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PREFACE.

—————

THE peculiar circumstances under which the following
sketch of what appears to be the true terrestrial system
has been written, emboldens me to ask in its behalf for
some mitigation of the received rules of literary criticism.
No ordinary contingency could have induced me to assume
the role of authorship. Unaccustomed to the use of the
pen, and unable fully to command the uninterrupted lei-
sure requisite to the proper performance of a work of this
nature, the propriety of my making the attempt at first
appeared questionable. The obvious importance of the
subject, however, seemed to demand its publication, and
being naturally unwilling to delegate the task to another
hand, the only alternative was to contribute my best
endeavors, and, whatever the result, rely on the generous
consideration of those interested in discussions of this
kind. The work is now completed, and if the effort shall
prove so far successful as to render the general tenor of
the arguments clearly intelligible, it is all I can reasonably
hope to have accomplished.

In this essay, which at best is but an incomplete out-
line of the new system, I have judged it proper to attempt
the exploration of but little ground; and but few books

have been consulted. Sir Charles Lyell’s ¢ Principles of
3



4 PREFACE.

Geology ” and the late Professor Louis Agassiz’s ¢ Journey
in Brazil ” are the works chiefly relied upon for the facts
which underlie our hypothesis, and free use has been made
of their contents. Herschel, Mitchel, Vose, and Hind have
been referred to in the discussion of the astronomical
points involved ; and I will here add that it is the results
of Charles Darwin’s investigations concerning the origin
of species, and those of Professor Agassiz’s observations
of the phenomena that remain of the latest glacial period
in tropical South America, together with the perusal of
Vose’s chapter on the ¢ Diminution of the Obliquity of the
Ecliptic,” to which I am chiefly indebted for the inception
of the within theory.
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INTRODUCTION.

——t———

Ir seems quite certain, judging from past experience,
that every new truth, on its first appearance, must encoun-
ter more or less opposition. What men believe — what
they have accepted as truth, even when the only basis for
such belief consists in the fact that it has been generally
taught and received as truth — often receives the sanction
of faith in equal measure with the most exact and certain
knowledge. It is an exceedingly difficult task, no doubt,
to view with equanimity the overthrow of cherished theo-
ries and opinions, and accord a candid and impartial hear-
ing to those which seek to occupy their place. It has often
happened that when the world has been, as it were, expect-
ing the advent of some new doctrine or discovery, the
reality, when it made its appearance, was so different from
the fanciful image conjured up by the imagination, that the
mass of mankind, even in the face of the most positive
evidence, has seemed almost involuntarily to shrink from
even its contemplation.

We are not far removed from the times when to advo-
cate views materially opposed to those generally prevail-
ing, especially if such views happened to be antagonistic
to popular prejudice, would be very likely to subject the
offender to quite serious consequences. The spirit of the
present age, as we know full well, would be far from mak-
ing it a felony, were the world ignorant of the fact, to
proclaim the discovery of the diurnal revolution of the
earth ; still, if such theory should seem to be in opposition
to what we conceive to be the established order of nature,
and contrary also to the teachings of both our spiritual
and scientific guides, might not the announcement be re-
ceived with a contemptuous hostility, or an indifferent
neglect, quite as galling as any amount of personal indig-
nity? But however much of this spirit may still exist and

9



10 INTRODUCTION.

be liable to develop itself in such cases, the liberal senti-
ments which adorn the works of the greatest intellects of
the century are a sufficient assurance that, in the present
age, any earnest and honest endeavor to extend the bounds
of human knowledge, will somewhere meet with attention
and encouragement, so far, at least, as the effort may tend
to the elucidation of the great problems of nature. Who
can read the following passage from Herbert Spencer, and
continue to hesitate as to the expediency of giving full
expression to his highest convictions of truth, not only in
questions relating to social philosophy, but those also
connected with the physical sciences?

“ Whoever hesitates to utter that which he thinks the
highest truth, lest it should be too much in advance of
the time, may reassure himself by looking upon his acts
from an impersonal point of view. Let him duly recog-
nize the fact that opinion is the agency through which
character adapts external arrangements to itself, — that
his opinion rightly forms part of this agency,—1s a unit
of force, constituting with other such units the general
power which works out social changes, — and he will per-
ceive that he may properly give full utterance to his
inmost convictions, leaving it to produce what effect it
may. It is not for nothing that he has in him these sym-
pathies with some principles and repugnance to others.
He, with all his capacities, and aspirations, and beliefs,
is not an accident, but a product of the time. He must
remember that, while he is a descendant of the past,
he is a parent of the future, and that his thoughts are as
children born to him, which he may not carelessly let die.
He, like every other man, may properly consider himself
as one of the myriad agencies through whom works the
Unknown Cause ; and when the Unknown Cause produces
in him a certain belief, he is thereby authorized to profess
and act out that belief. For, to render in their highest
sense the words of the poet, —

¢ Nature is made better by no mean
But nature makes that mean: over that art

‘Which you say adds to nature, is an art
That nature makes.’

“ Not as adventitious, therefore, will the wise man re-
gard the faith which is in him. The highest truth he sees
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he will fearlessly utter ; knowing that, let what may come
of it, he is thus playing his right part in the world.”

In retéerence to the general unwillingness to receive
new truths, Sir Charles Lyell says, “ We are sometimes
tempted to ask whether the time will ever arrive when
science shall have obtained such an ascendency in the
education of the millions that it will be possible to wel-
come new truths, instead of always looking upon them
with fear and disquiet, and to hail every important victory
gained over error, instead of resisting the new discovery,
long after the evidence in its favor is conclusive. The
motion of our planet round the sun, the shape of the earth,
the existence of the antipodes, the vast antiquity of our
globe, the distinct assemblages of species of animals and
plants by which it was successively inhabited, and, lastly,
the antiquity and barbarism of Primeval Man, —all these
generalizations, when first announced, have been a source
of anxiety and unhappiness. The future, now opening be-
fore us, begins already to reveal new doctrines, 1f possible,
more than ever out of harmony with cherished associations
of thought. It is, therefore, desirable when we contrast
ourselves with the rude and superstitious savages who
preceded us, to remember, as cultivators of science, that
the high comparative place which we have reached in the
scale of being has been gained, step by step, by a consci-
entious study of natural phenomena, and by fearlessly
teaching the doctrines to which they point. It is by faith-
fully weighing evidence without regard to preconceived
notions, by earnestly and patiently searching for what is
true, not what we wish to be true, that we have attained
that dignity which we may in vain hope to claim through
the rank of an ideal parentage.”

Baron Von Humboldt, the author of * Cosmos,” recog-
nizes the fact that any sincere effort of the human intellect
to extend the bounds of knowledge is entitled to respect-
ful consideration, as follows: —

“Tt is unsuitable to the spirit of the age to regard with
distrust any attempted generalization of views, or investi-
gation in the paths of reasoning or induction. Nor is it
consonant with a due estimate of the dignity of the human
intellect, and the relative importance of the faculties with
which we are endowed, to condemn at one time severe
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reason applied to the investigation of causes and their con-
nection, and at another that exercise of the imagination
which is often precursive to discoveries— for the achieve-
ment of which the imaginative power is an essential aux-
iliary.”

These extracts, a few of many at hand, indicate the
existence of a sentiment highly favorable to scientific
progress among those who, through their works, occupy
the most advanced and exalted positions in the modern
field of philosophical research. As a sacred duty, he who
has reason to believe that the results of his study and
meditations are calculated to advance the cause of truth
is called upon to give fearless and earnest utterance to his
thoughts. That they will be accorded a consideration
commensurable with the promise they may give of impor-
tant results, and that popular prejudice, or the authority
of opinion, will not be allowed to work their detriment, can
scarcely be a matter of doubt.

The interests of knowledge — the development of truth
—is, above all, the aim of paramount importance. Neither
what we have believed, nor what others have believed
to be true, nor what we or others wish to be true, but
what is true, is the ultimate goal to which our investiga-
tions are to tend. The efforts of the master minds of the
age to remove all obstacles whatever to the progress of
science, are already giving indications of their efficiency.
“Science emancipated from the trammels of prejudice and
authority,” in the words of Professor Huxley, “is slowly
bringing about the greatest intellectual revolution the
world has yet seen. She is teaching the world that the
ultimate court of appeal is observation and experiment,
and not authority; she is teaching it to estimate the value
of evidence; she is creating a firm and living faith in the
existence of immutable moral and physical laws, perfect
obedience to which is the highest possible aim of an intel-
ligent being.”

The novel, and I may venture to add, unexpected char-
acter of the conclusion to which our present inquiries lead,
may fairly excuse a certain amount of surprise and incre-
dulity in the public mind upon its first announcement. My
own experience, the first effect produced upon my own
mind by the idea, has prepared me to expect as much.
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Unquestionably, the bare statement that our planet has a
motion, determining in stated times complete revolutions
transverse to its diurnal rotation, unaccompanied with
the facts and processes leading thereto, or, indeed, until
the applicability and pertinency of such facts and pro-
cesses come to be fairly and fully appreciated, will meet
with an emphatic and decided negative. Rash — absurd
— impossible — are the epithets to be expected under
the circumstances. But as further contemplation brings
to view the ready and natural solution the system affords
to the gravest and most perplexing scientific problems,
and glimpses are attained of the vast generalizations it
authorizes, and the ease with which all geological phe-
nomena may be made conformable to it, and reduceable to
a rational general system, it does seem as if the hasty ver-
dict must be set aside. The novelty of the new system,
it will be remembered, does not necessarily imply error;
neither does its antagonism to received theories and opin-
ions in any degree qualify or affect its truth ; and it will be
seen that in a matter of such scientific importance, first
impressions are not to have weight.

The claims of a system giving fair promise of such far-
reaching results are not to be lightly thrust aside. Even
if the evidence adduced in this volume, upon an impar-
tial examination, shall be found inadequate to warrant a
favorable verdict, before a final adverse judgment is re-
corded, a full and exhaustive re-survey of the whole
ground must be made. But there appears little danger
of being reduced to this extremity. If the fundamental
principles or laws of nature, and the inherent properties
of matter, are stable and unchanging, the transverse
rotation of the earth is as certain, as fixed a fact, as
that the solar presence and absence constitute the terres-
trial day and night, or that the direct and indirect action
of the sun’s rays determines, respectively, summer and
winter.

While the whole mass of evidence derived from natural
phenomena appears arranged on the affirmative side of the
proposition, in opposition we have only the authority of
mere opinion. Men who, by means of signal services ren-
dered, have attained deserved eminence in the field of
scientific investigation, became somehow impressed with
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the belief that the present inclination of the earth’s axis
is essential to what they have termed the ¢ stability of
nature,” and have argued to that end. We hold, however,
that opinions and impressions, no matter by whom they may
be or have been entertained, are not of themselves to have
weight in inquiries like that in which we now propose
to engage.

The attributes of exactitude and certainty character-
izing positive knowledge are sometimes accorded to spec-
ulative and empirical notions, leading to the acceptance
of such notions as undoubted truth. Errors of this nature,
sanctioned, perhaps, by long acquiescence, and based gen-
erally upon the opinion of some person justly distinguished
in the annals of science, have in the past often proved the
most difficult of removal of all the obstacles in the way of
scientific progress. It is, indeed, not surprising that the
immediate disciples of a great pioneer in the realms of
knowledge, familiar with his discoveries, and intelligently
following the infallible methods through which they were
attained, should be led frequently to attach undue impor-
tance to mere expressions of his opinion. “ Who,” they
may be supposed to exclaim, “ shall presume to dispute
the dictum of our intellectual giant? What lesser light
shall dare point to spot or blemish on the sun?’” Hence
comes the authority of opinion; hence the large areas of
ignorance, the impenetrable wastes of doubt and per-
plexity which mar the broad fields of human knowledge.
He who above all the men of his time, from the extent and
variety of his knowledge of the material world, may be
considered most competent to the attainment of a compre-
hensive and just view of the whole domain of physical
science, in ¢ Cosmos,” gives expression to a consciousness
of this unsatlsfaotory state of affairs.

“It remains to be seen,” he says, “whether we can
hope by the operation of thought to reduce the immense
diversity of phenomena comprehended by the cosmos to a
unity of principle similar to that presented by the evidence
of what are specially called ¢ rational truths.” In the pres-
ent state of our empirical knowledge, at least, we dare not
entertain such a hope. Experimental sciences founded on
observation of the external world cannot aspire to com-
pleteness; the nature of things and the imperfection of



INTRODUCTION. 15

our organs are alike opposed to it. We shall never suc-
ceed in exhausting the inexhaustible riches of nature, and
no generation of men will ever be able to boast of having
comprehended all phenomena.” And again: “ We are yet
very far from the time, even supposing it possible that it
should ever arrive, when a reasonable hope could be en-
tertained of reducing all that i perceived by the senses
to the unity of a single principle. The complication of the
problem and the immensurable extent of the cosmos seem
to forbid the expectation of such success in the field of
natural philosophy being ever achieved by man; but,” he
continues, *the partial solution of the problem — the ten-
dency towards a general comprehension of the phenomena
of the universe— does not the less continue to be the high
and enduring aim of all natural investigation.”

As long as the authority of opinion shall be held para-
mount to rational deductions from observed facts, or while
it shall be allowed to prevent such deductions from being
made, “ the complication of the problem ” will continue to
exist, and the “tendency towards a general comprehension
of the phenomena of the universe ” will be retarded. If,
on the other hand, we ignore all doubtful data, and, con-
fining ourselves strictly to known facts, conduct our in-
quiries in accordance with the principles laid down by
Descartes in his ¢ Discourse touching the Method of using
Reason rightly, and of seeking Scientific Truth,” we cannot
fail to keep on solid ground. The central propositions of
the whole discourse, in the language of Huxley, are these:
“There is a path that leads to truth so surely that any one
who will follow it must needs reach the goal, whether his
capacity be great or small. And there is one guiding rule
by which a man may always find this path, and keep him-
self from straying when he has found it.  This golden rule
is, Give unqualified assent to no propositions but those the
truth of which is so clear and distinct that they cannot be
doubted.”

In harmony with this golden rule, we shall endeavor to
present, as a basis for our argument, “ propositions so
clear and distinct that they cannot be doubted.” Between
these propositions, their corollaries, and well-ascertained
facts, constituting the positive evidence in the case, and
corroborative testimony of more or less probability bearing
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thereon, the line of demarcation will, if possible, be kept
constantly in view.

In her present condition, Science may be represented as
looking and hoping for the promulgation of the within
theory. Having penetrated far beyond the point at which
the discovery should, naturally, have been made, each step
in advance is now taken with anxiety and hesitancy. Like
a general operating far within the enemy’s country, upon
an inadequate and unprotected base, her attention and
efforts, which should be concentrated upon the front, are
distracted, and in a measure neutralized by apprehensions
of disaster in the rear, and the whole movement seems
thereby to be involved in fear and uncertainty. If she is
expected to continue her march to new victories over
ignorance and error, her basis of operations must be further
extended and fortified, her lines of communication cleared
and rendered secure. Every strategic point in the ad-
vance should be occupied; and if an invulnerable position,
the key to and commanding the whole line, shall be brought
to the notice of those intrusted with her interests, neither
a fancied impracticability, nor the nature of the instrumen-
tality pointing to it, can justify them in refusing or neg-
lecting to secure it.

Biologists, says Huxley, are at present generally agreed
that “the manifold varieties of animal and vegetable
forms have not either come into existence by chance, nor
result from capricious exertion of creative power ; but that
they have taken place in a definite order, the statement
of which order is what men of science term a natural law.”
While expressing the profoundest ignorance of the laws
determining the origin of species, they demonstrate their
existence by their specific effects, as Leverrier demon-
strated the existence of the planet Neptune in advance of
its actual discovery.

The Duke of Argyle, according to Lyell, has observed
that “ we know nothing of the natural forces by which new
forms of life are called into being. But he admits that the
introduction of new species, to take the place of those that
have passed away, is a work which has been not only so
often, but so continuously repeated, that it does suggest the
idea of having been brought about through the instrumen-
tality of some natural process.”
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Huxley, in his vigorous style, adverts to the probable
discovery of this process, or law: “ Whether such a law
is to be regarded as an expression of the mode of operation
of natural forces, or whether it is simply a statement of the
manner in which a supernatural power has thought fit to
act, is a secondary question so long as the existence of the
law and the possibility of its discovery by the human in-
tellect are granted. But he must be a half-hearted philos-
opher who, believing in that possibility, and having watched
the gigantic strides of the biological sciences during the
last twenty years, doubts that science will, sooner or later,
make this further step, so as to become possessed of the
law of evolution of organic forms — of the unvarying order
of that great chain of causes and effects of which all or-
ganic forms, ancient and modern, are the links.” I cannot
refrain from adding the concluding sentence of the para-
graph. “And then, if ever,” he says, “ we shall be able
to discuss with profit the questions respecting the com-
mencement of life, and the nature of the successive popu-
lations of the globe, which so many seem to think are
already answered.”

And now, to the discovery of this great law — “ the law
of evolution of organic forms” — I make claim. I believe
that the within theory furnishes the key not only to “ that
great chain of cause and effect of which all organic forms
are the links,” but also that it furnishes full, accurate, and
rational solution to the obscure and perplexing problems
relating to the inorganic world and the ever-varying con-
ditions by which, in times past, it has been surrounded.
The contrast between the simple and natural processes of
our system, and the partial, far-fetched, and unsatisfactory
methods of solution, which, against the dictates of their
better judgment, so many have felt constrained to accept,
must, as we proceed, be evident to every candid mind.

The full relative importance of the discovery, time alone
can completely determine; and before concluding these
introductory remarks with a statement of the line of argu-
ment intended to be pursued, I desire to say that it is
with full reliance on the intelligence and liberal spirit of
the age in which we live that I submit my generalization
of natural phenomena to the public scrutiny.

Evidence will be introduced, in the first place, to show

2



18 INTRODUCTION.

that the same areas of the earth’s surface have been suc-
cessively subjected to widely different climatal conditions
during the various periods of the world’s past history, and
that those differences are of so radical and pronounced a
character that they properly may be denominated primary
effects, and as such cannot be logically referred to secon-
dary causes.

Although, from the axiomatic character of the proposi-
tion, evidently a work of supererogation, an effort will be
made to show that the sun is an unchanging body, and that
the amount of light and heat derived from it by the earth
is constant, and the effect, under like conditions, always the
same. Such being the case, it will be held that a definite,
invariable result must follow the presence of the sun, and
the direct action of the solar rays upon the earth’s surface,
such result being an abundant development of vegetable
and animal life ; while, on the contrary, the absence of the
sun, or the indirect action of his rays, must as unavoidably
be followed by processes of glaciation and dearth of life.

It will be shown that both these classes of phenomena
are to be met with in all parts of the earth: evidence
abounds tending to show the prevalence of former summers
in polar regions, where now perpetual winter reigns, and
proofs quite as conclusive, indicate that periods marked
by comparatively severe winters have been experienced
in the tropics, where now perpetual summer is to be met
with ; while in intermediate latitudes, the traces of ancient
vicissitudes of temperature, far exceeding anything now
known, are everywhere present, and have long been recog-
nized and commented on by geologists.

A review of the efforts that have been made to explain
these appearances, under the assumption that the earth
and sun have always held, approximately, their present
relative positions, will, it is believed, show that they, as
well as all others that may hereafter be attempted under
that hypothesis, are, and of necessity must be, irrational,
impossible, and absurd.

The consistent and reasonable view will be advanced that
wherever the fossil remains of plants and animals requir-
ing a large amount of the solar influence for their devel-
opment are found, that region, in their epoch, must have
enjoyed, during some portion of the year, the direct action
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of the sun’s rays, that is, they must have been vertical,
or nearly so. Therefore, if certain geological formations
occurring in polar regions shall be found to contain re-
mains of the above description, it will be held as a legiti-
mate conclusion therefrom that when they were living
and growing beings, the earth must have assumed such a
position with regard to the sun as to admit of those
organisms receiving the usual supply of light and heat
required for their development. On the other hand,
wherever unquestionable indications of ice action, or glaci-
ation, shall be found, such indications will be taken as proof
either of the entire absence of the sun during some part of
the year, or, if not below the horizon, that a large inclination
of his rays must have been the cause of such phenomena.
If, therefore, geological indication of extensive glacial
action shall be found to exist at ordinary levels within the
torrid zone, it will be held as competent evidence that at
the era to which such indications may be referred, the
position of the earth with regard to the sun was such that,
during a portion of the year, the sun must have been
absent or his rays must have exhibited a large inclination
to the plane of the horizon within those areas where those
indications occur.

It will be further shown the terrestrial changes of posi-
tion indicated by the above-adduced facts are due to an
almost inconceivably slow rotatory motion of the earth pro-
ceeding at a right angle to the axis of its diurnal revolu-
tion; a motion so slow that millions of years are required
to complete a single revolution. The apparent movement
of the ecliptic, resulting from the real motion of the
earth in question, known to astronomers as the ¢ diminu-
tion of the obliquity of the ecliptic,” continued indefi-
nitely, is the only one possible, consistent with the plan of
the solar system by which these changes can have been
produced.

It is assumed that, as we proceed, the fact will become
developed, that geological periods, practically as well as
theoretically, are definite, statedly recurring, equal lapses
of time; each one of such periods representing the amount
required to include a complete cycle of climatal changes,
such as result from the transverse revolution of the earth;
and it will also be seen that the several layers or series of
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strata, which in the earth’s crust constitute a grand geo-
logical group, are the direct consequences of one of these
cycles of climatal vicissitudes.

An effort will be made, as far as the means now at hand
will permit, to show that all the climatal conditions conse-
quent upon this movement throughout each period of
change, instead of being, in a general sense, detrimental to
organic life, by continually inducing, or, rather, necessi-
tating, variations of habit and structure to meet the ever-
varying conditions of life, have constituted the grand con-
trolling cause by which low primitive organic types have
been modified and improved to those of the present age ;
and that, contemporaneously with these modifications in
its living inhabitants, the physical world, by the same
means, and in the same progressive manner, has been
adapted to the sustenance and fitted for the habitation
of the various tribes by whom it has been successively
occupied.
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CHAPTER L

EVIDENCE SHOWING THE PREVALENCE OF DIVERSE CLI-
MATAL CONDITIONS IN FORMER TIMES. — SIR CHARLES
LYELL'S RETROSPECT.

EMPIRICAL AND ABSOLUTE KNOWLEDGE CONTRASTED IN A GENERAL VIEW
OF NATURAL PHENOMENA. — DEFINITION OF THE TERM CLIMATE, A8 USED
IN THIS WORK. — PRIMARY CLIMATAL VARIATION NOW PERCEPTIBLE ONLY
IN POLAR LOCALITIES. — RATE AT WHICH PRIMARY CLIMATIC CHANGE
PROCEEDS. — AGE OF STONE AND ITS SUBDIVISIONS : THE NEOLITHIC AGE.
— THE REINDEER PERIOD AND THE PALZEOLITHIC AGE. — CLIMATE OF
THE TIMES OF THE MAMMOTH.-— CAPACITY OF ANIMALS TO ADAI"E
THEMSELVES TO EXTREME VARIATIONS OF CLIMATE. — SIBERIAN FOSSILS.

It is patural for man, reasoning from the experience
acquired during the brief portion of time allotted to him
as the term of his existence, to conclude that the material
world, from its first creation to the present time, has pre-
sented substantially the same appearance that it now does,
and that the multifarious conditions on which depend the
existence and well-being of the myriad living forms in-
habiting it, throughout all past time, must have remained
nearly, if not identically, the same. From youth to age,
within the scope of his threescore and ten years, he has
beheld no change in the general aspect of Nature. The
physical conformation of the globe has remained the same.
The same continents and oceans, islands and seas, moun-
tains, plains, and rivers, that diversified its surface in his
youth, retain their places in his old age. The sun, moon,
and stars pursue the same courses, in a firmament present-
ing continually the same appearance. Day and night,
summer and winter, continue to succeed one another with
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undeviating regularity ;- and the same forms of vegetable
and animal life continue to inhabit and perpetuate their
kind within those regions of the earth to which they are
specifically adapted.

An intelligent being, reasoning from these appearances,
might suppose himself justified 1 the conclusion that the
operations of nature are of a fixed and stable character,
admitting of no variation whatever. When to the fruits
of his own experience he adds the concurrent testimony
of his immediate ancestors, his conviction must be materi-
ally strengthened ; and still further, when on consulting
the written records of mankind from their very begin-
nings, he should find therein, as he would, much to sup-
port, and nothing to invalidate it, he might well consider
the theory of the stability of nature satisfactorily and
firmly established. What he throughout his whole life
has seen, what his ancestors before him have seen, in
fact, what all mankind have seen, must, indeed, be true.

As he progresses in knowledge, however, he soon learns
to regard with distrust evidence resting entirely on the
operation of the senses. By means of the invention and
use of infalliblg instruments, he learns with surprise, that
his visual organs, for instance, which he had supposed so
true and reliable, have not always conveyed to his mind
correct impressions of either the position or magnitude of
objects. The delicate sense of touch, with which he is
endowed, and on which he has placed so much reliance,
is also found to be no sure guide; for the infallible ther-
mometer shows him that a body maintaining the same
degree of temperature may, under different circum-
stances, seem either hot or cold to him, as the case may
be. By these and other like facts, he learns at last to
distinguish between empirical or apparent truth and that
which is exact or absolute; and he comes now, naturally
enough, to doubt the truth of his former conclusions,
founded, as they were, entirely on the evidence of sense.

Let him now be supposed to study geologically the
crust of the earth, and his doubts must soon give way to
certainty. Instead of the supposed stability of nature, he
discovers a condition of incessant mobility, of continual
change. He finds that the present configuration or superfi-
cial aspect of the globe, instead of having prevailed from
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the beginning, is, on the contrary, a comparatively modern
affair —a single view in the grand cosmographical pano-
rama, differing alike from each and all of many others that
have gone before, and others which are to follow it. He
discovers that in former remote periods of the earth’s
history, oceans and seas have rolled over the continents and
islands he, his ancestors, and all mankind had previously
supposed contemporaneous with its creation. He learns
of the former existence of ranges of lofty mountains that
have crumbled to dust, and have been levelled with the plain,
long before those he now beholds began to raise their
summits above the clouds. He discovers that ancient
rivers have flowed over old continents, differing entirely
in shape and superficial contour from the present land
masses, whose entire courses have been obliterated, and
whose existence is now known only by the vast quantities
of sedimentary material brought down and deposited by
them at their mouths.

In addition to the knowledge thus acquired of these
successive changes in the arrangement of the matter
forming the earth’s crust, he finds from the inspection of
fossilized remains there imbedded, that the living beings,
or forms by which the world was formerly inhabited, are
not identical with those now seen; and his former con-
clusion that the present inhabitants of the earth are the
unchanged lineal descendants of individuals originally
created identically the same as themselves, must, there-
fore, be abandoned as erroneous. Furthermore, careful
physiological analyses of these remains, and just compari-
sons founded on peculiarities of structure common to them
and to their nearest living representatives, taken in con-
nection with the locality, north or south, in which they are
found, together with other collateral testimony, bring to his
knowledge the additional fact that, in climatal conditions
also, the various epochs of the past present as marked
a contrast with the present era as he had before found to
subsist in either of the former instances.

The result, then, is the contemplation, in each of the
various intervals of the earth’s past history, of a world
differing from the present alike in superficial structure,
surrounding conditions, and inhabitants. The material —
the primal elements of which it is composed — remains
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the same, but, kaleidoscope-like, it is continually assuming
new forms, and entering into new combinations.

No change in the material world from any given status
to another can transpire except through the intervention
of adequate cause. Premising, therefore, that ordinary
meteorological agents, acting with the various degrees
of force possible under possible variations of temperature,
are sufficient to produce, with exception of those depend-
ing on subsidence and upheaval, the before-mentioned
superficial changes in the earth’s crust, and also that the
changing conditions of life induced by such possible varia-
tions of temperature are the primary cause of modification
in the organic world; it is proposed, first, to consider the
reality of former vicissitudes of climate, their nature and
effect, and endeavor to trace, if possible, a chronological
synchrony, or correspondence in time, between them and
the progress of the terrestrial motion to which we believe
they are properly referable. Our chief reliance, in ques-
tions of fact, will be upon the results of Sir C. Lyell’s
labors, as given in the tenth and eleventh chapters of
“ Principles of Geology,” in which the subject of former
climatal changes is fully discussed. .

It may here be stated that the term climate, as used in
this work, is, in general, to be understood as referring
more particularly to states and changes of temperature,
and mean temperature, than to those other elements in-
cluded in its more extended sense.

It can scarcely be affirmed that any noticeable changes
of climate, except those slight modifications which may be
referred to certain local influences, have been detected in
those parts of the earth inhabited by civilized man with-
in the historical period. On the contrary, it may with
truth be said that no such changes have taken place.
According to Mosaic chronology, the grape and olive have
flourished in Palestine for three thousand years; and from
known peculiarities of those plants relative to the amount
of heat required for their successful culture, the conclu-
sion has been reached that the mean annual temperature
cannot appreciably have varied there during that time.
But if we turn from the warm to the polar regions of the
earth, which obviously would first show the effect of
diminishing obliquity, and where slight changes of temper-
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ature, especially a reduction of the same, must largely
affect the relations of the organic world, we discover facts
tending to show that climate is there undergoing a change,
the rate of which is sufficiently rapid to materially affect,
in the course of a few generations, the welfare of the
races of men by whom those regions are inhabited.

In the account of his memorable expedition to the polar
seas in search of Sir John Franklin, Dr. Kane has in-
formed us that the igloés, or stone huts of the native
Esquimaux, are to be found in locations far north of any
now inhabited by them, and that their traditions indicate,
with comparative certainty, that their by no means re-
mote ancestors had been driven, by the increased rigor of
the climate, from the more northern places to those now
occupied ; and he became convinced that the same cause
must, in a short time, necessitate either a farther migration
southward, or bring about their complete extermination.

“There is no doubt on my mind,” says Dr. Kane,* “ that
at a time within historical and even recent limits, the
climate of this region ” (the shores of Smith’s Sound, lati-
tude 78° N.) # was milder than it is now. I might base
this opinion on the fact, abundantly developed by our
expedition, of a secular elevation of the coast line; but,
independently of the ancient beaches and terraces and
other geological marks which show that the shore has
risen, the stone huts of the natives are found scattered
along the line of the bay in spots now so fenced in by ice
as to preclude all possibility of the hunt, and of course of
habitation by men who rely on it for subsistence.

“Tradition points to these as once favorite hunting-
grounds near open water. At Rensselaer Harbor, called
by the natives Aunatok, or the Thawing Place, we met
with huts in quite tolerable preservation, with the stone
pedestals still standing, which used to sustain the carcasses
of captured seals and walrus. Sunny Gorge, and a large
indentation in Dallas Bay which bears the Esquimaux
name of the Inhabited Place, showed us the remains of a
village, surrounded by the bones of seals, walrus, and
whales — all now cased in ice. In impressive connection
with the same facts, showing not only the former exten-

* Arctic Explorations, vol. i. p. 308.
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sion of the Esquimaux race to the higher north, but the
climatic changes which may perhaps be in progress there,
is a sledge runner which Mr. Morton saw on the shores of
Morris Bay, in latitude 81°. It was made of the bone of
a whale, and worked out with skilful labor.”

On page 158 of the second volume occurs a further
description of the Dallas Bay remains. “On the south-
east corner of this bay, where some low islands at the
mouth of the fiord formed a sort of protection against the
north wind, was a group of Esquimaux remains — huts,
cairns, and graves. Though evidently long deserted, my
drivers ” (native Esquimaux) “seemed to know all about
them, for they suspended the hunt around the bergs to
take a look at these evidences of a by-gone generation of
their fathers.

“There were five huts with two stone pedestals for the
protection of meat, and one of those strange little kennels
which serve as dormitories when the igloé is crowded.
The graves were higher up the fiord : from these I obtained
a knife of bone, but no indications of iron.

“These huts stood high up upon a set of shingle ter-
races similar to those of Rensselaer Bay. The ice-belt
at their foot was old and undisturbed, and must have been
so for years; so too was the heavy ice of the bay. Yet
around these old homesteads were bones of the seal and
walrus, and the vertebrae of a whale, similar to that at the
igloé of Aunatok. There must have been both open water
and a hunting-ground around them, and the huts had in
former days been close upon the water-line. ‘Una suna
nuna,” ¢ What land is this, Kalutuna ?’ I did not under-
stand his answer, which was long and emphatic; but 1
found from our interpreter that the place was still called
¢ the inhabited spot;’ and that a story was well preserved
among them of a time when families were sustained be-
side its open water, and musk-ox inhabited the hills.”

The bearing of the foregoing facts is plain. Assuming
the annual amount of heat received by the earth from the
sun to be always the same, a decrease in inclination of the
terrestrial axis must have the effect to accumulate heat in
the direction of the equator, at the expense of polar areas.
But from the small proportion of the earth’s surface com-
prised within the limits of the polar circles, as compared
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with that embraced within the torrid and temperate zones,
amounts of heat which, taken from the former, would there
produce sensible results, when distributed over the whole
extent of the latter, cannot be supposed capable of pro-
ducing any appreciable effect. The surface of the earth,
also, being less convex near the poles than elsewhere,
owing to its oblato-spheroidal figure, as the terrestrial axis
of rotation approaches perpendicularity with the ecliptic,
the value of the mean inclination of the sun’s rays from
the vertical must increase in an accelerating ratio, as
compared with such an increase in lower latitudes. Thus
the effect of diminishing inclination, accelerated as above
described, may be assumed as sufficient to produce, within
a century or two, sensible climatic changes in polar lati-
tudes, while the correlative variation in tropical and tem-
perate limits would not become observable in periods
short of tens of thousands of years at least.

Before entering upon our contemplated survey of former
diversities of climate, we ought to accustom our minds to
the consideration of the rate at which the determining
motion or cause progresses. It is necessary that we
should acquire as accurate an idea as possible of its almost
infinitesimal slowness.

The centennial amount of the diminution of the obliquity
of the ecliptic was, at first, stated by astronomers to be
51" ; but later and more reliable calculations have reduced
the value of it to 48''; that is, the earth’s axis becomes by
48" in each one hundred years, nearer to perpendicularity
with the ecliptic; and in reverse order, each one hundred
years in our contemplated retrospect is to be considered
as adding 48" to the present amount of obliquity, viz.,
23° 28'. If we divide the number of seconds contained
in a degree by 48, we find that it requires seventy-
five centuries, or seven thousand five hundred years, to
change the direction of the earth’s axis one degree. Now,
when we consider the slight importance, as affecting
climate, attributed by Lyell to the admitted amount of
this motion,—he, on the authority of Sir John Her-
schel, assuming it to be a mere oscillation of the pole,
extending, possibly, for three or even four degrees about
a common mean, and intimating that a variation of at least
four degrees would be required, conjointly with various
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other supposititious causes to make it of geological inter-
est,* — when we come to view it alone as the primary and
only cause, wholly unaided by, and independent of, all
other agencies, we are enabled to realize, in some measure,
the almost inconceivably slow rate at which its effect on
the terrestrial climate must proceed. It may safely be
assumed, therefore, that while the effect of 5° equal in
time to 37,500 years, might be barely perceptible in
middle latitudes, 10°, or 75,000 years, at least, would be
required for it to bring about marked changes. The
present value of the inclination being about 23° 28’ by
the above process we find that a period of 176,000 years
will be required to bring the ecliptic coincident with the
equator, and, retrospectively, another of 499,000 years
must have elapsed since the coincidence of the polar axis
with the same — intervals of time so vast that the human
mind is entirely incapable of forming any adequate con-
ception of their duration.

Granted the inherent susceptibility of organic forms to
modification, in however slight a degree, what changes
are not possible in such stupendous epochs?

Finding ourselves now in possession of a rule by which
we may, approximately, locate in time any era of the past,
the conditions of which shall enable us to determine with
any degree of accuracy the direction of the earth’s axis,
or, rather, the relative positions of the earth and sun, we
proceed with our investigations.

We have seen that, excepting in extreme polar areas,
no fundamental changes of climate have taken place upon
the earth within the historical period; and, in accordance
with our mode of computation, we may conclude that none
would be observable were the time embraced therein
quadrupled. We observe, therefore, in the times immedi-
ately anterior to the historical, according to Lyell,+ “no
indications of any marked divergence from the present
condition of things, whether in the memorials of the age
of bronze or in those of the neolithic age which preceded
it,” — the term ¢ Neolithic” being used, as the author
observes in an appended note, “for this more modern
age of stone, calling the older stone period, that in which

* Prin. of Geol., vol, i. p. 294. + Prin. of Geol., vol. i. p. 174.
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man was contemporary with many extinct mammalia,
¢ Paleeolithic.””

The next antecedent era, included in and intermediate
between the above-mentioned subdivisions of the age of
stone, “is that designated by the late M. Lartet ¢ the Rein-
deer period, when that northern animal, together with
several others fitted for a cold climate, extended its range
to the foot of the Pyrenees. The mammoth and cave lion,
quadrupeds more characteristic of an anterior period,.
have been found sparingly in this fauna, and another
extinct quadruped, the Irish elk, or gigantic deer.”

Up to the present time, geologists have been unable to
discover data of any kind by which the amounts of time
embraced within the various geological periods could be
determined, and mere conjecture has been their only
resource. “ Whenever any thoughtful geologist is asked,”
says Professor Huxley,* “ what may be the approximate
value in time of a ¢great epoch’— whether it means a
hundred years, or a thousand, or a million, or ten million
years, — his reply is, ‘I cannot tell ;’” and the same ob-
servation has been applicable to the lesser divisions of time
we are now considering. Although our system enables
us, with accuracy, to locate in time certain marked eras,
such, for instance, as the intermediate point of the glacial
period, in regard to these subdivisions of so-called post
pliocene times, we can only form judgments of more or
less accuracy, according to the amount of information we
may possess in relation to them. Evidently, there is at
present less danger of overrating than underrating the
time ; and, finding in the reindeer period, in the extended
southerly range of northen -types of animals, the first
marked effect of increased obliquity in middle latitudes,
we may conclude that such increase must have been
somewhere mnear 10°, equal in time to 75,000 years; and
this may be taken as an approximation to the true date of
the reindeer period.

It is to be remembered that we are not, as has been
supposed, approaching, in the glacial epoch, a period
characterized by an absolute decrease in the mean tem-
perature of the whole earth. On-the contrary, we are to

* Lay Sermons, Addresses, and Reviews, p. 209.
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regard that epoch as one of highly contrasted seasons,
in which exceedingly warm summers were succeeded by
winters of arctic severity. Without entering into any dis-
cussion of the probable climatal effect of an increase of 20°
in the annual course of the sun, north and south, its ascent
to a height of more than 33° above the horizon, during the
summer, at the poles, makes it appear quite possible that
in the reindeer period, the progenitors of the present
Esquimaux tribes were able to subsist within nearly if
not all the regions of the polar circles.

The determination of solar heat from the poles in the
direction of the equator, consequent on an increased
annual mean inclination of the sun’s rays caused by the
gradually decreasing inclination of the earth’s axis of
diurnal rotation, is shown by the migration southward, in
comparatively modern times, of the marine molluscous
fauna of northern coasts. In Norway there are ancient
sea-beaches which are now elevated six and seven hun-
dred feet above the level of the ocean, “in which,” says
Lyell, “the shells are identical with those now living,
although their geographical distribution has somewhat
altered, the fossil species constituting an assemblage which
at present characterizes the sea several degrees farther
north.” * On the supposition that the average rise of the
land has been at the rate of two and a half feet in a hun-
dred years, a period of 28,000 years has been required
to raise some of these beaches from the sea level to
their present altitude, and effect a change of climate, as
above indicated, equal to the difference existing between
places separated by several degrees of latitude. At the
present known rate of progression, namely, 48" per cen-
tury, 28,000 years would change the direction of the
terrestrial axis about 3° 6/, which might possibly suffice
in those latitudes to accomplish this amount of climatal
change ; although, when we regard the changing condi-
tions that have caused this southerly migration as depend-
ing less on an absolute decrease in mean temperature than
on the colder and colder winters of an increasing obliquity,
this lapse of time may seem too short. By referring to
chapter xxxi. vol. ii. of the “ Principles of Geology,”

* Prin. of Geol., vol. i. p. 133.



THEORY OF THE EARTH. 31

where the rising of land in Scandinavia is treated of at
length, the reader will learn that the above estimated rise
of twoand a half feet per century is probably much too
large, it being quite possible the same may not have been
more than one fifth as much. The time, then, when those
beaches constituted the actual coast line of Norway, in-
stead of being 28,000 years ago, may have been anywhere
from that number up to 140,000. Assuming, as a mean,
that the actual rise has been one half of the largest esti-
mate, or one and one quarter feet per centary, and the
time, in consequence, 56,000 years, the increase in the
degree of inclination of the terrestrial axis would be some-
what in excess of T1° over the present amount. We may
with safety consider even so slight a change as this
implies in the relative positions of the earth and sun, as
sufficient to produce the observed effect; first, by the
increased heat of the summers, and secondly, by the ten-
dency of the movement to produce a more equal distribu-
tion of solar heat throughout all latitudes. There need be
no hesitation, therefore, in accepting the fact of such
change in climate as legitimate evidence of the persistive
or rotatory nature of this motion of the earth. As furnish-
ing us with the first indication in temperate latitudes of
an approach towards the peculiar conditions of the glacial
period, we may assign as the time when those ancient
beaches formed the sea-coast line of the country, a point
in the geological record somewhat intermediate between
the neolithic and the earlier division of the 2ge of stone.

Passing over this intermediate portion of the age of
stone, “which,” says Lyell, “is as yet but vaguely and
imperfectly defined, we come to the older stone age, or
¢ Palaeolithic period,’ comprising the ancient river-gravels
of Amiens and Abbeville in France, and of Salisbury
and Bedford in England, and the superficial deposits
of many other parts of Europe. Here, for the first time
in our retrospect, we encounter the bones of a large
number of extinct species of the genera elephant, rhi-
noceros, bear, tiger, and hyena, associated with the re-
mains of living animals and of man. The human relics
consist almost entirely in North-western Europe, of unpol-
ished flint implements of a type different from those of the
later or neolithic era, implying a less advanced state of
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civilization. The gravels containing such works of art
and bones of extinct animals belong to a time when some
of the minor features of the physical geography were
different from those now characterizing the same part of
Europe, a discordance which does not hold true of the
more modern or neolithic times. The valleys of the more
ancient of the two periods had not acquired their present
width, depth, and outline. The bones of man and rude
works of art occur also in caves associated with the re-
mains of mammalia similar to those of the palseolithic
gravels above mentioned. The enormous volume of allu-
vial matter formed in the channels of the old rivers, the
contorted stratification of some parts of such alluvium,
and the large size of many of the transported stones which
it contains, imply a climate which generated much snow
and ice in winter, and a mean annual temperature lower
than that now found in the same parts of Europe.” *

The above-cited facts are clearly indicative of a pro-
gressive change of climate, such as must ensue from the
continued operation of the cause we have assigned. We
observe in the paleolithic age abundant remains of nu-
merous species of the larger mammals, animals that
were, evidently, especially adapted to the widely diver-
sified seasons of the glacial period, which was now ap-
proaching its termination; for we see them gradually
decrease in number as the contrasts of seasons diminish
through this and subsequent periods, until they finally
become extinct. The periodical congregation, in caverns,
of large numbers of many species of animals, is illustrated
by the cave deposits of this era; and we behold, too, the
rude men of the time seeking, in natural and artificial
subterranean habitations, refuge both from the rigorous
cold of the winters, which generated much ice and snow,
and the excessive heats of the midsummers, intensified as
they were by the increased altitude and long continuance
of the: sun above the horizon. The sudden liquefaction,
on the approach of summer, of the large deposits of snow
and ice generated during the winter, by enormously in-
creasing the volume of water in the rivers, may be
considered as furnishing a cause amply sufficient, even

* Prin. of Geol., vol. i. p. 175.
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if the annual amount of effect was comparatively small,
operating as it did throughout so vast an interval of time,
to account for the superficial changes mentioned, due to
fluviatile action; such as the deposition of large beds of
alluvial matter, and the effects of the process of denuda-
tion by which the physical features of the valleys suffered
so much change. The world at present furnishes no
instance by which we may correctly estimate the value
of these agencies in effecting the superficial terrestrial
transformations of the glacial period. While it is true
that certain localities now experience winters much more
severe than those of the places mentioned in Paleseolithic
times, the fact that they are not followed, as were the
latter, by more or less sudden transitions to the heat of
tropical summers, is sufficient to determine the absence
of this class of phenomena at the present time.

Another remarkable confirmation of the correctness of
our views relative to the climatal peculiarities of the earlier
portion of the age of Stone, occurs on page 568, vol. ii., of
“ Principles of Geology.” In alluding to the drift of the
south of Hampshire, in which flint implements of the
Palzolithic age have been found, in order to explain the
destruction. of large masses of chalk, and the spreading
of the flinty material originally dispersed in layers
through it, over the ancient surface, enveloping at the
same time the implements before mentioned, we must
have recourse, he says, to ice action. “An extreme
climate, causing a vast accumulation of snow during a
cold winter, and great annual floods when this snow was
suddenly melted in the beginning of the warm season, may
best account,” he thinks, for the phenomena.

This transfer of material by diluvial agency, a process,
when proceeding on an extensive scale, we may suppose
to be peculiar to glacial times, indicates that we have, in
the earlier part of the age of Stone, already reached the
immediate confines of the so-called Post Pliocene Glacial
period ; and it is this agency, gradually increasing in"effi-
ciency as the tens of thousands of years slowly roll by,
that, although producing but little change in any one year
or century perhaps, in the grand aggregate of more than
half a million years, has completely revolutionized the
superficial aspect of the globe.

3
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If we assign as the probable date of the earlier part of
the age of Stone that obtained by doubling the one assumed
for the later, Palw®olithic times go back one hundred and
fifty thousand yvears from the present; and from thence
to the intermediate point of the Ice period remains the
immense interval of three hundred and forty thousand
years; and this latter number, vast as it is, must be
doubled in order to arrive at the full duration of the drift
or glacial interval of the great Pliocene period.

From the identical nature of the phenomena character-
izing this glacial interval, geologists have been unable to
draw any very definite lines of division within it. The
climate of the supposed later portions of it is considered
by Lyell under the heads of “ Climate of the Mammoth
and its Associates,” and ¢ Climate of European Drift and
Cave Deposits.”” It scarcely need be stated that these
terms designate no well-defined periods of time. The
animals referred to, the mammoth and its contemporaries,
are, we believe, to be looked upon as the modified descend-
ants of those living in the ages preceding the drift, when
climate was essentially the same as now; the species that
have become extinct being those whose constitution and
habits became by degrees so closely adapted to the pecu-
liar conditions of the glacial epoch, that on the gradual
modification of those conditions, consequent on the return
of the former climatic state, they became exterminated;
while the species that have continued in existence to the
present time are those which were less closely adapted
to such conditions, or were possessed of greater plasticity
of constitution.

“ Geologists,” says Lyell, “ when they first examined
the fossils of the drift, approached the subject with the
fullest conviction on their minds that the climate of the
globe in the olden times was warmer than it is now. This
opinion they had legitimately derived from the study.of
the Tertiary and Secondary rocks, and when they encoun-
tered the bones of the elephant, rhinoceros, hippopotamus,
lion, tiger, and hyena plentifully entombed in the old river
gravels above mentioned, and in the contemporaneous
mud and breccia of caverns, they concluded, without hesi-
tation, that as all the genera alluded to are now character-
istic of warmer latitudes, their presence was in perfect
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harmony with the received doctrine. The fact that the
numerous land and fresh-water shells accompanying the
same fossils were almost without exception identical with
those now inhabiting the same country, ought doubtless
to have served as a warning against the belief in a hotter
climate; but the well-known forms of many large and
conspicuous mammalia made a greater impression on their
minds than the comparatively diminutive mollusca, with
which few were familiar. The late Dr. Fleming, however,
before the notion had gained ground that a glacial epoch
had intervened between tertiary and historical times,
called in question, in 1829, the opinion that the bones of
the elephant and rhinoceros, and other associated pachy-
derms and beasts of prey, implied a tropical climate. A
near resemblance, he observed, in form and osteological
structure is not always followed in the existing mammif-
erous fauna by a similarity of geographical distribution ;
and we must therefore be on our guard against deciding
too confidently, from mere analogy of anatomical structure,
respecting the habits and physiological peculiarities of
species now no more. ‘The zebra,’ he remarked, ¢ delights
to roam over the tropical plains; while the horse can
maintain its existence throughout an Iceland winter. The
buffalo, like the zebra, prefers a high temperature, and
cannot thrive even where the common ox prospers. The
musk-ox, on the other hand, though nearly resembling the
buffalo, prefers the stinted herbage of the arctic regions,
and is able, by its periodical migrations, to outlive a north-
ern winter. The jackal (Canis aureus) inhabits Africa,
the warmer parts of Asia, and Greece ; while the isatis, or
arctic fox (Canis lagopus), resides in the arctic regions.
The African hare and the polar hare have their geographical
distribution expressed in their trivial names ;’ and different
species of bears thrive in tropical, temperate, and arctic
latitudes.

“ Other writers soon followed up the same line of argu-
ment, and Mr. Hodgson, among others, in his account of
the mammalia of Nepal, stated that the tiger was some-
times found at the very edge of perpetual snow in the
Himalaya. Pennant had previously mentioned, that it had
been seen among the snows of Mount Ararat in Armenia,
and later authorities have placed it beyond all doubt that
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a species of tiger identical with that of Bengal is common
in the neighborhood of Lake Aral, near Sussac, in the forty-
fifth degree of North latitude. Humboldt remarks, that
the part of Southern Asia now inhabited by this Indian
species of tiger is separated from the Himalaya by two
great chains of mountains, each covered with perpetual
snow, — the chain of Kuenlen, lat. 35° N., and that of
Mouztagh, lat. 42°,— so that 1t is impossible that these
animals should merely have made excursions from India,
so as to have penetrated in summer to the forty-eighth
and fifty-third degrees of North latitude. They must re-
main all the winter north of the Mouztagh, or Celestial
Mountains. The last tiger killed, in 1828, on the Lena, in
lat. 521°, was in a climate colder than that of St. Peters-
burg and Stockholm.

“ A species of panther (Felis irbis), covered with long
hair, has been discovered in Siberia, evidently inhabiting,
like the tiger, a region north of the Celestial Mountains,
which are in lat. 42°.

“In regard to the climate of the living elephant, the
Rev Robert Everest observes, that the greatest elevation
at which it is found in a wild state is in the north-west
Himalaya, at a place called Nahun, about 4,000 feet above
the level of the sea, and in the 31st degree of N. lat.,
where the mean yearly temperature may be about
64° Fahrenheit, and the difference between winter and
summer very great, equal to about 36° F., the mouth
of January averaging 45° and June, the hottest month,
91° F.

“Von Schrenck, writing in 1858, announced that in
Amoorland, part of North-Eastern Asia, then recently
annexed to the Russian Empire, no less than 384 out
of 58 living quadrupeds are identical with Kuropean
species. Among those which are not European, some
are arctic, others of tropical forms; in illustration of
which, he states that the Bengal tiger, ranging some-
times northwards as far as lat. 42°, subsists chiefly on the
flesh of the reindeer, while on the other hand, the small
tailless hare or pika occasionally wanders from its polar
haunts to parts of Amoorland as far south as 48°. In
America, the jaguar has been seen wandering from Mexico
as far north as Kentucky, lat. 37° N., and in the opposite
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direction as far as 42° S. in South America, — a latitude
which corresponds to that of the Pyrenees in the northern
hemisphere. The range of the puma is still wider, for it
roams from the equator to the Straits of Magellan, being
often seen at Port Famine, in lat. 53° 38’ S. When the
Cape of Good Hope was first colonized, the two-horned
African rhinoceros was found in lat. 34° 29’ 8., accom-
panied by the elephant, hippopotamus, and hyena. Here
the migration of all these species towards the south was
arrested by the ocean; but if the African continent had
been prolonged still farther, and the land had been of mod-
erate elevation, it is highly probable that they might have
extended their range to a greater distance from the
tropics.” *

These interesting and highly important facts are brought
forward in support of the erroneous impression that the
extinct mammals of the drift might have inhabited the
regions where their remains occur, at a time when the
mean annual temperature was considerably lower than it
is at present.

The living representatives of the genera to which they
belong are now almost invariably inhabitants of the warm
latitudes of the earth; and it is evident, therefore, that a
gradual change from a colder to a warmer climate would
bave been favorable, rather than otherwise, to them. If,
then, in those northern latitudes the conditions determin-
ing the existence of these animals, from that time to the
present, have been undergoing a modification favorable to
them, why are not their descendants still found there ?
Why have these species been completely exterminated ?
And if this large amount of extinction has proceeded from
other than climatal causes, why are not their vacant places
now filled by other analogous forms, in accordance with
the established laws of nature? The facts appear to be
clearly irreconcilable with the hypothesis. If, on the
other hand, we view them in connection with the idea of
a climate exhibiting the diversity of seasons which must
follow a large degree of obliquity, we immediately experi-
ence the consciousness of having entered upon the right
line of inquiry. The facts show that all, or at least nearly

* Prin. of Geol., vol. i. p. 176.
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all animals are capable of adapting themselves to great
extremes of heat and cold, provided adequate supplies of
food can be obtained by them throughout the year. The
variety and abundance of the fauna of any given locality
are, therefore, directly determined by the supply of nutri-
tious plants it furnishes, and only indirectly by climatal
conditions as affecting the development of such plants.
If, therefore, we conceive of tropical summers occurring
in high latitudes, producing a vegetation more or less
analogous to that now characteristic of southern climes,
together with an essentially tropical fauna, so modified,
as will hereafter be seen, in structure and habit, as to be
able to endure severe cold, the seeming anomaly of a
southern fauna inhabiting countries situated within the
polar circles, or other localities subject to severe winters,
receives a rational and complete explanation.

It does indeed, at first sight, appear impossible that
these animals, typical as they are of the tropics, should be
able to live through winters such as must ensue from
the total absence of the sun. Allowing them able to with-
stand the cold, where could they have found appropriate
food? The facts developed as we proceed, taken in con-
nection with such agencies as migration, hibernation, and
the capacity of taking on, in summer, stores of adipose
material for winter use, will, it is thought, be sufficient to
show how the herbivorous tribes were carried through.
Having provided for them, we need not concern ourselves
regarding the carnivorous genera.

The acuteness of observers in availing themselves of
seemingly trivial chance incidents, has enabled us to verify
the proposition that the outward form and osteological
structure of a living animal may closely resemble that
of its extinct prototype, at the same time that the habits
and physiological peculiarities of the two may differ
widely. In certain parts of Siberia, in which country
the fossil remains of the mammoth, though widely spread
over Europe and North America, are found in the great-
est profusion, not only the bones, tusks, and teeth, but also
the soft parts of the structure, sometimes the entire car-
casses of those animals, have been found in a wonderful
state of preservation, imbedded in ice and frozen mud.

“In 1772, Pallas obtained from Wiljuiskoi, in lat. 64°,
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from the banks of the Wiljui, a tributary of the Lena, the
carcass of a rhinoceros (A. tichorhinus), taken from the
sand in which it must have remained congealed for ages,
the soil of that region being always frozen to within a
slight depth of the surface. This carcass, which was com-
pared to a natural mummy, emitted an odor like putrid flesh,
part of the skin being still covered with short crisp wool
and with black and gray hairs. In allusion to the quan-
tity of hair on the foot and head conveyed to St. Peters-
burg, Pallas asked whether this animal might not bhave
inhabited a cold region of Middle Asia, its clothing being
so much warmer than that of the African rhinoceros.

“Professor Brandt, of St. Petersburg, in a letter to
Baron Alex. Von Humboldt, dated 1846, adds the follow-
ing particulars respecting this wonderful fossil relic: —
‘I have been so fortunate as to extract from cavities in
the molar teeth of the Wiljui rhinoceros a small quantity
of its half-chewed food, among which fragments of pine
leaves, one-half of the seed of a polygonaceous plant, and
very minute portions of wood with porous cells (or small
fragments of coniferous wood), were still recognizable. . .’

“Thirty years after the discovery of the rhinoceros by
Pallas, the entire carcass of a mammoth was obtained in
1803, by Mr. Adams, much farther to the north. It fell
from a mass of ice, in which it had been encased, on the
banks of the Lena, in lat. 70°; and so perfectly had the
soft parts of the carcass been preserved, that the flesh, as
it lay, was devoured by wolves and bears. This skeleton
is still in the museum of 'St. Petersburg, the head retain-
ing its integument and many of the ligaments entire.
The skin of the animal was covered, first, with black bris-
tles, thicker than horse-hair, from twelve to sixteen inches
in length ; secondly, with hair of a reddish-brown color,
about four inches long; and thirdly, with wool of the same
color as the hair, about an inch in length. Of the fur,
upwards of thirty pounds’ weight were gathéred from the
wet sandbank. The individual was nine feet high and
sixteen feet long, without reckoning the large curved
tusks: a size rarely surpassed by the largest living male
elephants.

“ Tt is evident, then, that the mammoth, instead of being
naked, like the living Indian and African elephants, was
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enveloped in a thick shaggy covering of fur, probably as
impenetrable to rain and cold as that of the musk-ox.
The species may, as Cuvier observed, have been fitted
by nature to svithstand the vicissitudes of a northern cli-
mate ; and it is certain that, from the moment when the
carcasses, both of the rhinoceros and elephant, above de-
scribed, were buried in Siberia, in latitudes 64° and 70°
N., the soil must have remained frozen, and the atmosphere
as cold as at this day. The discoveries made in 1843 by
Mr. Middendorf, a distinguished Russian naturalist, and
which he communicated to me in September 1846, afford
more precise information as to the climate of the Siberian
lowlands, at the period when the extinct quadrupeds were
entombed. One elephant was found on the Tas, between
the Obi and Yenesei, near the Arctic circle, about lat.
66° 30’ N., with some parts of the flesh in so perfect a
state that the ball of the eye is now preserved in the
Museum at Moscow. Another carcass, together with a
young individual of the same species, was met with in the
same year, 1843, in lat. 75° 15’ N,, near the River Taimyr,
with the flesh decayed. It was imbedded in strata of
clay and sand, with erratic blocks, at about fifteen feet
above the level of the sea. In the same deposit Mr. Mid-
dendorf observed the trunk of a larch tree (Pinus larix),
the same wood as that now carried down in abundance by
the Taimyr to the Arctic Sea. There were also associated
marine shells of living northern species, and which are
moreover characteristic of the drift or glacial deposits of
Scotland and other parts of Europe.” *

These instances, and especially the one last cited, indi-
cate with satisfactory precision that those remains are to
be referred to the later portion of the glacial period : — to
a time when, from the prevalence of a difference in the
method of distribution of the whole annual amount of solar
heat over the earth’s surface, there was far less contrast
between the mean annual temperature of middle and high
latitude, or rather of all latitude, than there is now, and
also when the decrease of obliquity from a still larger
former amount had so far tended to equalize the seasons
in those northern locations, that the decreasing heat of the

* Prin. of Geol., vol. i. p. 181.



THEORY OF THE EARTH. 41

summers had become insufficient to thaw the ground to
any considerable depth, or entirely liquefy the masses of
snow and ice accumulated during the winters. It can be
scarcely necessary to note the significance of the fact of
these animals abounding in the vicinity of the pole during
the glacial period. It certainly cannot consistently be
construed so as to sustain the theory of an absolute rela-
tive decrease in the temperature of all latitudes of the
earth—of a “ Cosmic” or “ Geologic Winter.”

After informing us that similar remains are found im-
bedded in cliffs of frozen mud and ice, on the east side of
Behring’s Straits, in Eschscholtz Bay, lat. 66° N., in
Alaska, Lyell continues: “In 1866, in the flat country
near the mouths of the Yenesei, between lat. 70° and
75° N., many skeletons of mammoths were found retaining
the skin and hair. The heads of most of them are said
to have been turned towards the south. So late as 1869-
70, an exploring expedition was made by Herr Von May-
dell, under the direction of the Academy of St. Peters-
burg, to the river Indigiska, to examine some remains said
to have been discovered there. We learn from M. Brandt
that the travellers found the skin and hair as well as the
bones of the Elephas primigenius at two points on the
river, about thirty miles distant from each other, and
sixty-six miles from the Arctic Sea.” *

These remains of the mammoth and its associates, which
are to be met with in more or less abundance from the
extreme northern limits of man’s explorations to as far
south as Rome in Europe, and the Gulf of Mexico in
North America, indicate within the period of the drift
conditions highly favorable to the development of animal
life. The chief prerequisite to this end is an ample supply
of food for the herbivorous tribes ; and with that in abun-
dance, it may safely be inferred that the known laws of
variation would superinduce such modifications in all as
might be needed to adapt them to the peculiar circum-
stances surrounding them. We behold in these remains,
therefore, the relics of animals which, like their living rep-
resentatives, were essentially tropical or sub-tropical in con-
stitution, and which, during the summers of those times,

* Prin. of Geol., vol. i. p. 183.
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flourished in the enjoyment of a warmth and abundance
such as their descendants now experience in the jungles
of the south; yet, as we have accidentally learned, so
modified in being provided with a heavy, warm covering
of hair and wool combined, and also in being rendered
capable of subsisting on the leaves and twigs of ever-
green and other trees, during the suspended growth of
more succulent and nutritious vegetation, together with
habits of migration, and perhaps other unknown means,
as to be able to live through the severe winters.

In relation to the capacity of these ancient animals to
subsist on the kind of food above indicated, Lyell tells us
that Dr. Fleming “ had hinted ¢ that the kind of food which
the existing species of elephant prefers will not enable us to
determine, or even to offer a probable conjecture, concern-
ing that of the extinct species.” No one, he said, acquaint-
ed with the gramineous character of the food of our
fallow-deer, stag, or roe, would have assigned a lichen to
the reindeer.” * And this suggestion was made long before
the discovery, by Brandt, of the fossil pine leaves and
woody fibre in the molar of the Siberian rhinoceros.

On the authority of Professor Owen we are further
informed, “that the teeth of the mammoth differ from
those of the living elephants, whether Asiatic or African,
having a larger proportion of dense enamel, which may
have enabled it to subsist on the coarser ligneous tissues
of trees and shrubs. In short, he is of opinion, that the
structure of its teeth, as well as the nature ot its epider-
mis and coverings, may have made it ‘a meet companion
for the reindeer.””

In endeavoring to account for these remains being
found in locations so far to the north, Lyell supposes they
may have been transported thither from more southern
latitudes by river currents. The great rivers of Siberia
flowing from south to north, from temperate to arctic
regions, “are all liable,” he says, “like the Mackenzie, in
North America, to remarkable floods, in consequence of
flowing in this direction. For they are filled with running
water in their upper or southern course when still frozen
over for several hundred miles near their mouths, where
they remain blocked up by ice for six months in every

* Prin. of Geol., vol. i. p. 185.
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year. The descending waters, therefore, finding no open
channel, rush over the ice, often changing their direction,
and sweeping along forests and prodigious quantities of
soil and gravel mixed with ice. Now the rivers of Siberia
are among the largest in the world, the Yenesei having a
course of 2,500, the Lena of two 2,000 miles; so that we
may easily conceive that the bodies of animals which fall
into their waters may be transported to vast distances
towards the Arctic Sea,and, before arriving there, may be
stranded upon and often frozen into thick ice. Afterwards,
when the ice breaks up, they may be floated still farther to-
wards the ocean, until at length they become buried in fluvi-
atile and submarine deposits near the mouths of rivers.” *

If these relics of glacial times occurred only in the
above described situation, — in fluviatile deposits of large
rivers flowing from the south to the north, and there only in
very rare, exceptional instances, — this hypothesis might,
perhaps, be considered more or less probable. Such, how-
ever, is far from being the case ; for fossils of this class
are found in greater or less abundance, in all conceivable
situations, throughout the northerly portions of both the
eastern and western continents of the mnorthern hemi-
sphere ; and this fact alone releases us from the necessity
of having recourse to Lyell’s improbable supposition, and
leads to the natural and consistent view that the animals
in question were denizens of all the regions where their
remains are found, and that those regions, even if they
may hereafter be found to extend to the pole itself, were
in paleolithic and glacial times, in climatic conditions,
vegetable productions, and so forth, specially adapted to
their needs.

Lyell asserts on page 184, what is undoubtedly true,
“that the ice or congealed mud in which the bodies of
such quadrupeds were enveloped, has never once been
melted since the day when they perished, so as to allow
the free percolation of water through the matrix; for had
this been the case, the soft parts of the animals could not
have remained undecomposed.”

Without venturing any suggestion as to the origin of
the marine shells present in the river Taimyr deposits, it
is evidently impossible that they, or any other of the glaci-

* Prin. of Geol. vol. i. p. 186.
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ated formations containing undecomposed portions of soft
animal tissue, could have remained for any considerable
time under the waters of the sea without attaining a tem-
perature sufficiently high to insure their liquefaction, and
the consequent decomposition of the imbedded carcasses ;
and it may be considered reasonably certain that the strata
in question, since their deposition, have never been sub-
merged beneath the water of the ocean.

Corroborative of this view, and at the same time afford-
ing light in regard to the peculiarities of the prevailing
climate of those times, are the peculiar states or conditions
in which the Siberian remains are found. The dried-up,
mummy-like appearance of the Wiljui rhinoceros may be
supposed to afford a correct indication of the state of the
atmosphere at the time of the animal’'s demise. It is
equally impossible either that the carcass could have been
immediately frozen up and enveloped in its icy covering,
in which case the flesh would have been preserved in the
fresh state characterizing other specimens which were
undoubtedly so frozen and enveloped, or that it could have
been subjected to the influence of a warm and moist
atmosphere, such as would be favorable to the decomposi-
tion of animal substances. The peculiar state of preserva-
tion in which it was found indicates with precision a dry
and antiseptic quality of air like that now observable in
certain countries; a condition of the atmosphere likely to
ensue during the latter part of the summers of those times,
from the long continuance of the sun above the horizon.
So, also, the partially decomposed state of other speci-
mens —a condition that must bave preceded congelation
and inhumation — points with the same certainty to the
fact that a moist and warm state of atmosphere prevailed
at the time and place of the death of those individuals.

The rigorous cold incident to the winters of drift and
glacial times, is directly and convincingly shown by the
indelible traces left upon the rocks by ice; and although
no evidence of a strictly analogous character can be ad-
duced to indicate the prevalence of alternating hot sum-
mers, that which we can command, although less direct,
is every whit as positive and satisfactory. The former
presence, in great number, of herbivorous animals of large
size, belonging to species which require a high tempera-
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ture for their development, in regions where now the
prevailing climate renders impossible a vegetation ca-
pable of supplying them with food, and which during
no portion of the year exhibits the necessary conditions
for the development of those classes of forms, is suf-
ficient to authorize the conclusion that when they inhab-
ited such regions, some part of the year at least must
have exhibited the conditions of life on which their exist-
ence may naturally be supposed to depend. The first
and most important of these conditions is a high tempera-
ture, the others being more or less directly dependent
upon it. We are absolutely certain that the winters were
cold, and equally so that the animals in question were
provided with an adequate protection against such cold ;
although, unlike the reindeer and polar bear, incapable of
enduring a continuously low temperature. For, were that
not the case, their descendants would now be found occu-
pying the same territory. It is thus evident that they
could not exist except through the intervention of annual
seasons of warmth ; and their presence, therefore, is posi-
tive proof of such seasons, and is in direct contravention
to the idea of continuous cold, such as must result from
an absolute decrease in the terrestrial temperature.
Geologists recognize in the drift traces of the hot sum-
mers, and Lyell attributes them to intercalated periods of
warmth of comparatively long duration. As confirmatory
of the opinion that the men of the early stone age had often
to contend with a climate more severe than that now pre-
vailing in the same parts of Europe, after having stated that
at Fisherton, near Salisbury,in England,* ¢ one of the rude
flint implements of the earliest stone age was found in drift
containing the mammoth and Siberian rhinoceros, together
with the Greenland lemming and a Spermophilus, another
northern form of rodent allied to the marmot, besides the
tiger, hyena, horse, and other extinct and living species,”
he continues: “ But we find in some parts of the drift evi-
dence of a conflicting character, such as may suggest the
idea of the occasional intercalation of more genial seasons
of sufficient duration to allow of the migration and tempo-
rary settlement of species coming from another and more

* Prin. of Geol., vol. i. p. 191.
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southern province of mammalia, so that their remains were
buried in river gravels at the same level as the bones of
animals and shells of a more northern climate. . . . Bones
of the hippopotamus, of a species closely allied to that
now inhabiting the Nile, are often accompanied in the
valley of the Thames and elsewhere, by a species of
bivalve shell, Cyrena (Corbicula) fluminalis, now living
in the Nile and ranging through a great part of Asia
as far as Tibet, but quite extinct in the rivers of Europe.
Imbedded in the same alluvium with this shell, we find
at Grays in Essex, Unio lttoralis, a mussel no longer
British, but abounding in France in rivers more southern
than the Thames. The Hydrobia marginata is also a shell
sometimes met with in the drift, a species now inhabiting
more southern latitudes in Europe The kind of elephant
and rhinoceros accompanying the Cyrena at Grays (Z.
antiguus and B. megarhinus) are not the same as the mam-
moth and rhinoceros which occur with their flesh in the
ice and frozen mud of Siberia, or in those assemblages of
mammalia which have an arctic character in the drift of
England, France, and Germany. Some zoologists conjec-
ture that the fossil species of hippopotamus was fitted for
a cold climate, but it seems more probable,” says Lyell,
“ that when the temperature of the river water was con-
genial to the Cyrena above mentioned, it was also suited
to the hippopotamus.”’

The extraordinary assemblage upon intermediate ground,
not only of the organisms properly indigenous to it, but
those also of both arctic and subtropical latitudes, indi-
cated in the foregoing extracts, is, we believe, wholly
inconsistent with the theory of intercalated periods of
warmth occurring in the midst of the Glacial epoch. On
any view of the facts, it must be exceedingly difficult to
believe that anything analogous to the present climate of
Egypt prevailed in England for a length of time sufficient
for the migration, and even the temporary establishment,
of Egyptian species so far north, at a time when all the
rest of the earth’s surface was subject to what has for-
merly appeared to be a considerable reduction of the
ordinary normal temperature.

The contemporaneity of these fossils of the English drift
seems to be implied in their peculiar position. Lyell does
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not intimate but what they are scattered indiscriminately
throughout the entire formation, and the natural inference
is, that they are so disposed. In fact, he asserts that they
occur at the same level. Now, if these, under present
climatal conditions, geographically distinct classes of ani-
mals inhabited the British Isles in succession, the Sibe-
rian mammoth and rhinoceros, Greenland lemming, sper-
mophilus, and other arctic species, flourishing for a time,
being succeeded by a fauna analogous to that of the
present, and this last, after a time, giving place to
another, such as is now observed in latitudes twenty-five
or thirty degrees farther to the south, the remains of each
class would be found disposed in separate and distinct
layers, and not at random throughout the entire mass; and
therefore, until it shall be shown that they do occur in
such separate order, we have the right to assume that the
whole group of fossils are the remains of the indigenous
fauna of the British Isles during the period of the drift.

It by no means follows because a more or less dis-
tinct structural difference is observable between the ele-
phant and rhinoceros at Grays, and those specimens found
at Fisherton, that they were not all specifically adapted
to the same climatal conditions; for, after what we have
learned of their Asiatic contemporaries, it is very easy to
conceive that osteological differences might, in the cases
in point, co-exist with identity of habit, epidermatic simi-
larity, and a like exterior provision against severe cold.

The fauna of England in the drift period, then, included
animals belonging to three of the present geographical
classes, or types. Arctic, and subtropical species, and
those intermediate between the two, occupied at one and
the same time a common country as their chosen habitat.
Such an assemblage is alike inconsistent either with an
absolute increase or absolute decrease in mean tempera-
ture; for, if the climate, on the whole, was colder than
now, the subtropical tribes could not maintain existence ;
and if warmer, the arctic types must have perished. Such
a fauna, on the other hand, may be supposed perfectly
adapted to a climate exhibiting summers of tropical aspect,
in which the southern species would enjoy the peculiar
conditions of life suited to their wants; such summers
alternating with winters that should fulfil the require-
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ments of the arctic types; the whole fauna being so far
modified in structure and habit from present forms, as to
be able to maintain existence during those portions of the
year to which they may now, to us, seem more or less
specifically unadapted. From this stand-point, the facts
tending to show the prevalence of warmth during the drift
and glacial eras, instead of leading us through the forced
exercise of the imagination into vagaries more or less
absurd, find an appropriate place in the superstructure of
a just system, and we can understand how a modified
hippopotamus and Cyrena were able to co-exist with the
Siberian mammoth and rhinoceros, and Greenland lemming,
among mammals, and the Limnea among mollusks.

If we accept as probable the conclusion that the mam-
moth and its associates were denizens of, and able to
procure subsistence for themselves throughout the year
within regions now, at all seasons, presenting the appear-
ance of desolate and deserted icy wastes, by means of a
climate then prevailing, consequent on a large degree of
inclination of the earth’s axis, entailing great annual ex-
tremes of heat and cold; questions present themselves
relative. to the effect of such extremes on vegetation,
as affecting the supplies of food for those animals.

Without attempting, at this time, any extended discus-
sion of points invclved, it may be sufficient to observe
that the power of the perennial vegetation of temperate
climes, the seeds and spores of annual varieties of the
same, and, in very many instances also, the seeds and
spores of subtropical and tropical species to withstand
the effects of cold, has, as far as now known, no limit. It
is very probable that explorers in the vicinity of the poles
have experienced, approximately, the extreme degree of
terrestrial cold, which may be stated at about -70° or
—80° F. 1If this be a tolerably correct estimate of the ex-
cesses of cold of polar winters, alternating with seasons
altogether unworthy of being designated as summer, it is
plain that when such polar winters should be succeeded
by summers equalling them in duration, which summers
should, for a portion of the time, enjoy the effects of the
vertical rays of the sun, with no intervention of night, a
considerable reduction from the degree of rigor at pres-
ent observed may safely be allowed. The effect of an
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excess of cold on the flora of any given locality can be but
slightly, if indeed, in any degree, affected by the duration
of such excess; for, after such flora shall have assumed
its winter status, a fatal degree of cold would perform its
work upon it as effectually in a few hours as in as many
days or months, and whatever amount of rigor it could
withstand unharmed for a few hours it could also endure
for a whole winter. The frequent recurrence of brief
periods of excessive cold during the winters of the north-
western states of America and other exposed locations, —
the thermometer often indicating —40° and -50° F., and
even still greater degrees of cold, with no observable
detrimental effect upon the natural vegetation of such
places, is quite sufficient to demonstrate the ability of
the floras of temperate latitudes to withstand winters
approaching in severity those of polar regions.

Were we to admit, however, what there is not the
slightest necessity for doing, that excessively cold winters
would have a tendency, in the case in point, to produce a
stinted and scant flora, we still have the authority of
Darwin, as cited by Lyell, that even a vegetation of this
character is sufficient to sustain a large amount of animal
life.* ¢TIt has often been taken for granted that herbiv-
orous animals, of large size require a very luxuriant veg-
etation for their support; but this opinion is, acé¢ording
to Mr. Darwin, completely erroneous : — ‘It has been de-
rived,’ he says, ‘ from our acquaintance with India and the
Indian islands, where the mind has been accustomed to
associate troops of elephants with noble forests and impen-
etrable jungles. But the southern parts of Africa, from
the tropic of Capricorn to the Cape of Good Hope, although
sterile and desert, are remarkable for the number and
great bulk of their indigenous quadrupeds. We there
meet with an elephant, five species of rhinoceros, a hip-
popotamus, a giraffe, the Bos Caffer, the elan, two zebras,
the quagga, two gnus, and several antelopes. Nor must
we suppose that, while the species are numerous, the
individuals of each kind are few. Dr. Andrew Smith saw,
in one day’s march, in lat. 24° 8., without wandering
to any great distance on either side, about 150 rhinoce-

* Prin. of Geol., vol.1i. p. 189,
4
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roses, with several herds of giraffes, and his party had
killed, on the previous night, eight hippopotamuses. Yet
the country which they inhabited was thinly covered
with grass and bushes about four feet high, and still
more thinly with mimosa-trees, so that the wagons of the
travellers were not prevented from proceeding in a nearly
direct line.’

“In order to explain how so many animals can find
support in this region, it is suggested that the underwood,
of which their food chiefly consists, may contain much nu-
triment in a small bulk, and also that the vegetation has a
rapid growth ; for no sooner is a part consumed, than its
place, says Dr. Smith, is supplied by a fresh stock.”

From all of the foregoing facts Lyell infers that in the
time of the mammoth and of European drift and cave de-
posits, which time, if not actually an integral portion of
the Glacial period, must have been situated upon its im-
mediate confines, constituting, in fact, an era of transi-
tion from the climatal excesses of the ice period to the
comparative uniformity of later times, “a large region
in Central Asia, including, perhaps, the southern half of
Siberia, enjoyed, at no very remote period in the earth’s
history, a climate sufficiently mild to afford food for numer-
ous herds of elephants and rhinoceroses, of spectes distinct
Jrom those now living.” * He admits that elephants and
rhinoceroses would find it impossible to subsist, at the
present time, even in South Siberia; and therefore, ac-
cording to his theory, it must have been considerably
warmer, in the time of the mammoth, wherever that ani-
mal ranged, than at present. But as we proceed, we find
that contemporaneous European deposits indicate a tem-
perature, “according to Mr. Prestwich, 20° Fahrenheit
colder than now, or such as would now belong to a coun-
try from 10° to 15° of latitude more to the north.” +

At a time, therefore, when the climate of “ Central Asia,
including, perhaps, the southern half of Siberia ’ — an area
included between the forty-fifth and sixtieth parallels of
north latitude — was considerably warmer than now, the
climate of that portion of Europe comprised within the
same limits was twenty degrees colder than now; and

* Prin. of Geol., vol. i. p. 188. t Ibid. 190.
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our assent is required to the belief that the causes as-
signed by Lyell to account for former climatic variations,
hereafter to be considered, operated, during the era in
question, to produce, at different places situated in the
same latitude, a difference in mean annual temperature
equal at least to 40° F. This amount of difference is suffi-
ciently extraordinary to test our credulity to its utmost
extent when predicated of points that might happen to be
subjected to the extremes of the various local influences
affecting climate ; but when it is sought to make it gen-
eral, — to extend it over the major portions of two vast
continents, — there seems to be no rational alternative but
to reject it as entirely inadmissible. Opposed also to
Lyell’s theory, which endeavors to assign a limit to the
northerly range of the mammoth and contemporaneous
animals, is the fact that their remains are to be found in the
eastern hemisphere, as far north as the seventy-fifth par-
allel, and on the American continent, up to the sixty-sixth
degree of latitude, and, if the land extended so far in those
times, inferentially to the pole itself; showing, without
doubt, that the peculiar climatic conditions upon which de-
pended the existence of those species were the product, not
of inferior local agencies, but rather of some great primary
cause, whose effects were relatively the same in all lati-
tudes of the northern hemisphere, and, we may naturally
conclude, over the whole world. This consideration, in
connection with the identical nature of the Ppalaolithic and
glacial deposits, is wholly at variance with our author’s
hypothesis, and is only consistent with that which regards
them as effects of a grand primal agency, operating uni-
formly, and producing the same relative effects, not over
a small portion only, but over the whole surface of the
earth.

How perplexing the effort to bring the facts we have
cited into harmony either with the hypothesis just con-
sidered, or the unsubstantial and visionary assumption of
a period of absolute excessive cold, pervading alike the
whole earth,— a cosmic winter, enduring for indefinite
ages, caused by some unknown, mysterious, extrinsic
agency ; transforming the teeming and fruitful world,
from equator to the poles, to a bleak and dreary ball of
ice, revolving in darkness and desolation, and devoid of
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life, — and necessitating, at its close, a re-creation of all
the varied forms of life by which it had previously been
inhabited! For such, indeed, is the picture that has been
presented to us of the earth during this period. How
much more consonant with the general plan —a plan
founded not on fitful and capricious exertions of creative
energy, but upon immutable natural laws, in the system,
which, in the reduction of observed natural phenomena,
avoids the necessity of violent and sudden changes, catas-
trophes, and cataclasms in the inorganic world, involving
complete extinctions and subsequent re-creations in the
organic, and seeks rather to evolve a principle under
which the general course of nature shall continue uninter-
ruptedly the same throughout all the ages of the world.



THEORY OF THE EARTH. 53

CHAPTER IL

EVIDENCE SHOWING THE PREVALENCE OF DIVERSE
CLIMATAL CONDITIONS IN FORMER TIMES.—LYELL’S
RETROSPECT, CONTINUED.

THE PLIOCENE GEOLOGICAL PERIOD NOT YET COMPLETED.— COLD OF
PLIOCENE GLACIAL INTERVAL EXAGGERATED. — METEOROLOGICAL EFFECT
OF EXTREME OBLIQUITY THE CAUSE OF GEOLOGICAL REVOLUTIONS.—
PROFESSOR TYNDALL ON THE GLACIAL PERIOD. — SUPERFICIAL CHANGES
OF THE GLACIAL PERIOD. — INTER-GLACIAL PERIOD AND EARLIER PLIO-
CENE.

Up to the present time the prevailing opinion seems to
have been that the geological revolution involved in the
Pliocene epoch was completed previous to the commence-
ment of the latest Glacial period, and that such epoch
constituted the last of the third or Cainozoic great series
of similar revolutions, into which the geological history
of the earth has been divided. Subsequent time — Post
Pliocene and Recent, so called, with their subdivisions —
seems to have been regarded, in a somewhat indefinite
way, as the inauguration, not only of a new geological
period, but also o%ua,nother grand series of like periods.

As the geologist, in his peculiar line of investigation,
recedes further and further into the past, with nothing but
random conjecture to guide him in his estimates, it is
natural to suppose that he must be less and less able to
correctly appreciate the amounts of time embraced within
its various divisions. He will be found extremely liable,
perhaps, to allow, as the duration of what may, in reality,
constitute but a mere fraction of a recent epoch, a lapse
of time as great as that which he assigns to a complete
epoch further removed from his time. Confusion and in-
accuracy must attend his efforts to reduce to chronological
order the imperfect rocky records it is his province to
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decipher. Under the new system, however, we exchange
conjecture for an infallible guide, by means of which a
terrestrial chronology becomes possible, as exact as the
mutilated and broken annals upon which it must necessa-
rily rest will admit.

One of the most manifest errors to which our attention
is directed under our new theory, is that which assumes
the Pliocene age; as classified by geologists, to embrace
a complete geological revolution. And to guard against
ambiguity in the mind of the reader, it may in this con-
nection be advisable to say that geological revolutions
or periods, cycles of primary climatal change, and half
transverse revolutions of the earth, are convertible terms —
a proposition embodying, perhaps, the most concise state-
ment of the new theory.

As we continue our retrospect, we shall see that unmis-
takable traces exist of an apparent gradual decrease in the
terrestrial temperature, from the close of Miocene times,
when a uniformity of seasons and an appearance of abnor-
mal warmth prevailed, resulting from the position of the
carth with regard to the sun, at the time of equatorial
coincidence with the ecliptic, down to the time of the
greatest apparent cold of the Glacial period; this last
climatic state being the result of an extreme inequality of
seasons entailed by the position the earth had then as-
sumed, the equator having become perpendicular to the
orbital plane. This portion of time, corresponding to
one half of the semi-transverse revolution, includes all of
what has been considered as constituting the Pliocene
period. We have already seen that the geological record
indicates an apparent increase of warmth through all the
ages intervening between glacial and modern times; an
appearance consequent on the gradual return of the sea-
sons to the former state of uniformity. But even this last
named portion of the semi-transverse revolution, embra-
cing Post Pliocene and Recent times, added to the before
stated quantity, does not make up the whole sum of 180°
of circular motion, the amount required to include a com-
plete cycle of climatal change; for if we take as the com-
mencement of the geological period, the point of equatorial
coincidence with the ecliptic, it will  require the lapse of
one hundred .and seventy-six thousand years from the



THEORY OF THE EARTH. 55

present time, as we reckon, to complete the cycle of
changes, and to bring the earth into the same position
with regard to the sun it occupied at the commencement.
If, however, we take, as a more proper beginning, the
point at which increasing obliquity had attained a value of
45°, and where the meteorological effects of the increased
inequality of seasons had begun to effect, in a marked
degree, the various changes incident to the glacial inter-
vals of such periods, we find that over a half million years
will yet be required to complete the Pliocene geological
epoch, and inaugurate the Ice period, or interval of change,
of its successor. This immense amount of time which
must, to a great extent, remain a blank page in the record
of the future geologist, will constitute an era of repose,
during which the superficial aspect of the earth will remain
comparatively unchanged, except in so far as it may be
affected by those upheavals and subsidences depending on
subterranean or other forces independent, as far as now
known, of the chain of causation we are endeavoring
to follow. At the close of this era of repose, the rough
harrow of the succeeding Ice period will rasp down the
present terrestrial surface, covering it with piles of
new material. Then will the drift deposits of the last
ice interval (the phenomena of which will next receive
our attention) become conformable and recognizable as
the uppermost member of the completed Piiocene great
series.

The Glacial Interval of the Pliocene Period.— The most
authentic and startling revelation of former vicissitudes in
the climate of the world, is to be found in the monuments
constituting the geological record of the Pliocene Glacial
interval. We are not, however, to assume from this fact
that the cold of this era exceeded in rigor that which
characterized ' its predecessors; its peculiar phenomena
being more legible and more abundant than that of the
others only from being more recent, and because it has
not, like them, been subjected to the destructive influ-
ences of subsequent periods of change, and for the further
reason, also, that a large part of it remains exposed to
view upon the present surface of the earth.

Among the monuments or glacial phenomena of the
above-mentioned interval are, first, extensive deposits of
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loose material, sometimes bearing more or less distinct
traces of stratification, known as drift ; secondly, piles of
rocky debris, denominated moraines, deposited by and
determining the terminal and other boundaries of ancient
glaciers which in extent largely exceeded those of the
present time ; and, thirdly, erratic boulders, or large insu-
lated masses of rock, occurring far from the original parent
ledges of the same, some of these, according to Lyell,
being ¢ polished and striated on one or more of their sides,
in a manner strictly analogous to stones imbedded in the
moraines of existing glaciers in the Alps,” and the under-
lying solid rocks, in many instances, being “marked by
similar scratches and rectilinear furrows, their direction
usually coinciding with the course which the erratics
themselves had taken.” *

It was at first supposed that these appearances extended
from the north only to intermediate latitudes of the tem-
perate zones; but further exploration, both in the northern
and southern hemispheres, succeeded in tracing them
further and further towards the tropics, until, at last, Pro-
fessor Louis Agassiz, in the endeavor to substantiate the
hypothesis that the Glacial period was an era charac-
terized by a large absolute decrease in terrestrial tem-
perature,—a “ geologic” or “cosmic winter,” — sought
for, and discovered, in tropical South America, evidence
that this class of phenomena extended almost, if not quite
to the equator.

There is little doubt that considerable exaggeration has
attended the discovery and interpretation of ancient gla-
cial phenomena; but, after making due allowance for the
same, it must be conceded that the nature of the facts
are such as to give an air of probability to the-theory that
an absolute decrease from the normal temperature of the
world prevailed at that time.

The opinions to which naturalists have arrived in regard
to the intensity of the cold of the glacial period may be
inferred from the quotations following. Says Darwin,
“We have evidence of almost every conceivable kind,
organic and inorganic, that within a very recent geological
period, Central Europe and North America suffered under

* Prin. of Geol., vol. i. p. 192.
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an Arctic climate. The ruins of a house burnt by fire do
not tell their tale more plainly, than do the mountains of
Scotland and Wales, with their scored flanks, polished
surfaces, and perched boulders, of the icy streams with
which their valleys were lately filled. So greatly has the
climate of Europe changed, that in Northern Italy, gigantic
moraines, left by old glaciers, are now clothed by the vine
and maize. Throughout a large part of the United States,
erratic boulders, and rocks scored by drifted icebergs and
coast ice, plainly reveal a former cold period.” *

Professor Agassiz, an indefatigable student of glacial
phenomena, ancient and - modern, furnishes us, in the cita-
tion following, with the means of arriving at his idea of
the degree of cold which characterized the Glacial period:
“To this cosmic winter, which, judging from all the phe-
nomena connected with it, may have lasted for thousands of
centuries, we must look for the key to the geological history
of the Amazonian valley. I am aware that this suggestion
will appear extravagant. But is it, after all, so improbable
that when Central Europe was covered with ice thousands
of feet thick ; when the glaciers of Great Britain ploughed
into the sea, and when those of the Swiss mountains had
ten times their present altitude; when every lake in
Northern Italy was filled with ice, and these frozen masses
extended even into Northern Africa; when a sheet of ice
reaching nearly to the summit of Mount Washington (that
is, having a thickness of nearly six thousand feet) moved
over the continent of North America,—is it so improba-
ble that, in this epoch of universal cold, the valley of the
Amazons also had its glacier poured down into it from the
accumulation of snow in the Cordilleras, and swollen lat-
erally by the tributary glaciers descending from the table-
lands of Guiana and Brazil?” + His conclusion is, there-
fore, that during the Glacial period, which he correctly
conjectures to have covered hundreds of thousands of
years, the terrestrial temperature became reduced to such
an extent that, under the direct influence of the sun’s ver-
tical rays as exhibited at the equator, the valley of the
river Amazon became filled with an immense glacier —
a mass of ice several thousand miles long, from five to

* QOrigin of Species, p. 319. t Journey in Brazil, p. 425.
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seven hundred miles in width, and thousands of feet in
thickness. With such stupendous processes of glaciation
in progress at the equator, it is easy to conceive what
must have been the climatal condition of other latitudes.

An annual average temperature of 32° F. is required
for the formation of glaciers; and, according to Agassiz,
“a degree of temperature in the annual average of any
given locality corresponds to a degree of latitude ; that is,
a degree of temperature is lost for every degree of latitude
as we travel northward” (or from the equator), “ or gained
for every degree of latitude as we travel southward ” (or
towards the equator). If, therefore, during the Glacial
epoch, the position of the earth with regard to the sun was
the same as now, involving the same differences in tem-
perature relative to latitude, when the mean average at
the equator was 32°, the annual mean at Alexandria, in
Egypt, and Savannah, in Georgia, would be 0°; at Rome,
—-10°; at London —20°, and so on towards the pole. These
figures denote not the cold of the winters, but the average
temperature of the whole year. Under these circum-
stances, the temperature of by far the larger part of the
world would approach that of celestial spaces far removed
from the influence of bodies analogous to our sun. The
fluid portion of the globe would, in a comparatively short
time, become solid, and all organic life be at once anni-
hilated.

Now, if we attempt to account for the extreme degree
of refrigeration above indicated, there seems to be but
two hypotheses available. Either the earth must have
abandoned its usual orbit, and, for the time being, de-
gcribed another situated -somewhere wupon the outer-
most confines of the solar system, or the sun must have
ceased almost entirely to impart the ordinary supplies
of light and heat, not only to the earth, but to all the
other planets dependent upon it; for if the sun continued
to emit the normal quantity, the only method by which the
annual supply at the earth could suffer great diminution
would be to largely increase the distance between the
two; and, conversely, if the mean distance be supposed
to have continued always the same, any considerable
reduction in the whole annual amount of light and heat
received by the earth must, of necessity, be consequent
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upon the neutralization of the solar influence. Both of
these propositions we hold to be equally absurd. It seems
wholly unnecessary to assert that the earth has never, from
th: beginning, suffered under the effects of so excessive a
degree of cold ; and, although the advocates of the cosmic
winter theory have assented to the notion of a universal
extinction of life during the Ice period, as an unavoidable
corollary of their doctrine, the geological record shows
that no such extinction has ever taken place.

“ We have found evidence,” says Lyell, “that most of
the testacea, and not a few of the quadrupeds, which pre-
ceded, were of the same species as those which followed
the extreme cold. To whatever local disturbances this
cold may have given rise in the distribution of species,
it seems to have done little in effecting their annihila-
tion.” ¥ ;

Agassiz found on the banks of the Solimoens, in the
Amazonian valley, in a position beneath his imaginary
glacier, the remains of “a vegetation similar in general
character to that which prevails there to-day.”+ And
although, for obvious reasons, organic remains are scarce,
and sometimes entirely wanting in drift deposits, enough are
found therein to warrant the assurance that all the various
forms of life maintained existence during the almost inter-
minable ages of the Glacial period. Throughout this im-
mensely long era, as estimated in years, the general course
of life over the whole earth seems to have been confinuous
and uninterrupted, exhibiting only the gradual and uniform
change everywhere observable throughout the whole geo-
logical record, with no greater amount, perhaps, of modifica-
tion and extinction than may be traced in other like periods
of the world’s history. This continuity of life is evidently
incompatible with a cosmic winter as long and as rigorous
as the one we have contemplated; and we may rest with
perfect confidence in the conclusion that no such winter
has ever occurred in the terrestrial annals since the earth
first assumed its present relations in the solar system.

It does not follow, however, because we are compelled
to dissent from Professor Agassiz’ estimate of the degree
of cold indicated by the phenomena he witnessed in Brazil,

* Prin. of Geol., vol. i. p. 306, + Journey in Brazil, p. 424.



60 THEORY OF THE EARTH.

that we are to reject his statements as competent author-
ity in relation to the character of those facts.

We cannot for an instant suppose that this distinguished
naturalist and keen observer, who for many years has
made the study of both ancient and modern glacial phe-
nomena a specialty, can have been mistaken as to the
nature of the facts which came under his observation in
Brazil. There is, perhaps, no man living whose experi-
ence renders him more capable of identifying the traces
of glacial action than he. Admitting his ability in the
premises, — allowing him able to recognize a moraine, to
tell an erratic boulder from rock in place, or to distin-
guish between drift material and that of other formations,
— there is no method by which we can avoid the conclusion,
on a review of the results of his labors in tropical South
America (the importance of which subject in this connection
leads us to reserve its consideration for a separate chap-
ter), that in Glacial times processes were going on, at very
moderate elevations, which at present are unknown there ;
being now confined to high latitudes, and to the more
elevated regions of mountainous countries. It may be
sufficient to observe in this place, that the facts as nar-
rated, although far from indicating the prevalence of an
extreme degree of cold, establish with sufficient accuracy,
that formerly the climate there differed altogether from
that of the present time, approaching much more nearly,
in many respects, that of temperate latitudes. But even
this modification of climate at the equator is entirely incon-
sistent with the present status ; for it is wholly impossible
that a system of glaciation could have been in progress
there at moderate heights, under present conditions;
that is, with the sun’s rays vertical, or nearly so, through-
out the entire year. This limited amount of glaciation,
this prevalence of a temperate climate at the equator, is as
rationally and satisfactorily explained under our system,
and is as conformable to the relative positions we assign
to the earth and sun at that time, as are all the other phe-
nomena of the Glacial period, as exhibited in other parts
of the earth. The position of the earth —its axis of
diurnal rotation coinciding with the orbital plane — would
have the effect to produce, in equatorial regions, two short
and cold winters, and two short and hot summers in each
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year; and it is easy to imagine that under the meteorologi-
cal complications incident to such an arrangement of the
seasons, little time would suffice to inaugurate systems
of glaciation in elevated regions, such as should pile up
moraines, distribute erratics, and, perhaps, fill a possible
Amazonian lake or sea with melting bergs and fields of
ice laden with the disintegrated material of the mountaing
in which they originated.

The Glacial period, then, when viewed from the proper
stand-point, so far from bearing the appearance of the
cosmic or geologic winter before described, exhibits rather
the phenomena that must result from a more equal distri-
bution of the whole annual amount of solar heat over the
earth’s surface than now obtains; the traces of cold, of
unusual glaciation, being not the consequence of a diminu-
tion of the solar energy, but the effect rather of the great
contrasts of seasons entailed by such more equal distribu-
tion, as effected by the peculiar position of the earth with
regard to the sun prevailing at that time.

Meteorological Effect of Extreme Obliquity the Cause of Geo-
logical Revolutions. — From a general survey of phenomena,
geologists have made a division of past time into periods
of revolution and tranquillity — of convulsign and repose.
The several series of changes or revolutions in the earth’s
crust seem to have been effected within stated seasons or
periods, and these periods appear to alternate with others,
in the records of which no trace of such changes is to be
found. The appearan