology of Cornwall,
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rocks; and as snow-water appears richer in oxygen,
thus derived, than common rain-water*, we should
expect all such decomposing effects as ean be pro-
duced by oxygen so circumstanced to be greatest in
rocks where snow-water percolates, and consequently
in those elevated portions of mountain ranges which
become saturated with melted snow.

We thus see, that if a mass of fractured rocks be
thrust up into the atmosphere, they will immediately
be acted on by the latter ; and such causes of destruc-
tion as we now witness would, if time be allowed, be
sufficient to crumble the exposed portions into frag-
ments of various sizes, removable either by gravity,
moving water, or the union of both causes, to lower
levels. The more sudden the relative elevation of
the mountain range, the greater the collective area
of the fresh-fractured parts exposed to the effects of
the atmosphere ; assuming that the mass has not been
raised upwards bodily without cracks and fissures, but
that disrupting forces have acted on it in various di-
rections. In such a state of things, and before vege-
tation could in any way protect the newly broken
parts, the degradation from meteoric influences, as
they have been termed, would be considerable, the
broken masses and smaller fragments would be lodged
" wherever slopes or levels were favourable, and, con-
sequently, the greater amount would be eventually
carried to the bottom of the open part of the disloca-
tions, and constitute the bottoms of valleys.

That a system of cracks or fissures, produced in

*# MM. Gay-Lussac and Humboldt found 34-8 per cent. of

oxygen in the air contained in snow, and 32 per cent. of the
same substance in that discovered in rain-water.
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the manner above noticed, could afford so complete
a drainage that bodies of accumulated still water
should not exist in the various channels, can scarcely
be supposed. Lakes of greater or less magnitude
must be formed in numerous valleys, and their bot-
toms be the receptacles of the detrital rubbish swept
into them by the waters on their onward course to
lower levels. Such lakes, either by cutting through
their barriers, or from being slowly filled by trans-
ported detritus, would gradually disappear. In, the
first case we should trace the evidences of their for-
mer existence by various marks on the sides of the
mountain valley, or by detrital matter cut through ;
in the second we should have a plain from which the
mountains rose suddenly on either side, the river pass-
ing through it. There would probably also be another
cause of their disappearance, productive of effects
having considerable influence on the condition of lands
at lower levels. A sudden removal of a lake’s lower
barrier by disrupting forces acting in the line of the
valley (precisely the line we should expect to be acted
on by subterranean forces, being that of least resist-
ance,) would not only cause the lake to disappear,
but would also throw a body of water violently upon
the lower levels. The effects produced would neces-
sarily depend on the volume and velocity of the dis-
charged water : both would of course vary according
to circumstances; but we should anticipate that, under
these assumed conditions, they would be sufficient to
cause considerable changes, tending to force forwards
the contents of lower lakes wholly filled up, convey-
ing a great body of detrital matter to the lower levels,
and transporting blocks which could not be moved
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by the power of the rivers, even during times of

If a, b, ¢, (fig. 30.,) represent lakes produced by the
inequalities in the bottom of a mountain valley, it is
clear that they may be all contemporaneously’ (geo-
logically speaking) filled by detrital matter, mixed
with exuvie of the terrestrial and fresh-water crea-
tures inhabiting the neighbouring country or the lakes
themselves at the same epoch. Unless, however, there
be, as not unfrequently happens, abundant detrital
matter carried laterally into the lakes from the heights
on either side, the higher lakes would have a tendency
to be sooner filled than those at lower levels, being
the first to receive the transported matter brought
down the valley.

The effects which we have thus supposed would be
produced by such an action on great masses of rock,
that they are fractured and thrust into the atmosphere,
constituting ranges of mountains, bear so close a re-
semblance to many facts we observe in the Alps and
other considerable ranges, that we are irresistibly led
to consider them the result of somewhat analogous
causes. Hence a great body of matter might be de-
tached from mountains, more particularly when frac-
tures were fresh, and transported outwards by a long-
continued action of those causes now constantly in
pperation on the surface of the globe, and more par.
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ticularly observable in high mountain ranges. Whe-
ther the total amount of solid matter necessary to
replace that which has been removed, could by such
means be carried outwards from the mountains, is a
separate question.

We have hitherto considered this subject solely
with reference to the protrusion of a mountain mass
into the atmosphere. If a range of mountains were
to be now formed, the chances, considering the great
relative proportion of superficial water to land on the
earth’s surface, would be against its protrusion, at
least in the first instance, into the atmosphere. Now
if a long line of longitudinal fractures, accompanied
by transverse dislocations, be produced beneath the
waters of the ocean, such waters would necessarily
be agitated with more or less violence in proportion
to the sudden elevation, volume and height of the
upheaved and dislocated mass. All loose fragments
would be washed to the lower levels, the bottoms of
the valleys would be filled with detrital rubbish, and
much might be transported to the lower levels on
either side of the sub-aqueous mountain range. The
denser the water, and the more impregnated with
matter mechanically suspended in it, the easier would
the larger fragments be carried by resulting currents,
the differences of specific gravities being less. There
would be great inequalities of surface; but, if depths
be sufficient, the mechanically suspended matter would
gradually settle, the finer portions uppermost.

If & range of mountains thus produced be brought
gradually, or by successive movements of elevation,
into the atmosphere, we should first have the destruc-
tive action of superficial tides, currents and waves
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upon it, and no small amount of matter would thus
be removed, particularly the unconsolidated portions,
If brought more suddenly into the atmosphere, the
destructive effects would be greater; but in both
cases, should the range once constitute a mountain
mass rising above the sea, meteoric influences would
commence, and be followed by the necessary conse-
quences. Inequalities in the great valleys would pro.
duce lakes, detrital matter would be carried into them,
the sides of the mountains would suffer degradation,
and altogether, after a sufficient lapse of time, the
effects produced would so closely resemble those pre-
viously noticed, that there would be great difficulty
in deciding whether the original dislocations were
sub-aérial or sub-aqueous. Should, however, rocks
have been deposited in the latter case, accompanied
by marine remains, decidedly in the great lines of
valley, there would be little doubt that such parts at
least once constituted a portion of a sub-aqueous
mountain range, and continued in that state suffi-
ciently long to permit the quiet deposit of rocks
upon it,

‘We therefore see that, whether mountains be pro-
duced in the sea or on dry land, much solid matter
must be borne away from it ; but probably the great-
est amount of detritus would be suddenly carried off
by such a relative change in the levels of land and
water, that the great dislocations should be partly
sub-aérial, partly sub-aqueous; so that heavy de-
structive waves, of a magnitude proportionate to the
disturbing force, should rush up the newly formed
fissures, and sweep out a mass of fragments. In all
cases, however, the running waters necessary to pro-
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duce the numerous effects we observe in mountain-
chains' must have been due to atmospheric causes,
the erosion beingof that kind which marks the long-
continued action of narrow streams of water moving
with considerable velocity, and the transported mat-
ter, found among the mountains themselves, being
arranged in the manner in which it would be if de-
posited by such streams. It might hence be inferred
that we have a measure of the time during which any
given mountain range has constituted dry land, esti-
mating the length of time by the amount of detritus
accumulated 'in any given position. A little consi-
deration will, however, readily show us that the re-
sults are much too complicated to bear us out in other
conclusions than that a large amount of detritus, ac-
cumulated by the comparatively slow action of moun-
tain rivers, has required a long time for its production,
without enabling us to estimate the amount of that
fime otherwise than very generally. The facility with
which detritus could be produced in one situation
would cause an accumulation of it, by a given force
of water, to be far larger than another accumulation
formed by deposition from an equal force of water, in
equal times, where the production of detritus was far
more difficult.

There being facts observable in many mountain-
chains, and down great lines of valley, which would
seem to require the force of a sudden rush of water,
having considerable volume, for their explanation,
recourse has often been had by those anxious to ex-
plain all geological phenomena by such intensities of
force, and other circumstances, as we daily witness,
to what bas been called the ‘ bursting of lakes.” The
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idea seems to be that there is some very powerful
force inherent in the body of the lake itself, capable
of driving out the eolid barriers composing its sides.
If it had been recollected that almost all lakes are,

Fig. 31.

b
i
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when viewed on the large scale, mere shallow basins
of water, the sides of which rise at small angles, not
unfrequently less than that represented in the annexed
diagram (fig. 31.), it would readily be seen that the
pressure of the contained water would be so small
relatively to the resistance of the sides, that no frac-
ture could possibly be produced by it. If, instead of
the sides being, as represented above (fig. 31.), nearly
horizontal, as is s0 commonly the case in nature when
we make a section through the discharging outlet,
we suppose them vertical, as at a d and b e, 8o that
the lake be supported by the solid body a d c e b, we
still find that the sides would be capable of resisting
the pressure of the water against them, if the whole
basin of rock be, as is commonly the case, sufficiently
solid.

When we make proportional sections of all the
great lakes known to us, we find that it would be
impossible for the waters contained in them to break
their barriers by any pressure they could exert on
them. It could only be under very extraordinary

: N
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circumstances that the rocky barriers of a lake could
‘be forced outwards, as we have had occasion to no-
tice elsewhere*. If common calculations had been
.made relatively to the amount of pressure which the
waters of lakes could exert on their natural barriers,
we should probably have heard less of the ‘bursting
of lakes’ by such means. The sudden discharge of ac-
cumulations of water, caused by the fall of ice across
a valley, as happened in the Val de Bagnes, seems,
from want of attention, to have led to erroneous im-
pressions respecting the power of water to drive its
barriers before it. From the lake so produced,
530,000,000 cubic feet of water were discharged
down a narrow mountain valley in about half an hour,
and must of necessity, under such circumstances, have
“carried huge masses of rock before it. It rushed from
the glacier with a velocity, according to M. Escher
de la Linth, of 33 feet per second, so that when we
take both the volume of water and its velocity into
account, we have a transporting force of very great
power; but in what manner such an event can illus-
trate, as it has been thought to do, the power of water
to burst a rocky barrier, it is difficult to conceive.
Lakes caused by the fall of masses of rocks from
‘mountains across valleys may, to a great extent, be
suddenly discharged, if the resistance of the dam
thus produced be unequal to the pressure; the same
effects would be produced if detritus, discharged from
‘a lateral valley, dam up the main river, and the bar
be unequal to the force exerted upon it; but these
cases are very different from the sudden discharges of

* Geological Manual, p. 63.
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such lakes as those of North America, or even those
on each side of the Alps.

Although the conditions for the sudden discharge
of lakes by the power of the contained water to force
a passage through their lower barriers must be ex-
ceedingly rare, and the consequent sudden discharges
.themselves be equally so, lakes may be readily drained
in a short time, as previously noticed, by fractures
of their sides, caused by earthquakes or more intense
exertions of similar forces. When we attentively ex-
amine mountain-chains, we find, at least all those as
yet properly examined are found, to bear marks of
more than one action of elevating forces upon them,
raising them to the relative heights they at present
occupy. We judge of the geological periods when
such forces have acted by the kind of rocks quietly
covering the disrupted edges of previously existing
strata. Both rocks, or their equivalents in the geo-
logical series, being known, we are certain that the
particular elevation took place after the consolidation
of the inferior rock, and prior to the formation of the
strata reposing on its broken and upturned edges;
and we, moreover, have evidence that after the older
rocks were upset, they remained in that state suffi-
ciently long to permit the deposit of the strata resting
on them.

Now finding strata resting on the disrupted edges
of other beds on the flanks of a mountain-chain, only
shows that some force upset the one before the for-
mation of the other, and not that the first constituted a
mountain range before the newer rock was deposited.
Nothing is more common than to find two rocks in
discordant stratification, as it has been termed, still

N2
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constituting comparatively level tracts of country.
If such a district be suddenly thrown up into a
mountain range, inferior matter being introduced in
the line of the main longitudinal fracture, or the
edges of the same fracture merely squeezed upwards
against each other, we should err in our inference if
we considered such elevation to have been produced at
two periods instead of one, merely because we found
rocks in discordant stratification on the flanks. There
ought to be clear evidence in the interior of the
mountain range itself.

Fig. 32.

Let a (fig. 32.) represent a bed of rock resting un-
conformably on previously upturned strata &, the
whole constituting the base of a comparatively level
tract of country; and ¢, b (fig. 33.) be the same rocks
tilted up by the protrusion a rock ¢; we should have
appearances that might be considered the result of
two elevating forces on the same system of mountains.
They would in this case be the consequences of twe
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disrupting forces, though only the last has produced
the mountain range; but if the inclined strata (3)
had been produced in any manner resembling that
previously noticed (p. 50.), there would only have been
one really disrupting and elevating force.

If mountains be, however, subjected to more than
one movement of elevation, no matter how caused,
and the disrupting force sufficiently intense, the sepa-
ration of parts being easiest in the great lines of valley,
any system of lakes formed at one period might be
suddenly let out at another, and the volume of water
discharged outwards carry with it a considerable
amount of detritus, distributing it into a sea, or over
dry land, as the case might be.

‘When we regard those immense masses of con-
glomerate 0 common along the flanks and skirts of
mountain-chains, be their relative age what it may,
we find them composed of fragments, either rolled or
angular, derived from the rocks constituting the moun-
tains themselves. According to the continuity and
length of particular beds, should we feel inclined to
judge of the character of the causes to which they
are due. When continuous for considerable distances
with common characters, we infer a more general
force than when we see them interrupted at short
and irregular intervals. The more distant a con-
glomerate bed may be from the mountaine whenoce its
materials have been derived, being at the same time
similar to others nearer the range, the greater weshould
consider the intensity of force necessaryto transport its
component parts, all other things being equal. When
sandstones and conglomerates alternate, we infer in-
equalities in the power of transport, and consequently
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that the causes of the power act irregularly. The
volume, figure and specific gravities of the fragments
would afford us some measure of the relative trans-
porting powers if we were certain that the bottom
over which the whole was borne, prior to deposition, .
was generally similar. Great irregularities in the
volume and figure of detrital matter would necessarily
be found in deposits at the mouths of torrents; and
after a time, when levels of fair extent were produced,
there would be a difficulty in transporting pebbles of
large size outwards. Hence if we found continuous
beds of conglomerate ranging in straight lines at
moderate distances from mountains whence these
materials have been derived, we may infer either that
some force, more general than that possessed by the
rivers descending from the chain, has produced them,
or that the detrital fragments having been borne out-
wards by rivers from the mountains, some general
force distributed them in a more regular manner than
could be accomplished by the rivers themselves.

If detrital matter be brought down by numerous
rivers from a mountain range into a sea, there would
undoubtedly be an endeavour on the part of the waves
of such a sea to distribute pebbles, even of large size,
along shore, thus producing lines of pebbles parallel
to the shore. And we might consider that if the sup-
ply of pebbles be abundant, the distribution of them
would add to those previously thrown on shore, thus
obtaining beds of conglomerate. To obtain regular
stratified beds of sandstone by this process on the
large scale would appear to be difficult, though inter-
stratifications of sands and pebbles may sometimes he
seen in the sections of beaches.
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When we regard the various causes which may
produce a transport of detritus from mountain -chains
outwards, it seems somewhat hasty to determine, @
priori, that only one cause has to any extent ever been
in operation. We ought rather carefully to study the
various circumstances connected with deposits, evi-
dently derived from the mountains which they skirt,
~—in fact, the effects produced,—and thence ascend to
the probable causes of the facts observed, than to pre-
determine the causes without sufficiently examining
the effects. The latter is too frequently the course
adopted, and is the necessary consequence of seeing
only through one medium. We may possibly by such
means, and amid a thousand hypotheses, occasionally
hit the truth, but it can only be rarely, and most
frequently by accident.
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CHAPTER IX.

Disrocations of rocks, or faults, constituting lines
of valleys are by no means confined to mountain-
chains, though more strikingly obvious in them than
elsewhere : they are also sufficiently abundant in those
districts commonly termed hilly, in which a line re-
presenting a proportional section of the surface is
undulating, not irregularly angular as across a moun-
tain-chain. The amount of dislocation of necessity
varies materially, whether produced by distance from
the principal point of disturbance, or by differences
in the intensity of the force which has caused the
faults. The dislocations are sometimes on so large
a scale, that it is impossible to overlook them, while
at others they are either so small or concealed by
vegetation and detritus, that it requires much care
and observation to ascertain their existence. The
most favourable conditions for observation are where
the rocks are either horizontal or inclined at small
angles; the country well traversed by rivers, or cut by
a coast line; and the rocks of such marked characters,
that any change in the position that they would oc-
cupy, if unbroken, is readily ascertained.

_In many hilly districts, a more modern rock over-
laps others of greater antiquity than itself, and the
valleys cutting through the upper into the lower
strata, thus exposing the latter, seem merely, to the
unpractised observer, the results of a scooping action
of water, capable of removing solid matter to a suffi-
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cient depth. The whole has often the appearance of
an undisturbed mass of a more modern deposit resting
horizontally, or nearly so, on inferior strata, the latter
being brought to light by denuding forces, acting in
particular lines. The Black Down Hills, on the con-
fines of Devon and Somerset, are highly illustrative
of such deceptive appearances. When rapidly viewed, .
they seem to be composed of horizontal, or nearly
horizontal, beds of green-sand, which cover either
inferior oolite, lias, or red marl (for the two former
fine off beneath the general green-sand area of these
hills), here and there supporting a few patches of
chalk. The appearance of the inferior rocks seems
merely due to the relative depths of the various val-
leys scooped out by the action of water. The section
on the following page will, however, show that the
rocks composing these hills have been fractured sub-
sequently to their deposition, and that, as far as it
extends, the valleys are lines of fault. These, though
irregular in the small scale, have a general northerly
direction when viewed relatlvely to the district in
which they occur.

The annexed section (fig. 34.) is made along a line
extending from about S.W. to N.E., nearly at right
angles to the greater part of the valleys comprised
within it, and which happen to have such directions
along this particular line. Of all those here exhi-
bited, the Widworthy Valley shows the least disloca-
tion, and it is only by a very careful estimate of the
relative heights of the green-sand on either side, with
allowances for its inclination on the opposite hills,
that we can feel assured that there is any fault. The
rest require no explanation, except that at the fault
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in the Wambrook Valley, where the lias abuts against
the green-sand, the former is bent and contorted near
the line of dislocation, in a far more remarkable man-
ner than can be shown in the scale here adopted.
This section is proportional, that is, the perpendicular
heights and horizontal distances are upon the same
scale; and hence the reader may form an idea of the
real outline of that which would be generally consi-
dered as a remarkably hilly country, one where the
traveller would describe abrupt slopes, deep valleys
and high hills, the summits of those here represented,
varying from 500 to 600 feet above the level of the
sea.
That all faults are not necessarily lines of valley
must be well known to every practical geologist ; in-
deed, in the section here given to illustrate the re-
markable coincidence of the lines of several contiguous
valleys with those of faults, it will be seen that there
is no valley at the fault near Widworthy, where chalk
abuts against green-sand. If the sectional line had
been made to pass somewhat more to the southward,
the green-sand would appear suddenly to rise in a
boss above the chalk. The Wambrook fault, also, in
its course to the northward, runs across the summit
of the high hill named Coombe Beacon, dividing it
geologically into two masses, the western side being
composed of green-sand, and the eastern of chalk,
while the outline of the hill continues rounded and
unbroken, as if no dislocating force had ever acted
across the rocks of which it is formed. Coal-miners,
to whom faults are familiar, know full well that val-
leys do not always run in lines corresponding to them;
even thosé in which the heave is ascertained by the
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workings to be considerable, often give no indications
of their presence by depressions on the surface.

In thus showing that cracks or dislocations of strata
frequently coincide with lines of valley, we merely
intend to call attention to the numerous fractures
upon which such lines, in undulating and hilly coun-
tries, keep those of faults, without by any means in-
ferring that valleys may not be frequently due to the
erosive action of water on strata which have not been
dislocated, at least in those particular lines. Let the
movement of water which has cut out the solid mat-
ter of the earth’s surface into valleys, and transported
the resulting detritus to places where its deposit has,
geologically speaking, produced new rocks, be the
effect of the greater or less intensity of any particu-
lar force, or due to any particular cause, preexisting
cracks and fissures, more especially if they were fresh,
would offer the lines of least resistance to an aqueous
abrading power. Whether, therefore, valleys be due
to the long-continued action of running water, or to
the cutting power of water moving with rapidity in
greater masses, we should always expect to find, as
we do find, a very great coincidence between the lines
of fault and those of valleys.

. When we attentively regard really proportional
sections of hilly countries, those in which the lines
of surface are represented with a fair approach to ac-
curacy, we find the depressions and elevations are
generally so trifling, compared with the horizontal
distances, that when we construct a model faithfully
and proportionally representing the surface of a coun-
try which would be generally termed exceedingly
hilly, such, for instance, as Devonshire, we can scarce«
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ly believe that we have not undervalued the relative
heights, so small do they appear. Hence we are apt
to consider such a model inaccurate, though con-
structed with every care and attention even by our-
selves; so little does it seem to accord with our ideas
of the elevations and depressions in the country itself.
No doubt, if we attentively considered the subject,
and properly estimated the relative heights and di-
stances, we should be ultimately convinced that the
model in question was a real miniature representation
of nature; but all our previous ideas respecting the
particular district having been formed with reference
to our own height as a standard, and generally view-
ing the slopes of hills in such directions that they
appear far more steep than they really are, there is
greater difficulty in properly estimating the propor-
tional undulations of a hilly country, than those who
have never seen a true model of one would easily
credit.

It has sometimes been supposed that existing ma-
rine currents or streams of tide are sufficient to cut
out similar valleys. When, however, we turn our
attention to what is now going on in situations most
favourable to the cutting powers of tides or currents,
namely, around coasts, where their velocities would
be greatest, we do not appear to discover any facts
to warrant such a conclusion ; neither does it appear
possible for the force of any existing marine current
to produce the effects observed. The soundings round
coasts present us with no lines which we might con-
sider to be those of valleys, but with extensive areas,
which would, if raised above the level of the sea, form
great plains, with here and there some minor eleva-
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tions and deeper depressions, the latter generally in
-the form of basins. There are, indeed, some long
trough-like cavifies in the North Seas, named the
Silver Pits, but they present us with nothing like a
system of valleys resembling those on dry land*. If
the British Islands were elevated one hundred fathoms
above the level of the ocean, and thus joined to the
continent of Europe, they would be surrounded by
an extensive area of flat land; for the fall from the
coasts to the new sea-coast would be generally so
gradual as to present to the eye one great plain.

The map opposite will show the relative amount
of area which would become dry land by this com-
paratively small amount of change in the levels of sea
‘and land. The unshaded parts constitute the present
dry land, the lightly shaded portions the area which

® I am indebted to Captain Hewett, R.N., whose beautiful
charts of the North Sea, not yet published, so well exhibit the
forms of these singular lines of pits or troughs, for information
which leads me to suspect that the Silver Pits are cracks or fis-
sures resembling those termed valleys of elevation. As a general
fact, the bottom rises on either side to the edges of the pit, where
it suddenly descends from the depth of a few fathoms to 40 or 50
fathoms, the interior escarpments being very steep. In one place
there is a rise of land in the central part of the trough, so that a
section of the Silver Pits in their deepest parts would give an
outline exceedingly like those of valleys of elevation, so well
known to geologists, and produced by an upward break or crack
often on the top of a great bend of strata. There is a curious
line of bank between the Silver Pits and other lines of bank, pa-
rallel to themselves and the first line, on the S.E. of them, the
whole having much the appearance of being the result of some
disrupting and elevating force acting in a line somewhat N. W.
and S.E.

The reader will not fail to observe, in the opposite plate, the
general S.W.and N.E. line on the western edge of the hundred-
fathom line, coinciding with the general range of the older strata
in many parts of our islands.






baizesry GOOGle



.SOUNDINGS ROUND GREAT BRITAIN, 191

would be raised from the bottom of the present sea
into the atmosphere, and the darker parts the portion
that would still be covered by the waters of the ocean.
The reader may judge of the extent of this land, thus
brought above the level of the sea, by comparing it
with the annexed square (fig. 35.), which represents

Fig. 35.
O

an area of 1000 square miles upon the same scale.
Throughout the whole of the former soundings, thus
.raised above the sea, there would be no system of hills
and valleys corresponding with those on the previ-
ously dry land. There would be elevations and de-
pressions corresponding with various sand-banks, and
some pits or hollows; but when we construct pro-
portional sections of the general surface, even on a
large scale, we find that these inequalities are gene-
rally trifling, with the exception of the Silver Pits
above mentioned, though, from the necessary notice
taken of them in charts, we may attribute an import-
ance to them which they do not possess. It may here
be observed, that if, instead of taking the line of one
,hundred fathoms, we had selected that of two hun-
.dred fathoms, the amount of area in that case added
would be relatively inconsiderable, as the latter line
is not far outside the former. Thus, after keeping a
surface which would in general terms be called a
great tract of plain, the area under consideration,
bounded on the W. and N.W. by a line including
the British Islands, and passing round them from the
coast of France to that of Norway, would terminate
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seaward by a slope, sinking in a comparatively rapid
manner into deep water.
. Now all this extensive area, within the line of one
hundred fathoms, is placed under conditions highly
favourable to the production of valleys by.the erosive
action of streams of tides and currents, if the latter
could produce the effects required; for the depth
being inconsiderable, the bottom is more readily
brought within their influence, without taking into
account the increased velocities of each produced by
coasts or banks. The action of the waves would cer-
tainly tend to equalize disturbed matter, particularly
at moderate depths, and would thus constitute an
antagonist force to the erosive action of streams of
tides or currents: but this only shows that the con-
ditions are unfavourable to the production of valleys
by such means. It will, we conceive, be readily ad-
mitted that the deeper the water the less the power
of streams of tide or currents to act on the bottom ;
therefore we may fairly conclude that neither in deep
nor shallow water could valleys be produced, resem-
bling those observable in hilly countries, by streams
of tides or currents possessing no greater velocity than
those known to us.

‘When we study the soundings along a coast line,
we find that the valleys on dry land are rarely con-
tinued under the seas, unless in situations where
mountains plunge suddenly into the water.. In ge-
neral, lines of valley terminate abruptly when they
meet the sea, as should happen when coasts are cut
back ; for the tendency of the waves and streams of
tide in such situations is to level inequalities, and
produce a slightly inclined plane surface. The same
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effacts would be produced on coasts not cut back te
any great extent; and also where valleys are continued
from the land under the sea, though they would not
¥e apparent until after a long lapse of time, one de-
pending on the depth of water on the one hand, end
the amount of detritus carried round the coast and
distributed by the action of ‘tides, currents and waves
on the other.

The island of Corsica may be taken in illustration
both ¢f sub-marine valleys-and ‘of flat bottoms near
eoasts, observable 'in a comparatively moderate area,
and is the more striking because the great distribu-
ting power of tides in such situations is wanting.
'On the west coast the land plunges suddenly into the
sea, and the valleys are continued beneath it, present-
ing numerous inlets where the level of the sea meets
the inclined bottom of the valley. Soundings appear
to show that ‘the detritus borne down these valleys,
or derived from the coast itself by the action of the
waves, 18 accumulated beneath, and that there is a
tendency to fill up the sub-marine valleys by this
tramsported matter. If Corsica had been situated in
w-gea where tides and currents swept round the island,
the filling up of the sub-marine valleys would have
been more perfect, and the resulting deposits more
horizontal. On the east coast of the same island the
slopes are moderate, and the bottom of the sea on
that side presents a more even surface, while the
coast line itself is not broken into those irregularities
80 common on the western side. Detrital matter is
moreover now forced on this shore by the action of
the waves, forming lines of beach, which preduce
lakes behind them, such as those at Biguglia, Ur-

o
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bino, &c. On this side we do not discover sub-ma-
rine valleys. It will readily be seen that the sub-
marine valleys are merely the continuation of those
on the adjoining dry land; they, consequently, have
not been produced by the erosive action of the sea
upon them: so far is this from being the case, that
where the action of the sea can produce any ap-
preciable effect, inequalities are levelled. It will be
obvious that the waters rushing down the inclined
valleys of the western coast would lose their veloci-
ties, and, consequently, their transporting powers,
when they entered the sea; so that far from pro-
ducing a scooping effect on the sub-marine valleys,
their action would tend to fill them up, by carrying
detritus into them.

The sub-marine valleys observable off the steep
coasts of a tideless sea, such as the Mediterranean
may be termed when such subjects as these are con-
sidered, could not have been produced in the sea it-
self; they must have been formed by the same causes
to which their continued higher or sub-aérial portions
are also due. If the whole has been raised from be-
neath the sea, we do not perceive how the valleys were
originally produced, at least by any scooping powers
similar to those now existing in the Mediterranean ;
they may, however, have been formed in the atmo-
sphere, and have been subsequently depressed beneath
the sea. So far from sub-marine valleys along lines of
coast exposed to tides and currents being more favour-
ably situated for erosion than those observable in tide-
less, or nearly tideless, seas, they would have a ten-
dency, all other things being equal, to be sooner filled
up, and a plane surface the result, the transporting



VALLEYS OF HILLY COUNTRIES; 195

power of the tides or currents being the principal agent
by which detritus would be brought to the required
situations. With regard to all the sub-marine valleys
yet noticed, and observable off mountainous or steep
coasts, such valleys are mere continuations of those
on the land, and hence must have been formed by
the same general causes, and those causes not the
tides and currents now existing in the same localities,
These do not erode the surface beneath them in a si-
milar manaer, but, on the contrary, produce tracts of
nearly level matter, such as occur extensively off some
coasts, and which, if elevated above the level of the
sea, would form broad tracts of land, with a surface
sufficiently flat to be termed plains. ‘

If actual streams of tide and marine currents pos-
sessed sufficient cutting power, and, consequently,
sufficient velocity, to produce valleys, such as we ob-
serve in most hilly countries, we do not see how those
fish which are found round most coasts could exist:
the water would be charged with detritus, amid which
they would be hurried away, or forced to use extra-
ordinary exertions to retain their places. They might
indeed avail themselves of eddies; but they would
there be mixed up with the transported detritus,
tending to come to rest in such places, so that their
actual habits and those under such conditions would
be widely different. If actual streams of tide and
marine currents cut out valleys, we can scarcely see
how molluscous creatures could survive; for the ve-
locity required to remove hard solid rocks would not
permit mud, sand and gravel, the retreats of many of
these creatures, to remain; they could only exist in
a few favourable situatipns. The formation of val-

o2
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Jeys, similar to such us we observe in hilly countries,
bythe erosive action of actual streains of tides or
tmiring currents, is 80 opposed to observed faots, and
would be prodactive of such consequences, that we
ate somewhat at-a loss to conceive how such an hy-
pothesis could have originated.

As-streamsiof tide and marine currents, such as we
nuow observe, appear incapable of producing those
systems of valleys so -commonly observable on dry
land, we ‘seem compelled, in our endeavours to -ex-
plain the ‘phenomena observed, to have recourse &i-
ther #b the long-continued dnd erosive action of tor-
rents, rivers-and ‘minor streams of water, or to- masses
of water thrown into violent action and moving with
considerable velocity. When we attentively consider
the systems of valleys in a hilly country, one in which
several varieties of rock occur, as very frequently hap-
pens, we find, viewing the subject generally, that hard
tocks are rounded aswell as those we should consider
more easily disintegrated. We are therefore led to
consider that there may have been some decomposi-
tion of the rocks acted on, which should, to a certain
extent, render them all more equally removable by
moving water. As far as our knowledge extends,
rocks situated beneath the sea are not subjected to
such general decomposing conditions as those exposed
to the variable action of the atmosphere. The atmo-
epheric air contained in waters, to at least certain
depths, would no.doubt furnish oxygen for the produc-
tion of oxides, some of which might render a rock more
" 'easily acted on by moving water; yet decomposition,
produced by-atmospheric influences, would, we should
suppose, be far more eonsiderable-in & given time.
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There are few rocks exposed to what have beos
termed meteoric influences, or the general action of
atmospheric causes, which have not suffered decom.
position to greater or less depths*. In some it is vexy
remarkable, so: that there is a difficulty in procuring
portions. of such rocks for economical purposes, ex»
cept at considerable depths, those on the surfaoe
easily splitting into fragments, even though appa-
rently solid when first remoyved from the quarry.
‘When deep cuts are made beneath the surface of
hills, for new lines of road or other purposes, excellent
opportunities are afforded for studying this decom-
position, which is frequently seen to be irregular, as
in the section beneath (fig. 36.), one not uncommon

Fig. 36.

in some of the deep cuts for new roads among the
argillaceous slates of Devon. The darker shaded
portion a a forms the continuation of the laminz of
slates, represented in the lighter portion & &, the un-
even intermediate line being generally well shown
from the iron in the upper portion having been oxi-
dized to a greater extent than that in the lower part,
so that the upper portion is brown, or reddish brown,
while the under retains its original grey tint.

‘When we attentively regard the manner in which
rivers or torrents act upon the surface of a hilly

® Geological Manual, p. 43.
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country, we observe that while much matter is re-
moved by them, the resulting surface is not rounded,
though minor little streamlets, often very destructive,
may cut more or less deeply, and thus by their num-
bers and united action produce a smoother general
surface than would be afforded by the erosive action
of torrents or rivers alone. It will be seen that these
lines of running water, by whatever names they may
be designated, have a tendency to cut perpendicularly
‘downwards, leaving steep or perpendicular walls on
either side. If b5 (fig. 37.) represent the continuous

Fig. 37.
b dad b

. :
surface of land, the action of a river would, if it could
cut into the rock beneath, produce a ravine bounded
on either side by steep or perpendicular cliffs. As
these effects would not resemble the undulating sur-
face of a hilly country, and as the river would tend,
if levels were favourable, still to cut down perpendi-
cularly, we have next to inquire how far the decom-
posing action of the atmosphere may assist in pro-
ducing the forms required. There would no doubt
be a tendency in the summits of the cliffs, d d, to
crumble and fall into the ravine (a) beneath, where
the river would as constantly endeavour to remove
the fragments thus thrown into it. Whether it could,
or could not, remove all the fragments would depend
upon its velocity ; but in either case we might obtain
tlopes on both sides, if time sufficient were allowed.
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- We will here suppose the most favourable state of
things, and that the river could carry away the fallen
fragments, and that in consequence it ceased to cut
perpendicularly to any perceptible extent, its force
being employed in removing the new obstacles op-
posed to its passage. We might thus eventually ob-
tain the slopes ¢ b, ¢ b, (fig. 37.) from the united
action of gravity and atmospheric influences. As-
suming that the slope thus obtained may be so smooth
that, when ultimately covered with vegetation, no
very striking unevenness should be apparent, we have
next to discover the extent to which this sloping pro-
cess may be carried 8o as to resemble the sides of hills
in such districts as those under consideration. When
the angle of inclination became = 45°, there would
be a tendency of the fragments to retain their places
from the support afforded to each other; so that fur-
ther degradation would be principally due to decom-
position, and removal by running water, the friction
of the latter, particularly when charged with detritus,
also producing its destructive effects. We should now
obtain furrows and other inequalities from the cutting
action of the streamlets, and there would be no smooth -
surface, if the slope became covered by vegetation, as
we should from all analogy expect it to be. If it were -
not so covered, there might be much crossing of small
streamlets or rills of water, and a moderately uniform
gurface the result.

Having arrived at this point, there is considerable
difficulty in seeing how the slopes of the hills should
become so gradual, from a repetition of such causes,
as to produce the present appearances in a hilly
country. There is generally a small depth of de-
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trital matter above the' fundamental rock on either
side of the valleys, with a larger amount of the same
matter at the bottom ; but this superficial detritus is
so far from receiving additions by the present aetiom
of atmospheric: causes, which oaght, according- to this
hypothesis to be only a repetition of that to which:the
valleys themselves are due, that gulleys with steep or
perpendicular sides: are cut through this upper detri~
tus, and. the rivers in the bettoms: of the valleys.also
eut into it. We thus appear to amive at the conchu-
sion, that though valleys may be formed after a great
lapse of time by the action of rumning waters on lines
of fissures or depressions, we do. not eventually obtain
such. comparatively gentle slopes as are common in
hilly countries.

‘We should not here neglect the fact, often insisted
on, that the windings of rivers: in valleys, and theix
frequent changes of course, would cause levelling ef-
fects. Undoubtedly the flatter the surface the more
irregular the windings of a river, all other things
being equal. Hence it may be said that the serpen-
tine windings would become less, the deeper the river
- cut into the valley; so that there would be no. neces-
sity for supposing the rivers, when they first acted en
lipes of valley, to have been far greater than at pre
sent, and that they have since dwindied down to those
we now see. The latter is an hypothesis.which would
imply not only vast bodies of water rushing down with
sufficient force to excavate valleys, but such an abun-
danee of rain to supply the rivers, that the amount of
that which now falls in the tropics would be a mere
trifie when compared with it. The winding of rivers
may have had an inflaence, and though probably net
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te the extent suppesed, yet productive of effects which
might afford assistance in explaining certain appears
amces in broad shallow valleys.

‘We hawe bitherto considered the rivers to possess
a safficient body of water, and to move with consi-
derable veloeity, so that they may be able to cut deep
iato the land, and produce the eliffs which by their
disintegration should afford slopes. It is only neces~
sary to traverse any moderate amount of hilly countsy
to see that the waters now flowing in them, even with
every allowance for freshes or floods, would be unahle
to produce the effects required. In many valleya tha
drainage waters are mere rills, and can never rise
into importance, even in floods. In others there
are no runuing waters, as may readily be seen in vae
rious parts, of our own country, the water derived
from the atmosphere being readily absorbed by the
sacks beneath, either from their being porous, er
from the edges of their lamine or strata, as the case
way be, sufficiently approaching a perpendicular pe-

When from a lafty isolated point we cast our eyes
over a considerable extent of hilly country, or view
a caarect representation of that country either in &
madel or a map, we are led to consider the inequali-
ties before us. as the effects of several causes, not the
result of one alone. The drainage waters find their
way by numerous channels to the principal rivers,
uniting into various little systems of miner streams
before they acccmplish this end. Here and there
little flats show that water has been arrested by bar.
riers beyond them, and that the lakes thus produced
have checked the velocities of the descending waters,
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80 that detritus has been deposited, and the basin
filled up*.

‘When we now reflect that, in all probability, the
land we contemplate is traversed by fissures in various
directions,some occasionally predominating more than
others, we are led to inquire if all this dislocation of
strata would not produce motion in the waters of
a sea, if the rocks so fractured were broken up be-
neath it. When modern earthquakes are violent,
great waves are driven on the land, where they often

“sweep all before them. We may therefore fairly
infer that greater intensities of force would produce
greater waves, while the motion caused in the water
over the dislocations, supposing such to be formed,
would tend to remove the fragments produced. The
waves no doubt would act powerfully where they

. broke, and tend to scoop out the broken portions of

faults or fissures; but we can scarcely obtain in this
manner, or by the action of violently agitated water
above lines of dislocations, such valleys as these ob-
servable in a hilly country. When we call in the aid
of large masses of water moving with great velocity
over rocks fractured and upturned in various man-
ners, we certainly seem to attain a force capable of
producing that general rounded character so remark-
able in hilly land. The more sudden the rush of
water, and the greater the volume, the more power-
ful would be the grinding and rounding action on the
projecting points.

® In such a country the drainage is generally perfect, lakes
being ly found g, or on the skirts of, mountain
ranges, or in extensive planes, so that great length of time is as

feast one of the causes which has produced the effects we should,
in this case, see before us.
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If we suppose such a moving mass of water to tra-
verse land furrowed into preexisting valleys, the sur-
face of which had been previously long exposed to
the disintegrating powers of the atmosphere, we seem
likely to obtain effects more corresponding with the
facts observed, than if it rushed over land not so cir-
cumstanced. It has been above observed that hills
and valleys, affording an undulating outline, are found
as well among hard as among softer rocks. Now there
appears a difficulty in obtaining similar valleys in
rocks differing so much in their resisting powers to
moving water, either by rivers acting on fissures, by
sudden rushes of water or dislocations, or by their
combined action, though much might be accomplished
in the latter case. 'When, however, we add the de-
composition and disintegration of rocks from meteoric
influences, we seem in a great degree to remove the
difficulties ; for many rocks, such as certain granites,
trappean rocks and limestones, which, when not dis-
integrated or decomposed, powerfully resist the action
of moving water, would readily give way if reduced
to fragments or soft yielding substances, as frequently
happens by the action of the atmosphere upon them.
Indeed they would frequently be the rocks most easily
removed by the sudden rush of a great body of water.

The strata of a hilly country are often as broken,
contorted, and heaved out of their places, though not
to the same amount, as in mountain-chains. The
angular outline of a system of mountains is, however,
#o different from the undulating wavy line of a hilly
country, that we are led to suppose some cause to
have acted on the one which has not acted on the
other, or having done 8o, has not produced the same
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rounding effects, It has been sometimes consideyed
that when wa suppoese water tp have rushed over land
in large masses, we call in the aid of some force almost
preternatunal, soma tremendqus. catastrophe difficult
ta coneeive. If, however, we look at the causes whigh
mAy preduce great debacles or deluges a little pore
en. the large scale, we. shall, find that such effects, are
Bat very difficuld. to conggivs.,

Rarthquakes, which, from. the extent of the aress
shaken: by them. at the samme time, seem a modification
ox less intense actian of the same force that has broken
up recks into fragments.of varigus sizes, cause, by the
vihmtian epmmunicated, to. the waters ofi the ocean,
waves of various heights. to rush upon the land. The
vibration, of the sea produced by the great Lisbon
oarthquake of 1755 threw a wawe sixty feet high on
the coast of Cadiz, and one cighteen feet in height on
the island of Madeira, The atea agitated by this
earthguake comprises a large portion of the northern
hemisphere, yet no wery great amount of dislocating
effects was ohserved, at, least mothing like the pro-
duction of aline of elevated land. We may hence form
some idea of the effects which would be produced if
a line of mountains one hundred miles long, and not
above two or three thousand feet high, were suddenly,
thrust up. beneath the waters of the sea. The vibrations
produced, in the superincumbent fluid wonld be pro-
portionally great, and the waves rushing over shallows
and low lands comparatively enormous. If those who
eonsider such an uprise of moyntaias a great exertion
of force difficult of eonception, were to take a comman,
globe, about a foqt in, diameter, in their hands, and
then estimate the. propostional length of the crack,
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and the relative elevation necessary to produce not
only this but far greater effects of a similar kind, they
would probably cease to regard them as at all won-
derful. Whether we suppose mountain ranges to be
produced by the squeezing of the sides of fissures
aguinst each other, or by the intrusion of igneous
nratter, such an-elevation asthat noticed above would
be inconsiderable when viewed ‘with reference ‘either
to the ‘mass-or superficies of the earth.
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CHAPTER X.

Faurrs, as dislocations of strata: are commonly
termed, being mere fissures, the sides of which have
been more or less moved, are necessarily exceedingly
variable with regard to their appearances. The walls
or sides of a fault are sometimes so close, that there
is a difficulty in introducing a small wedge into the
fissures, while at others they are broad and filled with
rubbish, generally fragments of the rock on either
side; and when these are formed of various beds, such
faults may contain broken portions of them. We
cannot conceive a fracture of rocks perfectly smooth,
on the contrary we should expect it to be uneven;
and therefore, when the sides of a fault are found to
be tolerably smooth, we should infer that the rubbing
or grating of the sides against each had caused such
appearances. Now when we attentively examine the
sides of such faults, we very generally discover a polish
and striated marks, indicative of pressure and motion,
precisely as we should expect if they had been com-
pelled to rub against each other with great force.
These appearances are often seen in metalliferous
veins, and are then known by the name of slickensides.
There appears, however, to be little essential difference
between slickensides, which are either smooth metallic
coatings or the polished surfaces of a mass of metal,
and the polished sides of faults. Striated parts are
common in botb, and it not unfrequently happens
that in some metalliferous veins and common faults
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there are fragments of rock jammed in between the
sides of the vein or fault, which appear to have been
squeezed and polished in those positions.

It must necessarily happen, from the unequal frac-
ture of rocks producing a fault, that the motion of the
sides will bring some portions into contact while others
will have spaces between them. Let the annexed dia-
gram (fig. 38.) represent a horizontal section of a fault:

the side a being slightly moved to the left, b remain.
ing firm, we have portions touching while others are
distant. Now such appearances are common, and the
analogy between them and metalliferous veins highly
interesting. The thinning and thickening of such
veins may be easily illustrated, if the reader will take
a piece of writing-paper, divide it into two by a waving
line, then place it upon a piece of gilt paper, and slide
one portion of the divided paper so that the waving
lines of the edges do not coincide, and he will perceive
the gilt paper between the interstices, resembling a
metalliferous vein, running with unequal thickness,
through the upper paper. This process has been
adopted in the drawing for the above wood-cut, white
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paper having been divided and moved on = ‘black wur.
face*. It will be obvious that.a verymosderate motion,
either lateral or .perpendicular, or one compounded of
both, would cause such appearances as these, which
are commonly observable in metedliferous veins, and
in those faults where ‘the labours-of san render them
better understoed than they can be bymtural sections
at-comparatively distant places.

In thus endeavouring to explain the uneven cha-
racter of the sides of faults, we must not suppose that
if again brought to those relative situations where
they occurred prior to the fracture they would ex-
actly coincide. The greater the friction produced by
lateral pressure, or the amount of horizontal or vertical
movement, the more would the projecting portions of
each side be rubbed down, so that we should expect
greater irregularities in the walls of a fault, and con-
sequently in the matter contained between them,
when the dislocating movement had *been small or
moderite. '

Lines of fault are commonly described as straight,
'or nearly so, and certainly some do keep remarkably
straight courses for-considerable distances if measured
by yards or fathoms ; but they more frequently run in
w» waved or irregularly broken manner, precisely as
wre should expect would be the case with fractures.

* A still more illustrative mode of exhibiting the form of mat-
ter required to fill up the interstices of a fault with irregular
sides, is by procuring an uneven fracture of a mass of plaster of
Paris, sliding one of the surfaces upon the other so that numerous
interstices occur, and then cast lead into the cavity, having
walled up the sides to prevent the escape of the liquid -metal.
By cutting the resulting piece of lead in varieus directions, we
obtain sections strongly reminding us of the observed inequalities
in metalliferous veins.
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Thotgh many keep ‘a’rematkably general course;
often parallel or nearly so to each other, when viewed
with reference to a large ares, the smaller parts of
such courses are often very irregular. We may illus-
trate this by the following diagram (fig. 39.), repre-
senting a fault, on the north of Weymouth, traced with
much care for about thirteen miles, and laid down on
the Ordnance map of the district, by Professor Buck-
land and the author*.

Fig. 39.

W./—/—\___——n.

It will be observed that though the fault may be
described as ranging, taken as a whole, in an east
and west line, the minor parts vary, as might be ex-
pected, in their lines of direction. We should anti-
cipate that similar facts would be observable in moun-
tain-chains ; with this only difference, that in lines of
great fracture the length of the minor irregular por.
tions would often be considerable, though still short
when compared with the whole length of the chain.
Hence instead of regarding the irregularities of strike
or direction in the rocks of a mountain range as
proofs that no general line of contemporaneous ele-
vation prevails, we should take the general bearing
of the whole, precisely as we do that of a fault, care-
fully estimating, without bias, or determination to
find things as we suppose they must be from precon-
ceived opinions, how much dislocation may have been

® See Geological Transactions, 2nd series, vol. iv.
P
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produced at one epoch, and how much at others,
should there be evidence, which there frequently is,
of more great dislocations than one.

- Faults sometimes divide into two or more lines,
precisely as we should expect fractures to do; and
when this happens, we frequently find the lines of
dislocation approaching their termination. The sides
of a fault occasionally exhibit flexures, showing that
the rocks were to a certain extent in a yielding state,
and that there has been pressure. As these contor-
tions are not always in lines parallel to that of dislo-
cation, though the doubling up of strata would neces-
sarily take place most frequently in such lines, (from
the manner in which the pressure was applied,) the
various twists and flexures are sometimes cut by the
general horizontal level in such a manner as to ex-
hibit curved lines, illustrative of those greater curva-
tures and circular arrangements of strata described
as circuses or circular valleys of elevation. These
circuses or amphitheatres, in which a range of ele-
vated land, composed of some one kind of rock, passes
in a circular manner round a depression, with some-~
times a central boss or elevation of land, may occa-
sionally be seen well illustrated at the termination of
small faults in nearly horizontal rocks, composed of
unequally indurated strata, such as the lias, and laid
bare by tides or other causes.
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Fig. 40.

The above diagram will convey an idea of one of
these small faults, @, which terminates at a boss, 3,
resulting from the flexure round the end of the crack
or dislocation. This curvature being denuded hori-
zontally affords the circular line, ¢ ¢ ¢, upon the same
principle that a piece of mammellated malachite, sta-
lactite, or similarly arranged substance, would, when
cut in particular planes, present a series of concentric
circles. If now a softer rock exist between the outer
part, ¢ ¢ ¢, and the central boss b, such as a marl or
ghale bed between two strata of lias limestone, and
‘moving water act upon the whole, we obtain a cen-
tral elevation, a kind of circular valley, surrounded
on the outer side by an escarpment of hard rock. Tt
.will readily strike those who have observed such cir-
cuses, or circular valleys of elevation, on the large
scale in nature, that the miniature representation of
them observable at the termination of a small fault
is in principle the same in all. The outlets are gene-
rally also through a ravine or gorge, the part where
the contortion or flexure becomes a crack. A section
across such circular arrangements of beds, whether
on the great or small scale, would only differ in mag-

P2
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nitude, the general features being similar*. When
we consider how completely accidental the form of
any particular contortion may be, we are not surprised
at the various figures presented by valleys or amphi-
theatres of elevation, which are merely contortions
or fractures cut by the general horizontal plane of dry
land, and exposed to the various denuding changes
to which that particular part of the earth has been
subjected, since the necessary force produced the ori-
ginal fracture or contortion.

It will readily strike the reader, that these amphi-
theatres or circular valleys of elevation merely require
the ejection of volcanic matter through them to be-
come the much-disputed craters of elevation. If,
upon the principle exhibited in fig. 40., volcanic
rocks, such as large horizontal accumulations of ba-
salt, trachyte, volcanic conglomerates, or other sub-
stances of the like kind, were forced up in a circular
manner, we should have a crater of elevation. It
merely requires a volcano to play through the central
part of the circle to produce all required by Von
Buch’s theory of the craters of elevation. As it
appears very difficult to thrust a horizontal mass of
rocks upwards, particularly if there be a point more
powerfully acted on than others, without producing
corresponding points of greater elevation than the
rest, or fracture of such points into crateriform cavi-
ties, it seems somewhat surprising that craters of

* The study of small dislocations in various rocks laid bare
horizontally for some distance by low tides, more particularly if
they be composed, like the lias, of beds unequally indurated,
affords abundant information respecting the greater dislocations
observable on the earth’s surface.
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elevation have been doubted. When we find siliceous
sandstones curved and twisted in every possible di-
rection, as we frequently see them, we infer that the
particles composing them have had the power so to
move among each other, that a comparatively soft
and yielding state has been produced. Without this
yielding condition, the contortions could not have
been effected. We are, therefore, not surprised to
find those simple and larger curvatures of sandstones,
slates, limestones, and other stratified rocks, which,
when denuded in a horizontal plane, constitute great
curved or circular lines of strata. Why it should be
considered extraordinary that great tabular masses of
basalt, trachyte, or rocks of that character, should
yield, or become soft, when their composition is more
favourable for such a condition than that of the sand-
stones, does not appear very clear.,

. If an elevating force act beneath a tabular mass,
whether of the common fossiliferous rocks, or basalt
and trachyte, and either a part of the mass be less
resisting than others, or the force act with greater
intensity in one place than in another, a protrusion,
or somewhat circular fracture, would, we should con-
sider, be the result; one that can scarcely be consi-
dered extraordinary; but, on the contrary, one that
it would be more extraordinary not to find. Among
the contortions and fractures of mountain-chains, and
disturbed countries generally, there is no want of
strata so circumstanced that if volcanic matter pierced
the central parts of the area, they would readily be
termed craters of elevation. The most beautiful ex-
ample yet noticed in the British Islands, of strata so
arranged, is that lately discovered by M. Murchison,



214 UPTURNED BEDS AT FAULTS.

in the grauwacke series, at Woolhope in Hereford#
shire ¥,

- It sometimes happens that the side of a fault turne&
upwards by pressure, is not that which we should ex-
pect to have been so circumstanced. The following

Fig. 41.

example is not selected because it is one readily seen
in the country, for it requires some attention to be
certain of the facts, but because it is a larger view of
the Wambrook fault, figured p. 186, and there shown
to be one of a system of faults. Among the faults
on sea-coasts better examples may be found, because
the facts are there seen at a glance, as if in a picture.
By means of the fault, £, in the Wambrook valley, a,
lias, e, on the west, is brought into contact with green
sand, c, on the east, covered by chalk, b, and once con-
stituting a continuous portion of the green sand, d, on
the west. Now, if a simple dislocating force either
produced the mere subsidence of the mass on the east,
‘or the elevation of that on the west, the ends of the
lias strata ought to be turned downwards instead of
upwarde as they now are, supposing the necessary fric-
tion. Either, therefore, there has been great lateral
S eA figure of this valley or amphitheatre of elevation will pro-
bably appear in this gentleman’s work on the upper grauwacke

series of Wales and neighbouring parts of England, and on the
geological structure of other adjoining districts,
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pressure forcing the edges of the lias upwards, or,
when the fracture was effected, the mass on the west
was thrown upwards in such a manner as to descend
against the eastern side of the dislocation or fault. In
this case the bottom of the valley prevents us from
observing whether the green sand bears marks of ex-
traordinary pressure, as quarries are not opened on
that side, but there is no appearance of any contortion
down to the bottom of the valley. We cannot, there-
fore, infer here, as we may in many other places,
where equally yielding rocks occur on both sides of
faults, and one of them is turned up in the manner
represented ahove, that a relative elevation of the
one, greater than that now observable, once took
place, and that either from gradual subsidence of that
side since, or from sudden violence at the time of the
fracture, the friction was so great as to turn up the
ends of the relatively elevated rock.

The contents of common faults throw much hght
upon what have been termed metalliferous veins,
merely because they contain metals sought for and
employed for economical purposes, Many veins,
which would not be commonly termed metalliferous,
contain abundance of iron pyrites, often found in
common faults, more particularly when they traverse
clays, marls and slates. It has been above remarked
that the sides of faults are frequently so close as ab-
-solutely to touch, while at times they gape, and the
fissure has been variously filled. Angular fragments
of different sizes, some no doubt broken off at the
time of the dislocation, are common; but there have
evidently also been hollow spaces, both among the
fragments and between the walls of the faults them-

\
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selves, which have only been filled gradually by the
introduction of matter, prineipally in solution, and
which in some cases has not absolutely filled the ca-
vity, but left interior spaces, technically termed druses,
surrounded by crystals of various kinds. The infil-
tration has often taken place precisely in the manner
in which cavities have been filled in certain rocks,
giving rise to the formation of egates.

‘It will generally be observed that the cavities or
hollows in question are lined, if not entirely filled,
with matter predominating in the rocks comporing
thesides of the fault. If these be of limestone, the
matter is generally calcareous spar; if among silice-
ous grauwacke, or rocks of that character, quartz; if
among argillo-calcareous beds, such as the lias, where
sulphuret of iron may be common, calcareous spar,
iron pyrites, and sometimes selenite, are not uncom-
mon ; if among the upper beds of the red marl, or
other substances where sulphate of lime may be com-
mon, gypsum is frequently found*. There is evi-
dently a connexion between the ordinary contents of
the fault and the rocks among which it accurs, as we
might éxpect, because it would-readily receive water
from thefn, and, consequently, any matter which it
might hold in solution.

In some cases the fissure has evidently gaped for a
‘long period, and the gradual filling up has proceeded
from the sides inwards. - The most obvious facts of

® The diagonal lines of flint traversing chalk, see b, fig. 15.,
p. 99., and having much the appearance of small cracks ﬂlled
up by the infiltration of silica, seem also to afford an example
of the separation of matter from the body of the rock analogoul
“to those above enumerated. .
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this kind are observed among limestones of a certain
collective thickness, such, for instance, as the carho-
niferous limestones of England and Wales. The an-
nexed diagram represents a portion of such a fissure,

Fig. 42.
b

/

a ‘ a

/

b

the curved and, to a certain extent, parallel lines 4 5,
conforming to the sides aa of the fault. When great
length of time has elapsed in the production of each
coating of calcareous matter, the outside of each is
faced with the heads of crystals, upon which the next
coating has been formed. Cavities or druses are by
no means uncommon in the central portions of such
faults. Circumstances, precisely analogous, may be
observed among various slate rocks, the matter coat-
ing the walls of the fault being quartzose instead of

. calcareous. Many of the faults, termed cross courses;
in Devon and Cornwall are of this character.

The analogy hetween the common contents of a
fault and the greater proportion of metalliferous veins
is 8o striking, that we are irresistibly led to consider
their origin to have been similar. It is only when we
turn to the metalliferous contents that we have any
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apparent difficulty. The presence of the sulphurets
of metals is not confined to the metalliferous veins,
commonly so called ; for sulphuret of iron may often
be detected in common faults, clearly introduced into
them subsequently to the fracture, and occasionally
crystallized in the druses. The principal distinction
seems to consist in finding particular metals in one
place and not in another. Now, this being the case,*
we should rather study the conditions that may have
produced such a difference, than conclude, & priori,
that there can be no analogy between faults and nu-
merous metalliferous veins or lodes. As well might
it be contended that there is no analogy between two
common faults, because the space between the walls
of the one is filled with quartz, and that of the other
with carbonate of lime.

Here some remarkable facts come to our aid. It
has been very generally observed, and was more par-
ticularly insisted upon some years since by Mr. Carne,
that the character of metalliferous veins changes with
the structure of the rock through which they pass.
There is scarcely a miner of any intelligence in a
mining district who is not practically aware of this
fact. He may often be heard to predict either suc-
cess or failure from the change of country (as the
rocks, including the veins, are technically termed in
gome districts,) discovered in following up a particular _
metalliferous vein. His predictions are not always
verified, it is true, for the change may have been of
a different character from what he anticipated; but
this constant reference to probable change shows how
common the fact is. It is not necessary that there
should be an absolute difference of rock, geologically
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tonsidered, such, for instance, as from slate to gra.
nite : a change in the hardness and general mineralo«
gical structure of the same system of rocks will fre-
quently cause alterations of the vein sufficiently re~
markable.

Now this difference in the contents, or rather in
part of the contents of metalliferous veins, clearly de-
pends upon the rocks through which they pass; and
if to it we add the facts above noticed, we have consi-
derable evidence to show, that upon the rocks through
which either metalliferous veins or common faults
pass, depends the condition of the matter which may
occur in them. Among the best conditions for ex-
pecting to find fissures filled not only with an abund-
ance of metals, but also with kinds most useful to a
civilized state of society, is the proximity of some
mass of granite, porphyry, greenstone, cr rocks of that
class, to stratified rocks, such as slates and others*,
Every Cornish miner knows the value of the proxi-
mity of his mine, if it be in killas, (as the slates are
commonly termed in the mining districts of that part
of England,) to granite: The best mining fields of
Cornwall and Devon are within moderate distances on
either side of the line separating the two rockst,
Here, therefore, we have a condition favourable to
the occurrence of particular metals. Analogous facts

* M. Necker de Saussure has accumulated considerable evi-

dence on this head in a paper read before the Geological Society
of Lond See Pr dings of that Society.
. 4 It may be here noticed, as a curious fact, that the numerous
situations in Devon and Eastern Cornwall, where bundles of man-
ganese occur, the latter are, with very few exceptions, and many
of those somewhat doubtful, in grauwacke, near greenstone or
some trappean rock,
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could be readily adduced, but notices of them would
not accord with the plan of this volume. In many
we should consider that long-continued heat had
ncted a considerable part in producing the pheeno-
mena observed, and not a few cracks or fissures might
prise from the conditions under which: an intruded
mass of igneous matter, and the rocks through which
it appeared, might eventually be placed.

That chemical changes have taken place in the mat-
ter contained in some metalliferous veins after they
have, to a certain extent at least, been filled by various
mineral substdnces, is proved by the occurrence of
pseudo-crystals or those of one substance formed in
cavities left by crystals of other substances which had
previously disappeared, their moulds. or impressions
remaining. The game circumstance is-also well shown
by the presence of the cavities themselves, left by the
disappearance of the substances to which they are due.
In the formér case we have four different conditions-:
1. the production of the original crystal; 2. the en-
velopment of them by a second substance, differing
from the first, such as cubic crystals of fluate of lime by
quartz; 3. the disappearance of tlhe matter of the
original crystals by solution or otherwise ; and 4. the
substitution of a third substance for the matter thus
removed, by which it takes'an external crystalline
form it would not otherwise possess. In the second
case there would be only the three first of these con-
ditions.

These changes are highly interesting, as they show
that the contents of a vein do not necessarily remain
at rest after their first production, and prepare us for
other important changes which may have been pro-
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duced and are as yet unknown to us. The formation
of one crystalline substance upon crystals of another
substance also seems to show that the present con-
tents of veins have not been suddenly produced, but
have been the result of time. In metalliferous veins
the ores of metals rarely extend from side to side:
they are generally mixed up in various ways with
quartz and other substances, and very frequently with
fragments of rocks of the game kind as those through
which the veins pass.

. We have no intention of entenng into the general
subject of metalliferous veins, which would carry us
into detail inconsistent with the plan of this volume;
we are merely anxious to show how-analogous many
of them are to common faults, and that different con-
ditions have produced differences in the substances
filling the fissures. In some rocks metallic. ores evi-
dently form part-of the mass in which they are con-
tained, such as oxide of tin disseminated in some
granjtes. It has merely crystallized out in the same
manner as the felspar or mica. When also bunches
of ore occur in the middle of a rock without fissures
like faults, the formation appears somewhat contem-
poraneous. If we attentively consider many of those
systems of strings or small veins of metal crossing
each other in all directions, they appear like cracks
produced in the rock during consolidation, and
subsequently filled with metallic ores derived from
the rock itself. The matter of the rock generally
appears to have been once united; and many little
marks may occasionally be traced on both sides of the
string or small vein, which, if the latter were removed,
would join. Other systems of a network of small
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veins appear as if they had separated out during the
formation of the rock itself. But in this case, as in
the other, the metallic matter filling the veins must
have once been part of the matter of which the rock
was composed. These veins appear exceedingly ana-
logous to quartz and calcareous veins observable in
many rocks.

- In addition to the facts above noticed, which seem
to point to the rocks in which metalliferous veins
occur as the source whence much of the matter con-
tained in them has been derived, it may be stated that
the rocks themselves, where they approach the vein,
are not generally in the same condition as at some
short distance from it. We may very readily con-
ceive that in metalliferous veins, more particularly
those long formed, the contents may be variously de-
rived. It would, however, be premature to reason
on this subject before we have an abundance of data
before us, and due attention be paid to the conditions
under which any particular metalliferous vein or sy-
stem of veins may have existed, carefully weighing
those conditions, and observing how far the contents
either differ from or resemble each other, according to
the relative circumstances under which the veins may
have been placed. By thus carefully separating and
classifying the facts, we may be ultimately led to
trace to their sources the causes, and the modification
of the causes, which have produced them ¥,

* We have purposely abstained from noticing the probable
effects of electnclty in producing some of the contents of metal-
liferous veins, since the recent brilliant researches of Mr. Fmday
have mdnrecxly placed the subject in such a light, that it requires
a careful examination of some hitherto neglected pomts before
we attempt to reason on it generally.
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CHAPTER XI.

Arrer the remains of animals and vegetables, en-
tombed at various depths and at different periods in
the crust of the globe, were fully recognised as the
exuvize of organic life which had once existed on the
surface of the earth, it became a somewhat prevalent
opinion, particularly after the researches of Cuvier
and Brongniart round Paris, and those of Smith in
England, that contemporaneous deposits were cha-
racterized by the presence of similar organic remains.
During the time that such deposits were supposed to
be distinguished by similar mineralogical composition,
and, viewing the subject the other way, that similar
mineralogical structure at once proclaimed the geo-
logical date of the rock, it was considered somewhat
heretical to doubt the possibility of discovering any
other than a certgin series of organic remains in a
given fossiliferous rock wherever found.

This opinion, though somewhat modified, is still
80 far entertained that similar organic remains are
supposed to characterize contemporaneous deposits
to considerable distances; at least to this extent,
that if a belemnite be discovered on the flanks of
the Himalayan mountains, there is a disposition to
consider, & priori, that it must belong to some part
of a series of rocks in which this genus is found in
‘Western Europe. Fossil shells of similar species are
also supposed to characterize the same deposit over
‘considerable areas. :
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In the present comparatively advanced state of
geology, it behoves us carefully to weigh the con-
ditions under which animal and vegetable life now
exist, before we assume that a given deposit can or
cannot be determined by its organic contents. Some
of these conditjons are sufficiently well known, so that
by diligently studying the zoological and botanical
characters of fossiliferous rocks, we may approximate
towards ascertaining how far animal and vegetable
life may have existed under circumstances resembling
those we now observe, and how far both may have
differed.

. It is more particularly desxrablq to mvesugate the
condmons necessary to marine animals, which, from
the forms observed among organic .remains, we con-
sider ‘to have been most abundantly entombed in
mineral matter since the surface of the earth has been
fitted for their existence; an abundance so great,
that if their exuvie were abstracted from the mass
of fossiliferous rocks generally, a large amount of
matter would be removed, and the relative volume of
the whole be so reduced, that, m several instances,
rocks composed of little else than the remains of
marine creatures would glmost entirely disappear.

The temperature of the sea is not liable to those
great and sudden changes observable in the atmo-
sphere. Variations in climate, according to the sea-
sons, no doubt cause corresponding variations in the
temperature of the waters beneath them; but the
amount of change thus produced is relatively small,
as may be seen by comparing the tables of the tem-
perature of the sea on any given coast with those of
the climate in the same situation. Marine creatures
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therefore are not exposed to the necessity of change
of place, from the mere effects of altered tempero.ture,
to the same extent as animals which exist in the at-
mosphere.

Now as the temperature of the sea is necessarily
subjected to greater variations in shallow than in
deep water, the creatures which habitually prefer the
one to the other will (unless especially fitted to sup-
port variable temperatures, as no doubt a large pro-
portion of them are,) be disposed to change their
abodes more frequently in shallow water than in the
deep sea, supposing it to be inhabited *. In other
words, we should expect marine creatures, inhabiting
shallow water around shores, to be less constantly
found at given depths, than those which require a
greater depth of water to render their abodes agree-
able to them.

Taking the ocean-level at the equator as a line,
and viewing the subject generally, the temperature
would decrease perpendicularly both down to the
lowest depths of the ocean, and to the highest parts
of land which may project into the atmosphere. We
should thus have certain heights or depths, as the
case might be, where creatures preferring any given
temperature might find it within certain limits. Tem-
perature, however, though an important part of the

* Fish and molluscous animals are also disposed to change
their places in shallow water, from the agitation caused by waves.
Some seek refuge in deeper water, while others enter sheltered
bays and creeks. Sometimes, if heavy gales prevail for a consi-
derable time, marine animals will be found in estuaries which are
entirely free from them in moderate weather. Pectens often
enter into the creeks and estuaries of South Devon, if the water

be fot too fresh, when bad weather prevails in the open sea, to
which they again feturn when the gales subside.

Q



226 .MARINE ANIMAL LIEE.

conditions necessaryto the existence of animal life, ang

.greatly affecting its distribution over the surface of the
-globe, is only one among many considerations to be
taken into account in an inquiry of this kind. As we
see that different densities of the atmosphere are pre-
ferred by different animals existing in it, so do we find
various densities of water most agreeable to creatures
existing in that medium. As we have elsewhere*
remarked, if we consider that animal life decreases
in proportion as the atmosphere becomes colder and
less dense, and that marine life is less abundant as
the pressure of the .sea inereases, and the necessary
light diminishes, we-obtain, as it were, two series of
-zones, one rising above the ocean-level, the other
-descending beneath it; the terms of the two series,
all other things remaining the same, affording the
greater amount of animal life as they respectively
.approach the ocean-level.

Every naturslist. knows that a-given depth of wa-
ter is that at which certain creatures are likely to be
found ; which implies that they prefer a given pressure
-of water and particular temperatures. For instance,
-creatures fished up in the tropics from considerable
depths, and never discovered in-shallow water, exiat
-babitually under greater pressure and at a less tem~
‘perature than other tropical creatures found in shallow
water. If we take any of the experiments made to
ascertain the temperature of the sea at different depths
‘in the tropics, we shall see- how soon the ereatures
inhabitipg the shallow water in such latitudes would
‘be placed under circumstances by no means favourable

* Geological Manual, p. 29.
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to their existence, neglecting for the present the
variations of pressure which, no doubt, would pro-
duce equally destructive results. The experiments of
Sabine, Wauchope and Lenz® show us that while
there may be a temperature of about 80° Fahr. in the
surface waters of tropical seas, there is a temperature
of from 36° to 50° at the depth of about 1000 fathoms,
the greater temperature being discovered nearest the
equator. The manner in which this decrease takes
place may be illustrated by the experiment of M.
Lenz made in lat. 21° 14’ N." The surface water
being ‘at 79°5, he obtained 61°'4 at 150 fathoms;
37°-7 at 440 fathoms; 37°:2 at 709 fathoms; and
36°5 at 976 fathoms. It will readily be seen that
the great change of temperature takes place beneath
moderate depths of water, and that at considerable
depths the relative amount of heat is more constant.
This is a fact very generally observed, as might be
anticipated, in other situations than the tropics.

The change of temperature by an increasc in the
depth of the ocean, resembling, to a certain extent,
that caused by elevatlon in the atmosphere, naturally
induces us to inquire whether creatures known to
us as existing only in the waters of temperate cli-
mates might not be found at depths in the tropics
where the temperature was nearly similar, upon the
‘same principle that plants growing on the low lands
of cold climates may be discovered on the elevated
mountains of more temperate regions. It might be
said that if pressure be taken into account, there is
no reason why, @ priori, certain plants should be more

* Geological Manual, p. 25.
Q2
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capable of sustaining different degrees of pressure than
certain marine creatures. We will not, however, stop
to examine how far the cases would be analogous ; for
there is one very important consideration which must
enter into all such inquiries as those we are now in-
stituting, and that is, Would marine creatures living
habitually in shallow waters, and consequently in a
medium where atmospheric air was disseminated to
a considerable extent, be capable of supporting life
at great depths where we may infer that, if air be
present, it would be infinitely more scarce ?

We know, as far as regards freshwater fish, that
if they be plunged: into distilled water, they will die
from the want of the air commonly contained in
lake and river waters, and we may infer that marine
fish could no more exist without air disseminated
through sea, than the freshwater fish in distilled
water.

The analogy between the plants and animals above
noticed seems here to cease, for the plants could as
readily procure the gaseous matter necessary for them
in the one position as in the other; though it must
not be forgotten that in the great adaptation of ani-
mal and vegetable life to the situations fitted for it, nu-
merous plants which live in places where the density
of the atmosphere is comparatively small, are, accord-
ing to Humboldt, provided with an abundance of
secreting vessels, so that the respiration of the leaves
of such plants becomes deranged when the latter are
transferred to situations where there is greater at.
mospheric pressure*.

* Tableaux de la Nature, il. p. 115,
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. As we cannot readily conceive that marine crea-
tures are capable of decomposing water for the pur-
pose of procuring the oxygen that may be necessary
for them, we look to the absorption of gaseous matter
by water, and its consequent dissemination among the
latter, as the means by which creatures obtain the re-
quisite air, assuming that oxygen is necessary to the
whole animal creation, and that it must be obtained
at intervals, however unequal these may be in different
creatures, for the purpose of sustaining life*. +Of the:
depths to which air may thus find its way we know
nothing ; but the very curious observations of M. Biot
on the gaseous contents of the swimming-bladders of
fish show us that such contents probably vary, accord-
ing to the depth at which the fish usually live. He
found that such bladders were not filled with atmo-
spheric air, but with nearly pure nitrogen, when the
fish inhabited shallow water, and with oxygen and
nitrogen, in the proportion of 9 of the former to 1.
of the latter, when they inhabited depths of from 500
to 600 fathomst. We might hence infer that there
was a difficulty in procuring nitrogen at great depths
while it was readily obtained near the surface, and
hence that atmospheric air was more abundant in the:

* It may, indeed, be said that if the lower creatures do con-
sume oxygen forming part of the atmospheric air disseminated at
great depths, the intervals at which they require it may be so
long, and the amount so small, that a very trifling relative vo-
Jume of this substance would suffice for great lapses of time.
This latter view, if true, would, however, only tend still further
to illustrate the adaptation of animals to the conditions under
which they are placed. ,

" 4 Biot, as quoted by Pouillet, Elémens de Physique Expéri-
mentale, tom. i. p. 187. :
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latter than in the former case, We may also sappose
that oxygen is more readily absorbed by sea-water than
nitrogen, and that therefore it may extend to greater.
depths. Be this, however, as it may; the differences
in the contents of the swimming-bladders is exceed-
ingly remarkable, and apparently point to a difference-
in the gaseous matter disseminated through sea-water
at various depths, at least as far as regards the pro-
portions that oxygen and nitrogen may bear to each
other nnder such conditions.

It might be considered that fish, being provided
with these swimming-bladders, would have tlie power
of rising to any height in.the water they desired, and
that therefore they could obtain whatever amount of
disseminated air they might require. It would: ap-
pear, however, that though capable of rising and de--
-scending from and to certain depths, fish are limited,
according to their species, as to the thickness of the
stratum of water, if we may so speak, which they in-
habit. As fish rise.and descend in water, at least the
great proportion of them, by means of expanding and
contracting the gas in their swimming-bladders, it is
evident that when this gas becomes, by ptessure, of the
same density as the surrounding water, the fish can
no longer descend, unless, indeed, by great muscular
exertions; neither would they ascend with facility
beyond a certain height. M. Pouillet has observed
on this head that the gas in the swimming-bladders
of fish brought up from the depth of about 3300 feet,
and therefore under a pressure equal to about 100
atmospheres, increases so considerably in volume that
~ all muscular effort being unable to restrain it, it forces

.
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the bladder, stomach, and: other meighbouring ‘parts
outside the throat into. the form of:a bnlloon-shaped,
mass*,

‘We have no reasonxo conclnde that different spe-:
cies of fish are the only marine creatures likely to be:
limited to particular depths of water; we should infer
that all the animal inhabitants of the ocean and seas:
were similarly circumstaneced. Pressure and tempe-
rature change with the depth ; and we cannot conceive,
that the same animal, be it what it may, could live.
equally well near the surface and beneath a depth of.
1000 fathoms, more than we should consider that a
man would find himself equally comfortable at small
heights in the atmosphere, and at an elevation of
30,000 feet above the sea. Throwghont animal life
creatures appear to have been formed to sustain that
particular pressure, whether of -aiv ‘or water, which
was usually found in the situations destined to he
occupied by them. Creatures existing in the atmo-
sphere, all other things being the same; would, how-
ever, suffer less in proportion from a given amount
of vertical change of place than creatures living in
the sea. An eagle, accustomed to soar at conaider-
able heights, can live at the level of the sea; but it
is very doubtful if a shark could continue long to
exist beneath considerable depths, thongh no doubt.
rapacious creatures are better enabled to sustain such
changes than others; the necessity of finding prey at
various altitudes or depths, as the case may be, being

especially provided for.

< ® Elémensde Physique Expérimentale, tom. i. p. 188. Seconde
Edition.
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Fish could not remain at ease in any particular
depth of water if their specific gravity at the time
was not precisely that of the medium in which they
existed, It is evident that in many the change in
their relative specific gravities is effected by the con-
traction and expansion of the gas in the swimming-
bladders above noticed ; and we have seen. the conse-
quences of removing such an elastic body from greater
to less depths. We now come to another question.
As the liquid matter circulating in marine .creatures
is, in all probability, of such densities that the pres-
sure of the surrounding aqueous medium is exactly
such as to allow it to move with the proper freedom,
would change in the relative depth of any glven
marine creature produce a corresponding effect in
the circulation of its fluids? Although we may con-
sider the fluids and the surrounding water to be to a
certain extent elastic, their elasticity is not such as
to produce effects similar to those caused by the ex-
pansion of gaseous matter : it would probably, there-
fore, require very considerable differences in pressare
to produce any appreciable effect.

‘Wherever a creature exists, we may consider it to
be partially kept together by a given amount of pres-
sure, so arranged that it can move freely in the me-
dium, whether gaseous or aqueous, in which it may
habitually live. The powers of the muscles are suited
to this condition of things. If, however, the pressure
hecome less from any cause, there would be a tendency
in the body of the creature to change its volume in
order to accommodate itself to the medium by which
it is surrounded. The derangement would be first
experienced in the smaller and more delicate vessels,
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constructed as they are with such beautiful precision,
that the power of controling their action is always
equal to the effects required. A pressure suited to
the proper condition of the animal is part of this
power; and when it is greater or less than the crea-
ture habitually supports, the animal suffers in pro-
portion to the difference; so that when the latter
becomes considerable, the creature ceases to exist.
Although man can live without unpleasant sensations
under a considerable variation of atmospheric pres-
sure, yet upon lofty mountains, such as Mont Blanc,
‘and, consequently, under a considerably diminished
weight of air, he perceives he has attained a situation
where his bodily sensations, from the want of the ne-
cessary pressure, are most unpleasant : every step re-
quires great effort, his breathing is deranged, the
smaller blood-vessels begin to give way, and altoge-
ther he finds himself under conditions not suited to
him. His sensations, therefore, teach him that he
could only continue to exist beneath a given amount
of atmospheric pressure, and that the component parts
of his body are suited to it.

‘When we consider the effect of pressure on marine
creatures, we must not forget that, from the very great
difference between the elasticity of air and water, the
change of relative specific gravity of an animal, rising
to a given height in the atmosphere, would be far
greater than that of a marine animal, unprovided with
swimming-bladders or similar organs, descending to
an equal depth in the sea. As far as mere fluids are
concerned, and estimating the amount of change in
the relative specific gravities of the creature and of
the surrounding medium, which may be sustained
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without inconvenience, by that whick a man can en..
dure either in rarified or condensed air, we may infer
that the mere difference in the relative specific- gravi-
ties of sea-water and of the fluids ¢irculating in. ma-
rine animals would not be preductive of very great
effects even from considerable variations in depth.
It is otherwise, however, with differences in pressure.
A creature living at the depth of 100 feet would sus-
tain a pressure, including that ef the atmosphere, of
about 60 pounds on the square inch, while one at
4000 feet, a depth by no means considerable, would
be exposed to a pressure of about 1830 pounds upon
the square imch. It will be obvious, from our know-
ledge of the structure of animals generally, that we
cannot with any referenee to sueh structure, mere
particularly that of the delicate vessels, suppose any
one creature capable of sustaining such enormous dif-
ferences of pressure with impunity.

. We may fairly infer that as the sea varies in its
pressure and temperature, and probably alse in its
amount of disseminated air, in proportion to its depth,
marine creatures are formed far the conditions under
which they exist; and as the latter vary, so do also
the former, viewing the subject on the large scale.
There is another impertant element to be taken inta
these considerations, and that element is light. How
far all marine life may require light it is difficult to
say ; some creatures inhabiting the mud and samd-
banks beneath the sea can, at all events, live long
without it, and do so from choice : it must, however,
be essential to all those provided with the organs of
vision. Hence those which are so provided would
prefer the levels where they can obtain the degree of
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light best suited to them: so that we might expect
to find the great mass of fish, crustacea, and such.
molluseous creatures as possess eyes, in comparatively
shallow water. When not in shallow water, and con-
sequently where there would be less light, we should
anticipate some modification of the organs of vision,
by which they may be enabled in some degree to ob-
viate the inconvenience of living in comparative dark-
ness. . Now this is precisely what we do find, and is.
well illustrated by the Pomatomus Telescopium, fished
up at considerable depths off the coast near Nice,
whose eyes are. remarkable for their magnitude, and.
formed to obtain the advantage of every ray of light
that can penetrate into its abode.

Our kaowledge of the depths at which the animals
inhabiting various shells exist is necessarily limited,
Shells commonly found on sea-beaches have beea
thrown there by the action of the breakers; they
have been moved on shore by the propelling power
of the waves in that direction. Under ordinary cir-
cumstances the shells alone are ejected from the sea ;
it is only after heavy gales, producing great move-
ment in the more shallow bottoms round coasts, that
the animals are deteeted in them when cast on shore.
It would appear that the motion of the disturbed wa~
ter in heavy gales swept up the sands or mud in which.
some of the molluscous creatures habitually live, and
that, being umable to resist the propelling action of
the water, they are thus forced on the land. .

It will be obvious that, as the action of waves suf-
ficient to drive bodies, such as shells, on land can
only be felt at moderate depths, the shells so dis-
covered could only have been derived from similar



236 MARINE ANIMAL LIFE.

depths. Therefore as we are not likely, under ordi-
nary circumstances, to find deep-water shells cast on
shore, it can only be by fishing, dredging, or similar
means, that we obtain any knowledge of those whose
inhabitants keep from choice to depths beyond the
propelling action of waves. Consequently the depths
at which the inhabitants of shells may exist is un-
known to us; and we feel assured that there may be
numerous species, and perhaps some genera, with
which we cannot expect in the ordinary course of
things to become acquainted. It may, however, be
inferred that great pressure, and other circumstances
noticed above, would limit their existence to mode-
rate depths. Conchological works are, in general,
exceedingly deficient in information as to the depths
at which various shells have been discovered with
their animals alive; a circumstance to be much re-
gretted by geologists, as it deprives them, in a great
measure, of the assistance they would otherwise de-
rive from organic remains in estimating the probable
depth at which a given fossiliferous deposit may have
been foraed. Under these circumstances my friend
Mr. Broderip was kind enough at my request to con-
struct the table placed at the end of this volume,
which shows the situations and depths at which the

known genera of recent marine and estuary shells
* have been observed. :

It would appear that all the molluscs enumerated
in the table noticed above have been obtained at less
depths than 100 fathoms.. It does not follow that
many species, even of the genera noticed, may not
live at greater depths than 600 feet; most probably
they do so: but it is remarkable that, as far as the
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evidence goes, all the molluscs known to us, with
perhaps a few rare exceptions, have been found with
living animals in them at less depths. The area,
within the line of 100 fathoms, extending round the
British Islands*, presents a large extent of surface,
in which the bottom is at depths much beyond those
noticed in the list. There may, therefore, be within
what are termed soundings round our own coasts
numerous species as yet utterly unknown to us. The
chances are necessarily few which could bring to
light such species as may habitually live in the
area comprised within the lines of 60 fathoms and
100 fathoms. So long as the animals were alive, they
could readily retain their places at such depths; for
there can be no current or stream of tide possessing
sufficient force to wash them onwards, and the action
of the waves, if felt, must be very trifling. The pres-
sure between the two lines would vary from about
180 to about 285 pounds upon the square inch, one
we can easily suppose not too great for a large amount
of molluscous creatures, since fish are known to live
beneath a much greater pressure. We should, how-
ever, not forget that molluscs, when their organs are
arranged for a pressure equal to about 200 pounds on
the square inch, would probably not feel disposed to
ascend to higher comparative levels where it would
be much less.

‘We might conclude, a priori, that the same kinds
of marine creatures are not likely to live generally
under very different temperatures, or at very different
depths. Now this conclusion agrees with known facts,

* See plate ii. p. 190.
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and as it so closely corresponds with such facts, we
may further infer that equal temperatures will not

_ suffice for the existence of a given marine creature if
there be great inequalities of depth; that is, an ani-
mal living in shallow water in the colder regions of
the globe is not likely to be discovered in water of
-equal temperature beneath considerable depths in the
tropies. And, conversely, marine creatures existing
at considerable depths in the tropics are not likely to
be the inhabitants of shallow water in the colder re-
gions of the earth. Thus, when we consider the dis-
tribution of marine creatures over the globe, our views
are not likely to be vitiated by the concealment, from
‘great depths, of species known to us as inhabitants
‘of shallow seas in temperate climates.

As we observe that marine animal life is so much
affected by temperature, depth: of water, and the dis-
semination of air, we might conclude that, at given
‘depths in the sea and under similar latitudes, all other
things being equal, we should find the same species.
This is, however, at variance with all our knowledge
on the subject, which seems to point to a great dif-
ference in species, with a few exceptions, under such
conditions*. Assuming, therefore, that species are
distinct creations, and not modifications of genera in
consequence of time and place, we come to the con-
clusion that equal conditions do not afford like spe-
ccies, and that the latter havé been separately created
~ * It was considered unnecessary to sketch the known geogra-
phical distribution of marine life, as ample information can be
obtained by references to various works on the subject; and it is
the less necessary to the geological reader as Mr. Lyell has treated

this subject at considerable length in the second velume of his
Principles of Geology. .
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as the places they inhabit were fitted for their exist-
ence. .

This non-agreement of marine species under equal
circumstances as regards temperature and depth of
water, shows us how extrémely cautious we should
be, when viewing the subject with reference to the
.existing state of things, in concluding, & priord, that
rocks are of different ages because the same marine
‘organic remains are not detected in them ; for if we
-are not to expect similar general collections.of organic
bodies under the conditions we should consider most
favourable, we cannot anticipate that unfavourable
circumstances will produce them.

‘When we turn from marine to terrestrial life, we
still find that equal conditions as to climate and ele~
wation in the atmosphere do not generally present us
with like species, whether .of animals or plants*.
There is always a beautiful adaptation of both to the
circumstances under which they are placed, but these
circumstances .do not necessarily afford like species.
There can be no doubt that many plants can adapt
themselves to altered conditions, as is readily observed
in our gardens; and many animals accommodate them-
selves to different climates, as is well seen in those
removed from temperate regions to the tropics, or
from the latter to the former. But when we view
the subject generally, and allow full importance to
numerous exceptions, terrestrial plants and animals
seem intended to fill the situations they occupy as

* We must refer, as before, to the various works which treat
on the distribution.of animal and vegetable life on the surface of

the globe for the evidence on this head. To -have eptered on the

subject in a volume of this kind would have to much increased-
its size. . o i
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these were fitted for them. They appear created as
the conditions arose, the latter not causing a modifi-
cation in previously existing forms productive of new
species.

If the mass of vegetable and animal life were now
such as it always has been, existing species, when
the surface of dry land underwent different changes,
entering upon the area which had suffered alteration,
wmust have come from other situations either under
similar or different conditions. Should they come
from the latter, they would be capable of existing
under different circumstances, and if from the former,
the situations must have been contiguous, or the plants
or animals must have passed over the gpaces not fitted
for them.

‘We should expect if one mass of animal and vege-
table life supplied all the variations produced on the
surface of the earth during the lapse of ages, that
eventually there would-be much uniformity in its
distribution, and that fossiliferous rocks of all ages
would present, taken as a whole, considerable simi-
larity in their organic contents. Now as we do not
find either this uniformity i in the distribution of ac-
tual animal and vegetable life over the surface of the
globe, or in the organic contents of rocks, we seem
compelled to conclude either that an original mass
of animal and vegetable life has been enabled to suit
itself to all the changes to which the surface of our
planet has been subjected since such life was. called
into existence, or that there have been successive
creations as new conditions have arisen, so that every’
place capable of sustaining life has been filled by
that fitted for it. There are likely to be few, seeing
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the beauty of design manifest in creation and so ap-
parent in animals and vegetables, who will not rather
consider there has been a succession of creations as
new conditions arose, than that there should be an
accommodating property in organic existence which
might ultimately convert a polypus into a man*.

* It is by no means intended to deny that the forms of species
may not be greatly modified by the circumstances under which
they are placed, for we know that such is the case. Many mol-
luscs, animals of great importance to geologists, have been shown
by Mr. Gray to alter the thickness of their shells according to
the mere circumstance of being exposed to either agitated or
still water.” He'states that “the shells Buccinum undatum and
B. striatum of Pennant have no other difference than that the one
has been formed in rough water, and is consequently thick, solid,
and heavy; and the other in the still waters of harbours, where
it becomes light, smooth, and often coloured.” (Phil. Trans.,
1833, p. 784.) The same author also remarks that “shells which
have branching or expanded varices, like the Murices, are also
much influenced by these circumstances, and hence many mere
varieties, arising from local causes, have been considered as di-
stinct species. The Murez angulifer is merely a Murex ramosus
with simple varices; and Murex erinaceus, M. torosus, M. sub-
carinatus, M. cinguliferus, M. Tarentinus, and M. polygonus, are
all varieties of one species. Murex Magellanicus, when found in
smooth water, is covered with large acute foliaceous expansions ;
but the same shell living in rough seas is without any such ex-
pansions, and only cancellately ribbed. In such situations it
seldom grows to a large size; but when it does 80, it becomes
very solid, and loses almost all appearance of cancellation.” (1d.)
These and other modifications of shells, from the influence of the
circumstances under which the animals have been placed, are
of very great importance to geologists, as it is necessarily with
the forms of fossil shells alone that they can become acquainted.
And, as if still further to embarrass their judgement, it appears,
though probably instances of this kind are rare, that different
animals may inhabit similar shells. Thus, according to Mr. Gray,
“the shells of Patella and Lottia do not in the least differ in,
external form, and yet their animals belong to very different
orders.”
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CHAPTER XII.

Ir animal and vegetable life be so distributed over
the superficies of our planet that equal conditions do
not necessarily afford the same species, it follows that
the organic exuviee which may be entombed by rocks
now forming, would not necessarily be the same even
under the same parallels of latitude; assuming, for
the sake of the argument, that the conditions as to
climate, pressure of the air or water, and other cir-
cumstances, are similar under such parallels. The
distribution of life, whether animal or vegetable, being
thus variable as regards species, no geologist expects
to find a modern rock characterized by the same or-
ganic remains in distant places, except under very
favourable circumstances. He would not be surprised
should he not discover in rocks now forming on the
shores of Great Britain and of India a single species
which should be common to both. Even when the
same latitudes were concerned, he would not expect
to meet with only the same fossils in the modern
rocks of the coasts of Africa and of America, or of
the latter and Australia ; still less would he anticipate
the discovery of only the same plants and animals in
the lacustrine deposits now taking place in these
countries, however similar the climate.

‘When we regard the hydrography of the world,
we are struck with the fringes, as it were, of sound-
ings tound continents, These, no doubt, are of very
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irregular extent, the outer verge, or the fall from
about 150 or 200 fathoms into deep water, sometimes
' approaching the land, at others receding from it, the
differences being generally due to combinations of
various local circumstances. The general character,
however, of these fringes, is remarkably similar.
They constitute plains, for the most part not much
inclined, to the depth of between 600 or 1200 feet,
where there is very frequently a more sudden plunge
into much deeper water.

Fig. 43.
g fede

£ fedeval

Let, in the annexed wood-cut, (fig. 43.) 1, 1;
2, 2; 3, 3, represent parallels of latitude sufficiently
distant from each other to produce considerable vari-
ations of temperature, !/ a line of coast extending
from north to south, and £ f the outer verge of sound-
ings off the same coast, there being a sudden fall

n2
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into deep water gg. Let the lines ad', b4, ¢, dd,
and ee', represent lines of equal depths between the
shore and the verge of soundings. It is obvious that
if we consider the soundings to form an inclined plane
from the shore to the verge, which may, for the sake
of illustration, be supposed to run out to a depth of
150 fathoms, we should have a series of what may be
termed zones of different depths, and, consequently,
of different temperatures and pressures. We might
infer that each of these zones would be inhabited by
creatures which should on the whole differ from each
other. )

Neighbouring zones might contain some marine
animals common to two or three, but the resemblance
in this respect would become less the further the zones
were removed from each other. Supposing the coast
line to be N. and S. in the annexed figure (fig. 43.),
we should then obtain greater pressure and a lower
temperature at the bottom as we proceeded eastward.
There would be another cause of difference in the
marine life of such an area as the soundings here
supposed. We have considered thelines 1, 2, 3, asre- -
presenting parallels of latitude sufficiently distant to
produce differences of climate. We then have another
series of zones crossing the others nearly at right an-
gles, and also affording changes of marine life. We
should not expect to find the same creatures between
1 and 2, and 2and 3. We thus obtain various areas,
which not only differ from each other in east and west
directions, but also from north to south ; and any ac-
cumulation of detrital or other matter, forming new
rocks over the whole area represented, would entomb
remains differing from each other and yet be contem-
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poraneous. We have also introduced in the above
diagram. (fig. 43.) another cause of change. ~ The
river A, discharging itself by a delta into the sea,
would cause considerable modification in the life
within the influence of the fresh water propelled out-
wards. The organic remains brought down by the
river would produce a general modification in the
zoological and botanical characters of the new-form-
ing rocks, and there would be a mixture of fresh-
water and marine creatures, and probably also of ter-
restrial animals and vegetables, over a given part of
the soundings. ‘

We have assumed, for the sake of the argument,
that the soundings constituted an inclined . plane ; this
would not be strictly the case in nature, for, generally
speaking, there are minor elevations and depressions
forming banks and hollows, depending on local cir-
cumstances. We shall, however, continue to consider
these beds of soundings, fringing the land, as inclined
planes, for the sake of more easy illustration. Let
@ b, in the annexed diagram (fig. 44.), represent the

1
v

Fig. 44.
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.sea-level, ¢ a coast, and e, ¢, €', "' a section of a mass
.of soundings, falling into deep water at d. At the
.various depths, i, &, /, there would be different tem-
-peratures and pressures; and, from what has been
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previously stated, the respective portions of the in-
clined plane of soundings, cut by the levels of depth,
would be tenanted, viewing the subject generally, by
different marine creatures.

If, now, the whole body of land, soundings included,
become gradually raised, so that the level i forms the
surface of the sea, the creatures which lived formerly
between the surface b and the level i could retreat to
-the portion of bottom situated between i and k, where
they would be under the same circumstances as be-
fore. There would, however, be one result, which,
when viewed geologically, possesses considerable in-
terest; the organic remains entombed by an accu-
mulation of detrital or other matter on the surface
comprised between ¢ ¢’ would no longer be the same,
considering the subject generally, as they had previ-
ously been. A change will be effected. The exuviw,
which in the supposed original state of things would be
entombed in the surface ¢ ¢, would now be covered
by others corresponding with those previously enve-
loped by new-forming rocks on the surface e ¢. The
like would happen with the succeeding surface " ¢'",
whose existing inhabitants would seek lower depths.

‘We have hitherto supposed minor elevations of the
soundings ; let us now consider the effects produced
by a more sudden and greater rise of the same s lid
matter. If the mass of soundings were raised at once
about 100 or 150 fathoms, so that the new level of
the sea should correspond with the line m » (fig. 44.),
not so suddenly as to cause great waves, but suffi-
ciently quick to prevent the migration of the mollus-
cous and other inhabitants of the bottom, these crea-
tures would necesearily be destroyed as far as regards
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the particular area. Those which were incapable of
quick locomotion, as would be the case with many,
would perish if the elevation were moderately gradual :
they would be unable to reach the new lines of depths
and temperatures suited to them.

Let the reader consider what would be the effect
upon marine animal life (at least that part of it which,
unlike the fish and some others, cannot readily change
their places,) if the area of soundings round the Bri-
tish Islands were 8o raised that the present line of 100
fathoms in depth constituted that of the new coast*.
To those unacquainted with geological phenomena
such a supposed change of level may appear some-
what great; but it is one which such phenomena
show wus, in a manner not to be mistaken, has often
occurred on the surface of the earth, and that so.far
from being great, it is comparatively small. To the
geologist such a change of level presents nothing re-
markable; the only question likely to arise is simply
whether such changes may have been gradual or more
or lesssudden. In either case we should have changes
in the condition of the marine life at present existing
on the area. If the elevation were moderately sud-
den, so that the various creatures habitually living on
or in the bottom of the sea should not have the power
to escape as a whole, there would be an immense de-
struction of species, the greater part of those peculiar
to the area probably perishing altogether. Numerous
shallow basins containing sea-water would remain,
and in these many creatures would continue to exist
for some time longer.

Those who have seen the tide leave.the shore on
H # For this area see the map opposite p. 190,
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shallow coasts, and. witnessed the rapidity with which
large tracts of slightly inclined sands or mud become
freed from water, pools here and there appearing, will
readily conceive that a rise of bottom, producing as
rapid a disappearance of water, would entirely pre-
vent the great mass of molluscous creatures, and even
some fish, from escaping. Yet the disappearance of
the water would be so gradual that the surface would
no more be torn away, than is the case when the tide
ebbs on shallow coasts. In all probability a much
quicker disappearance of water might take place and
yet the bottom, remain firm. The rapid disappear-
ance of water by an. ebb-tide is, perhaps, less familiar
to most persons than its quick flow on similar coasts,
because it is unattended. by the same amount of dan-
ger. If, therefore, they measure the rapidity of the
relative change of levels by that of the rise of flood-
tides on shallow shores, they would better perceive
how difficult it would be for a large amount of ma-
rine creatures to.quit their usual habitats and escape ;
for this rapidity is on some coasts sq considerable that
men have great difficulty in reaching the shore, though
conscious of the danger, and in some situations it even
requires the aid of 4 good horse to escape in sufficient -
time. Now itisimportant to remark, that the marine
animals, being nnprepared for such a relative change
of level, would scarcely be aware of their danger until |
too late. Those. habituated to great tidal changes
would of course perish-at once; for when left by the
water they would not feel uneasy, and therefare de-
sirous of change of place, until the time when the tide
usually returned.

It is evident that if a. change of level took place in
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this part of the earth’s surface, even accompanied by
no greater rapidity in the disappearance of the sea
than that observable in an: ebb-tide, so that a new
line of coast should correspond with the present line
of 100 fathoms in depth round the British Islands,
there would be great destruction of marine life, more
particularly of such species as were peculiar to the
area left dry, and not possessed of quick locomotive
powers. Even if many escaped to the outer verge
of the present line of soundings, the area, from the
greater steepness of the bottom (the descent into
rapid water being comparatively rapid), would be so
narrow that, even supposing all other circumstances
fitted for their existence, very few, even of those ca-
pable of speedy flight, would eventually find places
proper for them.

Let us now consider another consequence of this
change of level round the British Islands. In many
situations shallow basins would exist into which some
creatures might escape. These basins would, how-
ever, have been previously tenanted by other marine
animals, which, if the change of level were inconsi-
derable, would be capable of living in these basins,
at least for a time. If, however, they were creatures
which required comparatively deep water, they would
probably perish, and the waters be inhabited by those
which may have escaped from higher levels. These
basins would not long exist under their first condi-
tions.. The new surface of the elevated area would
come within the action of the atmosphere, and be
subjected to all the effects produced by such action.
The rivers of a part of France, of all the British
Islands, and of those parts of Germany, Russia, Swe-
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den and Norway, the drainage of which now runs into
the area under consideration, must proceed onwards
until they reached the sea. They must find their
way through various parts of the new dry land. At
first, from the difficulty of finding channels, there
might be considerable spread of water and conse-
quent loss by evaporation ; but in a climate like that
under which this change would be effected, the accu-
mulated waters would soon cut channels, and meander
to the sea by various routes, each river according to
the least resistances opposed to its progress.

A difference of 600 feet in level over the area
would no doubt tend to throw some of the waters of
continental Europe backwards, supposing the rise
somewhat local and to fine off to different distances
around it, and some of them would take other lines
of drainage ; but much of the water would still low
westward, and the drainage of the area itself would
not be inconsiderable. Many of the basins above
noticed would receive rivers in their courses onwards
to the sea, and we might expect from this constant
influx of fresh water that the sea water would gra-
dually become less saline, the waters mixing and the
mixture passing off over the lower drainage lip of the
basin, for a drainage must take place when the mixed
waters rose above the level of its sides. Many of
these basins would become freshwater lakes, and
consequently would be ultimately tenanted by fresh-
‘water animals brought down by the rivers; for this
change of level would leave terrestrial and freshwater
creatures in a great measure unharmed. They might,
indeed, shift their habitats to lower comparative le-
vels, but destruction would not ensue: they would
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be free to colonize the new dry land, and therefore
their remains would be entombed in any deposits
forming in the lakes, which, from all analogy, we
should expect to happen.

It is somewhat curious to consider the zoological
character of the beds of sand, silt, or mud which
would be left dry. Charts of the various soundings
show us that we should have a surface of variable
mineralogical character, but that it would be princi-
pally arenaceous. Now, as among marine creatures
some prefer one kind of bottom, and some another,
we should not only have zones of marine life, if we
may use the expression, corresponding in a general
manner with those of equal pressures, temperatures,
and other circumstances, but such marine life would
also differ, according to the nature of the bottom in
the zones themselves. We should thus have an area
in which contemporaneous creatures were entombed,
where the deposits in one portion.would differ in or-
ganic contents from those of another, in proportion
to differences of depth, temperature and bottom. The
lakes would eventually contain the exuviz of terre-
strial, fluviatile and lacustrine life, both animal and
vegetable, and we should: have rocks characterized by
such remains resting on others full of marine exuvie,
with probably here and there some intermediate beds
containing remains characteristic of brackish water,
or of a mixture of creatures, originally either marine
or fresh-water, which had been-enabled to support
the changes of the medium in which they occurred
up to a certain point, when the originally marine
creatures gradually disappeared and gave place to the
fluviatile and lacustrine animals.
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We have observed that the soundings round the
British Islands are bounded on the side of the ocean
by a line, where the great plain, as. we may term it,
terminates somewhat abruptly, the line of 200 fa-
thoms being at no great comparative distance beyond
that of 100 fathoms. Now, if the change of level
were ‘such: that the new coast line rose somewhat
suddenly, even for a few feet above the ocean-level,
the breakers would attack it, gradually removing the
land, and producing cliffs, which, though not at first
high, would become more 5o as thie inroads of the sea
increased. If, however, on the contrary, the new
coast did not rise abruptly above the sea, but was low
and bounded seaward by a zone of shallow water, the
piling mfluence of the sea would produce dunes, si-
milar to those on the low shores of western Europe
extending from France to Denmark, and to those
which separate the flat district of the Landes. from
the Bay of Biscay. Behind such dunes we should
have masses of pent-up waters, such as are commonly
found in similar situations, and consequently similar
results as to the kind of animal and vegetable life en-
tombed, and to the nature of the deposits formed.

It will be obvious that the less the amount of re-
lative change of level produced at any one time in this
area, the less would be the general amount of destruc-
tive effécts caused by it; so that if the change be
brought about by no greater exertion of force than
that supposed to be now observable in the Gulf of
Bothnia, there need be no destruction of species, the
inhabitants of the shallow waters gradually retreating
with the sea, so that there would be a general move
of marine creatures seaward, each particular spe- .
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cies keeping the same relative positions as regards
pressure of water, temperature, and other necessary
circumstances, as before. One remarkable geological
effect would, however, in this case be produced, and
will appear more clearly, if we suppose the retreat of
the sea to have been thus gradual to the verge of the
soundings, so that the line of 100 fathoms constitutes
the coast. The whole of the surface would, to a very
great extent, be covered by the remains of similar spe-
cies, left on the bottom and enveloped by the usual
causes as the sea retreated, and such species would be
littoral. The deposit would clearly not be contem-
poraneous, but it would be characterized by similar
organic remains. It would also be based on other
deposits formed in a similar way, but characterized by
the presence of organic remains differing from the
former, because they are the exuvie of .creatures
which resided at greater depths; they would, however,

be similar as regards themselves.
Fig. 45.
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Let a b, in the above section, fig. 45., (and unfor-
tunately we are compelled to make it exceedingly ex-
aggerated on account of the small size of the page,)
represent the level of the sea; ¢, the land rising above
it; and ¢, d, some surface of rock upon which detritus
or other matter forming beds, hasaccumulated. Let
us assume that, from the ordinary operations of nature,
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a deposit takes place beneath the sea on the surface ¢,
d, and that this deposit constitutes a bed conformable
to ¢, d, extending from 1, to and beyond d. The
animals inhabiting the bottom, and whose exuviz,
from the death of the creatures or other causes, are
discovered in such a state as to lead us to suppose
they had not suffered transport, but were entombed in
the sands or mud, in which they lived, would probably
differ in a general manner, according to the depths
of water above them. They would be suited to the
various levels & %, g ¢', £f', e €', and consequently
the organic remains are not likely to be precisely the
same at the depth d, and near the coast c, though en-
tombed in a bed of contemporaneous production.

If, now, the sea retire from 1 to 2, so gradually that
the species are not destroyed, but as gradually change
their places, retreating seaward, there would be a
general move at the various depths in the endeavour
of the animals to keep under conditions, as to pressure
and other circumstances, similar to those under which
they lived prior to the relative change of level. Con-
sequently, the new surface from 2 to 3 would be co-
vered by creatures similar to those which previously
existed on the surface from 1 to 2, now converted into
dry land. Hence, the organic remains then entombed
from 2 to 3 would be similar to those previously im-
bedded from 1 to 2. The like would happen if the
surface from 2 to 3 became dry land, the littoral crea-
tures moving to another lower surface, and so on to
the various depths. 'We may thus obtain the succes-
sive beds %, I, m, which, though they present similar
organic remains horizontally, are not contempora-
neous, Unfortunately the diagram (fig. 45.) is nea
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cessarily so exaggerated, in order to render it at all
intelligible, that the close approach of the-beds to
horizontality, and consequently the extremely small
angles at which the lines of equal depths would cut
the consecutively formed beds, is not apparent, and
may require some little trouble to conceive. When
we consider the area zoologically, it will readily be
admitted that it is variously inhabited according to
temperature, depth of water, and bottom, and that the
influence of the two former tends to produce zones of
different kinds of animal life. 'When, however, at-
tention is called to the angle which the surface of
the bottom of the area under consideration, viewed
generally, forms with the horizon, there is great
difficulty in showing those who couple ideas of vast
depths with all seas, that this angle is as small as it
really is. It probably does not amount to more than
that which the flats, as they are termed, uncovered to
a great extent by low water on.certain coasts, make
with the sea at the same time ; if indeed it be so great.
It is necessary to call attention to this circumstance,.
otherwise it might be supposed that the beds noticed
in the diagram would present such obvious changes:
in their zoological contents that no one could possibly
avoid perceiving the difference of organic remains in
the contemporaneous deposits, and consequently not
imagine that the same kind of exuvie was character-.
istic of only one deposit and one epoch. When,
however, the angles above noticed are taken into
consideration, the readiness with which the two
things may be confounded will become apparent*.

® The author has purposely avoided all consideration of the’
area being part of the surface of a sphere or spheroid, and con-
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It will be obvious that if instead of the change of
levels here supposed, and which should convert a large
area into dry land, there had been a sybsidence of
the bottom of the same area to the amount of 100
fathoms, by which the previous line of 100 fathoms
became covered by 200 fathoms of sed, and so in
proportion over the surface, we should have effects the
reverse of those we have previously noticed. As we
supposed the greatest elevation to be beneath the
British Islands, so we must now consider the greatest
subsidence to have been in the same place, the amount
of depression becoming less as we receded from these
islands as a centre. If the subsidence were gradual,
there would appear no reason, from this cause alone,
why any species should become extinct, as they would
not be left dry, and could readily work their way up
to the levels proper for them. A large portion of the
British Islands would be submerged, as would also
be the case with a.considerable part of Western
Europe, even considering the depression not to fine
off at a very small angle. Great physical changes
would necessarily result, more particularly from the
action of the waves and streams of tide among those
parts of the British Islands which rose above the sur-
face of the water in the form of numerous isles.
There would be a tendency to equalize the depres-
sions by the deposit of detritus, and consequently the
remains of organic life, both animal and vegetable,
would be entombed to a considerable extent.

sequently that the lines are curves and not straight, as it did not
appear necessary to the illustration of the subject under discus-
sion, and would only tend to render it still more obscure to the
general reader.
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Numerous fluviatile, lacustrine, and estuary de-
posits would, under these circumstances, be covered
y marime formations, gradually or suddenly, as the
of levels had been either slow or rapid; in
the first case we should often have transitions of
ane kind of life into the other, while in the latter the
change from one deposit to the other would be some-
what abrupt. On the bottom of the previously ex-
isting sea there would be a general move of marine
dife towards the new lines of shore, in order to accom-
‘modate itself to the new cireumstances under which
it should be placed, and thus the remains of animals
‘habitually living in the deeper water might cover
those of creatures whose habitats were in minor
depths, and which had been deposited when the
waters were generally less deep.

Although marine species would not be aﬂ'ecbed by
this change of level, it would be otherwise with ter-
restrial life, whether animal or vegetable, and in cer-
tain cases, with the inhabitants of fresh waters. As
the sea rose relatively to the land, the lower lines of
vegetation, if not washed off the surface and carried
away by the action of the waves, tides and currents,
would be imbedded to a certain extent in the rocks
formed round the shores. . A comparatively sudden
rise of water would greatly destroy the lower zones
.of vegetation, though probably seeds would escape
and be thrown on shore, so that eventually there
would be much the same kind of vegetation round
the smaller isles, as at present exists in the lower
parts of the British Islands. As, however, these
islands would be reduced throughout by 600 feet in
height, we should anticipate some change in the vege-

s
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tation of the higher regions, more particularly when
we consider the alteration of climate which, to a
certain extent, would ensue from differences in the
relative amount of sea and land in Western Europe,
and of the height of the land above the ocean-level.
Terrestrial animal life would also have to accommo-
date itself to the new circumstances under which it
would be placed, and much of it would necessarily be
destroyed, though the species might not become
locally extinct, at least not to any great extent. As
great tracts of marsh occur at the lower levels, they
would be the first covered by the sea, and their in-
habitants must change their quarters to escape, not
only from the inroad of the sea itself, but from the
voracious creatures which such an inroad would bring
with it. They would with difficulty find situations
fitted for them, unless the relative change of level
was so gradual that sufficient areas of marsh could be
prepared for them in proper time, which, considering
the present rate of increase in such situations, would
scarcely be probable. At all events the area of dry
land would be much diminished, and the same amount
of animals could not find room in it: there would be
considerable collision of species against species, abs-
tracting man entirely from this imaginary condition
of things, intended to illustrate geological events
which occurred anterior to his existence on the earth.
The weaker would give way, and thus some species
might be exterminated so far as the islands were
‘concerned.

We bave thus dwelt at considerable length on the
<onsequences of relative changes in the levels of sea
and land, to the amount and in the situation above



ORGANIC CONTENTS OF ROCKS. 259

noticed, because they are such as will assist us in
explaining many geological ph@nomena, particularly
among the fossiliferous rocks. We there find changes
in the zoological or botanical characters of deposits,
sometimes abrupt, at others exceedingly gradual, with
very frequently no trace of a wash of waters over the
lower rock. There are no doubt many situations
where there has been considerable abrasion of a lower
fossiliferous rock before another fossiliferous rock was
deposited upon it, but the localities are exceedingly
numerous, where, notwithstanding a complete, or
nearly complete, change in the nature of the organic
remains, there is nothing that marks an abrasion of
the lower rock prior to the deposition of the beds
which repose upon it.

It is stated that certain species of shells are com-
mon to the shores of Western Europe and to the
eastern coast of North America, from whence it would
follow that deposits now forming on the opposite
shores of parts of the two continents may contain
some of the same species of shells. In this case con-
temporaneous deposits, though at considerable di-
stances, would afford someof the same organic remains.
Such deposits are obviously not continuous: they
merely form, as it were, a part of the fringze of sound-
ings on the shores of both continents; for the two
coasts are separated by great depths of water, at the
bottom of which the inhabitants of the shells in
question could not exist. We learn by this fact that
equal circumstances as to pressure of the surrounding
water, temperature, light, food, and power of pro-
curing air, may exist in two different localities, and
the eggs of marine animals being transported hy

s 2
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natural causes from the one to the other, deposits in
the progress of formation in such localities may,
though not continuous, contain somewhat similar
organic remains. The same effects would, under
similar circumstances, more readily take place at

Fig. 46.

minor distances ; and the less the distance the greater
the probability, under the equal conditions above
noticed, that the zoological character of the two
deposits would be alike: Let a and b (fig. 46.) be
two opposite coasts under equal or nearly equal cli-
mates, and e, f, two rocks, or accumulations of sand,
silt; or mud, now increasing under similar conditions,
and enveloping the remains of moluscs living in and
upon their surfaces. Now if the eggs of molluses can
be transported across the sea, ¢, from the ome shore
to the other, there will be a tendency to equalize the
relative kinds of creatures in each mass of new-forming
rocks, e, f, in proportion to the proximity of the two
-coasts a, b, all other things being equal. The deep
‘water d presents a barrier, not only to the progress of
the molluscs by the bottom of the sea, but to the
transport of the detritus itself, and therefore we have
deposits evidently of the same age characterized by
similar organic remains, without ever having been
continuous ; a circumstance which should be borme
in mind when we assume the former continuity of
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rocks solely because their zoological and botanical
characters are similar.

‘We have already shown that under the supposition
of a rise of the bottom of the sea round the British
Islands, to no greater amount than 600 feet, we might
have deposits, if the relative change of level were
gradual, formed at different times and characterized
by the presence of similar organic contents. We will
now view the subject in a different manner. If two
coasts were situated relatively to each other as repre-
sented above, and under the same conditions, (fig.46.)

. and the one were subjected to oscillations, rising or
falling beneath the general ocean-level, while the
other remained firm, we should obtain a series of re-
sults in the ane case different from those in the other.
‘While the one contained exuviee characteristic of a
marine deposit, there might be great variety, not only
in the kind of life entombed in the other, but also in
the mineralogical structure of the rocks formed at the
same time. It might also happen that a destruction
of species took place in the one situation, while they
continued to exist as usual in the other. Hence we
should have little or no resemblance in the orgamic
contents of contemporaneous rocks, though if there
had not been these oscillations in the one situation,
while the other remained firm, the conditions as to
temperature, pressure of water, light, food, and the
power of procuring air, would have been such, that the
organic remains would have been, to a certain de-.
gree, similar in both.
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CHAPTER XIII.

‘W have hitherto considered marine animal life with
reference to creatures living in particular depths of
water, and which, when we regard those of the ocean,
are comparatively shallow. The surface of the deep
ocean teems with animal life, and is probably not less
well proportionably tenanted down to depths where,
from the want of the necessary conditions, it ceases
to exist. Fish, crustacea, and molluscous creatures
occur in the open ocean, and no doubt afford by their
mutual destruction abundance of food to each other.
To remain at ease, these various creatures must be in
a state of equilibrium as regards the water which
surrounds them. Most of them, if not all, have pro-
bably the power of altering their specific gravities to
a certain extent, by which they are enabled to rise
and descend to and from given levels. Nothing is
more curious than to see the acean in a calm suddenly
covered with marine life of various kinds which must
have risen from beneath the surface, where it re-
mained until the circumstances previously noticed
were suited to its presence. All these creatures have
no doubt limits to their powers of either increasing or
decreasing their specific gravities, so that we may
readily conceive a stratum of water, if we may use -
the expression, of a given thickness from the sarface
of the ocean downwards, replete with animal life, the
amount of life in the stratum itself, viewed on the
large scale, decreasing with the depth, or in other
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words, as the various conditions for its existence be-
come unfavourable.

What the actual depth may be beneath which
animal life does not exist in the ocean, we have yet
no good data for ascertaining ; but that there must be
such a limit, to at least any kind of life analogous to
that with which we are acquainted, there can be little
doubt. Now though this life may be, and probably
is, principally supported by a system of universal vo-
racity, one creature devouring another, every creature
being moreover provided with the best means of ob-
taining its prey, we can scarcely conceive this kind
of reciprocal and universal banquet so complete that
some creatures may not here and there escape and
die natural deaths. When a creature did come to its
end naturally, the chances of its not being devoured
would still be small, for at the time of its death it
either was or was not in equilibrium as to the sur-
rounding aqueous medium. If it were at a depth
which it required the power of muscular exertion to
retain, death would terminate this power, and the
creature would rise or fall as the case might be, like
any inorganic body, and arrange itself according to
its relative specific gravity. It would only descend to
the bottom of the ocean if it were specifically heavier
than the waters of the sea.

Now though numerous creatures living in the open
ocean contain parts of much greater specific gravity
than sea-water, their bodies, including fleshy matter,
are, taken as a whole, generally of the same density
as sea-waters at moderate depths. Indeed this seems
almost a necessary condition for their habits. When
a marine creature dies, therefore, it would probably
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remain suspended in the water at levels not very
different from that in which it parted with life, unless-
the gaseous contents of air-bladders expanded con-
siderably from the want of museular compression.
Decomposition of the fleshy matter would, among
other things, produce gaseous compounds, and hence:
the relative specific gravity of the body being di-
minished it would rise towards the surface. We are,
however, not to suppose that the marine scavengers,
of which there appear to be many, would be idle;
and there is little probability that the body would
long remain undeveured even in its putrid condition.
Upon the kind of creatures by which the body may-
be devoured, would depend the chance of its solid
parts, particularly an entire part like a whole shell-
descending to the bottom. If, for example, the body-
of a Nautilus were consumed by minute crustaces, it
would sink as the matter which rendered the dead
creature as light as the surrounding water passed into-
the animals feeding upon it. Finally the shell of the
Nautilus would descend to the bottom, for in all pro-
bability no part of the waters of the ocean is likely
to possess a density of 2-64, which would be about
that of a Nautilus, judging at least from the specific
gravity of N, umbilicatus *. Should the dead Nautilus
be crushed by the jaws or palates of a large fish, the
only chance of the descent of parts of the shell to the
bottom would be efter it had passed through the
animal.
Altogether, we should expect any solid matter,

such as shells or their parts, deposited at the bottom

* See the specific gravities of several shells, p. 76
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of the deep acean, to be differently circumstanced
from those occurring in or on the bottoms of more
shallow seas. In the latter case multitudes of thin-
delicate shells may readily be found entire, more
particularly in the mud and sands, which for the most.
part constitute their retreats. When a thin-shelled
mollusc dies in sand or mud, its body is already
entombed, and the forms of the shells are such as
successfully to resist moderate pressure for some time,
during . which there may be an infiltration of foreign
matter, producing an equal if not greater power of
resistance than was afforded by the original fleshy
body of the mollusc.

When we attentively study the mode in which
animal organic remains occur, we perceive that,
though there are very considerable differences in the
amount of their preservation, a very large proportion
of them must have been entombed uninjured, and
many alive, or, if not alive, at least before decompo~
sition ensued. Skeletons of Ichthyosauri and Ple-
siosauri are sometimes found in the lias, with their
various parts so connected, (traces of skin being even
obeervable, and the remains of indigested food still
between their ribs, and where the stomach must have
existed,) that we can entertain little doubt they have
been entombed with their flesh upon them in the
mud, frequently calcareous, from which the lias
originated. Shells are often distributed in a bed in'
groupe precisely as they would be at the bottom of
the sea, and with their parts so perfect that they
appear merely covered up by matter which has accu<«
mulated upon them. At other times whole beds are
composed of broken shells, showing that they have



266 LITTORAL CHARACTER OF MOST FOSSILS. \

been exposed to sufficient violence to crush them,
before they were accumulated in strata. The arming
of the sounding-lead so frequently brings up little
masses of broken shells from the bottom, that there
can be little doubt that beds of broken shells exist
there, and only require to be covered with sand, mud,
or calcareous matter, and then elevated above the
level of the sea, to afford us strata placed similarly
to those we see in many rocks.

We may fairly infer that the great mass of organic
remains, like the accumulations of detritus among
which such remains occur, was accumulated in mo-
derate depths around coasts, and either on or around
shoals at no very considerable depth beneath the
surface of the sea. The chance of finding the greater
part of Saurian and other remains of that class, and
of terrestrial creatures near the land, is obvious. The
latter creatures would have, as has elsewhere been
observed*, but a poor chance of escape in a sea amid
voracious animals, all, great and small, ready to devour
them. The greater part of fossil Saurians may be
inferred from their structure to have lived near, or
partially on, land. How far the Ichthyosaurus may
have been enabled to keep the open sea, we know
not, but its structure seems as well adapted for the
purpose as that of a porpess.

We refer beds to a freshwater, est‘uary or marine
origin according to the organic remains found in them,
and which we may consider analogous to forms now
discovered either in rivers, lakes, estuaries, or the
. sea, or introduced into them from the land. This of

* Geological Manual, p. 346.
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course assumes that particular forms have been con-
stant from the earliest existence of animal and vege-
table life, either to the waters of these respective
situations or to the land, and that the forms of vege-
tables or animals of which there are no living ana-
logues are such as to warrant our classifying them
correctly either as marine, freshwater, or terrestrial.
Generally speaking, the inferences which have been
made as to the probable former habitats of the vege-
tables and animals, the remains of which are entombed
in various rocks, seem so well grounded on analogy,
that we are little disposed to doubt them. All the
great and leading facts of this kind have probably
been fairly explained, yet a little caution seems ne-
cessary in minor points. Should, for instance, a Voluta
or an Arca be detected among the organic contents
of a rock, it would at once be considered as marine,
because both genera are generally known to us as
marine, and probably in most cases the inference
would be correct; there is, however, a chance of
error in both instances, for Voluta magnifica is known
to live high up in the brackish waters near Port
Jackson in Australia ¥, and an 4rcainhabits the fresh-
water of the Jumna, near Hamirpiir, 1000 miles from
the seat. Perhaps if both these shells were ex-
amined attentively, some modification of form would
be observed : such attentive examination of the form
in a fossil is, however, not always given, nor does it

. * From the information of Mr. G. B. Sowerby.

+ Gleanings of Science, vol. i. p. 265, Calcutta, 1829. Also
from the information of Mr. Q. B. Sowerby, who likewise states
that a Nucula is discovered in the Ganges at Banda.
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appear very clear, @ priori, what kind of modification
we should expect to find. :

The circumstances which might compel an animal
to live under conditions not common to the particular
genus or species to which it may belong, should also
be well weighed. Mr. G. B. Sowerby informs me
that an Astarte and a Cardita, (neither of which is
yet mamed,) two genera commonly considered marine,
were found in pools in the ice near Melville Island,
therefore in waters, if not fresh, not very saline. It
was remarkable that the umbones of these shells were
worn, as is very commonly the case with those of
freshwater molluscs. I am indebted also to the
same experienced concholegist for the fact that A4no-
don anatinus, a common freshwater creature, lives.
abundantly in the West India Docks, London, and
consequently in at least brackish water. That it
thrives and breeds there is also ascertained, and one
individual was found covered with thousands of its
eggs, showing that it flourished as much in the Docks
as in pure fresh water. The same mollusc is also
found in the Commercial Docks, where it is accom-
panied by Mytilus polymorphus, & Danube and Volga
shell, brought perhaps originally on the bottom of
some vessel from the Black Sea.

Dr. MacCulloch instituted a series of experiments,
which enabled him to prove that ‘the turbot, sole,
plaice, mullet, smelt, atherine, horse-mackarel, pol-
lock, loach, basse, rock-fish, whiting-pout, rockling,
prawn, crab, and stickleback, may be habituated with-
out difficulty to fresh water; while all those which
have hitherto had time enough, have bred and propa-.



FRESHWATER FISH IN S8ALT WATER. 269

gated” *. The same author cells attention to other
circumstances of a similar kind, such as, that the cod
lives from choice in a freshwater lake in Shetland,
and that the herring has been discovered as a constant
inhabitant of another body of fresh water. That
freshwater fish, pike and Cyprini, live from choice in
the salt waters of the Caspian, while the waters of
the Volga are open to them, has been long known.
The fact also that salmon and other fish of the like
habits can readily support changes from salt to fresh
water, and vice versd, has often been noticed. It
would appear from the experiments hitherto tried to
cause marine creatures to live in fresh water, and fresh-
water animals in sea-water, that if they be suddenly
taken out of one water and plunged into the other,
they die; while if the water be carefully and slowly
altered from one condition to the other, many crea-
tures support the change. When freshwater lakes
behind shingle- or sand-beaches, thrown up by the
sea, are made to communicate suddenly with the sea
either by natural or artificial means, the sea-water,
from its greater specific gravity, rushes as a body to
the bottom of the lakes, and destroys the freshwater
fish that it may meet with. A few remarkable in-
stances of this kind have been observed on our own
coasts. Had the changes been effected gradually,
very few of the freshwater creatures would probably
bave perished.

There is also another circumstance to which atten-
tion should be paid. Many freshwater springs exist
in the sea, and will be more or less copious according
to circumstances. Several of these springs have been

* System of Geology, vol. i. p. 330, 1831.
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long known, and that in the Gulf of La Spezia, which
discharges a very considerable quantity of water per
second, has been celebrated since the days of Pliny.
It rises with considerable force, so as to produce a
slight convexity on the surface of the sea, and its
waters are probably derived from a system of caver-
nous passages in the neighbouring limestone rocks.
There must be many similar springs in various parts
of the world which remain unknown, because the
fresh water does not rise with sufficient force to the
surface. There must also be thermal springs as well
beneath the sea as on dry land, for the forces which
cause their discharge seem sufficiently powerful to
overcome the pressure of the sea. Moreover, if fresh
water occur anywhere beneath the waters of the
ocean, it will tend to rise from its inferior specific
gravity without taking into account its temperature,
which, supposing the springs thermal, would also
cause their waters to rise. We should expect that
such springs would produce an effect on the kind of
life within their influence. The following fact may
perhaps be taken in illustration of such an effect,
though part of the evidence is not so clear as could
be wished. Fresh water rises through the sea, from
springs in the bottom beneath, on a part of the coast
of Java, not far from Batavia. Now, it appears that
Cyrena zeylanica, considered a freshwater shell, ¥ ob-
tained in great numbers in the sea near the same
coast, and it is deserving of remark that the umbones
of these shells are worn precisely as they so commonly
are in those inhabiting fresh water *. It was not di-

* From the information of Mr. G. B. Sowerby, who learned
the fact from Mr. Hardy, of the Madras establishment.
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rectly proved that the water was fresh, or nearly so,
where these shells were obtained ; but the inference is
highly probable that they lived amid freshwater
springs. How far some individuals might be enabled,
first to live in brackish water, and finally in that of
the sea, g0 that there should eventually be two races
descending from the same stock, one marine, the
other freshwater, is a separate question; but from
what has been above stated respecting similar changes,
such an adaptation to circumstances is far from im-
possible.

To obtain uniformity of organic life over the face
of the globe, the conditions for its existence should
be similar, or nearly so. Consequently, when we sup-
pose that given rocks are characterized by similar or-
ganic remains, we also infer similar general conditions
of matter, whether aérial, terrestrial, or aqueous, over
the area where such rock was formed, and in which
the animals and vegetables existed prior to the deposit
of the rock. We have seen that the distribution of
animal and vegetable life is at present exceedingly
variable, even under similar conditions as to climate
and other necessary circumstances, so that actual
contemporaneous and fossiliferous deposits in various
parts of the earth’s surface, would not contain similar
organic remains.

‘We have next to consider what conditions, if any,
could produce greater uniformity in this respect.
Upon the supposition that our planet is a mass of
matter which has gradually become more cool from
the radiation of its original heat, we should. first have
climates in a great measure independent of solar heat,
though not of solar light. When the surface of the
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earth 'would become sufficiently cool to permit the
existence of animal and vegetable life, we also infer,
‘from the structure of that now existing on our globe,
the existence of water in its liquid state. .
Fromall analogy, we should not suppose that water
at high temperatures could support animal or vege-
table life, but that its heat must be at least moderate.
Now the distribution of a thermal ocean over various
parts of the globe would have great influence on cli-
, mate, and there would be a great tendency to equalize
temperatures from this cause alone. The moist cen-
dition of the atmosphere, as it would be probably
loaded with aqueous vapour under such conditions,
would have little influence on marine life, except as
regards light; but it would be otherwise witk terres-
trial life, which would necessarily be much affected
by it. One principal effect from the nearly uniform
temperature of the atmosphere at equal heights round
our planet, might be great comparative stillness com-
pared with its present state. The equatorial and
polar regions being at equal, or nearly equal tempe-
‘ratures, the great cause of the present system of winds
would be wanting. In fact, all those atmospheric
phenomena at present due to the heat of the sun
-would scarcely be observable, and would only become
apparent as the radiation of heat from the earth threw
the atmosphere, as it were, under solar influence.
Under the conditions here supposed, the waters of
the ocean would, however, obey the laws by which
they are governed, and would arrange themselves ac-
cording to their relative specific gravities, and conse-
" quently, according to their relative temperatures.
Under the above circumstances there would necessa-
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rily be great uniformity of temperature, the only va-
riatione of importance arising from difference of depth,
the cooler water being lowest ; for we may readily take
the temperature of the waters to be above 40° under
these conditions, There might be differences in ma-
rine life arising from differences of depth, but we
should have a state of things highly favourable to ho-
rizontal uniformity. As, however, the heat of the
earth’s surface gradually became less, these conditions
must necessarity have altered, until those we now wit-
ness fimally obtained. If we admit great heat within
our planet, which has, during a lapse of time, (difficult,
from our limited ideas on such subjects, to conceive,)}
gradually by its decrease permitted the surface to
assume its ‘present state, and consequently allowed
the sun to exercise its present imfluence, we obtain a
series of conditions, the lowest term of which is high-
ly favourable to uniformity in the distribution of ani--
mal and vegetable life over the face of the globe, as
far as regards the circumstances we have mentioned,
while the highest term is not thus favourable, the.
intermediate terms presenting conditions resembling
the two extremes in proportion as they respectively
approached or receded from them. To what extent
uniformity in this respect has prevailed, admitting the
theory of central heat, is another question, and its so-
lution will be best sought through the medium of
facts; but, @ priori, we may be led from the analogy
of actual animal and vegetable life to suspect, that
as similar conditions do not necessarily now afford
stmilar kinde of life, prior states of the surface may
also have presented like variations. We should, how-.
ever, still expect to have far greater uniformity for~
T
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merly than'at present, in as much as the chances of
such uniformity would be far greater in the one case
than in the other.

Organic remains are presented to.us under various
kinds and degrees of mineralization, Some have
suffered little alteration, while others show a substi-
tution of one substance for another ; so that, in fact,
we have no part of the original body, but a mineral
substance of exactly the same form. There can be
little doubt that these various states are due to the
conditions under which the organic bodies have been
placed since they were entombed in rocks, both as
regards time and situation. )

Shells, whether terrestrial, freshwater or marine,
are composed of carbonate of lime mixed with ‘animal
matter, those species in which the latter is in consi-
derable quantity not being numerous. The solid
parts of crustacea conmsist of carbonate of lime, a
small portion of phosphate of lime, and animal mat-
ter. The bones of fish are formed of several earthy
salts and animal matter, the latter greatly predomi-
nating in those termed cartilaginous.. The bones of
mammiferous creatures chiefly consist of phosphate
of lime, animal matter, and carbonate of lime ; other.
substances, such as phosphate of magnesia, fluate of
lime, muriate of soda, &c., being in comparatively
small proportions. The enamel of teeth contains
comparatively a much larger proportion of phosphate
of lime and a less amount of carbonate of lime than
bone. As these bodies are not equally constituted,
we should not expect that if placed under equal con-
ditions where there was a tendency of any given sub-
stance or substances to act upon them, they would
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retain their original component parts equally. If, for
instance, all these bodies were placed in a siliceous
sandstone, and water percolating through the rock
were so charged with carbonic acid that it took up
carbonate of lime in its passage and carried it away in
solution, we might have the shells entirely dissolved,
leaving only their casts, while the bones and more
particularly the enamel of teeth, would suﬁ'er com-
paratively little destruction.
The extent to which matter in solution percolates
- through rocks has already been noticed, but it is no-
where made more apparent than in the various condi-
tions of organic remains. We frequently find forms of
shells which, from all analogy, we may fairly consider
to have once been composed of carbonate of lime,
now composed of silica and sulphuret of iron. We
‘cannot for a moment suppose that the animals which
produced these forms secreted sulphuret of iron, or
nothing but silica, as molluscs now do carbonate of
lime. We therefore infer that there has been a sub-
stitution of silica or sulphuret of iron for earbonate
‘of lime, which we consider to have been the matter
of the original shell. We next inquire in what situ-
ations we find a .substitution of either of these sub-
stances for the original carbonate of lime ; and we
find that silica is most frequently substituted in si-
liceous rocks, and sulphuret of iron where iron pyrites
are much disseminated. We thus arrive at something
like cause and effect. It would follow that the greater
the porosity of the rock, all other things being equal,
the greater the probability of change; and, conversely,
the more impervious the rock to the percolation of
water, the less the probability of alterat:on in orgenic
T2
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remains. We should therefore expect that organic
remains in porous siliceous sandstones would be liable
to greater change than in stiff clays; as we find to be
the fact.

Various other circumstances must necessarily be
taken into account. Time is an essential element,
and one that cannot be neglected : effects that can-
not be appreciable in short periods, become consider-
able after the lapse of ages. Hence, all other things
being equal, we should anticipate that the greatest
amount of change, if such be produced, would be ex-
hibited in the oldest fossiliferous deposits. Again,
the conditions under which a given deposit may exist
may differ from different states of the earth’s surface
in the area where it occurs ; it may be covered by one
kind of rock at one time, and by another at another,
the former having been removed by various denuding
causes. Any districts where newer rocks have co-
vered older deposits, and the whole has subsequently
been so acted on that portions only of the newer re-
main here and there on the older rocks, will show
the effects that may be thus produced. Let us, for
instance, take the lias or inferior oolite of part of
Dorsetshire. These rocks have subsequently to their
formation been covered by large overlapping masses
of green sand, chalk, plastic clay, and perhaps many
other supracretaceous deposits. A large proportion
of these overlapping rocks is now swept away, and
the lias and inferior oolite exposed over comparatively
considerable areas.

It will be evident that water percolating to the in-
ferior oolite or the lias, under the different conditions
above noticed, may be charged with different sub-
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stances in solution, and the effects be modified ac-
eordingly. At the present day, the effects may be
different at those places where water percolates
through the superincumbent chalk ‘and green sand
still left on the tops of the high hills, from those where
the rain-water falls immediately on the inferior oolite
or lias. The lias might at first sight be considered as
offering great resistance to the percolation of water;
and so it and all other similarly constituted rocks do
offer resistance; but that water permeates among
them, though not so rapidly as in more porous rocks,
is certain, and the amount of that substance dissemi-
nated is considerable, as may be readily ascertained
by weighing a piece of lias marl when first taken
from' the rock, (at some depth,) and again weighing
it after the moisture has been expelled by heat,—at
least in a great measure expelled, for to effect thxs
eompletely is difficult.

The constant solution of matter by the percolatlon
of water through rocks is proved by the chemical
composition of spring-water, evidently thus derived,
which no one would consider free from foreign mat-
ter, and certainly no chemist would employ as pure
water. Organic remains, like the other component
parts of a rock, are exposed to this action of water,
which will produce greater or less effects according
to circamstances. A priori, we should anticipate that
shells imbedded in limestone rocks would suffer the
least apparent change, as they are surrounded by a
substance similar to that of which they are composed ;
and that if the original carbonate of lime be removed
by the percolation of water, the hollow or mould
would be again filled with carbonate of lime, more
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or less crystalline according to the time required to
complete the infiltration. Now this seems to be ac-
tually the case in nature.

It is generally considered that sulphuret of iron is
a substance insoluble in water, and hence that the
organic remains frequently composed of it in marls
and clays have suffered a chemical change otherwise
than by infiltration. There is much difficulty in con-
sidering this view correct, particularly when we re-
gard the manner in which the sulphuret of iron fills
up the moulds or cavities left from the removal of the
shell by solution. All the appearances seem so closely
analogous to those of the infiltration of silica, which
no one seems to doubt, that there is considerable
difficulty in believing that the cavities left by the
shell have not been filled in both cases by the infil«
tration of water containing the matter in solution
now deposited in the cavity. It by no means follows.
because sulphuret of iron may not appear soluble
when experimented on in our laboratories, that it
really is not so in such small quantities as to be.
appreciable only after a great lapse of time; or that
conditions may not exist in natural processes favour-:
able to such a solution which are either not attainable
or have not hitherto been employed in those which
are artificial.

In some fossils, portnons are composed of one sub.
stance and portions of another. In ammonites, for
instance, we sometimes find the walls of the cells.
formed of sulphuret of iron, while the cells themselves
are filled with carbonate or sulphate of lime. The
question then arises as to which of the substances-
first occupied their present respective places, and is
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bne often very difficult to answer, because we are
not certain how many changes may have been pro-
duced, It would, however, appear certain in such
cases as these, where a part corresponding exactly
with a previous organic form is replaced by ome
substance only, that there had not at one time been
a complete cavity in the rock corresponding to the
volume and form of the whole ammonite, but that as
the cells were in all probability originally hollow,
they were first filled, and that the original walls of
the chambers were afterwards removed and replaced
by sulphuret of iron. This view is borne out by the
appearances observed when the original wall of the
cells remains little changed, and the cells are only
partially filled up, the cavity being lined with crystals,
commonly of carbonate of lime, resting against the
walls of the chamber; it appearing requisite that the
chambers should be filled by some foreign matter be-
fore any substance can replace the walls exactly.
‘We have often had occasion to observe, when these
chambers were only partially filled and were broken
into, the whole being in place in the rock, that they
contained water; a condition highly favourable to
the development of that crystallization which we often
observe in them.

" There is another kind of mixed matter in organic
remains which shows a change in the nature of. the
infiltration into the same cavity, in the manner of
some agates: it is one, however, by no means very
common. After the carbonate of lime of the shell
has been removed, and an exact mould of it left, in-
filtration of matter has taken place and liried, if not
entirely, at least to a considerable extent, the outer
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sides of the cavity. A change has then been effected
in the matter infiltrated, and a new substance fills the
interior of the cavity. This is well illustrated by some
of the gryphites found in calcareo-siliceous rocks at
St. Hospice, near Nice, the outer and thinner pearts
of the shell being replaced by a chalcedonic substance
and the interior of the thick parts by crystallized car-
bonate of lime *.

We generally find that the phosphate of hme
contained in bones retains its place with considerable
tenacity, even in rocks of very great antiquity, pre-
cieely as we should expect, since phosphate of lime
is so little soluble. Consequently we rarely find
bones completely replaced by silica, crystallized .car-
bonate of lime, sulphuret of iron, or sulphate of lime,
substances which so commonly replace shells. All
these substances occasionally enter into the structure
of the bone, replacing the animal matter, but the
phosphate of lime remains. We thus sometimes see
fossil bones strongly impregnated with silica and sul-
phuret of iron according to the different conditions
under which they have been placed. The latter
frequently enters into the composition of bones im-
bedded in clays, more particularly when sulphuret of
iron is common in the rock. Saurian remains under
such. circumstances often contain a large quantity of
iron pyrites, but the structure of the bone is not
destroyed, the sulphuret of iron having only replaced
the more soluble matter of the bone.

* It might be supposed there would be a difficulty in the
infiltration of carbonate of lime under such circumstances, but
similar faccs, though rare, are observable in agates, which seem
to require the same explanation,
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In some rocks, cavities once occupied by shells are
common, and we have only what are termed casts *.
These cavities occur both in calcareous and siliceous
rocks, and also in certain argillaceous slates, but
they are rare among clays and marls of the more
modern fossiliferous rocks. They may perhaps be
considered most frequent among siliceous rocks.
Mr. Conybeare long since noticed some singular
effects, resulting from the disappearance of the
matter of the shell, in the chert of the green sand
near Lyme Regist. The shells, prior to their
being entombed in the rock, were pierced in various
directions by parasitical creatures in the manner so
frequently observable in the common oyster. After,
therefore, the shells were imbedded, and when the
gilica arranged itself in the shape of chert beds, it
infiltrated into all the little cavities formed by the
parasitical creatures, so that the carbonate of lime of
the shells being eventually removed, the radiated and
other forms of these little passages and chambers
appeared like stars and fine filaments of silica in the
principal cavity once occupied by the shell. Such
appearances are not uncommon, particularly in chert.

Of all the substances which have either replaced
or covered up organic matter, silica affords us the
most beautiful and instructive results. It has insinu-

® These cavities, which are more properly roulds, for the
most part represent the external parts so accurately that very
elegant casts may be obtained from them, The substances that
can be employed are necessarily various, but very beautiful casts
can be taken with little trouble in wax. When we consider the
facility with which such casts may be obtained, it appears some-
what singular that our collections do not contain more of them,

particularly as they would often be important.
4 Geological Transactions, 1st series.
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ated itsélf into all the little pores, and we thus see
vegetable and sometimes animal structure in a man-
ner scarcely attainable by any other means. Some
of the fossil vegetables from Antigua are particularly
remarkable in this respect. There are specimens
where the silica has protected the fronds of palms,
or something analogous to them, in their unexpanded
state, from decomposition after it had commenced.
Now as these plants from Antigua are of kinds in-
dicative of a warm climate, this infiltration of silica
arresting decomposition must have been rapid, and
the plant must have passed very quickly from the
conditions under which it grew, to those where it
received at least its first protecting coat of silica *.

A rapid infiltration of silica would also seem neces.
sary .for the preservation of those alcyonic bodies
found in the flint and chert of the cretaceous series.
The structure of these bodies is ill fitted to resist
pressure, and the state of their preservation is com-
monly such as to justify us in supposing that they
have never been exposed to it, at least until mineral-
ized in the rocks where they are now found; for
their original texture is often as beautifully preserved
in silica as if this substance were suddenly introduced
into, and filled up a sponge under no greater pressure
than that of the sea or the atmosphere.

All those who have collected organic remains from
the rocks themselves must have observed how fre-
quently they are compressed in marls, clays and

® Some beautiful specimens illustrative of this fact were threé
or four years since sent with numerous fossil silicified plants from
Antigua, and are now in the collection of the celebrated botanist
Dr. Robert Brown.
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argillaceous slates, compared with the fossil contents
of limestones and sandstones. This is what we
should expect ; for the two latter, more especially the
limestones, could have received little compression
from superincumbent weight after they were first
deposited, compared with the mud from which the
clays, marls, and fossiliferous argillaceous slates have
been derived. When we recollect that every rock of
the density of 2:6 and 500 feet thick presses with a
weight equal to about 577 Ibs. upon the square inch,
we may readily conceive that the particles of mud
beneath such a weight would be squeezed together ;
and yet it may be considered small when compared
with that to which many marls and clays must have
been subjected. Shells and other organic remains
contained in the mud must give way, and become
compressed or fractured, as the case may be, and as
we now find them in such situations.

. In limestones, on the contrary, organic remains
generally retain their original forms, and there is
little evidence of compression, except in seams of
marl which may be interstratified with them. The cal«
careous matter appears for the most part to have been
deposited among the organic exuvie from aqueous
solutions of carbonate of lime, in the manner we
observe on the small scale in different situations,
Solidity probably accompanied the envelopment of
the organic remains, and hence they could not be
compressed. The same also has probably, to a cer-
tain degree, happened with the exuviz in sandstones,
the rock containing them not being capable of com-
pression to a great extent. Variations in this respect
may often be seen well illustrated in alternations of
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sandstone and shale, or in the mineralogical passages
of one into the other. In some cases, also, we seem
to arrive at the relative data when the compression
of organic remains took place in shales and marls;
for calcareous and other nodules occurring in them
present us with uncompressed, or but slightly flat-
tened, organic remains, while other remains, precisely
analogous and evidently entombed at the same time,
are compressed in the shale itself. We have had
occasion to remark that such nodules are aggregations
of similar matter which have separated from the mass
of mechsnical rocks after deposition. Hence the
compression in such cases took place after these
aggregations of similar matter had been effected.

" Vegetables have been entombed in various ways ;
some appearing to retain the places where they grew,
while others have been broken into fragments,
floated about and drilled by the Teredo, or analogous
creatures, before they were imbedded in rocks. Others
again are accumulated in vast abundance in particular
areas, producing that highly valuable mineral, coal.
Fossil vegetables possess: great interest from the con-
clusions that may be derived from them. Those
which retain the positions in which they grew afford
evidence of their tranquil envelopment by the matter
which now surrounds them, while those which occur
in detached fragments show that they have been
transported. We necessarily infer the transporting
power to have been moving water, and we judge of
the amount of transport by the condition of the
fragment. Thus when we see a multitude of deli-
cately preserved leaves, we infer a small amount
of transport, and their quiet envelopment before
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decomposition took place. Changes in the com-
ponent parts of vegetables have been effected ac-
cording to circumstances, but the carbon has mos$
frequently remained firm, so that fossil vegetables are
generally carbonaceous, Infiltrations of silica, car-
bonate of lime, and other substances, into the pores of
the plants, have sometimes taken place to a great
extent, and occasionally there appears a complete
substitution of new matter for that of which the
vegetable was originally composed. When, however,
we view the mass of fossil vegetables generally, a large
proportion retain their carbon.

The present condition of organic remains must
depend upon the circumstances to which they have
been exposed, beth previous to and after their deposit
in the various rocks where they are now detected.
Without them we should have never known that
any other than the present animals and vegetables
had existed on the surface of the earth. By them we
possess the most decided evidence that existing ani-
mals and vegetables have been preceded by others
which are not now discovered on our planet. We
might, indeed, from the superposition of different
mineral masses, learn that detrital and other matter
had been accumulated at different periods on given
parts of the earth’s surface, and we might infer from
the structure of such masses that they required a
greater or less amount of time for their production ;
but a knowledge of the possible variation of climate
in any given area, and of the existence of animal
and vegetable life previous to and different from the
present, could never have been acquired by such
means. It is to organic remains we turn for such
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information ; they teach us that man is a compara<
tively recent creature on the face of the globe; that
creation has succeeded creation on its surface; that
life has existed on it from remote ‘geological epochs ;
that climates have varied over the same areas; and
that there has been no stability in the modifications
of animal and vegetable life since it was first called
into existence on the surface of this planet.
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CHAPTER XIV,

TaE rocks of which the mineral crust of the globe is
composed are necessarily divided into those of aqueous
and igneous origin, from the two agents known to us
as capable of their production. The terms ¢ stratified’
and ‘unstratified’ have been commonly considered
as respectively synonymous with ‘aqueous’ and ¢ ig-
neous’. Practically, this division is highly valuable ;
but theoretically, it is not so satisfactory, at least,
if we are to infer that all rocks divided into tabular
masses, one resting on another, must have been
deposited either chemically or mechanically from
water. We have seen in the case of the Cornish
and Dartmoor granite (p. 104.), that there are cleav-
age planes, dividing the masses into tabular portions
and which might pass for strata, if there were not
other systems of cleavage planes, dividing the whole
into prisms. Scarcely any geologist will at the pre-
sent day suppose that these granitic masses have
been deposited from water ; and if there should be
any who do so, they certainly will not imagine that
the deposit has been effected prism by prism, as men
erect a building. Yet each of these planes tends to
divide the granite into tabular masses, the most con-
stant fissures being perpendicular with a direction
from N.N.W. to S.S.E.; and if the others were not
apparent, the whole might be termed stratified. Few
geologists would now apply this term to the masses
in question; but there may be equivocal cases in other
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rocks and situations, where cleavage might not rea-
dily present iteelf as a sufficient explanation.

Basalt may be divided into beds, and yet be of
igneous origin. . This is shown on the coast of
Ireland near the Giant’s Causeway. That this mass
of basalt is igneous there is abundant evidence, that
exhibited at Kenbaan, where disrupted masses of
chalk have been caught up in the fused rock, being
particularly striking. Now the whole range of beau-
tiful cliffs extending from the Causeway to Dunse-
verie Castle exposes a series of beds, some of which
are columnar, others amorphous. They form a great
curve, rising above the level of the sea. at one place,
and descending into it in the other, the Giant’s
Causeway itself being composed of a columnar bed
where it cuts the sea-level. It would appear that
some of the basalt had become columnar from causes
which did not always obtain, so that the whole was
not thus characterized. As the lines dividing the
columnar from the other portions are zo clearly
marked, we may infer that the whole mass of basalt,
at least in the particular part of which this portion
of the coast is a section, was not in fusion at the
same time, but that there were surfaces produced by
successive layers of rock formed at different intervals.
‘Without this hypothesis, there seems a difficulty in
explaining the columnar character of some layers,
and not of others, and the general appearance of the
whole. It does not, however, in the least follow that
the whole is not of igneous origin, but merely that
parte of the great basaltic tract of the North of Ire-
land may have been produced after others, precisely
as one lava current may succeed another in a volcano,
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and yet the whole be of one geological epoch. The
only difference being the tabular character of the
Irish basalt and the linear appearance of lava thrown
out from a sub-aérial volcano *,

The appearances exhibited at Staffa are precisely
analogous. The trappean rocks of this island, so
celebrated for its beautiful cavern, form three distinct
beds, the lowest being a kind of trappean conglome-
rate, the central being columnar, and the upper amor-
phous and irregularly columnar. These beds, as no
doubt is very commonly the case with those of similar
rocks, are of irregular thickness; but they dip as a
whole, according to Dr. Macculloch, at an angle of
9°+. It is this dip which brings the principal bed of
columns within the action of the breakers, enabling
them to hollow out and form caverns where there is
less resistance to their action than in other places.
The columns being jointed at Fingal’s Cave explains,
as Dr. Macculloch has observed, the formation of that
fine cavern}. Igmeous rocks may therefore be strati-
fied, that is, rest in tabular masses upon each other,
such tabular masses being in all probability produced
at different intervals of time.

"~ % When considerable masses of this basalt have been under
equal circumstances at the same time, we find equal effects.
Thus the columns of basalt at Fairhead must have been produced
while the whole mass of basalt at that place was under equal
conditions. They are the largest which have hitherto been no-
ticed in any part of the world. The recent and accurate mea-
surement of them by Lieut. Larcom, R.E,, of the Ordnance Tri-
gonometrical Survey of Ireland, gives 317 feet for .the height of
the principal columns of Fairhead. The sides of these enormous
prisms sometimes measure five feet, according to the same gen-
tleman.
1+ Western Islands of Scotland. 1 1bid.

v



290 INFERIOR STRATIFIED ROCKS.

© As, therefore, sheets of igneous rocks, of greater or
less area according to circumstances, may cover pre-
existing sheets of similar rocks, and the result be
stratification, that is, the successive deposition of
one tabular mass of rock upon another at distinct
intervale of time, we should be careful not too far to
couple stratification with aqueous deposition. No
doubt in the great majority of cases the one has re-
sulted from the other, but we must not hence infer
that the former can arise only from the latter. We
have elsewhere * retained the division of rocks into
Stratified and Unstratified, because it is exceedingly
useful for ordinary purposes, and because it seemed
convenient to do so until better terms be supplied.
To have divided rocks into Igneous and Aqueous,
would have been to prejudge every question con-
nected with -their origin; and although we should
probably not err greatly in referring numerous rocks
to the one or the other, there are many the origin of
which we must prejudge, if we attempt, in the present
state of geology, to arrange the mineral crust of . the
globe under such divisions. For the same reasons
which induced us formerly to retain the terms *strati-
fied’ and ‘unstratified’, we do so now; wishing it to
be understood solely as a division of convenience for
the purpose of considering rocks in their order of
superposition and relative age. With this under-
standing, therefore, we proceed to notice those which
we have elsewhere classed under the head of * Inferior
stratified or non-fossiliferous rocks’.
These constitute the lowest of all stratified rocks,

* Geological Manual, p. 37.
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and in them no organic remain has ever yet been
detected. They are crystalline, pass much into one
another, particularly in the lines of strike or direction
of the beds, occur in no determinate order, and in all
probability constitute a large volume of mineral mat-
ter, supporting the great mass of stratified rocks which
appear on the surface of the globe. Their position
relatively to the other stratified rocks, and their cry-
stalline character, naturally suggest the idea that the
one is somewhat dependent on the other. Wherever
found, and they have been detected and examined in
various parts of the earth’s surface, their general
character is the same. 'We hence infer a considerable
uniformity in whatever general cause may have pro--
duced them at the geological epoch when they were
formed. We thus have an inferior position, crystal.
line arrangement, and a general uniform structure, as
characteristics of these rocks. We may therefore
infer that there was a very general common cause for
their production, and this necessarily leads us to a
generally uniform condition of the earth’s surface at
this early period.

- It has been supposed that gneiss, mica-slate, horn-
blende rocks, chlorite slates, and others of the inferior
stratified rocks were deposited in the same manner
as the beds of sands, mud, pebbles and limestones
now forming, and that their present appearance is.
due to the action of great and long-continued heat
beneath, which caused the crystalline arrangement of
particles we now see, the organic remains, where
they existed, having been obliterated by these means.
This hypothesis necessarily requires preexisting solid
matter from which to derive the detritus and upon

v2
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which to deposit it; so that we do not see what is
gained by it in support of the opinion that such
causes only as we daily witness, or rather their effects,
can explain all geological phenomena. But waiving
this consideration, it is not apparent how the effect
required is to be produced in the manner supposed.
We have no reason to imagine that great heat pre-
vails at the bottom of the actual ocean; if such were
the case, it would be made known by the temperature
of the surface water. Now certainly no experiments
made on the temperature of the ocean at different
depths would lead to such a conclusion, while they
might do so to one quite the reverse. Hence, supposing
detritus carried to the lowest depths of the ocean,
where in all probability it can never get from the
want of a transporting power under ordinary circum-
stances, it does not appear how it is to be heated
there, except by heating and perhaps fusing the pre-
existing bottom. Granting, however, that by some
means or other great heat is applied to these detrital
rocks,—and under the theory of Mr. Babbage, if the
bottom of a sea be covered by detritus, and central
heat exist, there would be a tendency of heat to move
upwards in the mass, so that the more the detritus
was accumulated, the more the general heat would
move upwards, and therefore detrital rocks deposited
on a comparatively cold bottom might eventually be
exposed to a high temperature, and consequently be
altered,—we are still at a loss to understand how
such exceedingly bad conductors of heat could be-
come altered to the great depth which would be
requisite. '

That mechanical rocks have been altered in the
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vicinity of igneous rocks, argillaceous schists, and
others assuming the appearance of mica-slate, gneiss,
&c., is well known, and this has probably given rise
to the whole hypothesis; but there must necessarily
be a limit to such alterations in proportion to the power
of the stratified rock to conduct heat, and to the vo-
lume and temperature of the heated mass, brought into
contact with it. There is, however, a vast difference
between a power of this kind and one capable of
changing any amount of deposits, such as are now
daily forming, into all that immense mass of inferior
stratified rocks known to exist in various parts of the
earth’s surface. We should conceive that, with such
bad conductors as rocks, the distance cannot be very
considerable from the igneous heated matter at which
detrital strata could be altered without fusion and
consequent total loss of stratification. To alter, there-
fore, such a mass of matter as that composing the in-
ferior stratified rocks, seems scarcely possible in the
manner supposed. Let us, however, consider, for the
sake of the argument, that these deposite could permit
the heat to pass through them in such a manner that
the particles of matter arranged themselves in a cry-
stalline form, and that stratification was preserved.
We should expect to find that-the original detrital
deposit, and the rocks produced by the crystalline
arrangement of the same particles, were nearly, if not
entirely, composed of the same elementary chemical
substances, except perhaps near the contact with the
heated matter causing the alteration.

The great distinctions which immediately strike us
in the two kinds of rocks, are the large comparative
proportions of carbon and lime in modern deposits, .
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particularly if fossiliferous, and the great scarcity of
the former and the comparative rarity of the latter
in the rocks under consideration. Shells and other
calcareous organic remains, should they alter their
form, would become crystals of carbonate of lime,
and other obvious changes would be produced with
the bones of saurians, and other remains, for we are
not to suppose fusion but simple alteration in the
position of the component particles, the carbonic acid
retaining its place. Independently, therefore, of va-
rious difficulties, and others might readily be men-
tioned, the products required would differ chemically
from these which would be obtained under this hypo-
thesis; and the same would be the case whether we
substituted the supracretaceous, the cretaceous, the
oolitic, the red sandstone, or the carboniferous groups,
instead of the rocks now forming. More might, per-
haps, be said for the mass of the granwacke group, but
we should still have serious difficulties. From what is
here stated, there is little probability of the inferior
stratified or non-fossiliferous rocks having been de-
posits similar to those now forming, altered by heat ;
and when we study the relations of the former to each
other, the probability appears, if possible, still less.

When the inferior stratified rocks are developed on
the large scale, we generally find that gneiss and
mica-slate are the most abundant rocks, constituting
the far larger proportion of the mass. Hornblende
rocks seem to succeed in general importance, then
the eurites and quartz rocks, talcose slates, chlorite
slates, and argillaceous slates. Limestones and dolo-
mites are so sparingly disseminated amid the mass of
the rocks under consideration, that their relative vo-
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lume must be exceedingly small. They are, however,
important in a theoretical point of view, as they show
that the inferior stratified rocks were not altogether
composed of various silicates, and that carbonates were
formed among them, though in exceedingly small com-
parative quantities.

‘We have elsewhere* calculated the proportions of
elementary substances entering into the general .com-
position of the rocks known under the names of gneiss,
mica slates, &c. Such calculations are no doubt mere
approximations, but they are sufficient to show us the
leading chemical distinctions between the rocks in
question, both as regards themselves and those which
- have been since formed. Let us suppose that a large
district is formed of gneiss and mica slate in equal
proportions, #ths of the gneiss being composed of
equal parts of quartz, felspar and mica, th of the
same rock of equal parts of albite, quartz and mica,
and 3ths of mica slate composed of equal parts of
quartz and mica, the latter mineral being of the flu-
_oric acid kind, we should have, as the mean of one
hundred parts of the whole volume of such inferior
stratified rocks developed in the district,

Silica ...ccecevencere.. 71:87 | Lime......... cesernean we 0°25
Alumina ... 14-09 | Oxide of iron . . 345
Magnesia 2:08 | Oxide of manganese 0-30
Potash... 573 | Fluoric acid .. 045
Soda cereiresnene 055 | Water .ccccvevvevenenens 0-86

It will be obvious, that the relative proportions of
the different rocks of the inferior stratified and non-
fossiliferous group being fairly estimated in a given

* Qeological Manual, pp. 440—443,
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district, an approximation towards the elementary
substances contained in the mass may, in this way,
be calculated with sufficient precision for various im-
portant inferences.

Taking gneiss, formed. of equal parts of quartz, fel-
spar and mica, to be' composed, as elsewhere calcu-
lated*, of silica 70°06, alumina 15°03, magnesia 1-66,
lime 0-37, potash 7-92, oxide of iron 297, oxide of
manganese 0-20, fluoric acid 0-36, and water 0-66,
and making this rock a standard of comparison, we
obtain the following approximative differences as to
chemical composition between it and the rocks enu-
merated beneath.

A|B|C D.lE. FlG|H| 1L

+1:86 +8 01!~ 812|—15%|— 6-35|+ 8'38]+5'18 +5'14|+11'9%6
+017—195+0‘42+0‘53— —003|— 556

Alumina 6:08|— 963 —844

otash —-g'g?—l'% — 455|— 109/— T-14|— 79R;—337|—452|— 109,

. + 3

Magnesia +004+083| 0004 7-73|4 562|+11:54/47°60|+074|— 166
Lime .. —-0‘12 =020 4 008/ 4+ 6-92:= 0-12/+ 1'63 —004|+083(+ 0-01
Fluoric +0:18| 000|+ 0°39|— 0-36|— 0-36;—036{—036|— 0-36
Ox.iron, —-0“’1 +1 11 +1175 + 106|+12:34 |+ 108 —1-89|—2:97 | — 260
Ox.manganese +006 |+0°10 + — 009|— 0‘ - 020,—0-20!-020'— 020
Water.....o.. 66 |4 0'84I‘+1'3i i+0'84 — 066

~021; +0'84' 0'00 — 066 — |

A. Gneiss, composed of equal parts of albite, quartz
and mica; B. Mica slate, of equal parts of quartz and
mica; C. Mica slate, of equal parts of quartz, mica
and garnet; D. Hornblende rock, of equal parts of
hornblende and felspar; E. Chlorite slate, of equal
parts of chlorite and quartz; F. Talcose slate, of equal
parts of quartz and talc; G. Protogine, of equal parts
of quartz, felspar and steatite ; H. Eurite, such as that
of Nantes; and I. Quartz rock, composed of equal
parts of quartz and felspar.

* Geological Manual, p. 440.
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‘We thus see that the modifications of the principal
rocks of this class depend upon a few different com-
binations of & small number of silicates. These mo-
difications are extremely interesting to trace in na-
ture, where we often find the inferior stratified rocks
pass from one into the other in the most gradual man-
ner, more particularly in the line of their strike or
direction, so that it is scarcely possible to see where
the change precisely commences or terminates. The
gradual increase or decrease of some one or other of
the component silicates is quite sufficient to alter the
appearance of the rock, converting it from one known
compound into another. These passages are, however,
often so singular, that to apply to them any of the
names usually assigned to given mixtures of these
various silicates seems impossible, however convenient
it may be to affix given names to the more marked
compounds.

Notwithstanding these minor changes, the common
character of the whole mass is so striking that we are
naturally induced to search for some simple cause
productive of its common origin. If the theory of
central heat be founded on great probability, as it
seems to be, we should look for this cause in some
one condition of the earth’s surface at a given epoch
which should present us with the uniform conditions
required. Now, under this theory, there must have
been a time when the mineral crust first became solid,
and there must also have been a time when the mi-
neral surface, being sufficiently cool, permitted the
existence of water in its liquid state. These two
events could scarcely have been contemporaneous,
because we should infer that the superficies of our
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spheroid, when first solid, would still possess too high
a temperature to permit water to rest in its liquid
state upon it. A time, however, must come when
the heated rock would merely allow the water to re-
main liquid upon it, and there would be a condition of
things in which a great mass of heated water existed
on the face of the globe, which, driven off by evapo-
ration, condensed in the atmosphere, and fell again
into the mass beneath. Such a condition of things
would necessarily be one in which neither animal nor
vegetable life, analogous to that now found, could
exist. Hence no organic exuvie could become en-
tombed in any rocks which could result from this
state of the earth’s surface. It would also be one
highly unfavourable for the production of carbonate
of lime, since the carbonic acid would be driven out
of the water, and, consequently, no carbonate of lime
could exist in solution. We should moreover recol-
lect that lime itself is less soluble in hot than in cold
water, for Dalton has found that one grain of lime
requires for solution
778 grains of water at 60° Fahr.
1270 grains of water at 212° Fahr.*

Lime itself would, therefore, be sparingly dissolved,
and we should scarcely expect to have any carbonate
of lime in solution, and consequently none could be
thrown down as a deposit. The case would, however,
be very different with the silicates; for numerous ther-
mal springs afford evidence that hot water is favour-
able to the solution of silica.

‘We have next to inquire how far detrital rocks

* Turner's Elements of Chemistry, 4th edition, p. 467.
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might be produced under this condition of the earth’s
surface. Surface currents are produced by winds,
the friction of which on the water causes a forward
motion in their direction; the uniform temperature
of an atmosphere charged with hot aqueous vapour
would not appear favourable to the production of
winds causing currents of geological importance.
The action of the tides, however, due to other causes,
would be in full force; so that if there were inequa-
lities in the earth’s solid surface producing shallows
and even land above the water, as when we compare
the crust of the globe with its volume we should ex-
pect must have been the case, there would be tidal
currents capable of transporting substances to di-
stances proportionate to obvious circumstances. If
parts of the solid surface rose above the ocean level,
the aqueous vapours would probably condense upon
them, and running waters would be the result. We
might, therefore, anticipate that mechanical rocks
could be produced under these circumstances, and
therefore should there be traces of mechanical rocks
among the inferior stratified class, there would be
nothing very remarkable in the circumstance under
this hypothesis. We may, indeed, go further, and
consider that such rocks would very probably exist ;
for we may infer that, in such a condition of the
earth’s surface, disruptions of the thin solid crust
would be frequent, and would be productive of great
waves and currents of the water beneath, and in which
the fractures and consequent agitation were effected.
Such currents would necessarily tend to abrade and
transport solid matter.

- Many of the inferior stratified rocks have evidently
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been chemical products, and some perfectly resemble
granites and greenstones divided into beds. This is
particularly remarkable in that kind of gneiss which
occurs in thick beds, and contains large disseminated
- crystals of felspar or albite, the plates of mica in which
are not arranged parallel to the plane of the strata.
Some.beds of hornblende rocks differ little from beds
of greenstone. We have had opportunities of seeing
how both these kinds of rock finally pass, in their
lines of strike or direction, into common gneiss or
hornblende slate with mica. The former by the gra-
dual arrangement of the plates of mica into one plane,
and the latter by the acquisition of mica, which, when
sufficiently abundant, converted it into a highly schis-
tose rock. These are very marked differences from
the facts observable in common granite or greenstone,
and point to at least a considerable modification of the
circumstances under which they have been produced.

‘We thus obtain an absence of organic remains, the
probable rarity of carbonate of lime, the prevalence
of silicates, and the possible mixture of chemical and
mechanical deposits. We should expect the inferior
rocks also to correspond in their general chemical
characters with those igneous products which have
been thrown out at different geological epochs on the
surface of the globe. Now this resemblance does
exist, more particularly among the older igneous pro-
ducts, precisely where we should expect to find it.
All the conditions supposed would be highly favour-
able to a mixture of the igneous rocks of the pe-
riod with those thrown down from the heated ocean.
And we should recollect that this ocean would con-
tain numerous substances in solution, part of which
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remain until this day. It is needless to point out the
coincidence of these results with the facts observable
among the inferior stratified rocks. If our planet
were once fluid, as there is every reason to suppose
it must have been, and if that fluidity were igneous,
as in all probability it was, we can scarcely consider
but that a condition of things somewhat similar to
that noticed above should have obtained ; and, there-
fore, we should expect to find a series of rocks formed
at that period differing from those produced at later
epochs, the most marked character of which should
be the absence of organic remains.
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CHAPTER XV.

WE now proceed to consider briefly some of the cir-
cumstances connected with that important division of
rocks which we have termed fossiliferous, and which
show, by the organic remains entombed in them, that
life was created on the surface of our planet before
they were formed. It has been found that the Euro-
pean fossiliferous rocks, those which have hitherto
been best examined, may be conveniently divided
into groups, as they present differences, more parti-
cularly in their organic contents, which would appear
to authorize such subdivisions. As the relative order
of the series is never inverted, though parts of it may
be, and are often absent, we have to a certain degree
a record of geological events, as far as regards the
appearance or disappearance of particular animals and
plants over given areas. When known deposits are
absent from the series, it becomes highly important
to discover, if possible, whether they ever have or
have not existed in the particular area examined. A
given rock B may have been deposited upon another
A, and have subsequently suffered removal by de-
nuding causes, at least in the area examined, so that
another rock C may be deposited directly upon it.
‘When this has happened, we should expect to see
marks of erosion or some other evidence of the action
of denuding causes on the upper surface of A ; and
this evidence we frequently obtain. There would
necessarily be in such cases an uncertainty as to the



FOSSILIFEROUS ROCKS: 303

succession of animals or plants which may have oc-
curred in such part of the earth’s surface. Now it
may, and often has, happened that a rock such as C
has been deposited on a part of the surface of A which
has never been covered by B. So that should we be
desirous of kmowing in what manner given contem-
poraneous and fossiliferous rocks may have been dis-
tributed over a particular part of the earth’s surface,
and consequently the kind of animals and vegetables
which succeeded each other, we must carefully exa-
mine the conditions under which two fossiliferous
rocks may rest upon each other. This is no doubt
often a work of considerable labour, but much de-
pends upon it. For instance, the lias rests quietly in
many parts of England upon the red sandstone group,
in the upper part of which group in the same country
there are few or no traces of organic remains, and no
decided development of limestone. It hence might
be, and was long, inferred that there was no deposit
containing organic remains between the lias and the
magnesian limestone, and, consequently, that the kind
of animals and vegetables whose remains were disco-
vered in the lias succeeded those whose exuvie were
entombed in the magnesian limestone or zechstein.
It subsequently appeared that this had not been the
case ; for a remarkable calcareous rock, the muschel.
kalk, found in the upper part of the red sandston

group in parts of Western Europe, extending from
Poland to the Mediterranean coast of France, con-
tains the remains of creatures differing generally from
those both in the lias and in the magnesian limestone.
Hence the different animals and plants, known to have
existed from their remains found in the two latter
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rocks, did not immediately succeed each other in the
European area. Others of a different kind flourished
at an intermediate period, and either did not live over
that part of the area, where England now rises above
the surface of the sea, or there was something in the
circumstances connected with the deposit itself, in
the same situation, which did not permit the preser-
vation of any part of their remains.

Any estimate, therefore, of the succession of animals
and plants which have existed on that part of the
earth’s surface now known as Europe, requires much
care and great caution, more particularly when we
attempt, from the remains entombed in rocks, to
sketch their distribution at a given geological epoch.
If this requires great care, is not still greater caution
required when we draw inferences respecting the ge-
neral condition of life over the whole surface of the
globe at any one geological period ?

A large portion of the fossiliferous rocks have been
produced from the deposition of matter mechanically
suspended in water, and, generally speaking, the finer
the deposit, the greater the appearance of the tranquil
envelopment of the organic remains found in it.
Subsequent causes may have compressed and frac-
tured the remains in place, but all other things being

ual, a fine deposit, such as we may suppose to have
glce been mud or silt, but which is now marl or clay,
is that which among the mechanical rocks affords the
most perfect remains. As we have previously re-
marketl, compact limestones may be considered more
as chemical than mechanical deposits, though strictly
speaking the carbonate of lime thrown down as a
precipitate from water is insoluble in the latter at
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the time, and is therefore mechanically suspended in
it; so that we should expect organic remains to be well
preserved, as they are, in such limestones, the fine par-
ticles of carbonate of lime quietly entombing them.

. A considerable thickness of sandstone rocks, the
grain of which is often exceedingly fine, and of asso-
ciated argillaceous slates and limestones, constitutes
the lowest group of rocks containing organic remains
with which we are acquainted, This is the grau-
wacke group. There is abundant evidence that mo-
ving.water transported detritus and deposited it in
beds; these latter would, however, if measured per-
pendicularly, present us with an aggregate thickness,
s0 considerable, that we are led to inquire if there
may not be something deceptive in the appearances
observed. We have seen (p. 51.) that beds of sand
may be formed above each other at angles up to 20°
or 30°, and cover a bottom of moderate depth in such
a manner, that if they were measured as we do the
grauwacke beds, the result would be extremely erro-
neous. Now as the grauwacke measured in this
manner usually gives us many miles of . thickness in
the different districts where it is observable, it would
require either a depth of ocean we should have some
difficulty in conceiving ever to have existed on the
earth’s surface, or a gradual descent of bottom, as thd
detrital matter was accumulated above, to an equal
amount, in order to account for the thickness thus es-
timated, on the supposition that the beds have been
successively deposited in a horizontal manner. When,
therefore, we have an explanation which does not re-
quire more than the conditions now existing off the
edges of soundings round various coasts, it seems fair

x
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to infer that much of this apparently great thickness
may be.due to causes 20 far similar, that the detrital
matter has been gradually moved forward om the
bottom, and thus thrown over into deep water, where,
particle supporting particle, the resulting beds were
inclined at angles which, under favourable circum-
stances, approached 20° or 30°.

Among these beds we begin to find a greater abun-
dance of carbonate of lime, which, though still in small
quantities eompared with the amount contained in
the rocks somewhat higher in the series, shows a cer-
tain change in the conditions under which rocks were
then produced. Now though it is not always the
case, yet we generally find organic remains in:the
calcareous beds, and viewing this group as a whole,
it is principally in the grauwacke limestones that the
greater quantity of organic remains is detected.

The difficulty of separating the grauwacke group
from the inferior stratified rocks is extreme, for where
good sections have presented themselves, and we
have the lower and not the upper part of the grau-
wacke series, the two classes of fossiliferous and non-
fossiliferous rocks appear to graduate into each other,
principally by alternations. This is precisely what we
should expect if the theory of central heat were cor-
rect ; for the waters of the globe would, as the whole
surface became cooler, rest more readily on the sur-
face of land, and there would be a greater tendency
to produce detritus, rivers and other agents of that
kind being more abundant. Solutions, also, which
depended an the heated state of the waters would
become less frequent as these cooled.

. As from all analogy we cannot conceive animal life



GRAUWACKE GKOUP. 307

fo exist in greatly heated water,—which, moreover,
would in proportion to the heat in it tend to dtive
atmospheric air out of it,—we must assume a mode-
rately cool ocean as a necessary condition for the ex-
istence of marine creatures. When it became mode-
rately cool above, there would be decreasing tempe-
ratures beneath, so that there would be different
levels, which might be tenanted by differently con-
stituted creatures. _

‘When we compare lists of the organic remains en-
tombed in the grauwacke group with existing marine
life, as far as it is known to us, we find many genera
common to both. Now if we infer that these genera
have in general had similar habitats at the different
epochs, which it must be confessed is an inference
not altogether safe, we should conclude that they
were either littoral, inhabitants of moderate depths,
or free swimmers in the ocean. The same circum-
stances, connected with. the medium in which they
existed, must have affected the marine creatures of
the grauwacke epoch as affect those of the present
day. Creatures with eyes would require light; those
living habitually in small depths would not support
life equally well beneath great pressure at considerable
depths, and different kinds of bottom would suit dif-
ferent creatures. The whole of the marine exuvize
observable in the grauwacke ic such that we may
infer it could exist at moderate depths, and that two
or three hundred fathoms of water would suffice. It
may be said that we cannot infer the habitat of the
Trilobites, since nothing precisely analogous to them
has yet been detected in our present seas. This may
be true enough as to the kind of bottom which they

x2
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may have preferred ; but as they possess eyes, we may
fairly infer that light was necessary to them, and that
therefore they did not live at very considerable depths.
They are sometimes entombed by myriads in the
beds of a small district; and as they are then often
complete, and have apparently been imbedded either
living or before decomposition took place, we may
consider that some species at least were gregarious.

It would not suit the plan of this work to enter
into details respecting the organic contents of the
grauwacke ; but if the reader will compare the lists of
organic remains stated to be contained in this rock
with the table of the known habitats, as far as regards
depth of water and bottom, at the end of the volume,
he will probably come to the conclusion that the
marine life of this early period occupied bays, creeks,
shallow open water, moderate depths, and the open
ocean, precisely as marine creatures do at the present
day; that some genera have disappeared from the sar-
face of the globe, while others still exist,and that many
now known have not been discovered in this group.

. As carbon is essential to the animal and vegetable
life now existing on the surface of the earth, it seems
fair to infer that it was always necessary to animal and
vegetable life. Now it is worthy of remark, that with
the early appearance of life the calcareous matter in
rocks increased. Carbon being so exceedingly rare in
the inferior stratified rocks, we are led to inquire
whence it was derived. At the present day a large
amount of carbon, combined with oxygen and forming
carbonic acid, is thrown daily into the atmosphere
through cracks or volcanic vents in the earth’s crust.
If there were a condition of the earth, as we have
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supposed there was, when the waters were so hot
that they could not absorb carbonic acid, and there
was neither animal nor vegetable life to appropriate a
part of its carbon, any carbonic acid thrown from the
interior of the earth upon its surface would remain in
the atmosphere, except such portions as could form
compounds with the mineral matter rising above the
level of the waters and sufficiently cool for the pur-
pose. As the general surface of the world became
cooler, these conditions would necessarily change, and
carbonic acid would be absorbed by waters; these
would then act chemically on various substances, and
among other things they could take up carbonate of
lime in solution, which without this addition of car-
bonic acid would have been insoluble in them. A
large proportion of carbon would be appropriated
by the mass of animal and vegetable life when first
created, and an equal volume of oxygen would
be liberated for the support of the creatures then
called into existence. The atmosphere would not
only be thus purified by the abstraction of a certain
amount of carbonic acid, but it would also be ren-
dered more fitted for the support of life by the ad-
ditional proportion of oxygen thrown into it.
Under the conditions we have supposed, we should
“have a sea of an uniform temperature at different
levels, land rising above it in various places, and
necessarily waters of different depths. Such con-
ditions would be highly favourable to a certain gene-
ral uniformity in the distribution of animal and vege-
table life. It has been considered that this general
uniformity does prevail in the organic contents of the
grauwacke. This is certainly in a great measure true
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with respect to the grauwacke known to us in Europe
and North America, the organic contents of which
are remarkably similar; but from this circumstance
it would be evidently unsafe to conclude more than
that, in certain parts of the northern hemisphere, con-
ditions for the existence of certain creatures were
equal at the same geological epoch. What the con-
ditions may have been in the tropics, and in the
southern hemisphere at the same time, can only be
conjecture, because the requisite data fail us. Until
it was well understood that rocks of different ages
may have the same mineralogical structure, grau-
wacke was stated to be found in many parts both of
the tropics and southern hemisphere; but as yet we
have no proof that the rocks so called are really such.
In all probability there must have been equivalent
rocks in these portions of the earth’s surface, and it
will be highly interesting, as their organic contents
become known, to see how far they correspond with,
or differ from, those of the grauwacke of Europe and.
North America. As we have had occasion to remark,
neither general uniformity of organic contents nor
mineralogical structure proves continuity of deposit;
therefore we might at all times have detached masses
of land around which there might be deposits per-
fectly distinct as masses of matter, though they zoo- -
logically resemble each other.

The recent.researches of Mr. Murchison on the
upper division of the grauwacke of Wales, and on
the continuation of thie division into the neighbour-
ing English counties, have shown, at least as far as
regards this area, that there is even a marked di-
stinction between the organic contents of the various
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subdivisions of this portion of the grauwacke, so that
we might expect still greater between it and the
lower division. Such distinctions would suppose
change of circumstances which should affect the ani.
mal life previously existing in this particuler area,
either causing a destruction of part of it, or the re.
moval of such part elsewhere in search of the con-
ditions suited to it. How far a change in the organio
contents of the European grauwacke should corre.
spond generally in this respect would depend on the
similarity of the conditions to which the whole of it
has been exposed ; so that, & priori, it would be ha.
zardous to assume that the upper grauwacke of Po.
dolia, of the neighbourhood of St. Petersburg, of Swe-
den and of Norway, remarkable for the general hori.
zontal character of its beds, presented exactly the
same organic remains.

The carboniferous group succeeds the granwacke
in the ascending series of Europe¥, and is so called
because the great mass of European coal is included
among the rocks of which it is composed. It is stated
that a large proportion of the American coal is asso-
ciated with the preceding group; a statement which,
at all events, can have nothing improbable in it, since,
if terrestrial vegetation existed during the time that
the grauwacke was forming, there appears no reason
why the remains of such vegetation should not be
found in that group. Indeed the upper part of the
grauwacke group of Europe contains beds of anthra.

* For the order of succession of the various groups of fossili-
ferous rocks, with descriptions of them, and of the countries
where they have been discovered, the reader is referred to tlle
Geplogical Manual, and other gevlogical works.
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cite with vegetable remains. M. Elie de Beaumont
notices the occurrence of anthracitic coal in the grau-
wacke of the Bocage (Calvados), and of the interior
of Brittany, worked for profitable purposes, and con-
taining the remains of plants which do not much differ
from those of the coal-measures, properly so called.
The same author also refers rocks containing anthra-
cite and fossil vegetables, forming a part of the gouth-
east angle of the Vosges, to the same epoch. M. Vir-
let considers the coal of St. Georges Chétellaison re-
ferrible to the grauwacke ; and Mr. Weaver refers all
the coal in the province of Munster, with the excep-
tion of the county of Clare, to the same series. Itis
an extremely interesting point to see how far facts
justify us in concluding that vegetation and animals
have appeared contemporaneously, or nearly so, on
the surface of the globe ; and further to study, if ana-
logy can help us, how far both may have been suited
to a state of the atmosphere differing from the pre-
sent in the relative portion of carbonic acid contained
in it. :

The researches of M. Adolphe Brongniart on fossil
plants led him to conclude, that during the early pe-
riod when the plants entombed in the coal-measures
flourished, the atmosphere was more charged with
carbonic acid than at present, aiding the development
of the gigantic species, the remains of which are there
detected, and also protecting them when dead from
being so readily decomposed by the atmosphere. Now
this conclusion is remarkable, because we have arrived
at the same by a totally different train of reasoning,
It has also been further inferred that the carbon abs.
tracted from the atmosphere, gradually fitted it for
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the respiration of reptiles, and, finally, for mammifer-

ous animals. If the reasoning we have employed to

show the changes that should take place, under the

theory of a gradual reduction of the earth’s tempera-

ture, approximate towards the truth, the atmosphere

would also be purified when the waters became suf-

ficiently cool to permit the absorption of carbonic

acid, and the consequent formation of calcareous de-

posits. 'We have shown that the volume of this gas

Jocked up in limestones is enormous, being at the rate

of 16,000 cubic feet for every cubic yard of limestone

(p- 12.). .Even existing shells must contain & con-

siderable volume of it, for in the two valves of the:
great Tridacna, now at Paris, and weighing 500 lIbs.,

there is, assuming them to consist of carbonate of
lime, somewhat more than 3,250,000 cubic inches of
carbonic acid, and, allowing for animal matter, about
3,000,000 cubic inches. We should thus obtain, by
a given reduction of the earth’s temperature, a state
of things fitted for animal and vegetable life, which
was not so fitted at a prior period. So long as car.

bonate of lime could not be freely formed in waters,

the numerous marine creatures which require it in

such comparatively large proportions, such as the

shell-bearing molluscs, the encrinites and corals, the

remains of which are found in the lowest fossiliferous

deposits, could not procure it in the requisite propors

tions ; and hence, independently of the elevated tem-

perature of the water, and of the difficulty of procu:

ring disseminated oxygen, circumstances would have

been ill suited to their existence*.

* Though once a disputed point, it seems now certain, more
particularly from the researches of Mr. Gray (Phil. Trans. 1833),
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Those botanists who have paid attention to the
subject of foesil plants agree in considering the re-
mains of vegetables detected in the coal-measures as
analogous to that of the tropics, more particularly of
islands in the tropics. Notwithstanding differences
of opinion respecting the particular existing genera
to which these plants may bear the greatest resem-
blance, the high temperature of the climate at the
time appears to be generally conceded. It has even
been considered, from the great development observed
to have taken place in certain kinds of plants, that the
climate might have been ultra-tropical. Now it should
be recollected that these conclusions have been de-
duced from facts observable between the parallels of
40° and 60° of nerth latitude; so that should there
have been anything like an ultra-tropical climate in
such latitudes, we should expect that & warm state of
the atmosphere would be very general, bringing with
it the consequences of such a state of things.

It has been observed that the grauwacke passes
into the old red sandstone (as it is termed,) above it
in one part of Britain, while conglomerates considered

that molluscs have the power of dissolving their shells. That
several have the power of piercing calcareous rocks has been long
known. As water containing carbonic acid can take up carbo-
nate of lime which would ‘otherwise be insoluble in it, it would
appear to follow, that if the molluscs could impregnate water with
tarbonic acid, and apply the water thus charged to their shells or
calcareous rocks, the carbonate of lime would be gradually dis-
solved. Now molluscs appear to form carbonic acid during re-
spiration in the manner of creatures which breathe air; and,
therefore, if they could impregnate a portion of water with this
acid, which might be accomplished by confining the expired wa-
ter to particular places, and, perhaps, respiring it several times,
they would bave the means of dissolving the calcareous matter
either of their shells or of rocks,
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to represent the latter rest on the disrupted edges of
the former in another part of the same country;
showing, in a comparatively small area, that while
tranquillity prevailed and continued in one part of it,
disrupting forces were in action in another, prevent-
ing the continuous and quiet deposition of detrital and
other matter. Professor Sedgwick has ably pointed
out the range of the old red sandstone through Great
Britain; and, alluding to the absence of that deposit
between the carboniferous limestones and grauwacke
of North Wales, considers that the “ald rocks of
North Wales underwent a great movement, anterior
- to the period of the old red sandstone, and that by
this movement the bottom of the neighbouring seas
was raised out of those causes which produced the
old red sandstones*.” The tilted character of the
grauwacke and the conglomerates here and there in-
terposed between it and the carboniferous limestone,
which are often, as Professor Sedgwick observes, of
great thickness, show the application of force and the
destructive action of water.

It can only be under favourable circumstances, such
as those which exist in the British Islands, that the
connexion between the grauwacke and the carboni-
ferous groups can be satisfactorily traced to consi-
derable distances. In those situations, such as the
southern parts of England and Wales, probably also
on the Rhine, where the two pass into each other,
separation is purely artificial ; for, in fact, they then
merely constitute the upper and under parts of a
mass of detrital matter deposited tranquilly above each

* Geological Manual, p. 391,
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other, and are therefore no more geologically separa~
ble than the component strata of any given rock, such
as the lias, which may differ quite as much in their
organic contents. Such separation, however artificial
it may be, has nevertheless its importance, as it shows
the points where tranquillity has prevailed at equal
geological epochs; and hence, when facts shall have
been sufficiently accumulated, we may the better
judge of the relative amount of areas undisturbed at
the same period.

It was at one time supposed that organic remains
were not found in the old red sandstone; the recent
researches of Mr. Murchison in the districts above
noticed have, however, shown that this rock does
contain organic exuvie, though they may, when we
view the rock as a whole, be considered exceedingly
rare. There was, therefore, nothing which prevented
the existence of animal life at the period in that area;
and the fact of these remains being so found is highly
satisfactory, though, should we not have detected
them, there would be no proof that animal and ve-
getable life did not exist, even at no great distance
from any spot where old red sandstone was discovered
without them ; for many circumstances may have pre-
vented their preservation in the rock. We should,
however, generally infer that deposits of sand or mud
round coasts, or in shallow water, would contain, all
other things being equal, more organic remains than
those formed in deep water. -

When we arrive at the carboniferous limestone it-
self, we have the first deposit of carbonate of lime of
very great extent, and of a fair approach to purity,
in the area now occupied by Western Europe; for
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though limestones are interspersed among the grau-
wacke rocks, and calcareous matter is often dissemi-
nated through them, cementing the grain of detrital
matter which has been derived from more ancient
rocks, the volume of limestone of equal purity in the
one compared with that in the other is small. We
do not mean to infer that this limestone is an uniform
product of the period, even in the European area,
much less that a contemporaneous deposit in America
or China is necessarily and fundamentally a carbonate
of lime ; for such an inference would require perfectly
equal conditions to prevail in all these situations at
the same period. A considerable mass of carbonate
of lime was, however, then thrown down in this part
of Western Europe; and the abundance of organic re-
mains detected in it, sometimes so great as nearly to
constitute entire beds, shows that at least there was
no scarcity of life in this part of the globe at that
period. The great change in the nature of the de-
posit is remarkable, and shows the prevalence of the
causes necessary to produce this effect for a very con-
siderable period. Geologically considered, it may be
regarded as only one among many periods; yet the
time necessary to form this deposit, and to be sufficient
to explain the facts connected with it, so little accords
with the divisions of time which man commonly em-
ploys, that there is great difficulty in conceiving the
amount of ages which may be included even in a sin-
gle geological epoch. -

The researches of Professor Sedgwick have shown
that coal-beds, profitably worked, accompanied by
sandstones and shales, occur at the same geological
level, from Bewcastle Forest along the skirts of the
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Cheviot Hills to the Valley of the Tweed, as the car-
boniferous limestone of the South of England and
Wales. This great change by no means appears ta
be sudden, but gradual. A series of beds, interme-
diate between the mass of the carboniferous limestone
and the coal-measures, and which in the southermn
parts of England is of little importance, swells out,
as it were, in Derbyshire and Yorkshire, presenting
subordinate beds of coal. Still proceeding north-
ward, the carboniferous limestone itself becomes sub-
divided by coal, sandstone and shale, the latter finally
acquiring considerable importance still further north,
and the deposit taking the character of an ordinary
coal formation, the calcareous matter having greatly
disappeared *.

Now if it be fair to infer, as it appears to be, that
the greater the abundance of coal with an abundance
of vegetables in the associated beds, and which bear
no marks of having suffered long transport, the greater
the probability of dry land not having been far distant
at the time of the deposit, we arrive at the conclusion
that, at the period when the carbeniferous limestone
of the South of England was produced in the sea,
there was probably dry land in the part of the Euro-
pean area not far to the northward of the present
Tweed. We should further conclude that a gradual
rise of this land was effected, by which means ter-
restrial vegetation travelled further to the south, so
that its remains became abundantly entombed in that
direction, producing coal now found in Southern En-
gland, Wales, and the line of deposits which appear

* Sedgwick, Address to the Geological Saciety, 1831.
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in Belgium and Northern France, the continuity of
the whole being superficially concealed beneath the
red sandstone, oolitic, cretaceous and supracretaceous
groups of a part of these countries.

This view would be borne out, if the freshwater
deposit, with the remains of Cypris, Cytherina, and,
as is supposed, of a saurian, discovered at Burdiehouse
near Edinburgh, should turn out to be, as it is con-
sidered to be by Dr. Hibhert, subordinate to the car-
boniferous limestone ; for the freshwater lake or river
where the deposit was produced would necessarily
require dry land. The discovery of saurian remains,
if borne out by other circumstances than a tooth,
would be most interesting, supposing no doubt can
be entertained respecting the geological epoch to
which these beds are referred, as it shows us that
the condition of the atmosphere was not then unfa-
vourable to their existence, though certainly we have
no means of judging how far their respiratory organs
were different from those of actual reptiles, enabling
them to breathe an air mare charged with carbonio
acid. Mr. Murchison had previously pointed out
that a freshwater limestone occurred at Pontesbury,
Uffington, and other places in the coal-measures of
the Shrewsbury district; and as this also would re-
quire dry land, we obtain another locality for it, which
is the more interesting as the rocks being more recent
than those of Burdiehouse, under the supposition that
the latter are equivalent to the carboniferous lime-
stone, it accords with the view we have taken of a
gradual rise of land from North to South*. It cer-

® It has iong been supposed that a large proportion of coal
and its associated beds containing fossil plants were deposited in
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tainly would by no means follow that such land should
be unbroken ; it might readily be divided into islands,
in accordance with the views of MM. Sternberg, Boué,
and Adolphe Brongniart. How far similar appear-
ances would lead us to expect a continuous mass of
this land in the direction of the present continent of
Europe, at the epoch of the carboniferous limestone,
" it would be difficult to say; but it is highly interest-
ing to observe that rocks equivalent to the millstone
grit and limestone shales of English geologists be-
come developed in Westphalia, and are there known
as Rauer sandstein. These beds attain a considerable
thickness at Arnsberg, Merscede and Warstein.

In some situations the coal-beds and associated
strata of shales and sandstones, containing the re-
mains of terrestrial plants, so alternate with lime-
stones containing marine remains, that unequal con-
ditions must have arisen during the deposit of the
“ mass of the carboniferous group, and in many in-
stances there must have been an alternation of such
conditions. If violence had attended the transport
of the plants now converted into coal or discovered
fossil in the associated beds, the appearance of those
in the latter would not be as we now find them: in-
stead of appearing as if spread out by the botanist
for examination, we should have had them crushed
and disfigured. Moreover tranquillity seems requi-
site to explain the condition of those vertical or nearly
vertical stems of plants discovered in the coal-mea-
gures of different situations* where they have been
fresh water, from the frequent absence of marine remains among
them ; but direct evidence derived from animal exuvie of which

the freshwater character could not be doubted, was wanting.
' *® Geological Manual, p. 406. :
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gradually enveloped by. different beds of sandstone or
shale, through which they therefore appear to pierce.
These facts seem to require a slow depression of land
beneath waters, in such situations that they were not
exposed to the destructive attacks of waves or power-
ful streams of water; and if these vertical or nearly
vertical stems were always so situated with regard to
associated beds that we might presume the absence
of the sea, large freshwater lakes, such as those of
North America, would appear to be the localities of-
fering the best conditions for their entombment.
The alternations of limestones containing marine
remains, and of sandstones, shales and coal-beds with
no trace of a marine creature in them, are exceedingly
remarkable, and seem difficult of explanation without
calling in the aid of oscillations of the solid surface
of the earth, by. which very gradual rises and depres-
sions are effected. In these cases the views of Mr.
Babbage respecting the expansions and contractions
of rocks, caused by differences in the power of the
surface to radiate heat, may eventually be found
greatly to assist us, more particularly when coupled
with central heat, which would cause such effects
very generally at different geological periods. No
doubt great contractions and slow dislocations of the
earth’s crust, caused by radiation of heat from the
earth generally, would produce numerous similar ef-
fects from the variable manner in which the solid sur-
face would be placed relatively to the waters resting
on it; yet when we add the variations which might
subsequently take place in the expansions and con-
tractions of rocks, in consequence of the new position
Y
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given to great masses, we obtain great additional aid
in producing the effects required.

To trace even the probable positions of dry land

-over the European area at the earboniferous epoch
would be most difficult, particularly when we recol-
lect that what we term a geological epoch may in-
clude a long series of ages, and that thus land may
rise and fall, be degraded and replaced, sometimes by
the same, sometimes by greater, intensities of various
forces than those the effects of which we daily wit-
ness, and yet the whole be included in a geological
epoch, or rather one during which a particular group
of rocks has been formed.

Although over a large part of England, more par.
ticularly the central and southern portions, the man-
ner in which the red sandstone group rests upon the
carboniferous group is such as to show that the latter
was disturbed, dislocated, and partially removed be-
fore the former was accumulated upon it, there is
great reason to suppose that in other parts of the
European area deposits still continued quietly to be
thrown down on undisturbed parts of the carboni-
ferous series, so that no real line of separation can be
well established between them. This, in fact, would
be nothing more than that which took place relatively
to the grauwacke and carboniferous groups, a partion
of & given area being disturbed while other portions
retained their original positions, deposits tranquilly
taking place upon them. We should expect, if dry
land continued long to exist at or near the undis-
turbed portions of a given area, that vegetable matter
would be entombed in creeks, estuaries, deltas, and

x
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other situations. Now it is by no means improbable,
making every allowance for the deceptive appearances
caused by the coal-measure sandstones becoming red,
as frequently happens, that the coal of some parts of
Europe, particularly of Lower Silesia and Bohemia,
may be equivalent to a part of the red sandstone se-
ries.

The prevalence of a particular kind of rock, such
as the rothliegendes, the lowest member of the red
sandstone group, over a considerable area, often re-
markable for containing fragments of preexisting
rocks of such size as to eonstitute a conglomerate, is
certainly exceedingly striking, particularly when it
is observed that fragments of porphyries are abundant
in many places. In Devon the porphyry is found im-
bedded in the sandstones in fragments which even
attain a size equal to three or four tons in weight.
‘We will not here repeat what we have elsewhere®
stated respecting the evidences of violent disruption
in that part of England, further than to point out that
the coast between Babbacombe and Dawlish affords
excellent opportunities for studying it.

During the deposit of the rothliegendes, few or-
ganic remains were entombed in Western Europe.
‘When we rise above this mass’of red sandstones,
marls, and conglomerate, which marks the great de-
struction of preexisting rocks over a large area, under
circumstances which gave a general red tint to its
deposit, we arrive, in the ascending order, at the se-
cond member of the red sandstone series, named the
zechstein, or magnesian limestone. This is & calca-

® Geological Manual, p. 362.
Y2
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reous deposit, of a somewhat variable aspect, though
the extension of the lowest part of it, named the marl
slate, or copper slate (Kupferschiefer), from Germany
into England is remarkable, when we consider its
small depth. This deposit is fossiliferous ; -and cer-
tain shells, Producte, now appear in the ascending
order for the last time, at least as far as observations
have yet gone; and we arrive at evidence that a sau-
rian, analagous to the present monitors, existed at or
near those places where Mansfeld, Rothenburg-on-the-
Sazle, Gliicksbrunn, &c., are now situated. 'We may
therefore conclude that dry land was also then to be
found in that part of the present European area. The
copper slate is remarkable for containing numerous
fishes of a particular genus (Paleothrissum, Blain-
ville, Paleoniscus, Agassiz,) which are found in it
as well in Northern England as in Germany. There
is nothing in itself remarkable in finding the same
kind of fish in two places not further distant from
each other, more than there would be in finding her-
¥ings on the coasts both of Norway and France; but
they belong to a family of fishes which, according to
the researches of M. Agassiz, have not been detected
above the red sandstone group. He states that the
genera Acanthodes,’ Catopterus, Amblypterus, Paleo-
niscus and Platysomus, which form part of the family
of Lepidoides, one that has no representative among
. known existing fish*, are not detected above this
group.
The zechstein has not yet afforded any remains of
trilobites, which were once suppgsed not to rise higher

* Agassiz, Recherches sur les Poissons Fossiles, tom. ii. p- 3
Neuchatel 1833,
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in the series of rocks than the carboniferous lime-
stone : the researches of Mr. Prestwich have, how-
ever, shown that they are found in the nodules which
occur in the coal-measureg of Coalbrook Dale. The
species differ from those detected in the lower rocks;
yet the fact of their being so found may lead us to
suppose that, even among European rocks, there may
be some chance of discovering the family continued
up to the zechstein, a deposit which presents a ge-
neral zoological resemblance to the inferior fossili-
ferous rocks, while it differs more considerably from
those immediately above it..

The zechstein does not appear to be a deposit
widely spread over the European area. As yet it is
principally known in Germany and England. It
merely appears that at a given time calcareous mat-
ter was thrown down in one place and not in another.
‘We should expect to find organic remains in it, since
the chances are that, when calcareous matter occurs
as the zechstein does, we should discover organic re-
mains more plentifully in it than in the other asso-
ciated deposits,always excepting plants, which, viewed
generally, are more abundantly detected in shales and
sandstones than in limestones.

A series of beds of sandstone or marl covers the
zechstein : it is of various tints of red, blue, white
and green, thence known as the variegated sandstone
(gres bigarré, bunter sandstein). It must not, however,
be considered that there is anything peculiar in this
respect to the rocks in question. Such appearances
are frequent in various mechanical deposits, from the
grauwacke upwards, and seem merely to depend upon
the different states of oxidation of the iron, and, per-
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baps, sometimes of the manganese, in the different
beds. They are therefore such as may be expected
in the rocks of any age. The variegated sandstones
do not abound in organio remains. Plants have been
detected in them in Alsace and Lorraine, and it is
remarkable that they differ from those in the coal-
measures. '

It is almost needless to observe when we contem-
plate the red sandstone series as a whole, and con.
sider that it is in a great measure composed of matter
which must have been deposited from water where it
was, for the time, mechanjcally suspended, that great
variations should be expected at the same geological
Jevels; here clay or marl being found, there sandstone
or conglomerate, while, occasionally, calcareous rpatter
shquld. be digpersed among it, under favourable cir-
cumstances, in sufficient abundance to constitute
numerqus beds of limestone. We should, there-
fore, expect considerable changes, in fact, precisely
those which do occur, though often overlooked be-
cause they are merely from marl to sandstone, or
from sandstone to conglomerate. When, however,
limestone appears, the alteration in the character of
the deposit is so obvious, and the rock itself employed
for g0 many useful purposes, that this change is im-
mediately observed, and we have it recorded. Maore.
over, as these accumulations of “calcareous mattes
usually contain organic remains, they more readily
attract attention, and therefore are seldom. disre.
garded. The muschelkalk is a calcareous deposit of
this kind, found over a more extensive area than the
zechstein, but which does not extend into the British
Isles, at least no trace of it has yet been detected in
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them, notwithstanding the great development of the
red sandstone group in Great Britain.

The muschelkalk in the countries where it is found
passes gradually into the rocks above and beneath :
there is nothing to show any violent mechanical ac-
tion ; on the contrary, all tends to prove that the de-
posits proceeded tranquilly in those situations, and
that the change was simply the substitution of one
kind of matter for another. There was, it would ap-
pear, a considerable change in animal life at this
period, at least as far as we can judge from the or-
ganic remains yet detected in the muschelkalk, which
being merely negative evidence, is no doubt Liable to

much error. One remarkable circumstance connected = -

with the zoological character of this rock is the ab-
sence of numerous species of corals, for as yet one
only, Astrea pediculata, has been detected in it. Sau.
rians now become more common, at least their re-
mains have been more abundantly preserved ; and we
find the genera Crocodilus, Plesiosaurus and Ichthyo-
saurus, the former of which, supposing that its re-
mains are certainly detected in the muschelkalk, has
continued as a genus to inhabit the face of the globe
since that early period until the present day, while the
two latter have disappeared, apparently even before
the deposition of the supracretaceous roeks, their re-
mains not having been detected in the latter.

Above the muschelkalk there is an accumulation
of marls mixed with subordinate sandstones, which
have received the name of variegated marls, from the
various alternating tints of blue, green, white, or red,
which they present. The organic remains as yet
deteeted in them have been principally discovered in
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Wurtemburg, Alsace, Lorraine, the neighbourhood
of Boll, and the countries situated in that part of
Europe. Two genera of saurians, not yet discovered in
the inferior rocks, Phytosaurus and Mastodonsaurus,
are discovered in these beds. There is also the same
Ichthyosaurus (I. Lunevillensis,) which is discovered
in the muschelkalk, and a Plesiosaurus. We may
conclude, both from these remains and the shells
found in the same beds, and of which the analogous
genera now inhabit shores and moderate depths, that
land was not far distant from the situations where
these remains are now discovered. This conclusion
is supported by the remains of terrestrial plants found
in the same districts. :

‘It is worthy of remark, that as far as the European
area is concerned, rock-salt is very frequently dis-
tributed among the higher parts of the red sandstone
series, from which circumstance it has sometimes
been named saliferous, by way of distinction; a term
exceedingly objectionable, as it would imply either
that at this geological period salt was more abun-
dantly deposited than at any other, or that it was
confined to it. Of the former, when we regard the
whole superficies of the world, and not a minor part
of it, such as Eutope, we soon see that we have no
proof whatever; and the latter we are certain is not
correct, even when we examine the minor area itself :
since salt is discovered in other rocks, even among
the supracretaceous group. It is remarkable that
salt, gypsum and dolomite, or rather a magnesian
limestone, are so frequently associated with red or.
variegated marls or sandstones in different parts of
the world. We know that many of these associations
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are of different geological epochs, and may infer that
many others, supposed to be identical in distant
countries, merely because their general mineralogical
characters are similar, may also be distinct. There
are many districts in various parts of the world where
rocks with these characters prevail; and we may
consider that the respective areas which they occupy
have been placed under similar circumstances when
the deposits were thrown down. Hence if we could
approximate towards a knowledge of the causes
which have produced the effects observable in one
area, we might attain a better knowledge of the
others, and be enabled to infer that a given part of
the surface of our planet may have been under given
circumstances at one, two, three, or more geological
epochs, as the case may be.

The carboniferous and red sandstone groups of
Europe have presented us with a series of detrital
beds, in the lower parts of which a large amount of
vegetation has been entombed. Local disturbances
have here and there interrupted the quiet deposit of a
continuous series of strata, so that we may expect
to discover any higher portion of the series resting
upon disrupted portions of a lower part. The greater
proportion of the beds of which the whole is composed
being apparently produced by the transporting action
of water, we cannot suppose that the beds themselves
can be continuous over very considerable distances :
one must fine off and be replaced by another ; so that,
- as has been previously observed, we may obtain con-
temporaneous equivalents which offer no mineralogical
resemblance to each other, and which may differ in
their organic contents, particularly at considerable
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distances, presenting an abundance of terrestrial re-
mains in one place and of marine exuviz in another,
differences of conditions having necessarily produced
different results. It will,be obvious that it would be
extremely unsafe to consider the coal of Australia,
India, America and Europe to be precisely of the
same age, merely because the sandstones and shales
with which it is associated are generally similar,
Even if some of the coal in each of these portions of
the earth’s surface were contemporaneous, as pro-
bably it may be, it would be equally unsafe to infer
that there were not deposits, also contemporaneous,
differing wholly from them, both mineralogically and
as to organic contents, not a trace of a terrestrial
plant being detected in them.
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CHAPTER XVI

WE find above the red sandstone group an accumu-
lation of sands, sandstones, marls, clays and lime-
stones, named the oolitic group, because some of its
limestones are of that kind called oolitic. It is a mere
term of convenience, like those of ¢ carboniferous’,
‘red sandstone’, &c., for many limestones in other
groups are oolitic. A very considerable change must
now have taken place over the European area. The
waters wherein the detrital matter was held in me-
chanical suspension must have been much charged
with carbonate of lime, so that very few of the de-
posits thrown down at this period are without calca-
reous matter. Marine animal life was exceedingly
abundant over a large portion of the same area, so
that some beds seem composed of little else than the
remains of shells and corals. Viewed as a whole,
there must have been great comparative tranquillity
over a large portion of the European part of the
earth’s surface during the period of the oolitic group.
Dry land must have existed in the same situations;
for we find terrestrial plants which could not have
been transported far, and even accumulations of them
constituting beds of coal.

 Reptiles were common, since their remains are so
numerous; aund the researches of botanists show that
a perfectly different vegetation from that which pre-
ceded it flourished over the area under consideration.
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There was, from all the facts brought to light, an
entirely new set of plants. As far as these facts go,
they show that ‘the proportional number of ferns
was diminished, the gigantic Lycopodium-like and
Cactoid plants of the coal-measures, Calamites, and
Palms, all disappeared ; vegetation had no longer a
character of excessive luxuriance, but species, un-
doubtedly belonging to Cycades, and analogous plants,
now natives of the Cape of Good Hope and New
Holland, appear to have been common. Coniferous
plants were still plentiful, but they were of species
that did not exist at an earlier period. Whether any
other dicotyledons than those of the Cycas and Pine
tribes existed at this time, does not appear*.” A very
striking zoological feature of this group is the im-
mense abundance of Ammonites and Belemnites
which must have existed previous to, and during,
its deposit; for notwithstanding the usual chances of
destruction to which we may suppose they were ex-
posed, myriads of their shells have been entombed
entire, and not unfrequently the animals must have
béen in them +. From all analogy, these creatures are
supposed to have been free swimmers in the ocean:
the seas occupying the area where the oolitic group

* Lindley and Hutton’s Fossil Flora of Great Britain, Preface,
vol. i.

+ 173 species of A ites and 65 species of Belemnites have
been enumerated as detected in the oolitic group. There is pro-
bably error as to the exact number of species of both these genera,
shells in different stages of growth having been sometimes con-
sidered as distinct, and perhaps the latter having been unneces-
sarily multiplied from a desire to form new species ; but still the
number really distinct must be considerable. Numerous, how-
ever, as the species may be, the numbers of individuals found
fossil in the oolitic group is still more remarkable.
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is found must have swarmed with them. We do not
through them attain a knowledge of the probable
depth of water at the time; but as they are not un-
frequently associated with marine genera, the ana-
logues of which at the present day are inhabitants of
shallow water or moderate depths, we have no reason
to infer the existence of a deep sea, but on the con-
trary one of moderate depth.

- The lias forms the lowest part of the oolitic group,
and is remarkable for preserving a general character
over a large part of Western Europe. In some places
it appears to pass gradually into the group beneath
it, while in others, as is the case in England, there has
been a break in the deposit of matter at a given time.
The detritus of which the lias is composed must have
been extremely comminuted, and have been mixed
with calcareous matter at particular times, more
especially in its lower portions, on a surface extend-
ing over a considerable part of Europe. Among the
reptiles which seem to have abounded at the time of
the lias, we detect some, such as the Pterodactyli,
Plesiosauri, and Crocodiles, which must have required
dry land and creeks, bays and other sheltered places.
Plants, frequently well preserved, appear to show that
land was not far distant. We therefore endeavour to
discover the situations where we may counsider such
land to have existed. Here, however, our data fail
us. We may indeed assume that the grauwacke of
Normandy and Brittany rose out of the waters of the
period, since the oolitic rocks quietly cover up their
tilted strata, filling preexisting inequalities; and we
might infer the same with other districts. The.
European area has, however, been so broken up by
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dislocating causes, and so often abraded by the action
of water since the period of the lias, and indeed of the
whole oolitic group, that we can make little advance
in inquiries of this kind.

The saurian remains of the lias, both in England
and Germany, very frequently present little appear-
ance of having lain long exposed to the effects of de-
composition before they were entombed ; on the con-
trary, many skeletons of Ichthyesauri show, by the
contents of their stomaehs still remaining between
their ribs, while there are even traces of skin upon
their bones, that their death must have been speedily
followed by their envelopment in the detrital matter
of the lias, if, indeed, they were not often entombed
alive. The lias frequently contains a large quantity
of the excrements of the various creatures which ex-
isted at the time; and it not unfrequently happens
that there are lines of these coprolites at various le-
vels in different localities, as if the muddy bottom of
the sea received small sudden accessions of matter
from time to time, covering up the coprolites and other
exuvie which accumulated during the intervals.

It would far exceed our limits to enter upon the
inferences which might be deduced from the various
facts that are known respecting the oolitic group;
we must therefore content ourselves with a general
glance at it as a whole. The lias of Western Europe
may be considered as a deposit of finely comminuted
detritus, in which, though calcareous matter is not
rare, it was only occasionally sufficient to produce
limestones. The sands of the inferior oolite, into
‘which the lias passes upwards, range over a consi-
derable area, ex tending from Northern far into South-
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ern Europe ; the causes, therefore, which have pro-
duced them have been equally general, and their mi-
neralogical character shows a general change of the
bottom of the sea upon which they were accumulated:
instead of being mud, it gradually became arenaceous,
and finally calcareous, in the beds known as the in-
ferior oolite itself, Calcareous matter is, indeed, not
wanting in the sands, but we are not certain how
much of it was present in the actual deposit, and
how much may have been added to it by the subse-
quent percolation of calcareous matter downwards
from the limestones of the oolite. In many places,
extending from England to the Jura chain, grains or
small nodules of hydrate or oxide of iron are common
in the inferior oolite, so much so as to afford iron for
the foundries in the department of the Haute Saone.
The next portion of the oolitic group is highly in-
teresting, as its organic contents point to the proxi-
mity of dry land at that period over a part of the
European area extending from Northern England and
Scotland into Germany. Terrestrial plants abound
in these situations, the accumulations of them being
frequently sufficient to produce beds of coal. Among
them Mr. Murchison considers he has observed ver-
tical stems of Equisetum columnare in sufficient abun-
dance and over a sufficient area to justify him in con-
cluding that a considerable area gradually sunk so
quietly, that these plants became tranquilly imbedded
in the matter which accumulated around them. When
we examine the beds which are apparently equivalent’
to these in the southern parts of England, we find ma-
rine remains, and an abundance of calcareous matter,
the various strata into which they are separated being
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grouped by geologists into smaller portions, known in
the ascending order by the names of fuller's earth,
great or Bath oolite, Bradford clay, forest marble
and cornbrash. Now it is a highly interesting fact,
that a remarkable accumulation of organic exuviz at
Stonesfield, among which are the remains of the only
mammiferous creature yet detected beneath the su-
pracretaceous group, has been found by Mr. Lonsdale
to be a lower portion of the great oolite. These re-
mains have been considered referrible to those of a
Didelphis, or of an analogous quadruped, and to have
belonged to two species. With them we find the
remains of terrestrial plants, of marine shells, of a
huge saurian, the Megalosaurus Bucklandi, and bones
which probably belonged to a winged terrestrial rep-
tile, the Pterodactylus. We may therefore infer that
immediately succeeding the period of the inferior
oolite, and while the great oolite of Southern England
was forming, dry land extended towards the area now
occupied by the central part of our island. Such land
may indeed have constituted islands, and eventually
there may have been extensive coral reefs, since po-
lypifers are common in the upper part of the great
oolite itself, both in Southern England and in Nor-
mandy.

- After this period a larger part of the oolitic area
was probably again submerged; for we find a mass
of clay, continuous over considerable distances, and
containing marine exuvi, covering over the terres-
trial remains, which were so common in Northern
Britain and a part of Germany. The remains of
saurians, among which are those of crocodiles, being
however often detected in it at different points, we
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may still suppose the existence of dry land, in various
parts of the area, though changes in the relative
situations of land and water had ptoduced such phy-
sical differences in parts of it, that mud was commonly
deposited, while quantities of terrestrial plants were
no longer accumulated in particular situations. Arena-
ceous matter was, however, again thrown down over
a large part of the area, and was succeeded by a cal-
careous deposit, the former known as (the lower)
calcareous grit, and the latter by the name of coral
rag, from the abundance of polypifers detected in it.
Coral reefs abounded over the area once covered by
deep mud, arenaceous matter being first accumulated
upon the latter. This change is sufficiently remark-
able, but is rendered still more so by being similar to
other changes which succeed, the calcareous rocks’
being first covered by an arenaceous deposit (the
upper calcareous grit), to which another accumula-
tion of mud (the Kimmieridge clay) succeeds: this is
again covered by sands (the Portland or Kimmeridge
sands), and the whole group is crowned by limestones
(the Portland oolite).

We are not to suppose such changes in the bottom
of a sea occupying a given area to be constant over
the whole area ; but the extent to which each of them
has been traced is exceedingly remarkable. The clay
beds can be followed, as might be expected from the
fine condition of the detritus from which they have .
been produced, with similar general characters, over
larger areas than the sands or sandstones; and the
calcareous deposits, as far as regards similarity of
structure, over smaller areas than the sands. There
are necessarily numerous minor changes resulting from

z
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the operation of minor causes; but the general cha-
racter of the whole oolitic group over a large paxt of
Western Europe is remarkable.

There can be little doubt that this group, greatly.
expanded in thickness, and mixed with sandetones,
marls and slates, possesaing a very different aspect
from the equivalent rocks in a large portion of Western
Europe, extends qver various parts of Eastern Europe.
There can also be little doubt that it constitutes a
large part of the calcareous Alps, extending into
Italy and the countries of South-eastern Europe.
Its mineralogical appearance is. more that of the grau-
wacke series, showing that there have been different
modifying circumstances, producing different though
contemporaneous results, in different partsof the whole
European area. While an abundance of organic re-
mains characterizes the western portion, fewer or-
ganic exuyis are found in the eastern part. We may
readily suppose shallow water, perhaps interspersed
with land, in the one situation, while deeper water
and less land occurred in the other.

‘We must not omit to notice that singular collection
of organic remains in certain calcareous rocks, known
as lithographic slates, and which occur at Pappenheim,
Solenhofen, and Monheim near Eichstadt. They are
considered to constitute the highest part of the oolitic
series of Germany. In these beds are entombed the
remains of six species of that extraordinary flying rep-
tile the Pterodactylus, and with them the exuviee of
numerous insects, (Libellula, Aschna, Agrion, Myr-
meleon ? Sirax ? and Solpaga ?) which probably con-
stituted their prey. Among the reptiles we have also
the remains of the Geosaurus, Lacerta, Rhacheosaurus,
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Atlodon (Crocodilus, Jdger,) and the Pleurosaurus.
We may hence assume the proximity of dry land.
The crustacea found in these beds consist of Pagurus,
Eryon, Scyllarus, Palemon and Astacus, probably
frequenting coasts, There are several molluscs, and
among them one named Aptychus (Meyer) of a sin-
gular form. We may readily suppose the whole de-
posit to have been effected on a coast where the water
was not deep, on the shores of which the Pterodacty-
lus chased its insect prey. The plants noticed in
the deposit are marine, which may easily have been
entombed, a8 Fuci now are, in similar situations.
‘When we reflect that there is evidence of the exist-
ence of dry land in Southern England, immediately
succeeding the deposit of the Portland oolite, and that
a congiderable amount of sands and clays, known as
the Wealder Rocks, show that such dry land con-
tinued to exist for a considerable period in the same
part of the European area, the Solenhofen beds ac-:
quire additional interest ; since, though they may not
be precisely contemporaneous with the Wealden de-
posits, they show dry land at nearly the same epoch
in the place now constituting part of Bavaria, and in
that now occupied by South-eastern England.

. It is only necessary to take a common artificial
globe in our hands to see the small portion of its su-
perficies representing the whole area of which we have *
been treating. Contemporaneous rocks were no doubt
produced in numerous other parts of the earth’s sur-
face ; and there is reason to conclude that rocks with
somewhat similar organic remains have been found
connected with the range of Himalayan mountains.
Time must necessarily elapse, and observations be

z2
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greatly multiplied, before any large portion of the
earth’s surface can be brought, as it were, under the
immediate view of the geologist,—even before he can
estimate the probable condition of a fiftieth part of
such surface at any given period. There is, however,
evidence in the area treated of to show a considerable
change, both in the nature of the deposit thrown down
at the epoch of the oolitic group, and in the organic
remains detected in it, from the condition of the same
area at the time of the red sandstone series. Carbo-
nate of lime greatly more abounds in the one than in
the other; indeed the spread of this substance over a
large comparative area at this period is a remarkable
fact. How far other parts of the northern hemisphere
may present us with equivalent rocks, now above the
level of the sea, future observations must determine;
and it will be exceedingly interesting to observe, as
facts become multiplied, how far the general organie
structure of life may have been similar at this period,
or how far advances may have been made to that diver-
sity of distribution which we now observe, assuming
that at the earlier fossiliferous epochs there was.a
greater approach to uniformity. At present it seems.
to be considered that rocks equivalent to the .oolitic.
group have not been detected in North America.
There is, however, so much of that great area of dry

* land still unexplored, that no inferences can fairly be
drawn from the facts yet known on this head.

There is evidence immediately above the oolitic
group in Buckinghamshire, the Vale of Wardour, the
vicinity of Weymouth, and in the Boulonnois, that
dry land existed in such situations, and that trees
and plants analogous to those now growing in warm.
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climates flourished upon it. In the vicinity of Wey-
mouth these plants remain rooted in, or fallen upon,
the soil on which they grew, though covered up by
more recent deposits. The soil thus preserved is
named the dirt-bed : in it, or rather them, for there
appear to be two or three of these dirt-beds, we oc-
casionally detect rounded pebbles of the inferior rock.
There is, however, no evidence of the violent action
of water generally on the surface of the Portland beds
on which they rest, so that we may consider the peb-
bles as resulting from causes similar to those con-
stantly in- action on shores and in rivers. As the
whole is based on a rock replete with marine remains,
an elevation of this rock, and in this place, must have
preceded the growth of terrestrial plants upon it.
Above this dry land a series of deposits has been
thrown down, characterized by the presence of terre-
strial, freshwater, or estuary remains; and as these
rocks are well developed in the Weald of Sussex, they
have been named the Wealden Rocks. The exact area
occupied by the deposits thus characterized cannot be
ascertained, since they have been covered by the cre-
taceous series, the removal of which by denuding
causes has permitted us to know that they have ex-
isted. The great extent of these rocks observable
in the Weald of Sussex has been brought to light by
an elevation of land in that point, and by a subsequent
removal of the superincumbent cretaceous series. As
far as we can perceive, the south-eastern part of En-
gland appears to have been the deepest portion of an
estuary, into which detrital matter was drifted, and
entombed the organic remains above noticed. We
have seen that in the vicinity of Weymouth dry land
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existed immediately preceding the deposit of the
Wealden rocks; and it does mot appear, from the
facts there observable, that these rocks extended much
to the westward of that point, since the cretaceous
series quietly overlaps the various members of the
oolitic group in a western direction.

The Wealden rocks are composed, in the ascending
order, of various limestones, alternating with msarls,
named the Purbeck beds ; of numerous strata of sands
and sandstones, often ferruginous, and occasionaBly
intermingled with shales, named the Hastings sands,
from being well developed at that place; and of a
clay known by the name of the Weald clay. We are
indebted to Dr. Fitton for pointing out the true na-
ture of this remarkable series of beds, and thus show-
ing that there must have been an exteusive estuary,
or some analogous collection of brackish or fresh
waters, at this given epoch in a particular portion of
the European area. The organic contents of these
beds, though not numerous as regards species, are
highly interesting. We learn from the labours of
Mr. Mantell that a huge reptile, more resembling the
Iguana in its osteclogy, particularly in its teeth, than
any known creature of the present day, (and thence
named the Jguanodon,) roamed on the shores of this
lake or estuary, living probably on the plants now
found fossil with it. Its reptile companions were no
less remarkable ; for the estuary and its banks were
tenanted by the Hylwosaurus (another fossil reptile
brought to light by the labours of Mr. Mantell), the
Megalosaurus and the Plesiosaurus, all genera which
no longer exist on the face of the earth. We have
seen that the two latter were entombed in rocks pre.
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viously deposited, but the genera Iguanedon and Hy-
lzosaurus now appear for the first time, as far at least
as researches have yet gone. Being apparently ter-
restrial creatures, and therefore the chances of the
preservation of their bones in rocks being far less than
if they were marine, it cannot be stated that they
were now first created, since we are considering phee-
nomena observable on a mere point of the earth’s
surface, and since & combination of circumstances i -
required not only to preserve their remains, but also
to expose such remains, when preserved, in situations
where they can be examined. With these extinct
genera we find the exuviee of the Crocodile, Trionyx,
Emys and Chelonia, so that there was no want of
reptiles in the district in which the deposits under
consideration have been produced.

If we consider these rocks to have been formed in
an estuary, and not in an isolated mass of water, we
should suppose that there must have been a consider-
able tract of dry land over the surface now occupied
by Southern England and Northern France at this
period. We have observed that the trees in the dirt-
bed in the neighbourhood of Weymouth stand in, or
rest upon, the soil in which they grew ; consequently
their submersion beneath the water in which the Pur-
beck beds were formed, and which now cover them
up, must have been gradual and unaccompanied by a
" rush of waters. Had there been a violent wash of
waters, or had the land been long exposed to the de-
structive action of breakers, the trees and the soil
would have been speedily removed. Hence not only
must the submersion have been gradual, but the soil
also could not have been exposed to any considerable
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surface of water, which, either fresh or salt, would
have rolled in breakers on the coast, unless indeed it
were protected by trees analogous to the mangroves
of the present tropics.

We have reason to suppose that the land was gra-
dually depressed in this part of the European area in
such a manner that the resulting cavity was occupied
by fresh water, and that, either from differences in
level or-other causes, the sea did not flow freely into
it. Much calcareous matter was first deposited, and
in it were entombed myriads of shells, apparently
analogous to those of the Vivipara. Then came a
thick envelope of sand, sometimes interstratified with
mud, and, finally, muddy matter prevailed. The solid
surface beneath the waters would appear to have suf-
. fered a long-continued and gradual depression, which

was a8 gradually filled, or nearly so, with transported
matter: in the end, however, after a depression of
several hundred feet, the sea again entered upon the
area, not suddenly and violently, for the Wealden
rocks pass gradually into the superincumbent creta-
ceous series, but eo quietly that the mud containing
the remains of terrestrial and freshwater creatures was
tranquilly covered up by sands replete with marine
exuvize. The depression did not, however, stop here, or
rather the differences in the Jevels of the sea and land
in this particularpart of the earth’s surface continued to
increase in such a manner, that the bed of the estuary
or lake, in which the Wealden rocks were formed, be-
came depressed at least 300 fathoms beneath the level
of the sea, and, as it would appear, in a most gradual
. manner, for there are no marks of violence in the creta-
ceous rocks that repose upon the Wealden deposits.
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As estuaries of the kind above noticed must ne.
cessarily occupy a comparatively limited area, the
effects produced must, to a certain extent, be local,
if even we suppose that the estuary character of the
deposits extended over a surface equal to any modern
river-delta. Contemporaneous littoral deposits which
should form continuous portions with the sand, mud,
or silt brought down by the river, would, we should
conceive, be full of marine remains, precisely as on
the coasts of Africa or America, at the present day,
long lines of coast must contain, in the same con-
tinuous surface of soundings, either marine or estuary
remains, according as large rivers do or do not pour
their waters into the ocean which bathes the coast.
‘Where, therefore, circumstances were favourable, we
should expect to discover marine equivalents of the
Wealden rocks, which from all appearances must
have required a long lapse of time for their production.
It has been considered, from the freshwater character
and geological position of certain beds in the Pays de
Bray, near Beauvais, where a denudation of the cre-
taceous series exposes the inferior rocks, that these
deposits are equivalent to the Wealden deposits. This
may be perfectly true, and yet the deposits not be
continuous portions of detrital matter thrown down
in the same delta or estuary. Perhaps we shall never
possess sufficient evidence to show that they either
did or did not constitute different parts of the same
delta or estuary; but if they did, we should, from
analogy, infer that a large surface occupied by dry
land was necessary to the production of a river equal
to the Quorra or the Ganges.
~ Certain rocks with marine remains occur in dife
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ferent parts of Europe, in France, Switzerland,
Germany and Poland, which occttpy & situation in-
termediate, as it were, between the cretaceous and
oolitic groups, and therefore equivalent to the Weal-
den rocke. It is evident that there must have been
marine equivalents of these rocks, and from all analogy
we may conclude that such marine equivalents were
greatly predominant even in the European area, itself
of trifling extent compared with the superficies of the
globe.

Above these Wealden deposits we find the crete-
ceous Beries, which from its extent must have resulted
from causes not only common to the European, but
also to at least a portion of the Asiatic area, since it
is evidently found in that part of the world. Viewed
generally over a considerable portion of the surface
covered by it, the well known rock, called chalk, is
based either upon an arenacecus or argillaceous de-
posit, the mechanical origin of which can scarcely
be doubted. As we cannot éxpect uniformity in the
distribution of detritus, unless under conditions which
could scarcely ever obtain, we should anticipate that
sands would predominate over one patt of the ares,
and mud or silt over andther, that there would occa-
gionally be alternations of these substances, and that
frequently particular deposits of sands or mud would
be found continuous over comiparatively extensive
surfaces. It is not to be expected that the divisions
of the lower part of the series into upper green-sand,
gault, and lower green-sand can be traced to great
distances from the southern portions of Great Britain,
where these distinctions have been found so useful.
As, however, their continuity with similar characters
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is remarkable in England, and shows the uniform
operation of given causes somewhat extensively, we
may anticipate that, with due attentiori and allow-
anoes for local variations, analogous divisions may be
detected over some parts of the neighbouring con-
tinent, as, indeed, appears to be the case in part of
Northern France and in its continuation into the cre-
taceous district of Aix-la-Chapelle.
. The upper portion of the series is exceedingly re-
markable for the constancy of its mineralogioal cha-
racters over a surface extending from Northern France,
through the British Islands, Northern Germany, Den-
mark and Sweden, into both European and Asiatic
Russia. Now although equivalents of the cretaceous
rocks are abundant in other parts of Europe, to the
southward and eastward of this range of white chalk,
they generally possess a somewhat different character,
compact grey and dark-coloured limestones and ¢om-
pact sandstones being apparently of the same geo-
logical age as these white chalk rocks. This dif-
ference necessarily points to a modification of origin,
0 that we should anticipate some circumstances, pro-
ductive of this remarkable white calcareous rock, to
have existed over a considerable curved portion of
surface not common to the whole European area.
‘We can scarcely consider that the white chalk was
produced along a line of coast to which nothing but
this calcareous matter, mixed with silica, was borne
down ; since this would suppose a state of things so
utterly unlike that at present existing, or which we
should imagine ever likely to have existed, that we
seem compelled to seek some other explanation for
the phanomena observed. The white chalk has more
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the appearance of a chemical deposit, or rather one
resulting from a quick precipitation of carbonate of
lime from solution in water, by expelling an excess of
carbonic acid which kept the carbonate of lime in
solution. If the waters were suddenly heated, a quick
‘precipitate would ensue, and thus we might obtain
the friable carbonate of lime. This is, however, not
the only condition required. . There is an abundance
of silica, which, from the mode in which it is deposited,
we should infer had been in solution. Now the
abundance of silica which has separated out from the
¢halk generally is verv considerable, so that we re-
quire an abundant solution of silica as well as of car-
bonate of lime. We must also not forget that nu-
merous marine creatures existed at the time, so that if
the mass of chalk were deposited slowly, the con-
ditions necessary for the support of animal life also
existed. The question would therefore arise, Has the
mass of white chalk been slowly or somewhat sud-
denly produced ?

. Organic remains are in general beautifully pre-
served in the chalk : substances of no greater solidity
than common sponges retain their forms, delicate
shells remain unbroken, fish even are frequently not
flattened *, and altogether we have appearances which

* The author remembers to have seen some specimens of fish
from the Sussex chalk exhibited to the Geological Society by Mr.
Mantell which were particularly remarkable in this respect, the
fins projecting as if they were swimming in the water; their
appearance being thus so very different from the fossil fish usu-
ally discovered, the fins of which are almost always compressed.
The author was particularly struck with the fact at the time, as
it seemed to show the kind of hght precipitate in which they
appear to have been entangled pnor to their death. These beau-
tiful specimens are probably still in Mr. Mantell’s collection.
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justify usin concluding that, since these organic exuvise
were entombed, they have been protected from the
effects of pressure by the consolidation of the rock
around them, and that they have been very tranquilly
enveloped by exceedingly fine matter, such as weshould
consider would result from a chemical precipitate.
How far the white chalk may have been the result of
sudden precipitation, or of a succession of sudden
precipitations, it would be difficult to say; but that
the carbonate of lime itself fell gently upon the matter
beneath it, and speedily became consolidated, seems
proved by the condition of the organic remains found
in the chalk.

Let, however, the origin of the white chalk have
been what it may, the conditions for its production -
did not, as above observed, extend over the whole
area occupied by the cretaceous series. It is not to
be supposed that a large portion of the earth’s surface
would be covered by this fine precipitate of carbonate
of lime at the same time ; on the contrary, we should
expect to discover rocks of equal age, formed in the
ordinary way from the deposit of detritus, entombing
organic remains in the common favourable situations.
‘Where rocks have not been continuously traced, it is
always difficult to be certain that we have an exact
equivalent of a given part of a series at distant
places. Various modifying causes would obviously pro-
duce differences difficult to determine. According to
M. Dufrénoy, the salt of the celebrated Cardona mine
occurs in the upper part of this series, as is also the
case with the rock-salt of Mon Real. At Angouléme
the inferior arenaceous rocks of the series are crowned
by a limestone almost saccharine. Again, in the Alps,
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Apennines, and the countries extending from Greece
eastward into Asia, the cretaceous rocks assume a
character different from thase of Western Europe.

A great abundance of organic remains has been
detected in the cretaceous series, amounting to about
160 genera, and 768 species, and it has been found
that the latter, with a few doubtful exceptions, diffex
from those detected in the inferior groups, over those
areas at least where they have yet heen examined.
Terrestrial plants are distributed, though perbaps not
very abundantly, among the inferior sands and clays
of Western Europe, many. pieces of wood showing
by their condition and the holes drilled in them by
the Teredo, or analogous creatures, that they have
been long drifted on the ocean. In the white chalk,
however, marine plants are detected, and terrestrial
plants must he very rare, since their presence has
been much questioned; though why we should not
expect to find them does not appear clear. Their
general absence, from a large part of the white chalk
area, seems, however, to show that dry land whence
plants may have been drifted was not common near
such portions of the white chalk. Hence we may
conclude that at the epoch of the cretaceous series
there was a very general difference, aver a cansiderable
part of the European area, in the condition of such
part of the earth’s surface from that presented at the
epoch which immediately preceded it. There was,
however, an accumulation of vegetable matter, suffi-
cient to produce coal, even so near the great mass of
rocks in which plants are scarce as Pereilles near
Bellesta, Ernani near Irun, and at St. Lon in the
Landes, where, according to M. Dufrénoy, coal is
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found in this series. Coal is also stated to occur ina
cretaceous sandstone near Quedlinburg.

As yet no remains of mammiferous animals have
been discovered in the cretaceous series; and the
exuvie of reptiles are by no means common, pre-
senting in this respect a marked difference in its zoo-
logieal character from that of the oolitic group which
immediately preceded it. Hence we might infer that
dry land was not so abundant in the European area
at the cretaceous, as at the oolitic epoch. The re-
mains of a crocodile have been found in the chalk
of Meudon, and the exuvize of a large reptile, the
Mososaurus, at Maestricht and in Sussex. The re-
maims of fish are not so rare, and it may even be said
that fish-teeth, apparently those of sharks, are some-
what common. Molluscs were entombed abundantly
at this epoch. Ammonites, though still frequently
found, do not appear to have been so common as at
the oolitic period, when they must have swarmed in
the seas now replaced by the dry land of Europe.
Other camerated shells, however, Scaphites, Hamites,
Turrilites and Baculites, were now comparatively
abundant. Indeed at one time these genera were
supposed to be peculiar to the cretaceous series; but
since Hamites and Scaphites have been detected,
though very rarely, in the oolitic group, we may an-
ticipate that the other genera may hereafter be
observed in other rocks, particularly in distant parts
of the world. From analogy we should expect that
no very considerable depth of water was required for
the various molluscous genera found fossil in the
cretaceous rocks. The Echinite family may perhaps
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be considered to have been abundantly distributed at
this epoch, more particularly during the production
of the white chalk. Corals, generally speaking, do
not 'seem to have prevailed in the seas to the same
extent as at previous periods, while the spongiform
zoophytes seem to have been more abundant. We
should, however, be somewhat cautious in the latter
inference, since so much must depend on those cir-
cumstances which could preserve bodies o easily
destroyed, and which appear to have been highly
favourable at the period of the white chalk.

Like all other deposits which require considerable
time for their production, we should expect to discover
rocks, equivalent to the series under consideration, in
various parts of the world, where circumstances had
been so far favourable that they have been subse-
quently elevated above the surface of the waters in
which they were formed. Dr. Morton has described
a series of fossiliferous beds in North America, which
he infers, from their organic contents, were produced
at the same time with the cretaceous rocks of Europe.
The evidence on this head, if we take organic remains
as our guides, would certainly lead to this inference,
and therefore we may consider the American ferru-
ginous sand formation (the name given to this deposit)
as equivalent to the cretaceous series of Europe until
evidence be adduced to the contrary, though, from
the facts known respecting it, we should rather an-
ticipate that further research would confirm the in-
ference, since its connexion with superior rocks points
to considerable general analogy between European
and American deposits of this particular date, As-
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suming that there can be no doubt of the determi.
nation of the saurian remains detected in the American
deposit, we find that the Mosozaurus existed in that
part of the earth’s surface, at least as a genus, at the
same time that it lived in that portion now occupied
by Europe, and that it was also accompanied by
Crocodiles, the remains of which are stated to be
abundant. It is interesting also to observe that the
Plesiosaurns and Geosaurus (saurians the remains of
which have not been yet discovered so high in the se-
ries as the cretaceous rocks of Europe,) are associated
with the exuviz of the Mososaurus in America.
Another creature, the Saurodon, found in the ferru-
ginous sand of America, has not yet been noticed in
any European rock.

A considerable portion of dry land was probably
submerged in the European portion of the earth’s
surface to permit the deposition of the cretaceous
series, which seems to have overlapped a large area,
occupied by a great variety of preexisting rocks, from
the gneiss and mica-slates of Northern Europe to the
oolitic and Wealden deposits of more southern coun-
‘tries inclusive. This condition of the European area
was destined to suffer a great change; the chalk was
brought within the destructive dction of waters; its
surface ovéer a considerable part of Western Europe
was eroded; and the harder portions, consisting of
flints, for the most part remained on its eroded sur-
face, frequently showing, by their angular condition,
that they have neither suffered transport to consi-
derable distances, nor any great amount of attrition
during either long or short periods of time. There
must have been a considerable rise in the mass of

2a
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chalk, and prabably of at least a large portion of the
European area, relatively to the level of the sea, so
that dry land existed; in places which had pre-
viously been occupied by sea, supporting vegetation,
and - eventually an abundance of- terrestrial animal
- life.
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CHAPTER XVII.

TrE supracretaceous deposits are very commonly
termed Tertiary. This is, however, a name exceedingly
objectionable, as it would imply that there were three
great classes of rocks possessing marked character-
istic distinctions, and that the deposits above the
chalk constituted the third of such classes. When
MM. Cuvier and Brongniart communicated to the
scientific world their valuable labours on the rocks
above the chalk round Paris, the chalk itself was con-
sidered the highest known rock, and the supracreta-
ceous deposits as mere superficial sands, gravels, or
clays. Hence, when it was found that the Parisian
beds did not pass into the chalk beneath, but that
the surface of the latter had evidently been abraded
prior to the deposition of the former, and that the
organic contents of the supracretaceous rocks differed
so remarkably from those of the chalk, it was natural
to impose the term tertiary upon the supracretaceous
deposits of the neighbourhood of Paris, as rocks were
then divided into two great classes, the Primitive and
Secondary, between which was a kind of ambiguous
class known by the name of Transition, the chalk
constituting the highest of all the rocks then admitted
by geologists. It is not, however, to be supposed that a
great break took place at this time in the deposits over
the whole surface of our planet, neither- should we
anticipate that even in the European area itself we
should everywhere detect a solution in the continuity
242
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of deposits formed at this epoch. We should rather
consider that as other groups of rocks pass into each
other in one place, while there is evidentiy a geolo-
gical break between them in another, that the like
should happen with respect to the cretaceous and
supracretaceous groups. The grauwacke is separated
from the carboniferous group in Northern England in
a mamner which shows far greater violence than any
facts, yet brought to light, would lead us to suspect
had occurred at the time intervening between the
formation of the cretaceous and supracretaceous rocks
of Western Europe, and yet we see that in Southern
England the grauwacke gradually pasees into the car-
boniferous group. 4 priori, therefore, we should
anticipate that, in the European area itself, we should
detect a passage of the cretaceous into the supracre-
taceous series. Now Professor Sedgwick and Mr.
Murchison consider that they have detected such
passages in certain rocks of the Alps, at Gosau and
other places; and the researches of M. Dufrénoy
would lead to the same inference. At Maestricht
there are evidently beds above the chalk not com-
monly found in the cretaceous districts ; somewhat si-
milar deposits also occur in Normandy. At Maestricht,
however, the upper surface has been abraded prior to
the production of the superincumbent beds, so that
they do not pass into each other. But as we do not
know the amount of matter removed by denudation
prior to the deposit of the superincumbent beds, we
are by no means certain that there may not be an
absence of numerous beds, which once existed, and
which have been swept away. We only learn the
probable existence of many other rocks, over aress ne
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longer extensively occupied by them, from patches
which have here and there remained, and resisted the
denuding forces that have carried away many cubic
miles of solid matter from given areas. A considerable
change no doubt was effected over a large part of the
surface now occupied by Burope, but when we take
a common artificial globe into our hands and see what
~ that area is, we readily perceive the insufficiency of
the data on which it is attempted to found a grand
system of rocks applicable to the whole surface of
the earth. :

The supracretaceous rocks constitute a large por-
tion of the dry land of Europe; and numerous
memoirs have been written to show the probable
amount of surface occupied by various lakes and seas
in which numerous terrestrial, fluviatile, lacustrine
and marine remains have been imbedded. To enter
upon the probabilities of the existence of the various
minor areas, noticed as either occupied by water or
dry land, as the case might be, would far exceed our
Limits. There is evidence to show that numberless
changes requiring a great lapse of time have taken
Pace between the deposit of the chalk and the present
order of things, and that as we approach the latter,
there has been a genéral increase of dry land on this .
part of the earth’s surface.

Among the various complicated changes which
have taken place at the supracretaceous epoch, it has
been considered the better plan to arrange the rocks
referrible to it according to their organic contents,
those deposits being coneidered the most modern
which show the greatest approach, in the organic re-
mains found in them, to the existing animal and vege-
table life of the countries where they may be situated.
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Though it has long beén the opinion of geologists’
that the newer the deposit the greater was the pro-
bability of detecting the remains of existing animals
and plants in such deposit, yet no general divisions of
the supracretaceous rocks founded on this principle
were until lately attempted for the European rocks of
this age. Indeed it was long supposed that all supra-
cretaceous rocks were referrible to some one or other
of those found in the vicinity of Paris. The first
general advance beyond this view appears to have
been made by M. Desnoyers*, who pointed out that
the supracretaceous deposits of Paris, London, and
the Isle of Wight were among the more ancient of
these rocks ; ‘that several divisions of the supracreta-
ceous strata might be established, arising from oscil-
lations of the land and the conmsequent deposit of
matter in seas and rivers; and that all these periods
presented, in their deposits and in their fossils, a pro-
gressive and insensible passage from one to the other,
from the ancient state of nature to the present, from
the more ancient supracretaceous basins to the actual
basins of our seas. M. Deshayes, having examined a
multitude of the shells of this period, collected from
different- situations,- divided the whole series into
three sub-groups according to their organic contents.
The tables formed by M. Deshayes were published
by Mr. Lyell, who informs us that he had, without a
knowledge of M. Deshayes’s classification, divided
the supracretaceous group into four parts{. In
order, however, to render the tables available, he has
only given three distinct names to the parts of the
group, M. Deshayes’s-upper division being subdivided
: * Annales des Sci. Nat., 1829.
t Principles of Geology, vol. iii., Preface, 1833.-
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into newer and older Pliocene, the.remaining two
being called Miocene and Eocene. These names are
exprestive of a gradual approach of the foesil molluscs
contained in the rocks under consideration to those
which live in the present seas, few analogues of ex-
isting species being detected in the Eocene division,
while they greatly prevail in the Pliocene. These di-
stinctions are therefore essentially founded on'change,
and can in no way support the opinion that nothing
but repetitions of similar events have succeeded each
other after animal and vegetable life first existed on
our planet, since they imply a gradual disappearance
and nearly total destruction of given molluscs over an
area which subsequently became covered with others
that have never been discovered in any older deposits,
and which therefore we conclude have been created
to replace those that have disappeared as living crea-
tures from the surface of the earth.

. Classifications entirely founded on organic remains
are at all times liable to be erroneous, if contempo-
raneous deposition be thence inferred as a necessary
consequence, as we have had occasion to observe;
they therefore may be considered as doubly liable to
error when employed in proving contemporaneous
origin in such rocks as those of the supracretaceous
period, and which may contain a certain per centage
of the remains of molluscs resembling those of the
present day. Classifications of this kind necessarily
infer a series of equal changes and conditions at nu-
merous distinct and often distant places at the same
time.. When we appropriate names of this kind to
rocks derived from one character alone, and that
character one which cannot be considered constant;



860 SUPRACRETACEOUS GROTP.

more particulerly in the deposits under consideration,
we theorstically prejudge the place which the rocks
should occupy in a geological series, where the com-
parative date of the depoasit itself is sought, not the
particular proportion of given organic remains detected
in it, which is necessarily a secondary consideration.
If this were the course generally adopted, contempo-
raneous-deposits of other rocks, which may contain
different proportions of given organic remains, would
be separated even in the area of England. To seek the
different conditions under which animal and vegetable
life were entombed at & given geological epoch, would
evidently be impossible if we sre merely to collect a
number of foseil molluscs, place them before the con-
chalagist, and then arrange our deposits theoretically,
aceording to the per centage of existing or non-ex-
isting shells he may find among them.

We should probebly find few geologists disposed
to contend that because supracretaceous rocks may
be detected in India, America and Europe, each con-
taining about 50 per cent. of existing molluscs, they
were therefore precisely contemporaneous, and that
they should be claesed under a particulsr head which
implied that equal conditions obtained in these various
parts of the earth’s surface at the same time. If it be
considered convenient to divide the supracretaceous
mocks of Europe into three or more sub-groups, names
which imply their actual geological position in the se-
ries, such as ‘superior,” ‘medial’ and ‘ inferior,” ‘upper,’
‘medial,’ and ‘ lower,’ or others of the like kind, would
seem preferable to those derived only from a per
centage of certain organic contents, which seems to
throw the determination of the place any given fos-
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siliferous rock should occupy in the series of deposits
generally, not into the hands of those who have care-
fully studied all its varied relations in the field, but
into those of the conchologist in his cabinet, who
probably never saw a square yard of the country
where the particular deposit was situated. We are
very far from undervaluing the aid of experienced
conchologists, who have so greatly contributed to the
advance of geology ; we are only unwilling to see the
study of the fossiliferous rocks turned into a mere
cabinet examination of organic remains, to the utter
neglect of all the other circumstances connected with
them, which are frequently of far more importance *.

It seems very generally agreed that the supracre-
taceous rocks of what have been termed the basins
of Paris, London, and the Isle of Wight, are among
the lowest known in Western Europe. Those round
Paris have been long celebrated for the extinct ani-
mals brought to light by the brilliant researches of
Cuvier, and for the joint labours of the latter author
and Brongniart, which showed that the Parisian area
had been exposed to several changes, by which ma-
rine and freshwater and terrestrial creatures had been
alternately entombed in the deposits then formed.

* In thus endeavouring to show that the terms Pliocene,
Miocene and Eocene belong to a class of names which necessarily
prejudge an important part of geological inquiry, and therefore
should not be employed, though it is extremely probable they
will be, we are very far from wishing to detract in the slightest
degree from the value of the labours of their author, Mr. Lyell,
among the rocks under consideration, believing as we do that
they are highly important, and that they will eventually lead,
notwithstanding the carticular theory with which they are coupled,
to a more complete knowledge of the supracretaceous deposits of
Europe than bas yet been sttained. .
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Dry land necessarily first existed in that neighbour-
hood, since the lowest supracretaceous rock, named
the plastic clay, seems to have been accumulated
in a freshwater lake, into which terrestrial plants
were . drifted. This condition ceased, apparently
in a gradual manner, and the surface of the land
became covered by sea, in a- calcareous deposit
(the calcaire grossier as it is termed,) from which
thousands of marine animals were entombed, few
being analogous to species now existing. By the or-
ganic remains found in a gypsum rock above this last,
we learn that numerous mammiferous - creatures, be-
longing to genera which have ceased to live upon our
planet, inhabited some neighbouring dryland. With
these are found other mammiferous remains, belong-
ing to existing genera ; but the species of all are alike
extinct. We must refer to the works of the illus-
trious Cuvier for details respecting the species of
Palzotherium, Anoplotherium, Chearoptamus, Canis,
Didelphis, &c., detected in these beds. In all pro-
bability the climate in which they lived was then
warm, judging at least from the palms and crocodiles
which appear to have existed at the same period.
Another change took place ; sea covered the area, and
was again removed, subsequent freshwater deposits
affording evidence of the presence of dry land. Some-
what similar events took place in the London and
Isle of Wight basins at the same periods. The lowest .
part of the supracretaceous series in these places does
not present the same freshwater character, for the
freshwater remains are subordinate to the marine.
We could scarcely expect it to be otherwise, for
freshwater deposits must of necessity be more or less
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linmited. During the time that calcareous matter was.
thrown down in the Parisian basin, as it is termed,
mud was deposited in those of the Isle of Wight and
London, mixed with sands. The organic remains
still seem-to point to a warm climate, at least if
crocodiles be considered, from analogy, always to
have required a temperature at least equal to that of
Egypt. The vegetable remains have never been well
examined, but itis supposed that among the abundance:
of fruits and seeds discovered at Sheppey, the greater
part required a warm climate for their production.
Freshwater remains are found above these marine
deposits in Hampshire and in the Isle of Wight, and-
we have evidence in them that the extinct genera:
" Anoplotherium and Paleotherium extended to that.
part of the European area, and that a species of rumi-
nant allied to the genus Moschus inhabited the dry
land with them. How far these French and English
deposits, and certain athers detected in Belgium, and
also referred to the lowest part of the supracretaceous'
rocks of Europe, may have been continuous, it would
be difficult to say; that they may have once been so
is very probable, particularly the London and Belgian
deposits, which seem to be only apparently separated:
by the intervening sea, or more modern rocks. That
various disrupting causes have altered the condition:
of this part of Europe since these deposits were ef-:
fected is quite clear,.and therefore we probably find
only a portion of those which once existed.

‘We are necessarily not to consider this part of
Europe the only portion of the earth’s surface where
deposits of matter were produced at this period. It
by no means follows, however, that they should be
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all characterized by similar organic remains, or by
the presence of a certain per centage of particular
molluscs; we should rather infer that they would
not, unless we suppose equal conditions obtaining in
every situation, where deposits then took place, aver
the whole superficies of our planet. The researches
of Mr. Lea in North America have brought to light
a series of fossils, principally shells, entombed in a
deposit of Alabama, which the author suspects may
be equivalent to the lower supracretaceous rocks of
Europe, though it has not yet been found to contain
any shell analogous to existing species. This author
states* that out of nearly two hundred and fifty
species taken from this rock, and examined by him,
he does not consider one to be strictly analogous to
those of the lower supracretaceous deposits of Europe.
It is, however, remarkable, that this mass of shells
does not resemble the organic contents of any other
European rock, and therefore the inference rests upon
the prevalence of certain genera supposed to have
first appeared on the surface of the earth at this time.
Here, therefore, we have a rock which may be
equivalent to some group of the fossiliferous deposits
of Europe comprised within a certain range, full of
fossil-shells, yet they afford us little help beyond the
supposition that particular genera may characterize a
given portion of the fossiliferous rocks generally. The
researches of Mr. Lea are nevertheless highly valua-
ble, and, when added to those of other active American
geologists, must eventually lead, in conjunction with
those of European geologists, to more exact know-

* Contributions to Geology : Philadelphia 1838,
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ledge respecting tlie value of organic remains in de-
termining the relative antiquity of rocks, than can
be accomplished by the labours of those, however
distinguished and acute they may be, whose re-
searches are confined to that part of the earth’s sur-
face now occupied by Europe.

‘We have not space to enter into a detailed account
of the various supracretaceous rocks further than to
observe that classifying them in the order of a certain
per centage of existing molluses in each, the medial
portion is supposed to occur, according to Mr. Lyell,
in the districts of Bordeaux, Dax, Touraine, Turin,
Baden, Vienna, Moravia, Hungary, Cracevia, Volhynia,
Podolia, Transylvania, Angers and Ronca, while the
superior portion is found in Italy, Sicily, the Morea,
and includes the English crag, a remarkable deposit
occurring on our eastern coast. All the evidence
tends to show that as these various accumulations of
matter were produced, dry land became gradually
more extensive throughout Europe, numerous spaces
occupied by seas, lakes, or estuaries having been con-
verted into the abodes of terrestrial creatures, either
by being filled by deposited solid matter, or by being
raised above the general level of the ocean. There
is also abundant evidence to show, viewing the sub-.
ject generally, that this change was accompanied by
a gradual alteration in animal and vegetable life, so
that it finally became such as we now find it in this
quarter of the world. The supracretaceous group
apparently passes so insensibly into the present order
of things, still viewing the subject on the large scale,
that probably no line of demarcation will ever be
drawn between them, particularly when we regard
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the whole superficies of the world, and not a par-
ticular portion of it. Still, even during the time that
‘the upper portion of the series was deposited, great
changes must have been produced in animal life over
a considerable part of the earth’s surface.

Among the various- mammiferous animals found
fossil in the supracretaceous series of Europe, it is only
among the more recent deposits that any question can
arise as to whether they are or are not analogous to
existing species. And even then there are few re-
mains which canlead to a doubt of the whole mass of
mammiferous life entombed being specifically distinct
from that .now living. Not only have species disap-
peared at this epoch, but whole genera have been swept
eway from among animals existing on the surface of
our planet. The Paleotherium was a genus evidently
somewhat common when the lower supracretaceous
rocks were deposited, since Cuvier enumerates seven
species as found in the gypsum beds near Paris.
This genus was, however, by no means confined to
that vicinity, for its remains have been detected in
the Isle of Wight, various parts of France, in Ger-
many, and Switzerland. Assuming that the Touraine
fakluns have been correctly referred to the medial

~portion of the series under consideration, the Palzo-
therium then lived in the same districts with the
Mastodon, Rhinoceros, Hippopotamus, Equus, and
Cervus, animals which have not yet been detected in
the lower supracretaceous beds. We therefore might
‘conclude that the Paleotherium was a genus created
‘before these latter creatures, and that it continued
to exist after they were called into life. . Similar
‘mixtures. of organic remains.have been noticed by
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Mr. Murchison and Count Munster ‘at Georges Ge-
miind, (where the exuviz of the Bos and Ursus were
also detected, the latter being the cavern bear,) and
by M. Meyer at Friedrichs Gemiind and Eppelsheim.
‘Whether these deposits may or may not be contem-
poraneous with the Touraine fahluns it may be diffi-
cult to say, but the facts are highly interesting, as
they show that the Paleotherium lived at the same
time with the animals above enumerated in other
places than Touraine, and therefore that the mixture
of their remains in the latter district was not acci-
dental. Among the great abundance of bones found
in different superior portions of the supracretaceous
deposits, where they may be said to pass into those
now taking place, the remains of .the Palsotherium
have not been found ; we may therefore conclude that
the genus ceased to live on the surface of the earth
before the appearance of man.

The history of the Anoplotherium seems to be much
the same as that of the Paleeotherium : it disappeared
like the former before the deposit of the supracreta-
ceous rocks terminated, having first lived in the same
districts with Mastodons, Rhinoceroses, &c. Other
genera, found in the lower part of the series, such as
the Anthracotherium, appear also to have perished in
the same manner. All the genera, however, en-
tombed when the lower part of the supracretaceous
series was forming, have not been swept away from
among living creatures; for we find Canis, Sciurus,
Didelphis, and others enumerated by Cuvier as found
with the Paleotherium and the Anoplotherium in. the
gypseous beds of Paris.

That huge creature the Mastodon, whose remains
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are scattered over various parts of the world, appears
to have been a genus created about the period that
a medial portion of the supracretaceous rocks was
deposited. This remarkable genus has ceased also
to exist, though it probably continued to do so until
a comparatively recent geological period; for the
exact age of the beds in which the exuviz of the
Mastodon mazimus is detected in North America can-
not be considered as well determined. Indeed, if it
be certain that a species of reed still growing in
Virginia was detected in a kind of sack (supposed
to be the stomach of one of these creatures,) among
the bones of a Mastodon discovered at Withe, in the
same country, it may have existed even up to the
appearance of man on the surface of this planet.” 4
priori, we do not readily perceive why, when Ele-
phants and Mastodons evidently existed together in
many parts of the world, the former genus should
still exist, while the latter should have perished. We
should be disposed to consider, from analogy, that a
change of climate alone would have been as fatal to
Elephants as to Mastodons, particularly when those
of hot countries, such as that of India, are concerned,
and where we have no reason to suppose the tem-
perature to have then been much greater than at pre-
sent. Yet Mastodons are found in a fossil state in
India and equinoctial America as well as in the colder
regions of Europe and North America.

Other huge creatures belonging to extinct genera,
which, as far as the evidence extends, were called
into existence after the Paleotherium, have also dis-
appeared from among existing animals. As yet,
however, we do not know that they have been ex-
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tensively distributed, like the Mastodons;: for the
Megatherium has only been detected in Seuth Ame-
rica, and the Deinotherium on the banks of the
Rhine. .

‘While some genera have thus been :successively
created and destroyed, others, apparently also created
in succession, have been continued to the present
day. We have the Elephant, Rhinoceros, Hippopo-
tamus, and others entombed in various supracreta-
ceous deposits, still existing as genera among living
animals. The species, indeed, are distinct from the
fossil, and they are.not discovered in many regions
where numbers, judging from the amount of their
remains, must once have roamed in the situations
best suited to them. There has been a change in
their distribution over the surface of the globe, but
the generic form has been retained. With regard
to many, the surface occupied by them is more limited,
and their places have been supplied by the creation of
animals better suited to the present condition of the
earth.

‘We cannot close this slight sketch of the fossili-
ferous deposits without adverting to those extensive
tracts of slightly inclined planes bounded by sea-
coasts, which occur so commonly in various parts of
the world, and which are found, wherever examined
with attention, to contain numerous molluscs ana-
logous to those existing in the seas which skirt
them. The per-centage of such molluscs may
perhaps vary, but there is something very remark-
able in these extensive tracts of nearly level country
which slope gently into the sea in so many parts of the
world, and which are generally bounded by consi-

2B ,
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derable areas of soundings. They seem, indeed, mere
continuations of the latter, which have been relatively
raised at comparatively recént geological epochs above
the waters of the ocean. If the ocean-level were
raised, or the continents depressed, 606 or 800 feet,
a large portion of dry land, formed of these plains,
would be submerged.  These facts lead us to inquire
whether any condition common to the earth’s surface,
or crust, ata particular period has caused such similar
general appearances, or whetlier they may be due to
a series of effects produced at different times which
have finally led to similar results. In Europe, taking
into account every probable loss from the action of
seas on coasts, there seems good evidence of a gradual
increase in dry land generally, during the supracre-
taceous period, from changes of level, and by the
deposit of solid matter in various seas and lakes which
have ceased to exist. As far as our knowledge ex-
tends, similar effects are observable in other conti-
nents. Now if this be true generally, there would
be a gradual increase of dry land over the surface of
the earth at the same epoch; and since we may infer
an increase in the relative amount of terrestrial crea-
tures generally at the same period, the one would
harmonize with the other, and we should obtain an
amount of terrestrial life called into existence in pro-
portion as dry land increased and was fitted for its

support.
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CHAPTER XVIII.

Duzine those millions of years that we should con-
ceive necessary for the production of the various de-
_posits of which we have given a brief sketch in the
three preceding chapters, other rocks in a state of
fusion have been ejected from beneath, upheaving,
«overlapping, or forcing their way among, those beds
which from analogy we refer to an aqueous origin.
It was at one time supposed that the particular mineral
compound named granite was peculiar to the lowest
portions of the rocks composing the crust of the globe,
that, in fact, it constituted the fundamental rock upon
which all others had been formed, and was not dis-
covered higher in the series. This opinion, like many
others connected with our subject, has given way
before facts, for we find granitic rocks in situations
where they must have been ejected subsequently to
the period during which the cretaceous group was
deposited, as also in other places, into which they
must have been thrust at intermediate periods down
to the oldest rocks inclusive. The mere fact of finding
granitic rocks high up in the fossiliferous series is,
however, no proof that the conditions necessary for
their production have been alike favourable at all
times, and up to the supracretaceous epoch inclusive.
We should study the abundance or rarity of the rocks
in question at different geological periods, and thence
infer the more or less favourable conditions for their
' 282
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production at such epochs according to the general
nature of the evidence we should thus obtain. When
we proceed in this manner, we soon arrive at the
conclusion, that during those periods when the in-
ferior stratified or non-fossiliferous rocks were formed,
the amount of granite produced must have been great-

“est; and when we further proceed to examine the
differences which may exist between such rocks and
the various granites associated with them, we find
that in many there is no chemical difference whatever,
and in many others one that is extremely trifling.
As a mass, the various granites and the inferior stra-
tified rocks bear a close chemical resemblance to each
other; as a mass, they are silicates, and are usually
associated in a manner which would lead us to sup-
pose that, at the geological epoch when the whole
was formed, there were conditions on the surface of
our planet highly favourable to the production of a
few remarkable mineral substances.

In whatever manner we suppose the inferior stra-
tified rocks to have been formed, time was essential
for their production; and as there are many reasons
for concluding that a great lapse of time was mneces-
sary for the purpose, we may fairly infer that nu-
merous masses of granite were included among them
at different relative periods. Hence we should by no
means expect to discover constant evidences of force
when granite is associated with such rocks. Even
considering all the granites so associated to have
once been in a state of fusion, it is clear that they
may have formed thick beds as overlapping masses,
which have subsequently been covered over by mica
slates or other rocks of that kind; or they may have
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forced their way through lines of stratification, being
also those of least resistances. In either case we
might obtain tabular masses of granite quietly asso-
ciated with the inferior stratified rocks without marks
of violence. That there have been violent intrusions
of granite among these rocks is, however, also certain,
since veins of the former frequently cut the latter in
all directions, and there are sometimes evidences of
movement, and of the application of force at the
Jjunctions of the rocks.

We have seen that fluidity was necessary to the
figure of the earth, and we have inferred that this
fluidity was igneous ; hence, therefore, we should an-
ticipate that, during those periods when the crust of
the globe first became solid, there would not only be
‘& large amount of crystalline rocks produced, but
that there would also be a somewhat abundant inter-
mixture of igneous with aqueous products, when
water could exist as a liquid on the surface of the
globe, and assist in producing mineral compounds
constituting rocks. There is another important cir-
cumstance to be observed, which is, that while pass-
ages of gneiss into granite can he observed among
these rocks somewhat on the large scale, those that
have been supposed to take place from granite into
more modern rocks, among which the former has been
intruded, are comparatively insignificant, if even they
can be said really to exist. Now if it be supposed
that gneiss has been to a certain extent an aqueous
product, a suppesition which by no means follows
from the arrangement of its component minerals, we
can readily conceive that, in this heated state of the
whole superficies of the globe, the igneous and
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aqueous products would have a tendency to be more
blended than when fused rocks were ejected among
cold rocks or into a cold ocean.
" There is so much solid matter of a similar kind,
whether termed gneiss, granite, or by whatever name
- it may be known, in the lowest portions of those rocks
composing the visible crust of the earth; and so many
deposits are evidently derived from abraded portions
of it, that we are led to conclude the gra.mt:c was the
form which matter assumed when it first became solid
on the surface of the earth. It, however, by no means
follows that granite necessarily extends to great
depths beneath the superficies of our planet; on the
contrary, assuming the igneous fluidity of the globe,
we should expect that the substances most readily
driven to the surface would be those first crystallized,
affording at the same time materials, by abrasion and
solution, for deposits by water, when that substance
became an agent in the formation of rocks. Hence
we might infer, that when by a sufficient radiation of
heat a considerable amount of the earth’s crust be-
came solid, matter somewhat different from the gra-
nitic might be ejected through any fissures which ex-
isted, and possibly that such matter might possess,
under equal circumstances, somewhat greater density.
Supposing this to be the case, we should consider
that granitic matter would be thrown up at different
periods; but we should expect that it would eventu-
ally become mixed with other matter, originally and
as a mass situated beneath it, and that it would ulti-
mately be an exceedingly rare product, except under
eircumstances which should produce the fusion of
previously consolidated granite, gneiss, or analogous
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rocks. Now this would happen from variations in
the depth of the line of temperature beneath the
earth’s surface proper to cause such fusion, which
variations would be produced, in accordance with the
views of Mr. Babbage, by those in the surface itself
causing changes in its power of radiating heat. We
may obviously obtain the fusion and ejection of pre-
viously consolidated granitic matter by mere local
causes, but the simplicity of a principle which, when
coupled with central heat, applies to the whole sur-
face of our planet, not confined to minor portions of
it, and which would be productive of so many effects,
is so striking, that we are led to consider it a power
capable of causing numerous and important geological
effects. Let us, for instance, suppose that the line
of elevated temperature capable of fusing granitic
matter, passed beneath a mass of gneiss; that through
a fissure, produced by fracture from any of the causes
noticed in other parts of this volume, a sufficient
quantity of greenstone or any analogous rock was
ejected, spreading over the surface above ; the line of
given temperature, supposing heat to exist in the
interior of the earth, would rise, particularly if the
surface be changed from sea to dry land, and the
gneiss be fused up to the new line of given tempe-
rature; there would, therefore, be a mass of granitic
matter in fusion ready to be thrown upwards at the
first period when conditions should be favourable,
such as a continuance of those causes which produced
the original fissure, and which subsequently again
broke the crust of the earth at that point.

‘When we regard igneous rocks on the large scale,
we are struck with the fact, that while they all
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appear a mixture of certain silicates, silica itself is
more abundant in the granitic than in the trappean
rocks, (as greenstones and the like are commonly
termed for convenience,) at least calculations respect-
ing their chemical composition would lead to this
view*. Now if we infer, and it appears to be a fair
inference, that granite, considered as an igneous
rock, was more abundantly produced at the earliest
periods than at any other, we arrive at the conclusion
that silica was not only very abundant among the
stratified rocks of the period, no matter how pro-
duced, but also among the massive rocks of the same
period, and hence that, during the consolidation of
the crust of the earth, silicium became one of the
earliest oxidized substances, and then produced, by
combination with other substances, the greater amount
of silicates observable in the solid crust of the globe.
How silica, after a certain thickness of rocky matter,
may diminish in quantity in the direction of the
earth’s centre, is another question ; but if we suppose
the matter of trappean rocks, viewed in the mass, to
have been situated beneath the granitic, and to have
been expelled in proportion as the latter became soli-
dified, we should infer that such might be the case.
‘While, however, the silica diminishes in trappean
rocks, viewed generally, the proportion of magnesia
and lime, particularly the latter, increases ;—another
remarkable analogy between the mass of aqueous and
igneous rocks of two very different geological periods,
for lime is certainly more abundant among the more
modern than among the more ancient rocks, viewed

® Geological Manual, p. 448,
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as masses of matter. We naturally inquire if the lime
thus distributed by different means over the surface
of the earth, more at one time than at another, may
not be due to a communication between such surface
and matter situated beneath it, greater at one period
than at another; and whether the consolidation and
subsequent fracture of the substances which pre-
viously prevented this communication, at least to the
extent required, may not have been one of the prin-
cipal causes of such phznomena.

The presence of hornblende, a mineral in which
lime amounts to about 135 per cent., and magnesia
to about 185 per cent., is the principal cause of this
difference in the composition of igneous rocks. It is
a much more common substance among the more
modern than agpong the ancient rocks of this class;
not that it is absent from the latter, for granites,
apparently of considerable geological antiquity, con-
tain it, and hornblende rocks are found sometimes in
considerable abundance associated with gneiss, mica-~
slates, and others of the inferior stratified rocks.
There can, however, be little doubt, that, viewed in
the mass, the hornblende and augitic rocks prevailed
at the later geological epochs.

Nothing is more common among igneous rocks
than to observe a change of mineralogical structure
in the same mass, and at short distances. We may
find greenstone, porphyry, and sienite in the same
hill, each passing into the other so gradually that it
is difficult to say what name should be applied in
particular to the mass, and hence geologists find it
convenient to affix some general name to these rocks,
such as trappean, to avaid the. extreme difficulty,
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almost amounting to impossibility, of presenting a
clear idea of their variable structure in a few words.
Sometimes this difference in mineralogical structure
is more apparent than real, that is, the chemical com-
position of two igneous rocks may be the same, and
their mineralogical appearance be different; the ap-
parent difference arising from the conditions under
which they have respectively been placed, the one
perhaps taking a porphyritic form, the other one more
confusedly crystalline. The more gradually a mass
of fused rock cooled, the more perfect-we should ex-
pect to find the crystalline arrangements of its parts.
Now this is what we do find in experiments, imper-
fect as they necessarily are, intended to illustrate
this point. When, therefore, veins, such as those of
granite, greenstone, or any other igneous rock, di-
verge from masses of the same substances into con-
tiguous rocks, which have evidently preexisted, and
have been fractured prior to the intrusion of the ig-
neous matter of the veins, we most frequently find
that the mineralogical arrangement of the constituent
substances differs in the veins, and-in the mass whence
they diverge. It is particularly interesting to trace
granite veins, as may under favourable circumstances
be done, from granitic masses with marked characters,
such as those of Devon and Cornwall, until the ecry-
stalline character be finally lost; so that, unless we
could so trace them, we might doubt the continuity
of a rock, having perhaps the appearance of a com-
- pact felspar, with granite, in which the crystallization
was so advanced that large crystals of felspar, or
albite, were isolated in the granite by thousands
within a few cubic fathoms of rock.’ .
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" It hence follows that, all other things being the
same, the worse the conductors of heat by which a
rock in fusion is surrounded, the more crystalline will
be the structure of its parts, and therefore, assuming
central heat to exist, and that rocks generally are
equally bad conductors of heat, the deeper beneath
the surface of the earth’s solid crust a rock in fusion
may be ejected among others, the more crystalline
would it-become when finally consolidated. It must
not hence be inferred, as has been done, that herein
consists the only difference between the various kinds
of igneous rocks, and that greenstone would have
been granite if it had taken a longer time to cool.
Granites no doubt vary in their chemical composition,
and so do greenstones, yet they always so differ from
each other as masses of matter that the one can
never become the other from mere differences in cool-
ing. This difference will be apparent if we take, by
way of illustration, a granite composed of two fifths
of quartz, two fifths of felspar, and one fifth of mica,
which may be considered an average common kind
of granite, and a greenstone, composed of equal parts
of felspar and hornblende, an average kind of green-
stone, and observe the differences between their cal-
culated chemical compositions *.

Granite. Greenstone.  Difference.’
Silica .eeececranniree 7484 ervenees 5486 .eereee.. 19798
Alumina .. 15°56 «ceeveres 276
Potash........
Magnesia .cuceneee .
Lime cccerererneenss 037 oiine

Ox. of Iron ....... o 193 il
Ox. of Manganese. 0°12 .........
Fluoric Acid ...... 021 .........

* Geological Manual, pp. 448——450.
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As inferior rocks, whether stratified or unstratified,
may become fused and thrown up from local causes,
such as the percolation of water to the metallic bases
of certain earths and alkalies through cracks in a part
of the world’s solid crust, long unbroken in that par-
ticular part, or from the more general cause of altera-
tion in lines of given temperatures from changes pro-
duced in the radiating powers of the surface above
them, we are not certain whether trachytic rocks,
which so frequently appear chemically to approach
granites, are derived from matter previously consoli-
dated in the form of rocks, or whether they constitute
a portion of the original granitic matter that has not
been consolidated prior to its ejection from those vol-
canic vents whence trachyte has issued. In some
volcanic districts trachytic rocks are, as a mass, found
to occupy an inferior position to the basaltic rocks,
also taken as a mass. Now we may obtain this re-
sult in two ways; inferior granitic rocks or gneiss
may have been fused and ejected before the basaltic
matter was thrown out in abundance; or granitic
matter may have floated to a certain extent, from its
inferior specific, gravity on the basaltic matter, and
therefore, being nearest the orifice when formed, was
the first to be thrown up through it. In some districts
trachyte seems little else than granite which has been
again fused, and having been exposed to different con-
ditions, no longer presents the appearance of granite.
Indeed, specimens from Auvergne exist which are part-
ly granite partly trachyte, the one structure shading
off into the other.

When granitic, greenstone, basaltic, or other masses
of rock of a similar kind exist on a given portion of
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the earth’s surface, and either from local or more
general causes gradually become heated beneath,
more at one point than at others near it, the lines of
temperature capable of producing a viscous or tena-
cious condition of the rock, rising continually though
slowly upwards, such rocks would bulge outwards
or be elevated in dome-formed masses; first from
the increased volume caused by the increase of
heat more at one point than another, and secondly,
from the action of any elastic matter endeavouring to
escape. As trachytic and other dome-shaped masses
of a similar kind are found in volcanic countries, the
action of elastic matter endeavouring to escape, and
assisting or perhaps wholly causing their production,
would be in accordance with volcanic phaenomena
generally.

Now assuming that a mass of solid matter is ren-
dered yielding by a gradual increase of heat, and that
elastic matter is compressed beneath it, when the
force of the latter can lift the former, the amount of
the elevation produced will depend upon the power
of the elastic matter on the one hand, and the yield-
" ing state of the rocky matter on the other. If the
power of the elastic matter be considerable, and the
rock yields to it, much would depend upon the man-
ner in which the latter did thus yield : if it were very
viscous or tenacious, it might be blown upwards into
a dome-formed mass, while if it were to a certain
extent brittle, it would be fractured, and the elastic
matter escape. As the elastic matter expanded be-
neath such a dome, it would necessarily become less
capable of lifting the- superincumbent rock than it
was in its greater compressed state before the dome
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was produced, and the substance of the rock itself,
composing the dome, being removed from the greater
heat beneath, would tend to become less yielding;
these two causes, therefore, would combine to arrest
the elevation of the dome beyond the point where the
various powers should balance each other, and we
should obtain a result not very unlike those trachytic
and basaltic domes which seem to have been forced
up much in the condition we now find them, proper
allowances being made for the subsequent action of
meteoric influences upon them.

. Very different degrees of heat scem necessary for
the fusion of different igneous rocks, the most refrac-
tory appearing to be the serpentines, and the most
fusible the basalts and various lavas. In a general
sketch like the present, the serpentines and rocks of
that family may be neglected, even though they occur
in considerable masses in some countries in a manner
to leave little doubt of their igneous origin in such
‘situations ; for, viewed generally, their collective vo-
lume is very inferior to the mass of granitic and trap-
pean rocks. Now the two latter differ considerably
in fusibility, the granitic rocks being by far the most
refractory, so that if we consider the greater mass of
granitic rocks to have been produced at those early
periods when the surface of our planet first became
solid, igneous rocks ejected at comparatively recent
periods are compounded of more fusible materials
than those forced upwards at more ancient epochs.
The presence of a far larger quantity of silicate of
lime in the trappean than in the granitic rocks, seems
the principal cause of this difference. It would, how-
ever, follow from this difference, that at a given depth
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beneath the surface of the earth’s crust, a certain
amount of heat would be sufficient to keep trappean
matter in fusion which would be insufficient to pro-
duce the same effect on granitic matter, and hence
that granitic matter could not be ejected from such
given depths, though when the heat was greater, and
consequently such matter fusible at the same depths,
it might have been the first thrown out, being of less
specific gravity and probably nearer the surface. We
should expect occasionally to discover mixtures of
trappean and granitic matter, even constituting one
mass, and these are not unfrequently found, the one
passing insensibly into the other, the mica, a most
refractory substance in itself, disappearing and being
replaced by hornblende, a readily fusible mineral.
The age of many of these masses requires to be better
determined than it has been, before we can see how
far it may affect the hypothesis, that the great mass of
granitic matter has been ejected at the more ancient,
and the mass of trappean matter at the more modern
geological periods.

‘When we regard the fossiliferous rocks, we appear
to find evidence that, from the time they were first
produced, dry land and shallow seas existed. Hence
we might conclude that during such periods sub-
aérial eruptions of igneous matter then also took
place, and that elastiv vapours being also discharged,
ashes, cinders and dust would be thrown up and
transported around the igneous vents. From the
various surface-changes which have taken place on
our planet, the evidences of any such eruptions are
necessarily difficult to trace, and would become less,
viewing the subject generally, in proportion to the
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antiquity of the series of rocks among which we seek
them. There are, however, certain situations where
we find igneous rocks, more particularly trappean,
that appear contemporaneous with those among which
they occur, that is, they appear to have covered an
inferior bed, and to have been subsequently covered
by the tranquil deposit of transported or other matter
above them ; precisely as a bed of lava may flow over
a sandy bottom, and afterwards be covered up by a
deposit of sand or mud. Trappean rocks are, as is
well known, much associated with the lower parts
of the grauwacke series in different parts of Europe,
sometimes in a manner which leaves little doubt that
a portion of them has not been intruded among the
strata subsequently to their consolidation, but has
been formed in the manner above noticed; while
others, again, have clearly forced a passage through
the grauwacke, sometimes even cutting the former.
It is frequently interesting to observe that such beds
of greenstone or porphyry, though thick in parts,
fine off among the grauwacke beds by taking the
character of an arenaceous deposit of comminuted
trappean matter; as if such portions constituted a
deposit of trappean ashes thrown out at the same time
that the trappean rock itself was produced.

‘We have had occasion to observe considerable ac-
cumulations of such comminuted trappean matter
among the greenstones and porphyries of the older
grauwacke of Devon and Cornwall, not only in lines
continuous through the general stratification of the
grauwacke of the district, but also associated with
them in a manner which might lead us to suspect that
there had been eruptions af those spots, either into
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the atniosphere or benesth shallow water, perniitting
ashes to be thrown up and dispersed: Ome spot,
Brent Tor, north from- Tavistock, is particularly re-
marnkeble, as 8 conglomerate there occurs some of the
constifuent parts of which have every appearance of
yolcanic ciaders, an infiltration of silicecus und other
matter baving, during the lapee of ages, filled the
vesicles of the cinders. The dip of the strata in that
part of the country not being so considerable as it
usuadly is in the distriet, these beds tan be traced for
some distance, and are observed to fine off in a re-
warkable manner into the arenaceous trappean rocks
above noticed. The country for several square miles
around is either composed of arenaceous grauwacke,
greenstones, parphyries, or the arenaceous trappean
substance apparently so like an .ancient deposit of
volcanic ashes. As fooin accidental circumstances,
whieh have no relatipn. to its general geological struc-
ture, Brent Tor lms.the appearance of a volcanic
point, which might be eensidered campaxatively mo-
dern, it may be necessary to state that the vanaous
rocks noticed can easily be traced into the grauwacke
of the district, with which they are evidently asso-
cisted. '

‘We have entered into the foregoing detail merely
to show, that among the oldest foseiliferous recks
there are facts which would lead us to suppose, that
there had been ejections .of igneous matter into the
atmosphere or beneath shallow water, and conse-
quently that we might expect to discover similar facts
among the other fossiliferous rocks, under favourable
circumstances and in different parts of the world.

The various fossiliferous deposits have been. inter.

2¢c
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rupted not eunly by these and other larger ejections
of igneous matter, but also by those comparatively
great dislocations of the earth’s crust which have pro-
duced ranges of mountains, and tilted and contorted
strata over large areas, thus altering the condition of
our planet’s surface over such areas, and producing a
variety of consequences, different from those which
resulted from the prior condition of the same portions
of surface. M. Elie de Beaumont considers that he
can recognise at least twelve principal periods of
dislocation in Europe, which have been succeeded
by as many changes in the sedimentary deposits of
the same area. Without at all entering into the evi-
dence adduced on this head, for which we must refer
the reader elsewhere*, we should anticipate that if
mountain-ranges have originated from any causes
analogous to those noticed in a former part of this
volume, they would be eventually found to be more
numerous, interspersed, as it were, among a great
number of minor dislocations, resulting from a less
intense exertion of the same forces, such as that ob-
servable in common earthquakes. All the evidence,
indeed, respecting the latter, shows us that the force
by which they are produced varies in intensity ; and
as they are felt in all parts of the world, as well in
those situated at distances from volcanic vents, as in
those in their immediate vicinity, we may fairly infer
that their cause is situated beneath the surface of the
earth generally, though from local dircumstances they

¢ Recherches sur les Révolutions de la Surface du Globe;
Annales des Sci. Nat. 1829 et 1830. The reader will also find
an account by M. Elie de Beaumont of his present views on this

“subject, in the French Translation of the Geological Manual,
P+ 616. Paris 1833,
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may be more intensely felt in one part of it than in
another at different geological epochs, being gene-
rally most intense where, for the time, volcanic vents
exist. From the theory of central heat, and that ef
water percolating to certain metallic bases of the
earths and alkalies, which may be termed the volcanic
theory, we obtain two.causes capable of producing
disruptions of the earth’s solid surface. Such minor
movements as those termed earthquakes may origi-
nate from either, while the more general and vast
dislocations, productive of long lines of mountains,
would appear referrible to the gradual refrigeration
of the globe. We should, indeed, expect that volcanic
action would considerably modify the effects produced
by these greater disruptions, since conditions would
then be favourable to it, volcanos appearing on the
greatlines of fracture; but it does not seem, taken by
itself, equal to the production of those long lines of
elevation constituting such mountains asthe Himalaya,
the Alps, and others.

We should expect to discover the effects produced
by comparatively considerable disruptions of strata,
better exhibited among the more recent states of the
earth’s surface than among such traces of the more
ancient as those we can observe, since the former
have been necessarily exposed to fewer causes of ob-
literation than the latter, such as the accumulation
of strata upon them, and others. Independently of
the great contortions and fractures of strata so fre-
quently observable, we find masses of rock of consi-
derable volume and weight detached from particular
places and transported long distances. These masses
of rock are generally known by the name of erratic

2c2
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bocks. In Europe we have at least two accumu-
lations of them produced, judging from their geolo-
gioal position, at comparatively recent periods. One
set of erratic blocks has been scattered from the cep-
tral Alps outwards, en each side of the chain; the
other has proceeded from a northern direction south-
ward. How far the events which have produced both
sccumulations of these blocks may have been sepa-
rated by time from «each other, we know not ; but we
are certain that the geological epochs of both must
have been very recent, since they both rest on rocks
of little comparative antiquity. That the principal
valleys of the Alps existed nearly as we now see them
appears also certain, since the blocks derived from
the central chain have been borne down through
them, leaving abundant evidences of their transport
on their sides, while the principal accumulstions are
in front of such valleys. M. Elic de Beaumont has
suggested a very simple explanation of the transport
of the Alpine blocks. He supposes that during the
last elevating movement which took place in the Alps,
the heat evolved from the necessary fissures suddenly
melted the snows which previously existed on these
mountains, and by these means a large bedy of water
was produced, which swept the blocks through the
valleys into those situations where we now find them.
If to this we add the probability that the glaciers (sup-
posing the necessary height of the mountains,) weuld
be covered as now by multitudes of blocks, we certaianly
obtain, by means of this ready mode of transport, and
thesudden action of a large body of waterrushing down
the yalleys, a more plausible explanation of the phseno-
menn observed, than by the supposition of a huge mass
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of water overwhelming the whele land, which does not
afford us a good explanation of the nearly equal
transport outwards, down so many principal valleys,
of solid matter derived from the central parts of the
chain. The only question likely to arise under this
hypothesis is, whether the sudden melting of the
Alpine snows, even as they now exist, would produce
a volume of water sufficient to cause the effects ob-
served. In some favourable situations, such, for in-
stance, as the Monte San Prime, rising above the
Lake of Como, there is evidence of a tumultuous de-
posit of these blocks with smaller detritus, the whole
being mixed pell-mell together; in others, again, we
find only large blocks, as on the Jura, perched in lines
high up the sides of mountains. M. Elie de Beaumont
has shown that in the valley of the Durance the blocks
decrease in volume and become less angular as they
recede from the mountains behind Gap, until the trans-
ported matter diminishes to the pebbles constituting
the wide extent of country known as the Craun. Similar
facts are also observable down other valleys. Perhaps
in the Joess of the Rhine we may trace the remains of
etill finer detritus, which has accumulated te the
depth of 200 or 300 feet above the valley, and bears
evident marks of sudden transport. This suppesition
is rendered more probable by the abundanee of Alpine
pebbles discovered resting on various rocks, where
the loess ceases in the higher parts of the valley of
the Rhine, and which have apparently been accumu-
lated by a sudden rush of water down the valley.
The other great accumulation of erratic blocks seems
due to some more general cause, since not only are
the blocks scattered in great abundance over Northern
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Europe, in a manner to show their northern origin, bat
those which occur in the northern parts of America,
apperently in equal abundance, also point to a similar
origin*, We hence infer that some cause, situated
in the polar regions, has so acted as to produce this
dispersion of solid matter over a certain portion of the
earth’s surface. We know of no agent capable of
causing the effect required, but moving water, We
therefore further infer that some cause has produced
an action of water in the polar regions which has
scattered blocks of rock outwards from a somewhat
central situation. Now, if mountaing can be produeed
in the manner noticed in a former part of this volume,
there is no reason, that we are aware of, why a sud-
den elevation of land should net be produced heneath
the polar seas as in any other part of the earth’s
surface, and if such elevation were so produced, the
neceseary consequences would be a wave or waves
proportioned to the disturbing force. Such waves
would necessarily tend to float the northern glaciers
with their usual burden of blocks of rock, lifting them
to the southward ; but their principal action would
be felt where they reached the coasts, and the waves
from being little more than great undulations of water,
became huge breakers, acquiring a violent forward
motion, and a consequent abrading and transporting
* Professor Hitchcock has presented us with a very detailed
and valuable account of the erratic blocks in the state of Masss-
chusetts, (Report on the Geology of that State, p. 141 to p. 171.
Amherst 1833.) where, with demtus of minor volume, named
diluvium, they occur in id d The proefs he
affords of the general northern origin of the whole transported
mass are highly satisfactory, coinciding with the evidence afforded

by the researches of Dr. Bigsby, Messrs. Lapham, Jacksun, Alger.
Aad others, in various parts of North America.
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power, which can be well appreciated when it is Te-
collected that those relatively minute waves which
break on coasts during gales of wind have the power
to destroy large solid pieces of compact masonry, and
to hurl the disjointed - fragments before them. The
effects observed would correspond with this hypothe-
sis, for all the blocks have not come from great di-
stances : they have been detached from various points.
Many erratic blocks in England can be traced north-
wards to their parent rocksin the British Islands, and
Prof. Hitchcock has shown that the like can be done
in the United States*. The great mass of blocks
scattered in such abundance over parts of Germany,
Sweden, Poland and Russia, are evidently derived
from rocks known to exist to the northward of them,
their mineralogical and other characters being suffi-
ciently marked. Many of the effects which would
be produced by the breaking-of such waves will be
obvious ; among the rest we should expect considera-
ble local accumulations of rocks derived from different
quarters. This seems to be well shown in the dilu-
vium of Holderness, on the coast of Yorkshire, where,
according to Mr. Phillips, a clay envelops various
fragments of rocks, apparently derived from Norway,
the highlands of Scotland, the mountains of Cumber- -
Iand, and from Yorkshire itself, while no small por-
tion seems to have been transported from the sea-
coast of Durham and the vicinity of Whitby; the
fragments being rounded in proportion to the distance
whence they were derived.

As a whole, we may consider the facts connected

" ® Report on the Geology, &c., of Massachusetts, £r?. Dilavium.
Amherst 1833.



892 CONOCLUSION.

with. erratic blocks highly important, whatever theory
‘we miay adopt, and which shall at the same time af-
ford & fair explanation of the observed phenomena,
since they teach us, in conjunction with those large
contortions of strata, and the great dislocatioms of
rocks se often obeervable, that while we duly appre-
ciate the comtinued and more tranquil geclogical
effects we daily witness, we should not neglect those
other effects, which, though apparently great when
measured by the ideas coramonly entertained on such
subjects, or by the effects produced by minor inten-
sities of the same forces, are yet comparatively insig-
nificant when considered with reference to the sphe-
roid em the serface of which they occar.

. Recent astromomical researches have rendered it
extremely probable, indeed altmost certain, that the
planets move through a resisting mediom. Assuming
this te be true, it follows that all such bodies with
their attendant satellites must eventually fall into the
sun ; and consequently that there is no real stability
in the solar system, it being ome of constant though
quiet and long-continued ehange. Myriads of those
revolutions of the earth round the sun by which man
measures long periods of time may elapse before our
globe ceases to move as a planet; but if this resist-
ing medium does exist, and the general course of
events is not interrupted by an extraordinery cause,
it must ultimately constitute a portion of the sun, it-
self probably moving among other bodies of ¢qual and
larger volume, and destined, for aught we know, to
merge with others like itself into some greater mass
of matter. N
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We cannot contemplate this termination to the ex-
istence of the earth without perceiving that a slow but
certain change in the condition of its surface must of
necessity follow, even supposing that no camse of
chsnge exists in the earth itself. All animal and ve-
getable life now existing on the globe is most beau-
tifully adjusted, as Mr. Whewell so forcibly expresses
it *, to the conditions under which it is placed. It may
be probable that a large portion of existing animal and
vegetable life might accommodate itself to a certain
amount of change; but there would evidently be a
limit to this power of adaptation, and such life, saited
to given conditions, must perish when those conditions
no longer exist. It is obvious that, when the orbit
of the Earth became no gredater than that of Venus,
great change of conditions would be effected on its
surface, and that there would be still greater when its
orbit became less, so thut if it were covered with hfe
as we should anticipate it would be, we should infer
that such life must be accommedated to the new con-
ditions under which it would be placed. And we can
as readily conceive the existence of life so adapted, as
that animals and plants have been oreated to live in
the present hot and cold regions of the earth’s surface
respectively, and which would perish if removed from
the conditions to which they have been adjusted.

The probability of future change from: external
causes leads us to look back on that which geologi-
cal phamomena attest has already been produced on
the surface of the earth. Whether we consider, with
LaPlace, that our solar system is a condensation of ne-
bulous matter, resembling those masses which astro-

~ @ Bridgewater Treatise ; On Astronomy and General Physics.
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nomers have shown us to exist in various portions
of the vast regions of space, the planets and: their
satellites having been separated from the principal
part of the mass which now constitutes the sun; or
that the sun, planets and satellites were originally
created in those relative situations where we now
observe them, existing knowledge leads us to infer
that liquidity was necessary to the figure of the earth,
and that great heat was necessary to such liquidity.
As far as we can perceive, we should perfectly agree
with Mr. Whewell in considering that the evidence of
design would be quite as great, if gaseous matter had
by condensation produced the solar system, as if it
were created such as we now find it. There is, how-
ever, this difference between the hypotheses, the for-
mer presents us with a far more noble and eplendid
view of the great system of the universe than the lat-
ter, and is therefore one which, @ priorsi, we should
feel more disposed to adopt.

If the earth were one fluid, and its fluidity due to
the action of heat, it follows, from the figure of the
globe and the known laws of heat, that its surface
would by radiation become solidified, and even com-
paratively cold, while intense heat still prevailed in
the interior. 'We have direct evidence by ascending
in our atmosphere that heat décreases upwards ; and
the calculations of Fourier and Svanberg, made upon
different principles, afford a temperature of about
~58° Fabr. for the planetary spaces. A time must
therefore arrive when the surface of the earth, exposed
perhaps for millions of years to this temperature,
would become comparatively cold, if even we suppose
the heat contained in the mass of the globe iteelf
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to have once been sufficiently intense to cause a
gaseous state of all the matter contained within it.
Numerous chemical combinations would be gradually
effected, and finally, the surface would be so circum-
stanced that it would depend upon the influence of
the sun for a temperature beyond that it would other-
wise possess, and consequently would be warmer in
the equatorial than in the polar regions.

From our knowledge of the matter composing the
visible portion of the earth, we should infer that a
decrease generally in the heat of the globe would
produce a diminution of its volume, and hence that
the velocity of its movement would be increased.
This alone would afford a cause of chaige affecting
life on the surface of the earth; but when we couple
it with a gradually diminished surface temperature
arising from interior causes, and the consequent in-
creased influence of the solar heat on the one hand,
and the action of the low temperature of the plane-
tary spaces on the other, we obtain a series of com-
ditions which would seem to render it almost impos-
sible, consistently with the constant adjustment of life
to situation which we everywhere perceive around us,
that any given set of animals or plants could continue
to exist through all the changes which of necessity
would be produced. Now the evidence derived from
the organic remains entombed in the fossiliferous
rocks, shows us that a great change has been effected
in the animals and plants which have existed on the
earth during the great lapse of time required for their
deposit. Slight oscillations, as it were, may perhaps
here and there be eventually discovered, when the
geological structure of the earth’s surface shall be
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more extensively explored, animals and plants having
continued to exist in some situations longer than in
others; but it does not appear in the }east probable
that the present evidence, indicative of a great system
of change in animal and vegetable life, since such life
existed on this planet, will be vitiated by new disco-
weries of this kind.

We are far from inferring that numerous general
forms, particularly these of molluscs, discovered
among the more ancient fossiliferous rocks, have not
been continued to the present day ; but, viewing the
subject on the large scale, we consider that existing
evidence points to a great system of change, generally
a8 respects species, and frequently as regards genera,
from the ancient state of animal and vegetable life to
that now known to us. Neither do we suppose that
miner changes may not have been somewhat suddenly
produced ; indeed the occurrence of extinct species of
animals with their flesh preserved, incased in ice or
frozen mud in the polar regions, and anulogous to
genera which now exist in warm countries, such as
the elephant of the Lena and the rhinoceros of the
‘Wiluji, (species moreover which must have existed,
judging from their foseil remains, by thousands over
verious portions of the northern hemisphere,) appears
to be sufficient evidence of this fact.

The evidences of change are, however, not conﬁned
to organic structure ; the earlier rocks differ as a mass
from those produced at later periods, also taken as a
mass. The principal chemical difference between
them consists in the extreme rarity of carbon in the
former, and its comparative abundance in the latter,
while the amount of lime is far greater in the more
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modern than among the more ancient strata. There
are alpo other differences, but the most striking con-
sists in the absence of organic remains in the one,
while the other teems with those evidences of pre-
existing life, often indeed to such an extent, that if
such exuvie were abstracted from the fossiliferous
rocks generally, a great diminution of their collective
volume would be effected.

Measuring time as man.does in the minute manner
suited to-his wants and conveniences, a few thousand
revolutions of the earth im its orbit appear to him to
comprise a period so considerable, that he feels it
difficult to conceive that great lapse of time which
geology teaches us has been necessary to produce the.
present condition of the earth’s surface; and which
when we even take some great astronomical period
as an unit, we still find it impossible to express. That
man is a comparatively recent creature on the surface
of the earth, all geological evidence tends to prove,
since neither his remains nor his works have been
detected except in the most recent deposits. From
all analogy we may conclude that he was the first
creature possessing any extended amount of intelli-
gence which has existed on this planet. What new
creation may supply his place, when, if the theory of
a resisting medium in the planetary spaces be true,
as it appears to be, conditions shall arise under which
he cannot exist, it is of necessity impossible for us to
- form the most remote conception; but that he must,
constructed as he now is, disappear from the surface
of this planet, as other creatures have disappeared be-
fore him, should the external causes we have noticed
be true and continue uninterrupted, even supposing
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no change to be produced by internal causes, seems
certain. Consistently with that wisdom and design
s0 observable in all the works of creation, we should
infer that, so long as it were possible for life to exist
upon it, this globe would no more revolve in space
without some modification of life on its surface, than
we can conceive the earth to be the only planet on
which life exists. 'We may therefore conclude, that
whatever changes our planet may suffer, either from
external or internal causes, and the necessary con-
ditions exist, life will be created to suit those con-
ditions, even after man, and the terrestrial animals
and plants contemporaneous with him, may have
ceased to live on the surface of the earth. .
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Table of the Situations and Depths at whick recent
Genera of Marine and Estuary Shells have been
observed. By W. J. Broberre, Esq., F.R.S.
V.P.G.S., &c.

My friend Mr. De la Beche having requested me to form
this table confining it to the situation, depth and bottom
where marine and estuary shells have been observed, with-
out regard to their geographical distribution, I am desirous
of acknowledging tﬁe assistance which I have derived from
Mr. G. B. Sowerby and Mr. Cuming. The information
contributed by the last-mentioned gentleman is especially
valuable, in as much as it arises from personal observation
made during the voyage which has so much enriched this
branch of Natural History. Still, notwithstanding these
aids, I could have wished to have delayed the publication,
till it had assumed a form which might have rendered it
more complete and of more Geological value.

When the cross (+) occurs, it indicates that the depth is
either unknown or that the information respecting it is
* deemed unsatisfactory ; when 0 appears, it denotes that the
genus, after which it is placed, is found, sometimes, at or
ncar the surfuce of the water.

Annelids.

Serpula (including Vermilia and Galeolaria, Lam.). Ge-
nerally littoral, attached to rocks, stones, shells,
crustaceans, corals, and other marine bodies.

Spirorbis. On sea-weed, shells, &c.; and nearly in the
same situations.

Sabella. Coasts, and on shells, &c.; generally in shallow
water.

Terebella. Nearly the same situations. -
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Dentalium®. Sometimes in deep water, frequently near

the shore.
Cirrhipeds.

Pollicipes. Generally adhering to rocks in shoal water.

Pentelasmis. Attached to rocks, &c.; frequently found
floating far at sea on drifted timber, net-corks,
Ianthinee, glass bottles, and also adhering to the
bottoms of ships.

Scalpellnm}.l Adhering to corallines, &c.; generally near
shores. . .

Otion. Adhering to rocks, and occasionally to floating
bodies; has been found attached to Coronula.

Cinaras. Nearly the same habits; there is a group in the
Museum of the College of Surgeons adhering to
the tail of a water serpent. .

Lithotrya. Adhering to the bottom of a deep regular ca-
vity, apparently the work of the animal, in rocks.

Balanus. On rocks and shells at a depth ranging to ten
fathoms ; affixed to bottoms of ships and other
floating bodies.

Octowmeris. Attached to rocks.

Conia. Affixed to stones, rocks, shells, &c.

Catophragmus. Attached to Conia, most probably similur

bits to those of that genus.

Clitia. Coasts, on shells, &c.

Tubicinella. Imbedded in the blubber of whales.

Coronula. The same.

Chelonobia. On the backs of sea-turtles ; adhering to, and
sometimes anchored in the tortoise-shell.

" Acasta. In sponges. :

g;er:;:“.} Imbedded in corals.

* The observations of Savigny and of Deshayes lead to the
conclusion that this genus approaches very closely to the Mol-
lusks, if indeed it does not belong to them. Cavier, in the last
edition of the Régne Animal, where he pl Dentali g
his Annélides Tubicoles not without hesitation, thus writes: “Si
I'opercule rappelle le pied des vermets et des siliquaires, qui déja
ont été transportés dans la classe des mollusques, les branchies
rappellent beaucoup celle des amphitrites et des térebelles. Des
observations ultérieures sur leur ie, et principal sud

r

leur systéme nerveux et laire, r dront ce proble,
tom. iii, p. 107. W. J. B. '
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Conchifers.
Depth in Fathoms. Remarks.
Aspergillum ... +  In sands. Shallow water pro-
bably.

Clavagella ......
Fistulana.........
Septaria (Lamn.)

Gastrochzna ...

Teredo..ccceesse..

Pholas ............
Xylophaga ......

Petricola .........

Solen

Solenicurtus ...
Glycymeris ......

3L TEITTTP PRI PR Y

Panopea .........
Anatina ...
Lutraria ...
Solenella .........
Mactra....oceuuees
Galeomma ......
Anatinella ......
Crassatella ......
Pholadomya

eesscsscsens

0 to 11 In rocks.

+  Sands or hard mud. .
+  Exposed by volcanic action on
the coast of Sumatra,

3 to 10 .In.the inside of other shells, or
in ready-made cavities in
rocks, or in cavities of rocks
perforated and lined by the
animal.

0 to 10 Perforates wood; most destruc-
tive to piles, dikes and ship-
ping.

0to 9 Pierces wood, rocks, indurated
clay, &c.

0 to 45 Perforates wood. A specimen
thrown up at Gravesend in a

. iece of stick.

0 to 11 In rocks and shells. In cavities
of its own working.

0 to 13 Sandy beaches, wherein it bur-
rows vertically, and lies hid-
den when the tide is out.

Moderate depths.

Probably the same.

Beaches, in which it often lies
buried with its tube just pro-
jecting. Silt, estuaries.

+ Sands, shallow. water.
. In nearly the same situations.
+  Sands.
7 to 45 Soft mud.
0 to 12 Sandy mud and sands.
+ Coasts.
+  Sands. Coast of Ceylon.
8 to 12 Sandy mud. :
+  Most probably deep water. The
only recent specimen known
(which is in my collection,)
2p



402

Depth in Fathoms.

Solenimya ......
Amphidesma ...
Cumingia.........

Corbula .........
Pandora .........
Saxicava ceeceeees
Venirupis.........

nolaria ...
Psaxil:llxobia
Teliina............
Tellinides
Corbis viceveeanens
Lucina
Ungulina..
Donax .....

seaecsssee

Cytherea .........
Venus cceceeeees
Venericardia ...
Cardium .........
Cardita...c.ceeue.e

Cypricardia «.....
ls?::ardia.. .
Cuculleea .........
Byssoarca ......
Arca  secesesennss
Pectunculus......
Nucula

esecessse
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Remarks

was thrown up on the beach
at Tortola, after a hurricane.
+  Probably shallow, sands.
to 40 Sands and mud.
6 In clay, mud, and in the fissures
of rocks.
13 Sandy mud.
10 Sands.
Littoral. In stones and shells.
Littoral. In rocks or sands.
10 Sands, or sandy mud.
13 Sandy mud.
13 Sands.
17 Sands.
16 Sandy mud.
Sands probably.
to 11 Sandy mud and mud.
Probably sands.
10 Sands and sandy mud.
12 Sandy mud and soft mud.
10 Sandy mud.
Sandy mud. ¢
50 Mud, sands, coarse sands.
50 The same.
50 Mud and sands.
13 Mud, sands and gravel.
13 Mud and sands. Sometimes
attached to stones.
+ Sands, and on reefs.
10 to 20 Mud and sand.
+  Sands.
0 to 75 Moored to stones and shells.
0 to 17 Sandy mud and mud, moored
to stones, corals, &c.
5 to 17 Sandy mud and sands.
0 to 60 Sandy mud and sand. Estuary
and open sea *.

o ©o

to
to
to

+8888¢

+

t:

COO0OO0OC oMo «&r croowme
[~

§8888+8¢

. Accordi.ng to Mr. Cuming, the same species of this genus
vary much in the depths at which they live; for he found N.
cuneata from 14 to 45 fathoms ; N. obligua from 14 to 60 fathoms,

and N. Pisum from 17 to 45 fathoms.

Ww.J. B.



Depth in Fathoms.

Myochama ......
Chama....c.eeues

Cleidotheerus ...
Tridacna .........

Hippopus.........
Modioi)a

seesesces

Mytilus .........

Lithodomus......

Pinna ............
Crenatula.........
Perna .ccccevanens

Malleus .........
Avicula .........

Meleagrina ......

Pedum............
Lima .........
Pecten ............
Plicatula ........ .
Spondylus ......
Gryphza...
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Remarks.

6 to 14 Only yet discovered near Aus-
tralia, sandy mud.

On Trigoniz.

0 to 17 Affixed to rocks, stones and
shells.

The same. Shallow water.
0to 7 Moored to rocks, and on coral
reefs.

0to 7 Moored to rocks.

0 to 17 Littoral. Moored to rocks,
stones and shells ®.

Littoral. The same, and on
Crustaceans, shells, &c.

0 to 10 Littoral. Affixed at first by
byssus to rocks, which 1t
subsequently penetrates, and
remains ever afterwards in’
the cavity. In shells.

0 to 17 Sandy bottoms, moored.by bys-
sus.

+ In sponges, and moored to co-
rallines, &c. .

0 to 10 Littoral. Moored to mangrov.
trees, corals, &c.

0 to 7 Moored by byssus to rocks, &e.

0 to 20 Moored to mangrove trees, co-
rals, shells and rocks. .

0 to 10 Moored by byssus to rocks.

+  Attached by some substance to
rocks.

0 to 30 Moored by byssus.

0 to 20 Sands, sandy mud and mud.

4 to 11 Adheres to stones, shells, &c.
0 to 17 Attached to rocks, corals, &c.

... Shallow. On gravel and sand, estuaries.

0 to 17 On gravel and sand, estuaries
and sea. Sometimes attached
to rocks, trees, &c. +

® Modiola discors floats free, enveloped in its own silky byssus.
One Modiola lives in Ascidis, and another floats among the Gulf
or Sargasso weed. W.J. B.
+ There is in my cabinet a good-sized crab, on the back and
¢claws of which are many oysters. Some of the latter are ver-
2p2
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Dépth in Fathoms. Remarks.
Vuisella ceeseeeee +  In sponges, &c.
Placuna ......... 4+  Sandy bottoms.

Anomia ...eoeee.

Placunanomia...
Crania sieceesecess

Orbicula +........

Hipponyx  ......
Terebratula......
Thecidium ......

Lingula’ .........

Hyalea...ooeuueees
Chiton ceeevevueeee

Capulus (Pileop-

sis,” Lam.)
Scutella .........
Patella............

Pleurobranchus.
Umbrella.........
Parmophorus ...
Emarginula......
Siphonaria ......
Fissurella.........
Calyptreea ......
Crepidula.........

Bulla
Bul]wa '.:lO.-..

0 to 12 On oysters and other shells,
rocks, &c.
11 to 17 Sandy mud.
4+  On stones and shells. Brought
up with corals in the Medi-
terranean, and by cod lines
off the coast of Shetland.
Probably very deep.
0 to' 17 Attached to stones, s‘)lells, sun-
ken wrecks, &c. ; sandy mud.
0 to 16 Attached to stones and shells.
10 to 90 Moored to rocks; shells, &c.
Among red coral. Tuscan seas.
0 to 17 Has been found at half tide in
hard coarse sand, from four
to six inches below the sur-
face of the sand. Coralsands.

MorLLusks,
+  Swims freely in the waters.
0 to 25 Creeps on rocks, stones, &c., to
. which it adheres.
0 to 20 Creeps on, and adheresto, shells
and stones. ’

Coral sand and sandy beaches.
0 to 30 Rocky coasts and stonés; sea-
.weeds.
+  The same.
+  Thé same. Littoral.
4+  The same.
0 to 11 The same.
+ The same. Littoral.

0 to 25 The same. .

0 to 25 Rocks, stones and shells.

0 to 40- The same. Sea coasts, estua-
ries, tidal rivers.

Sands and sandy mud. Es-

0to12 { .
tuaries.

large, and must have been from six to seven years old. The crab

don. W.J.B. .

and oysters were alive, when the specimen was brought to Lon-
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Depth in Fathoms. Remarks.
Aplysia ..... «ee 4+ Adheres to rocks.
Dolabella......... 6 Sands.
Melania ......... Estuaries. Also fresh water.
Nerita ..covueeneee Littoral. Creeps on rocks and
sea-weed.
Natica ....ceueeeee 0 to 40 The same. Mud and sandy
. mud. Estuaries, Tidal rivers.
Ianthina ......... Floats freely in the ocean.
Sigaretus ......... 5 to 15 Sand.
Stomatia ...... er 7 On meleagrina and corals.
Haliotis ......... Littoral. Adheres tordcks, &c.
Scissurella ......
Tornatella ...... Shallow. Creeps on sands, leaving fur-
Tows.
Pyramidella...... 0 to 12 On co:-la] reefs, sands; and sandy
mu

Vermetus......... 0 to 12 In sponges. Under stones, on
shells. In coral sand and

sand.
Siliquaria'......... 4+  Has been found in sponges.
Magilus ......... 4+ In corals. As the coral in-

creases in volume, the ammal
secretes a tube, which is al-
most crystallme and very
thick, so as to keep the aper~
ture coequal with- the surface’
of the coral.

Stylifer............  +  Burrows in the rays of Starﬁsh,
and found on- Fchinus, &c.

o Littoral.

Scalaria ......... 7 to ¥3 Sandy mud.

Rissoa .cueevennees 4+ °  Coasts and shores.

: Delphmula weeees 4 Creeps onrocks and sea-weeds.

Solarium' ......... Littoral. On rocks and weeds.

Rotella............ +  Probably the same.

Trochus ......... O to 45 Creepsonh rocks and sea-weeds,

: sand, sandy mud and gravel.

Monodo eeeeesee. +  On rocks and weeds.

Littorina ......... Thé same. Littoral *.

® Littorina pulchra has been found on mangrove trees 14 feet
above the watér. They have atso been tept alive six months
without water.—Cuming. W.J. B.
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Depth in Fathoms. Remarks.
Turbo ...c.oveeeee 0 to 10 On rocks and weeds.
Planaxis . Littoral. Under stones.
Phasianella . Shallow. Islands, coasts and estuaries.
Turritella......... 5 to 20 Sandy mud. .
Cerithium ...... 0to 17 * Found on various bottoms %.

Estuaries.

Potamides ...... ® Estuaries. Also fresh water.
Pleurotoma . 8 to 16 ® Different bottoms.
Turbinella ...... 0 to 18 ® Sandy mud.
Cancellaria ...... 5 to 16 * Sandy mud.
Fasciolaria ...... O0to 7 ¢ Mud. .
Fusus ............ 0to 11 * Mud, sandy mud and sand. -
Pyrula............ Oto 9 * The same.
Struthiolaria ... *
Ranella .........
Murex ...coceeeeee
Typhis ....
T¥|Pwn
Rostellaria ......

+

to 11 * Different bottoms.
to 25 * The same.
to
to
+

11 * Sandy mud.
30 * Different bottoms.
¢ A specimen brought up in the
mud lying on the fluke of an
JIndiaman’s anchor in the
Straits of Macassar.
Pteroceras ...... <+  * Asyet onlynoticed as littoral.
Strombus......... 0 to 13 * Probably different bottoms.
Cassidaria ...... 4  ® The same.
Oniscia «..eveees 4 Littoral. Coarse sand.
Cassis ...c.eeeeeee 5 to 8 * In sands. .
Ricinula ......... +  * On coral reefs and rocks.
Purpura ......... 0 to 25 * The larger groportion of the
species of this genus are lit-
+ All those genera distinguished by an asterisk, prefixed to
the remarks, may be considered as roaming in pursuit of living
prey or dead animal substances; and though they may occur at
various depths, and in or on various bottoms, yet they are almost
without exception found either on or near the shore or in sound-
ings. The majority penetrate the shells of conchifers by means
of an organ which makes a hole as truly round as if it had been
cut by an auger, and then suck the juices of the victim.
At least one species of the genus Cerithium is exceedingly
tenacious of life; for C. telescopium, sent from Calcutta to Mr.

G. B. Sowerby in sea water, lived out of water in a small tin box
for more than a week. .
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Depth in Fathoms. Remarks.
Monoceras ...... Oto 7 *On rocks. ' Nearly all the

Concholepas ...
Harpa ....cocoueeee

Trichotropis......

Eburna ..
Terebra

ssesans

....... .

Columbella ......
Mitra ..ooeeerenns

Voluta .eoeuenennns
Cymba............
Melo ......
Marginella ......

Terebellum ......
Ancillaria

......

Conus ...ceeveees
Conohelix ......
Conovulus ...
Nodosaria ......
Spirula...cuieeneen

5to 11

10 to 15

0to 16
0to17

7to 14
Shallow.
Shallow.

Oto 9

0toll

+
+

0 to 12

. 0tol7

+
Shallow,

species littoral.

¢ Only yet known as littoral.

® Caught by fishing-lines. More
frequently by rakes, when out
to feed early in the morning.

® On reefs.

* Sand, sandy mud, and under
stones.

* Greater part of this genus
littoral.

¢ Bay between Icy Cape and
Cape Lisbon.

* Sandy mud?

¢ Sometimes creeps on reefs out
of the water, but within reach
of the spray.

* Sandy mud and mud.

* Reefs, sandy mud, sands.
One species brought up at-
tached to the lead line in the
Mediterranean.

* Sands and mud.

* The same.

* The same.

¢ Sand, sandy mud.

® Under corals and stones, on
sea-weeds.

¢ Littoral. Under corals and
stones.

[ ]

® One species dredged up in
moderately deep water, New
Zealand.

* In mud, sandy mud, coarse
sand, &c. Caught by fishing-
lines.

¢ Sandy mud, &ec.

On coral reefs,

Marine and estuary.

Littoral.

Floats on the ocean.
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Depih in Fathoms. " Remarks.

Cristellaria ...... Littoral.

Orbiculina ...... Littoral.

Nautilus ......... - Free swimmer and creeps on

the bottom.
Argonauta ...... Free swimmer.
Carinaria ......... Near the shore.
THE END.

Printed by Richard Taylor, Red Lion Court, Fleet Street.
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