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CHAPTER 1IV.

Chronological relations of mineral masses the first object in geological classifica-
tion—Superposition, proof of more recent origin—Exceptions in regard to
volcanic rocks—Relative age proved by included fragments of older rocks—
Proofs of contemporaneous origin derived from mineral characters—Variations
to which these characters are liable—Recurrence of distinct rocks at successive
periods—Proofs of contemporaneous origin derived from organic remains—
Zoological provinces are of limited extent, yet spread over wider areas than
homogeneous mineral deposits—Different modes whereby dissimilar mineral
masses and distinct groups of species may be proved to have been contempo-
raneous.

DETERMINATION OF THE RELATIVE AGES OF ROCKS.

In attempting to classify the mineral masses which compose
the crust of the earth, the principal object which the geologist
must keep in view, is to determine with accuracy their chrono-
logical relations, for it is abundantly clear, that different rocks
have been formed in succession ; and in order thoroughly to
comprehend the manner in which they enter into the structure
of our continents, we should study them with reference to the
time and mode of their formation.

We shall now, therefore, consider by what characters the
relative ages of different rocks may be established, whereby we
may be supplied at once with sound information of the greatest
practical utility, and which may throw, at the same time, the
fullest light on the ancient history of the globe.

Proofs of relative age by superposition.

It is evident that where we find a series of horizontal strata,
of sedimentary origin, the uppermost bed must be newer than
those which it overlies, and that when we observe one distinct
set of strata reposing upon another, the inferior is the older of

the two. In countries where the original position of mineral
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masses has been disturbed, at different periods, by convulsions
of extraordinary violence, as in the Alps and other mountain-
ous districts, there are instances where the original position of
strata has been reversed ; but such exceptions are rare, and
are usually on a small scale, and an experienced observer can
generally ascertain the true relations of the rocks in question,
by examining some adjoining districts where the derangement
has been less extensive.

In regard to voleanic formations, if we find a stratum of tuff
or ejected matter, or a stream of lava covering sedimentary
strata, we may infer, with confidence, that the igneous rock is
the more recent; but, on the other hand, the superposition of
aqueous deposits to a voleanic mass does not always prove the
former to be of newer origin. If, indeed, we discover strata of
tuff with imbedded shells, or, as in the Vicentine and other
places, rolled blocks of lava with adhering shells and corals, we
may then be sure that these masses of volcanic origin covered
the bottom of the sea, before the superincumbent strata were
thrown down. But as lava rises from below, and does not
always reach the surface, it may sometimes penetrate a certain
number of strata, and then cool down, so as to constitute a solid
mass of newer origin, although inferior in position. It is, for
the most part, by the passage of veins proceeding from such
igneous rocks through contiguous sedimentary strata, or by
such hardening and other alteration of the overlying bed, as
might be expected to result from contact with a heated mass,
that we are enabled to decide whether the volcanic matter was
previously consolidated, or subsequently introduced.

Proofs by included fragments of older rocks.

A Geologist is sometimes at a loss, after investigating a dis-
trict composed of two distinct formations, to determine the
relative ages of each, from want of sections exhibiting their
superposition. In such cases, another kind of evidence, of a
character no less conclusive, can sometimes be obtained. One
group of strata has frequently been derived from the degrada-
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tion of another in the immediate neighbourhood, and may be
observed to include within it fragments of such older rocks.
Thus, for example, we may find chalk with flints, and in another
part of the same country, a distinct series, consisting of alter-
nations of clay, sand, and pebbles. If some of these pebbles
consist of flints, with silicified fossil-shells of the same species
as those in the chalk, we may confidently infer, that the chalk
is the oldest of the two formations.

We remarked in the second chapter, that some granite must
have existed before the most ancient of our secondary rocks,
because some of the latter contain rounded pebbles of granite.
But for the existence of such evidence, we might not have felt
assured that all the granite which we see had not been pro-
truded from below in a state of fusion, subsequently to the
origin of the secondary strata.

Proofs of contemporaneous origin derived from mineral
characters.

When we have established the relative age of two formations
in a given place, by direct superposition, or by other evidence,
a far more difficult task remains, to trace the continuity of the
same formation, or, in other cases, to find means of referring
detached groups of rocks to a contemporaneous origin, Such
identifications in age are chiefly derivable from two sources—
mineral character and organic contents; but the utmost skill
and caution are required in the application of such tests, for
scarcely any general rules can be laid down respecting either,
that do not admit of important exceptions.

If, at certain periods of the past, rocks of peculiar mineral
composition had been precipitated simultaneously upon the
floor of an ¢ universal ocean,’ so as to invest the whole earth in
a succession of concentric coats, the determination of relative
dates in geology might have been a matter of the greatest sim-
plicity. To explain, indeed, the phenomenon would have been
difficult, or rather impossible, as such appearances would have
implied a former state of the globe, without any analogy to that



38 DETERMINATION OF THE [Ch.1V.

now prevailing. Suppose, for example, there were three masses
extending over every continent,—the upper of chalk and chlo-
ritic sand ; the next below, of blue argillaceous limestone ; and
the third and lowest, of red marl and sandstone; we must
imagine that all the rivers and currents of the world had been
charged, at the first period, with red mud and sand ; at the
second, with blue calcareo-argillaceous mud ; and at a subse-
quent epoch, with chalky sediment and chloritic sand.

But if the ocean were universal, there could have been no
land to waste away by the action of the sea and rivers, and,
therefore, no known source whence the homogeneous sedimen-
tary matter could have been derived. Few, perhaps, of the
earlier geologists went so far as to believe implicitly in such
universality of formations, but they inclined to an opinion, that
they were continuous over areas almost indefinite; and since
such a disposition of mineral masses would, if true, have been
the least complex and most convenient for the purposes of clas-
sification, it is probable that a belief in its reality was often
promoted by the hope that it might prove true. As to the
objection, that such an arrangement of mineral masses could
never result from any combination of causes now in action, it
never weighed with the earlier cultivators of the science, since
they indulged no expectation of being ever able to account for
geological phenomena by reference to the known economy of
nature. On the contrary, they set out, as we have already seen,
with the assumption that the past and present conditions of the
planet were too dissimilar to admit of exact comparison.

But if we inquire into the true composition of any stratum,
or set of strata, and endeavour to pursue these continuously
through a country, we often find that the character of the mass
changes gradually, and becomnes at length so different, that we
should never have suspected its identity, if we had not been
enabled to trace its passage from one form to another.

We soon discover that rocks dissimilar in mineral compo-
sition have originated simultaneously; we find, moreover,
evidence in certain districts, of the recurrence of rocks of pre-
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cisely the same mineral character at very different periods; as,
for example, two formations of red sandstone, with a great
series of other strata intervening between them. Such repeti-
tions might have been anticipated, since these red sandstones
are produced by the decomposition of granite, gneiss, and mica-
schist ; and districts composed exclusively of these, must again
and again be exposed to decomposition, and to the erosive
action of running water.

But notwithstanding the variations before alluded to in the
composition of one continuous set of strata, many rocks retain
the same homogeneous structure and composition, throughout
considerable areas, and frequently, after a change of mineral
character, preserve their new peculiarities throughout another
tract of great extent. Thus, for example, we may trace a
limestone for a hundred miles, and then observe that it becomes
more arenaceous, until it finally passes into sand or sandstone.
We may then follow the last-mentioned formation throughout
another district as extensive as that occupied by the limestone
first examined.

Proofs of contemporaneous origin derived from organic
remains.

We devoted several chapters, in the last volume, to show
that the habitable surface of the sea and land may be divided
into a considerable number of distinct provinces, each peopled
by a peculiar assemhlage of animals and plants, and we endea-
voured to point out the origin of these separate divisions. It
was shown that climate is only one of many causes on which
they depend, and that difference of longitude, as well as lati-
tude, is generally accompanied by a dissimilarity of indigenous
species of organic beings.

As different seas, therefore, and lakes are inhabited at the
same period, by different species of aquatic animals and plants,
and as the lands adjoining these may be peopled by distinct
terrestrial species, it follows that distinct organic remains are
imbedded in contemporaneous deposits. If it were otherwise
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—if the same species abounded in every climate, or even in
every part of the globe where a corresponding temperature,
and other conditions favourable to their existence were found,
the identification of mineral masses of the same age, by means
of their included organic contents, would be a matter of much
greater facility.

But, fortunately, the extent of the same zoological provinces,
especially those of marine animals, is very great, so that we are
entitled to expect, from analogy, that the identity of fossil
species, throughout large areas, will often enable us to connect
together a great variety of detached and dissimilar formations.

Thus, for example, it will be seen, by reference to our first
volume, that deposits now forming in different parts of the
Mediterranean, as in the deltas of the Rhone and the Nile,
are distinct in mineral composition ; for calcareous rocks are
precipitated from the waters of the former river, while pebbles
are carried into its delta, and there cemented, by carbonate of
lime, into a conglomerate; whereas strata of soft mud and fine
sand are formed exclusively in the Nilotic delta. The Po,
again, carries down fine sand and mud into the Adriatic; but
since this sediment is derived from the degradation of a differ-
ent assemblage of mountains from those drained by the Rhone
or the Nile, we may safely assume that there will never be an
exact identity in their respective deposits.

If we pass to another quarter of the Mediterranean, as, for
example, to the sea on the coast of Campania, or near the base
of Etna in Sicily, or to the Grecian archipelago, we find in all
these localities that distinct combinations of rocks are in pro-
gress. Occasional showers of volcanic ashes are falling into
the sea, and streams of lava are flowing along its bottom ;
and in the intervals between volcanic eruptions, beds of sand
and clay are frequently derived from the waste of cliffs, or the
turbid waters of rivers. Limestones, moreover, such as the
Italian travertins, are here and there precipitated from the
waters of mineral springs, while shells and corals accumulate
in various localities. Yet the entire Mediterranean, where the
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above-mentioned formations are simultaneously in progress,
may be considered as one zoological province; for, although
certain species of testacea and zoophytes may be very local, and
each region may probably have some species peculiar to it, still
a considerable number are common to the whole sea. If,
therefore, at some future period, the bed of this inland sea
should be converted into land, the geologist might be enabled,
by reference to organic remains, to prove the contemporaneous
origin of various mineral masses throughout a space equal in
area to a great portion of Europe. The Black Sea, moreover,
is inhabited by so many identical species, that the delta of the
Danube and the Don might, by the same evidence, be shown
to have originated simultaneously.

Such identity of fossils, we may remark, not only enables us
to refer to the same era, distinct rocks widely separated from
each other in the horizontal plane, but also others which may
be considerably distant in the vertical series. Thus, for ex-
ample, we may find alternating beds of clay, sand, and lava,
two thousand feet in thickness, the whole of which may be
proved to belong to the same epoch, by the specific identity of
the fossil shells dispersed throughout the whole series. It
may be objected, that different species would, during the same
zoological period, inhabit the sea at different depths, and that
the case above supposed could never occur; but, for reasons
explained in the last volume*, we believe that rivers and tidal
currents often act upon the banks of littoral shells, so that a sea
of great depth may be filled with strata, containing throughout
a considerable number of the same fossils.

The reader, however, will perceive, by referring to what we
have said of zoological provinces, that they are sometimes sepa-
rated from each other by very narrow barriers, and for this
reason contiguous rocks may be formed at the same time, dif-
fering widely both in mineral contents and organic remains.
Thus, for example, the testacea, zoophytes, and fish of the Red
Sea, may be considered, as a group, to be very distinct from

* Chap. xvii. p. 280.
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those inhabiting the adjoining parts of the Mediterranean,
although the two seas are only separated by the narrow isthmus
of Suez. We shall show, in a subsequent chapter, that calca-
reous formations have accumulated, on a great scale, in the Red
Sea, in modern times, and that fossil shells of existing species
are well preserved therein; while we know that, at the mouth
of the Nile, large deposits of mud are amassed, including the
remains of Mediterranean species. Hence it follows, that if,
at some future period, the bed of the Red Sea should be laid
dry, the geologist might experience great difficulties in en-
deavouring to ascertain the relative age of these formations,
which, although dissimilar both in organic and mineral charac-
ters, were of synchronous origin.

There might, perhaps, be no means of clearing up the
obscurity of such a question, yet we must not forget that the
north-western shores of the Arabian Gulf, the plains of Egypt,
and the isthmus of Suez, are all parts of one province of terres-
trial species. Small streams, therefore, occasional land-floods,
and those winds which drift clouds of sand along the deserts,
might carry down into the Red Sea the same shells of fluviatile
and land testacea, which the Nile is sweeping into its delta,
together with some remains of terrestrial plants, whereby the
groups of strata, before alluded to, might, notwithstanding the
discrepancy of their mineral composition, and marine organic
fossils, be shown to have belonged to the same epoch.

In like manner, the rivers which descend into the Caribbean
Sea and Gulf of Mexico on one side, and into the Pacific on
the other, carry down the same fluviatile and terrestrial spoils
into seas which are inhabited by different groups of marine
species.

But it will much more frequently happen, that the coexist-
ence of terrestrial species, of distinct zoological and botanical
provinces, will be proved by the specific identity of the marine
organic remains which inhabited the intervening space. Thus,
for example, the distinct terrestrial species of the south of
Europe, north of Africa, and north-west of Asia, might all be



Ch. 1V.] PROVED BY ORGANIC REMAINS. 43

shown to have been contemporaneous, if we suppose the rivers
flowing from those three countries to carry the remains of
different species of the animal and vegetable kingdoms into the
Mediterranean.

In like manner, the sea intervening between the northern
shores of Australia and the islands of the Indian ocean, con-
tains a great proportion of the same species of corallines and
testacea, yet the land animals and plants of the two regionsare
very dissimilar, even the islands nearest to Australia, as Java,
New Guinea, and others, being inhabited by a distinct assem-
blage of terrestrial species. It is well known that there are
calcareous rocks, volcanic tuff, and other strata in progress, in
different parts of these intermediate seas, wherein marine
organic remains might be preserved and associated with the
terrestrial fossils above alluded to.

As it frequently happens that the barriers between differ-
ent provinces of animals and plants are not very strongly
marked, especially where they are determined by differences of
temperature, there will usually be a passage from one set of
species to another, as in a sea extending from the temperate to
the tropical zone. Insuch cases, we may be enabled to prove,
by the fossils of intermediate deposits, the connexion between
the distinct provinces, since these intervening spaces will be
inhabited by many species, common both to the temperate and
equatorial seas.

On the other hand, we may be sometimes able, by aid of a
peculiar homogeneous deposit, to prove the former coexistence
of distinct animals and plants in distant regions. Suppose, for
example, that in the course of ages the sediment of a river, like
that of the Red River in Louisiana, is dispersed over an area
several hundred leagues in length, so as to pass from the tropics
into the temperate zone, the fossil remains imbedded in red
mud might indicate the different forms which inhabited, at the
same period, those remote regions of the earth.

It appears, then, that mineral and organic characters, although
often inconstant, may, nevertheless, enable us to establish the
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contemporaneous origin of formations in distant countries. As
the same species of organic beings usually extend over wider
areas than deposits of a homogeneous composition, they are
more valuable in geological classification than mineral peculia-
rities ; but it fortunately happens, that where the one criterion
fails, we can often avail ourselves of the other. Thus, for
example, sedimentary strata are as likely to preserve the same
colour and composition in a part of the ocean reaching from the
borders of the tropics to the temperate zone, as in any other
quarter of the globe ; but in such spaces the variation of species
is always most considerable.

In regard to the habitations of species, the marine tribes are
of more importance than the terrestrial, not only because they
are liable to be fossilized in subaqueous deposits in the great-
est abundance, but because they have, for the most part, a
wider geographical range. Sometimes, however, it may hap-
pen, as we have shown, that the remains of species of some
one province of terrestrial plants and animals may be carried
down into two seas inhabited by distinct marine species; and
here again we have an illustration of the principle, that when
one means of identification fails, another is often at hand to
assist us.

In conclusion, we may observe, that in endeavouring to
prove the contemporaneous origin of strata in remote countries
by organic remains, we must form our conclusions from a great
number of species, since a single species may be enabled to
survive vicissitudes in the earth’s surface, whereby thousands
of others are exterminated. When a change of climate takes
place, some may migrate and become denizens of other latitudes,
and so abound there, as to characterize strata of a subsequent
era. In the last volume we have stated our reasons for in-
ferring that such migrations are never sufficiently general to
interfere seriously with geological conclusions, provided we do
not found our theories on the occurrence of a small number of
fossil species,





