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PREFACE.

Ix the following pages, the three great divisions of
Strata, and the three great portions of Geological
Time, are termed Pal®ozoic, Mesozoic, and Caeno-
zoic; these designations having fairly won their way,
and being really preferable, while treating of the
Succession of Life, to such titles as Primary, Se-
condary, and Tertiary, which express something more
than the knowledge we actually possess, and some-
thing different from the idea we wish to convey.
While speaking of the Lower Palacozoic Strata
and the beautiful system of Life which they contain
—a, system of the highest importance in the inquiry
now on hand—I find it convenient to employ the
combination of Siluro-Cambrian, or Cambro-Silurian,
as the occasion suggests; and have pleasure in thus
commemorating in my phrase the gigantic labours,
sometimes independent, sometimes associated, but
always successful, by which, first of all men, Mur-
chison and Sedgwick laid open for us these deeply-
buried monuments of the earliest Life on the Earth.











































































































































































o0 LIFE ON THE EARTH,

But how many soever of centuries we allow for
the accumulation of the gravel, the filling of the
caves, or the deposition of the alluvium, this period
thus indicated is as nothing compared to those which
have passed away before it began. In a general gum-
mary we may affirm that the human period of the
earth’s history is a very short one on the geological
scale, the latest of all, and yet the most important,
since independent of the interest conferred on it by
the presence of our race, it is by evidence collected
from this period that we are to judge of the earlier
ages of nature,

If we put as our second question the geological
antiquity of the races of plants and animals which
are directly and specially associated with man, as the
valuable Pomaceous Plants and Ruminant Animals,
the answer is of the same kind. They are of recent
date—their remains are found only in deposits near
the surface, which belong to the existing order of
physical conditions, the later effects of geological
agencies. The creatures most useful to him appear
to be of contemporaneous origin; and may be em-
ployed as marks of the human period, in cases where
no traces of man or his works remain. The relation
of this to earlier periods will appear in the following
scale of geological time, the length of the periods
being not perhaps exactly proportioned to the thick-
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110 LIFE ON THE EARTH.

separate the denizens of lakes and rivers from those
of the lagoons, bays, and currents of the sea.

This fact, which is observed in all countries, is
connected with another of much significance, the
comparative fewness of the freshwater races, and
their great aflinity over large tracts of the earth.
Unionidee and Cyclade are the prevailing family of
Dimyarian Mollusks ; Paludinadee and Limnzadze,
reinforced by Ancylus, Melania, Neritina, &ec. the
most frequent of Gasteropoda. How these fresh-
~ water genera have been so widely diffused as in fact
we find them; how some particular species have be-
come common to 8o many rivers and lakes, are ques-
tions of much interest. For as neither the animals
nor their ova could pass through the salt water,
and retain vitality, we must ascribe to changes in
physical geography and the accidents of mixed oc-
cupation of a country, the transference from one
river to another, of the germs of life; or regard the
existing fresh waters, now unconnected, as formerly
somehow connected; or suppose a creation of the
same species or the same genera at many separate
points, Rejecting this last, we may venture to prefer,
as a general explanation, the transfer of the germs
of life by natural events, specially by birds carrying
spawn from one river to another, even as now we
are transferring by experimental means the Crawfish,











































124 LIFE ON THE EARTH.

temperature of the surface of the globe; with this
decrease the disturbances from the interior are sup-
posed to diminish, and the action of the atmosphere
to be more and more approaching to a uniform rate.
I propose to consider the computations which may
be founded on these different views.

Nothing can be simpler in aspect than the pro-
blem of the age of the stratified crust of the globe
on the Uniformitarian hypothesis. We have only
to find out the rate of accumulation of sediment in
the sea—the thickness of deposits produced in a
year, or century, or some long historic period—and
apply this measure or rate to the ancient deposits.
This modern rate of progress of deposits is very un-
equal ; great along some shores, which thus are
stretching outwardly to contract the domain of the
sea, insensible on others, especially where sea-cur-
rents sweep the coast and carry away the sediments to
other situations. But so it was in ancient times, for
none of our strata have more than a limited range,
and some of those that are most extensive may be
reasonably thought to have acquired their large
breadths by oceanic currents which disturbed and
redistributed sediments over areas greater than those
of original deposition. .

The distance to which fine sediments brought by
rivers are carried in the ocean is found much to ex-































134 LIFE ON THE EARTH.

the total thickness of Coal, some beds being Anthra-
citic and some ordinary Coal, is 120 feet. To produce
this thickness of ordinary Coal, by vegetables growing
on the spot, would require 120 x 12 x 1275 = 183,600
years. The same thickness of Anthracitic Coal would
require 120 x 12 x 170 = 244,800 years. Add to either
of these periods the lowest number of years found
for the deposition of the sediments in the same
coal-field, 333,000, and we have as the probable
length of time required for the production of the
Strata of Coal, Sandstone, Shale, and Ironstone in
South Wales, half a million of years.

If now we turn to the Leibnitzian Theory, and
apply it to the same problems, we must first settle
the limits of the atmospheric power to waste the
surface in the early geological periods. This limit
at the origin of the oceans needs not to be inquired
into ; there would indeed be a mighty power in ac-
tion—perpetually falling floods—the fountains of
heaven—wasting a hot and friable surface’. Coming
down to the base of the Palicozoic System, and
adopting as high a limit for the temperature of the
surface of the globe as might be possible to suit
the races of Mollusca and Crustacea then coming
into view, we may allow 20° higher mean tempera-
ture than at present. From this point it must be

1 Babbage. Ninth Bridgewater Treatise,













138 LIFE ON THE EARTH,

calculation, but it lies quite beyond the power of the
mind to contemplate with steadiness.

Abandoning all further attempts to determine the
probable antiquity of the Strata, and the several
races of Life, in measures of solar time, we may re-
fer to some more limited trials to assign a date to
the origin of the present physical aspect of nature—
the present action of the sea on its coasts, and of the
rivers on their beds. In the speculations of De Luc
concerning natural chronometers this period is de-
scribed as posterior to the existence of our conti-
nents, and as having a fixed chronology; it is now
regarded as the latest of the Pleistocene periods; in
the northern zones of the world it is the Postglacial
period ; and it includes, according to all observation
and opinion, the age of the human race.

Herodotus, the first author who ventured an
estimate of this kind, was naturally conducted to it
by his inquiries regarding the ancient history of
Egypt. This fertile country, ‘the gift of the Nile,
offered him, in the real and fabulous narrative of its
governors, a long series of centuries of elapsed time,
and in the periodical floods and corresponding rise
of its surface and growth of its delta, natural chro-
nometers by which in some degree to check the tra-
ditions of the priests.

The conclusion of Herodotus does not however
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rivers which enter them, and the truncation of hills
sloping to the sea by cliffs not far from the point
where the slope once met the sea-level, may be men-
tioned as data of this kind. Undoubtedly they all
tend to convince us of the comparatively short period
of time which has elapsed since the sea began to
waste, or to be filled up, and the rivers began to wear
away the upper parts and to fill up the lower parts
of the valleys; but it is difficult to translate this con-
clusion into centuries or thousands of years. Per-
haps such a case as that of the Derwent River
flowing into the Lake of the same name in Cumber-
land, and augmenting year by year the mass of sedi-
ments at the upper end, may be found worthy of
special attention, because of the abundance of rains
on the slaty mountains around, the shortness of the
course of the river, and the very slight degree in
which cultivation, quarrying, and mining, have, till
within a few years, altered the natural character of
the surface. The requisite measures of the lake, the
delta, and the sediment brought by the river, would
present no great difficulty.

Perhaps it may be sufficient to take one example,
the best at present known, to which computation has
been applied, for determining the number of years
in which a river has been running and excavating
for itself a channel in rocks of one definite charac-
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since the epoch when the Falls began their back-
ward progress from Lake Ontario.

This epoch, however, is not of necessity the same
as that of the origin of the river action, which may
have gone on for some unknown time previously.
It does not then give us the desired information of
the length of the Postglacial period, or the date, as
De Luc might have expressed it, of the birth of our
continents., But it seems to point in the same direc-
tion as all the other natural chronometers, and to
compress within a few thousand years the later part
of the Pleistocene Period, when the main features of
the Land, the Rivers and Lakes, and Plains and
Mountains, had been finally redeemed from the power
of the sea, and peopled by the now existing races
of plants and animals.

CHANGES OF CLIMATE.

Few inferences have obtained a more general
assent among geologists than that which affirms the
change of climate during the progress of life on the
globe. The evidence on which reliance has been
placed has been sometimes adopted on light grounds,
sometimes rejected for fresh and better testimony :
but the conviction of almost every writer has been
deliberately recorded in favour of the prevalence of
much higher temperatures during early geological
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the Coal-formation. Ferns are usually in fragments,
distributed by water on the successive surfaces of
deposition. It can seldom be ascertained whether
they belonged to arborescent or repent kinds, but
two or three species of the former division under
the title of Caulopteris are recognized in the Coal-
measures, The great abundance of Ferns is a fur-
ther and good argument for great warmth and damp-
ness. If Lepidodendra belong to the natural order
of Lycopodiacewe, their extraordinary size may be
held to demand the extreme of the conditions fa-
vourable to that race, heat and moisture; if they
include strong analogies to Araucarize, that is an
indication in the same direction. Sigillarize, now
commonly placed among the Gymnospermous Pha-
nerogamia, near Cycadacese, have also been thought
allied to Cacteacew, and to Tree-ferns, and thus
follow on the same side as their companions the
Lepidodendra.

Calamites, no longer referred to Equisetaces,
but with Asterophyllites classed among Coniferz,
give no independent testimony to climate; but a few
Palms (Flabellaria, Palmacites, Trigonocarpum), and
Musacese (Musocarpum), concur with the Tree-ferns
in requiring for the low shores of early time, where
now extend the coal-deposits of America and Europe,
a mean temperature of 64, ‘which is 16" above that
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under this designation in the West Indian Archi-
pelago are for the most part not of the same species
as those which occur in the Indian and Pacific
Oceans, and thus the argument acquires a gene-
rality and independence of specific forms and pecu-
liarities ; which suits it for application to the extinct
races, and the earlier reefs constructed often by dif-
ferent genera, in the Silurian, Carboniferous, and
Oolitic periods.

Keeping in mind that light, warmth, and proxi-
mity to the surface of pure sea-water, are essentials
for the life of the reef-making animals, we shall
understand the complete segregation of these re-
mains from the great mass of argillaceous and are-
naceous sediments in the several formations. The
limestones of Wenlock and Aymestry, of Plymouth, of
Mendip, Flintshire, Derbyshire, and Yorkshire, all of
Palxozoic ages and full of Coral-beds and bands of
corals in place and attitude of growth, appear to be
little else than the accumulations of Polypean and
Crinoidal reliquize, augmented by the shells and
other exuviee of the sea-animals naturally attracted
to the growing calcareous accretion. Each of these
limestones indicates an interval of rest in the accu-
mulation of sediments, a pause of the depression of
the sea-bed!.

1 Memaoirs of Malvern in Memoirs of Geological Survey, 1. 1.
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of the land and fresh waters, which are identical with
those now living in the same neighbourhood, un-
mixed with any from latitudes further south, or
further north ; so that here we have a decisive test,
and must admit in these cases that the climate was
nearly the same as now. This applies to the Post-
glacial period, in some part of which we place the
commencement of the History of Man.

The Glacial period itself—marked over a great
part of the north temperate zone in America and
Europe, by marine deposits heaped over what had
been dry land—covering sometimes the lacustrine
and peaty layers of that earlier (Preglacial) land,—this
period was one of considerable refrigeration, within
the large areas mentioned, for the shells found in
the deposits are of the colder arctic types; and the
deposits are found to be consistent with the idea of
icebergs floating in deep water over all but the
mountainous tracts, (these being covered with ice and
snow, the source of glaciers and icebergs,) and not
consistent with any other probable condition of things.

Thus we have one well-marked period, at least,
of considerably greater cold in the northern tempe-
rate regions, succeeding many periods of greater
warmth in these same regions. It has been supposed
that toward the close of the Palexozoic period, a very
early glacial sea was spread round several of our
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of North America, to the Arctic circle, the North Cape
of Scandinavia, and the icy shores of Spitzbergeu.
Along the line of this current the isothermal lines
are inflected to the northward, beyond the points
which they reach in the midst of the continents of
Asia and America 10, 15, and even 20 degrees; in
other words the northern parts of Europe have their
winter climate in particular so mitigated by the aid
brought to them over 2000 miles of sea, as to make
the yearly average of temperature higher by 10° or
15° than places in the corresponding latitudes in the
United States. Conceive that by some movement of
the solid earth-crust, this current were entirely pre-
vented from flowing up the Atlantic, then 10° or 15°
would be lost to the climate; suppose other un-
favourable circumstances arising from the new dis-
tribution of land and water, such as a cold current
from the north ; perpetual snows would gather on the
mountains of Scotland, Cumberland, Wales, and Ire-
land ; glaciers would be formed in suitable situations;
icebergs would be floating on the sea; Arctic shells
might be encouraged in growth, and the phenomena
of the glacial period be repeated’.

It appears from these considerations, that by a
change of the oceanic currents, quite within geolo-
eical probability, the warmest meridional band in the

1 Hopkins in Geol. Soc. Journal, Vol. vur,
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in chemical composition, and always on the average
charged to the same degree with aqueous vapour.
On the contrary, to take an example which appears
decisive, from the accumulation of the Coal Strata,
there is good reason to adopt positively the opinion
that the chemical constitution (if that may be
termed a chemical constitution which is only a me-
chanical mixture) of the atmosphere has been greatly
altered. For if the Carbon, fixed in the thick and
extensive beds of coal since the Palwozoic ages,
were again restored to the atmosphere from which
it was taken, the weight of Carbonic acid now in
the atmosphere (1, th part) would be more than
doubled. Those who think the proportion of the
three main constituents of the atmosphere must ever
have been as they are now, may if they please
double also the Oxygen and Nitrogen, and thus aug-
ment the total barometric pressure of the early
Palxozoic ages to 60 inches! But without adopting
such an extreme view, there is really no reason to
limit our theory of the ancient atmosphere in respect
of Oxygen or Nitrogen any more than in regard to
Carbonic acid. The whole atmosphere may have
weighed more ; if so its measured depth must have
been greater, and its effect in restraining the waste
of heat, and, what is equally important, in reducing
the extremes of climatal difference, also greater.

;
i
1
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ment of the present period. No Coal-fields, to last
even a single century, are now growing at the mouths
of our rivers; no metallic veins are spreading
through the rocks that we can explore; no great
catastrophe breaks down the barriers of seas, or
opens picturesque glens through the ridges of the
mountains, Yet the forces whose accumulated effects
seem to us so mighty are still alive, and still give
proof of their power to make further change in the
condition of the globe.

If we trace back the physical history of the parts
of the earth best known to us, we shall be surprised
at the permanence of many of the great features
of the land and sea; where these have changed we
can often clearly see the mode and almost the
mechanism of change, and not unfrequently discover
somewhat of the effect of these variations on the
distribution of ancient life, its mutation and dis-
continuity. |

The German Ocean is what remains of a wider
Tertiary Sea, which spread over a large part of the
country north of the Carpathians, extending east-
ward across the plains of Southern Russia, and north
of the Caucasus, but probably closed to the west-
ward. The Mediterranean of the Tertiary ages
stretched northward up the Adriatic gulf, to in-
clude the basin of the Po ; eastward and southward
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zones, most probably here and there diversified by
primitive islands, whose situation, however, and con-
stitution are merely conjectural, till we arrive at
the series of Wenlock rocks in the Malvern hills.
Here is proof of land situated where now is the
ridge of the Worcester Beacon ; land from which fell,
into the sea of that period, rocky fragments precisely
the same in nature as the variable Syenites of that
ridge ; fell into tranquil and slightly agitated water
of small depth, and were there cemented together with
Corals, Crinoids, Shells and Trilobites, a venerable
and interesting mark of the ancient limit of the old
and populous sea, against the old perhaps uninha-
bited land. Accustomed, in this way, to regard the
northern seas of our time as the shrunk and rami-
fied remainders of wider tracts of ocean, and the
lands as amplified by comparatively modern desicea-
tion round primitive peaks and ridges, we naturally
turn to consider whether the forms of life in the
sea manifest any special affinity to the fossils of the
neighbouring tracts from which it has withdrawn ;
and in what degree the plants and animals which
now cover the land are related to those which
occupied smaller spaces in the same regions.
Taking for a favourable illustration the Germanic
Ocean, and comparing its Mollusca with those of the
adjoining Pleiocene Crag, on the eastern coast of
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ward, who consumed the latter part of the seventeenth
century in wrangling about ‘formed stones,” ‘plastic
forces, and ‘lusus naturse.

The learned Dr Robert Plot, the first Keeper of
the Ashmolean Museum in Oxford, in that valuable
Natural History of Oxfordshire (1677), which was
the model for many goodly volumes in other counties
of England, after carefully describing many Ophio-
morphites, Ostracites, Belemnites, and Cockles lying
in their stony sepulchres, is brought to consider the
great question then so much controverted in the
world.

‘Whether the stones we find in the form of shell-
fish, be lapides sui generis, naturally produced by
some extraordinary plastic virtue latent in the earth
or quarries where they are to be found? Or whether
they rather owe their form and figuration to the shells
of the fishes they represent, brought to the places
where they are now found by a deluge, earthquake,
or some other such means, and there being filled
with mud, clay, and petrifying juices, have in tract
of time been turned into stones, as we now find
them, still retaining the same shape on the whole,
with the same lineations, sutures, eminences, cavities,
orifices, points, that they had whilst they were shells.

‘In the handling whereof’ (he tells us), ‘though
I intend not any peremptory decision, but a friendly
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ing; the most horrible and portentous catastrophe
that nature ever yet saw; an elegant, orderly, and
habitable earth, quite unhinged, shattered all to
pieces, and turned into a heap of ruins: convulsions
so exorbitant and unruly; a change so exceedingly
great and violent, that the very representation alone
is enough to startle and shock a man.

ALL LIFE DERIVED FROM THE SEA.

By degrees, however, the great truth fixed by ge-
ology, that we stand on the dried bed of the ancient
sea, began to influence the ingenious writers who
followed close upon Plot and Scheuchzer. Among
these De Maillet, in the singular work called ¢ Tellia-
med, (his own name reversed,) is conspicuous for the
perverse resolution with which he follows out the
evil consequences of an ‘inappropriate idea'’ on
this subject. Believing that the old sea-beds were
laid dry by the retirement and diminution of the
water, about three feet in a thousand years, he
feels no hesitation in deriving all the plants and
animals of the land from prior productions of like
nature in the sea, though at present circumstances
may fail which contributed formerly to spontaneous

1 8ee Whewell's Inductive Sciences for examples of ‘appro-
priate ideas.’
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and acquired habits and desires, other different and
superior races of animals may have been formed.

In this hypothesis we have three assumptions:

First, that some of the inferior tribes of plants
and animals are producible by the agency of caloric
and electricity from dead matter, and that loco-
motion in some of these is accomplished by the ex-
ternal influence of these exciting fluids, and not by
the inherent power of the creature.

Secondly, that the organic beings thus originating
are capable of indefinite change of form and struc-
ture from the force of external circumstances.

Thirdly, that new habits of life are acquired with
the new structures; that individual desires or long-
ings have influence in the further development; and
that the acquisition and exercise of the senses, in-
stinct, reason, hope and fear, memory of the past,
and expectation of the future, is a part of this stu-
pendous chain of metamorphism with a tendency to
progressive improvement.

Neither of these assumptions is proved, or ren-
dered probable; but rather becomes less and less
acceptable the more we consider the illustrations
suggested by the author, which are scarcely less sur-
prising than the instance already quoted from 7ell:-

amed.
The foundation in truth for this hypothesis 1s.
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grades and greater perfection as a physiological
problem; and to shew that in the buried worlds of
life this continual expansion of the general funda-
mental form, with a continual tendency to higher
and higher development, can be placed in evidence
as a matter of history. It is important to keep this
distinction in mind.

DEVELOPMENT.

The author of the Vestiges of Creation placed
before the English reader some sketches of the as-
pect of the animated world in successive geological
ages, and has proposed in relation to the vegetable
and animal kingdoms a full hypothesis of develop-
ment to fit the gradation from the simple Lichen and
Animalcule respectively up to the highest order of
Dicotyledonous trees and the Mammalia. He attri-
butes a great amount of change to the necessary
effect of variations in the physical conditions which
are influential on life: this change being progressive
from lower to higher grades, and unlimited except
by the range of physical conditions.

‘While the external forms of the various verte-
brate animals are so different, the whole are, after
all, variations of a fundamental plan, which can be
traced as a basis through the whole, the variations
being merely modifications of that plan to suit the
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peculiarities of development, and interesting evi-
dences of the manner in which the Divine Author
has been pleased to work.

‘The whole train of animated beings, from the
simplest and oldest up to the highest and most
recent, are thus to be regarded as a series of ad-
vances of the principle of development, which have
depended upon external physical circumstances to
which the resulting animals are appropriate. I con-
template the whole phenomena,” he says, ‘as having
been in the first place arranged in the councils of
the Divine Wisdom, to take place, not only upon
this sphere, but upon all the others in space, under
necessary modifications, and as being carried on,
from first to last, here and elsewhere, under imme-
diate favour of the creative will or energy. We are
drawn to the supposition that the first step in the
creation of life upon this planet was a chemico-
electric operation, by which simple germinal vesicles
were produced. After this it is suggested, ‘as an
hypothesis already countenanced by much that s
ascertained, and likely to be further sanctioned by
much that remains to be known, that the first step
was an advance under favour of peculiar condi-
tions, from the simplest forms of being, to the next
more complicated, and this through the mediwmn of
the ordinary process of generation.

|
!
}
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sixteen distinct species. In discussing the geogra-
phical distribution of these families of men, and
the animals associated with them, M. Charles Des-
moulins® takes occasion to affirm in the strongest
manner the constancy of specific forms, unimpaired
by time and physical changes:

‘In future it will be vain to contest the inalter-
ability of species, by means of the thousand and one
suppositions suggested by ignorance or deception.
For example, the carp and the barbel, which differ
much less one from the other than a Negro and a
Frenchman, have the central parts of their nervous
system, different in number, differently arranged and
shaped. Evidently cold, heat, light, obscurity, ex-
ercise, repose, more or less food, &ec. have had no
influence on that.

‘A single objection has been offered to the
certainty of these results, and this objection is merely
a supposition. Tt is supposed that the actual diver-
sity of species depends on an alteration of primitive
forms, either by climate, or by the crossing of allied
species, which would thus have multiplied differences,
which were afterwards strengthened by time, so that
the actual species would be for the most part only
accidental varieties rendered definite, one knows not

how.
1 Hist. Nat. des Races Humaines, 1826.
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