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PREFACE.

THE articles collected in this volume, like those
formerly published under the title of ¢ Methods
of Study,” were originally prepared from notes
of extemporaneous lectures, and first appeared
in the pages of the Atlantic Monthly. They still
retain something of the familiarity induced by
the personal relation of a lecturer to his audi-
ence, so different from the more distant one of
the author to his reading public. They must
indeed be considered as familiar talks on scien-
tific subjects rather than as scientific papers.

The three concluding chapters on Glaciers are
introduced with special reference to their geologi-
cal significance, and will be followed in a future
volume by a number of articles showing the
former extension of glaciers on this continent
as well as in Europe, and giving at some length
the history of their retreat. This will naturally
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lead to a discussion of all the facts connected
with the ice period, the erratic boulders, the
drift, the formation of river systems, ancient lake
and river terraces,— all the phenomena, in short, -
resulting from the former presence of such im-
mense masses of ice and their subsequent disap-
pearance. These questions have been chiefly
studied on the European continent, where the
broken character of the country, intersected in
" every direction by mountain chains, presents nu-
merous centres of dispersion for glaciers. Owing
to the extensive land surfaces on this continent,
the same set of facts presents quite a different
aspect here and in the Old World ; and I hope
that the facilities I have had for tracing the gla-
cial phenomena in America may enable me to ‘
throw some new light on this subject.

L. AGASSIZ.

CAMBRIDGE, November 29th, 1865.
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I'
AMERICA THE OLD WORLD.

TRST-BORN among the Continents, though
so much later in culture and civilization than
some of more recent birth, America, so far as her
physicgl history is concerned, has been falsely de-
nominated the New World. Hers was the first dry
land lifted out of the waters, hers the first shore
washed by the ocean that enveloped all the earth
beside ; and while Europe was represented only.
by islands rising here and there above the sea,.
America already stretched an unbroken line of:
land from Nova Scotia to the Far West.*

In the present state of our knowledge, our con-
clusions respecting the beginning of the earth’s
history, the way in which it took form and shape
as a distinct, separate planet, must, of course, be
very vague and hypothetical. Yet the progress

% It would be inexpedient to encumber these pages with ref-
erences to all the authorities on which sach geological results
rest. They are drawn from the various State Surveys, including
that of the mineral lands of Lake Superior, in which the early
rise of the American Continent is for the first time affirmed, and
other more general works on American geology.

1 A
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of science is so rapidly reconstructing the past
that we may hope to solve even this problem;
and to one who looks upon man’s appearance
upon the earth as the crowning work in a suc-
cession of creative acts, all of which have had
relation to his coming in the end, it will not
seem strange that he should at last be allowed
to understand & history which was but the intro-
duction to his own existence. It is my belief
that not only the future, but the past also, is the
inheritance of man, and that we shall yet con-
quer our lost birthright.

Even now our knowledge carries us far enough
to warrant the assertion that there was a time
when our earth was in a state of igneous fusion,
when no ocean bathed it and no atmosphere sur-
rounded it, when no wind blew over it and no
rain fell upon it, but an intense heat held all its
materials in solution. In those days the rocks
which are now the very bones and sinews of
our mother Earth — her granites, her porphy-
ries, her basalts, her syenites — were melted into
a liquid mass. As I am writing for the unscien-
tific reader, who may not be familiar with the
facts through which these inferences have been
reached, I will answer here a question which,
were we talking together, he might naturally ask
in a somewhat skeptical tone. How do you
know that this state of things ever existed, and,
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supposing that the solid materials of which our
earth consists were ever in a liquid condition,
what right have you to infer that this condition
was caused by the action of heat upon them ?
I answer, Because it is acting upon them still ;
because the earth we tread is but a thin crust
floating on a liquid sea of molten materials;
because the agencies that were at work then are
at work now, and the present is the logical
sequence of the past. From Artesian wells, from
mines, from geysers, from hot springs, a mass
of facts has- been collected, proving incontestably
the heated condition of all substances at a certain
depth below the earth’s surface; and if we need
more positive evidence, we have it in the fiery
eruptions that even now bear fearful testimony to
the molten ocean seething within the globe and
forcing its way out from time to time. The
modern progress of Geology has led us by suc-
cessive and perfectly connected steps back to a
time when what is now only an occasional and
rare phenomenon was the normal condition of
our earth; when those internal fires were en-
closed in an envelop so thin that it opposed but
little resistance to their frequent outbreak, and
they constantly forced themselves through this
crust, pouring out melted materials that sub-
sequently cooled and consolidated on its surface.
So constant were these eruptions‘, amd sogslight
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was the resistance they encountered, that some
portions of the earlier rock-deposits are perfo-
rated with numerous chimneys, narrow tunnels
as it were, bored by the liquid masses that poured
out through them and greatly modified their first
condition.

The question at once suggests itself, How was
even this thin crust formed ? what should cause
any solid envelope, however slight and filmy
when compared to the whole bulk of the globe,
to form upon the surface of such a liquid mass?
At this point of the investigation the geologist
must appeal to the astronomer ; for in this vague
and nebulous border-land, where the very rocks
lose their outlines and flow into each other,
not yet specialized into definite forms and sub-
stances, — there the two sciences meet. Astron-
omy shows us our planet thrown off from the
central mass of which it once formed a part, to
move henceforth in an independent orbit of its
own. That orbit, it tells us, passed through
celestial spaces cold enough to chill this heated
globe, and of course to consolidate it externally.
We know, from the action of similar causes on a
smaller scale and on comparatively insignificant
objects immediately about us, what must have
been the effect of this*cooling process upon the
heated mass of the globe. All substances when -
heated occupy more space than they do when
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cold. Water, which expands when freezing, is
the only exception to this rule. The first effect
of cooling the surface of our planet must have
been to solidify it, and thus to form a film or
crust over it. That crust would shrink as the
cooling process went on ; in consequence of the
shrinking, wrinkles and folds would arise upon
it, and here and there, where the tension was too
great, cracks and fissures would be produced.
In proportion as’the surface cooled, the masses
within would be affected by the change of tem-
perature outside of them, and would consolidate
internally also, the crust gradually thickening by
this process.

But there was another element without the
globe, equally powerful in building it up. Fire
and water wrpught together in this work, if not
always harmoniously, at least with equal force
and persistency. I have said that there was a.
time when no atmosphere surrounded the earth ;
but one of the first results of the cooling of its
crust must have been the formation of an atmos-
phere, with all the phenomena connected with
it,— the rising of vapors, their condensation into
clouds, the falling of rains, the gathering of
waters upon its surface. Water is a very active
agent of destruction, but it works over again the
materials it pulls down or wears away, and builds
them up anew in other forms. As soon as an
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ocean washed over the consolidated crust of the
globe, it would begin to abrade the surfaces upon
which it moved, gradually loosening and detach-
ing materials, to deposit them again as sand or
mud or pebbles at its bottom in successive layers,
one above another. Thus, in analyzing the crust
of the globe, we find at once two kinds of rocks,
the respective work of fire and water: the first
poured out from the furnaces within, and cool-
ing, as one may see any mass of metal cool that
is poured out from a smelting-furnace to-day,
in solid crystalline masses, without any division
into separate layers or leaves; and the latter in
successive beds, one over another, the heavier
materials below, the lighter above, or sometimes
in alternate layers, as special causes may have
determined successive deposits of lighter or heav-
ier materials at some given spot.

' There were many well-fought battles between
geologists before it was understood that these
two elements had been equally active in building
up the crust of the earth. The ground was hotly
contested by the disciples of the two geological
schools, one of which held that the solid envelope
of the earth was exclusively due to the influence
of fire, while the other insisted that it had been
accumulated wholly under the agency of water.
This difference of opinion grew up very natu-
rally ; for the great leaders of the two schools
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lived in different localities, and pursued their
investigations over regions where the geological
phenomena were of an entirely opposite char-
acter, — the one exhibiting the effect of volcanic
eruptions, the other that of stratified deposits.
It was the old story of the two knights on oppo-
site sides of the shield, one swearing that it was
made of gold, the other that it was made of sil-
ver, and almost killing each other before they
discovered that it was made of both. So prone
are men to hug their theories and shut their eyes
to any antagonistic facts, that it is related of
‘Werner, the great leader of the Aqueous school,
that he was actually on his way to see a geo-
logical locality of especial interest, but, being
told that it confirmed the views of his ¢pponents,
he turned round and went home again, refusing
to see what might force him to change his opin-
ions. If the rocks did not confirm his theory, se
much the worse for the rocks,— he would none
of them. At last it was found that the two great
chemists, fire and water, had worked together in
the vast laboratory of the globe, and since -then
scientific men had decided to work together also;
and if they still have a passage at arms occasion-
ally over some doubtful point, yet the results of
their investigations are ever drawing them neater
to each other,—since men who study truth,
when they reach their goal, must always meet at
last on common ground.
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The rocks formed under the influence of heat
are called, in geological language, the Igneous,
or, as some naturalists have named them, the
Plutonic rocks, alluding to their fiery origin,
while the others have been called Aqueous or
Neptunic rocks, in reference to their origin under
the agency of water. A simpler term, however,
quite as distinctive, and more descriptive of their
structure, is that of the stratified and massive or
unstratified rocks, We shall see hereafter how
the relative position of these two classes of rocks
and their action upon each other enable us to
determine the chronology of the earth, to com-
pare the age of her mountains, and, if we have no
standard by which to estimate the positive dura-
tion of her continents, to say at least which was
the first-born among them, and how their char-
acteristic features have been successively worked
out. I am aware that many of these inferences,
drawn from what is called ¢ the geological rec-
ord,” must seem to be the work of the imagina-
tion. In a certain sense this is true, — for imagi-
nation, chastened by correct ‘observation, is our
best guide in the study of Nature. We are too
apt to associate the exercise of this faculty with
works of fiction, while it is in fact the keenest
detective of truth.

Besides the stratified and massive rocks, there
is still a third set, produced by the contact of

.
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these two, and called, in consequence of the
changes thus brought about, the Metamorphic
rocks. The effect of heat upon clay is to bake
it into slate; limestone under the influence of
heat becomes quick-lime; or, if subjected after-
wards to the action of water, it is changed to
mortar ; sand under the same agency is changed
to a coarse kind of glass. Suppose, then, that
a volcanic eruption takes place in a region of the’
earth’s surface where successive layers of lime-
stone, of clay, and of sandstone have been previ-
ously deposited by the action of water. If such
an eruption has force enough to break through
these beds, the hot, melted masses will pour out
through the rent, flow over its edges, and fill all
the lesser cracks and fissures produced by such a
disturbance. What will be the effect upon the
stratified rocks ? Wherever these liquid masses,
melted by a heat more intense than can be pro-
duced by any artificial means, have flowed over
them or cooled in immediate contact with them,
the clays will be changed to slate, the limestone
will have assumed a character more like marble,
while the sandstone will be vitrified. This is
exactly what has been found to be the case, wher-
ever the stratified rocks have been penetrated by
the melted masses from beneath. They have
been themselves partially melted by the contact,

and when they have cooled again, their stratifica-
1
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tion, though still perceptible, has been partly ob-
literated, and their substance changed. Such
effects may often be traced in dikes, which are
only the cracks in rocks filled by materials poured
into them at some period of eruption when the
melted masses within the earth were thrown out
and flowed like water into any inequality or de-
pression of the surface around. The walls enclos-
ing such a dike are often found to be completely
altered by contact with its burning contents, and
to have assumed a character quite different from
the rocks of which, they make a part; while the
mass itself which fills the fissure shows by the
character of its crystallization that it has cooled
more quickly on the outside, where it meets the
walls, than at the centre.

The first two great classes of rocks, the un-
stratified and stratified rocks, represent different
epochs in the world’s physical history: the for-
mer mark its revolutions, while the latter chron-
icle its periods of rest. All mountains and moun-
tain-chains have been upheaved by great convul-
sions of the globe, which rent asunder the surface
of the earth, destroyed the animals and plants
living upon it at the time, and were then suc-
ceeded by long intervals of repose, when all -
things returned to their accustomed order, ocean
and river deposited fresh beds in uninterrupted
succession, the accumulation of materials went
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on as before, a new set of animals and plants
were introduced, and a time of building up and
renewing followed the time of destruction. These
periods of revolution are naturally more difficult
to decipher than the periods of rest; for they
have so torn and shattered the beds they up-
lifted, disturbing them from their natural rela-
tions to each other, that it is not easy to recon-
struct the parts and give them coherence and
completeness again. But within the last half-
century this work has been accomplished in many
parts of the world with an amazing degree of
accuracy, considering the disconnected character
of the phenomena to be studied ; and I think I
shall be able to convince my readers that the
modern results of geological investigation are
perfectly sound logical inferences from well-estab-
lished facts. In this, as in so many other things,
we are but ¢ children of a larger growth.”” The
world is the geologist’s great puzzle-box; he
stands before it like the child to whom the sepa~
rate pieces of his puzzle remain a mystery till he
detects their relation and sees where they fit, and
then his fragments grow at once into a connected
picture beneath his hand.

It is a curious fact in the history of progress,
that, by a kind of intuitive insight, the earlier
observers seem to have had a wider, more com-
prehensive recognition of natural phenomena as
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a whole than their successors, who far excel
them in their knowledge of special points, but
often lose their grasp of broader relations in the
more minute investigation of details. When geo-
logists first turned their attention to the physical
history of the earth, they saw at once certain
great features which they took to be the skeleton
and basis of the whole structure. They saw the
great masses of granite forming the mountains
and mountain-chains, with the stratified rocks
resting against their slopes; and they assumed
that granite was the first primary agent, and that
all stratified rocks must be of a later formation.
Although this involved a partial error, as we
shall see hereafter, when we trace the upheavals
of granite even into comparatively modern peri-
.ods, yet it held an important geological truth
also; for, though granite formations are by no
means limited to those early periods, they are
nevertheless very characteristic of them, and are
indeed the foundation-stones on which the phys-
ical history of the globe is built.

Starting from this landmark, the earlier geol-
ogists divided the world’s history into three peri-
ods. As the hisforian recognizes as distinct
phases in the growth of the human race Ancient
History, the Middle Ages, and Modern History,
so they distinguish between what they call the
Primary period, when, as they believed, no life
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stirred on the surface of the earth ; the Secondary
or middle period, when animals and plants were
introduced and the land began to assume conti-
nental proportions; and the Tertiary period, or
comparatively modern geological times, when the
aspect of the earth as well as its inhabitants was
approaching more nearly to the present condition
of things. But as their investigations proceeded,
they found that every one of these great ages of
the world’s history was divided into numerous
lesser epochs, each of which had been character-
ized by a peculiar set of animals and plants, and
had been closed by some great physical convul-
sion, disturbing and displacing the materials ac-
cumulated during such a period of rest.

\ The further study of these subordinate periods
showed that what had been called Primary for-
mations, the volcanic or Plutonic rocks, formerly
believed to be confined to the first geological
ages, belonged to all the periods, successive erup-
tions having taken place at all times, pouring
up through the accumulated deposits, penetrat-
ing and injecting their cracks, fissures, and in-
equalities, as well as throwing out large masses
on the surface. Up to our own day there has
never been a period when such eruptions have
not taken place, though they have been con-
stantly diminishing in frequency and extent. In
consequence of this discovery, that rocks of ig-
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neous character were by no means exclusively
characteristic of the earliest times, they are now
classified together upon very different grounds
from those on which geologists first united them ;
though, as the name Primary was long retained,
we still find it applied to them, even in geo-
logical works of quite recent date. This defect
of nomenclature is to be regretted, as likely to
mislead the student, because it seems to refer to
time ; whereas it no longer signifies the age of
the rocks, but simply their character. The name
Plutonic or Massive rocks is, however, now al-
most universally substituted for that of Primary.

A wide field of investigation still remains to be
explored by the chemist and the geologist to-
gether, in the mineralogical character of the
Plutonic rocks, which differs greatly in the dif-
ferent periods. The earlier eruptions seem to
have been chiefly granitic, though this must not
be understood in too wide a sense, since there
are granite formations even as late as the Terti-
ary period; those of the middle periods were
mostly porphyries and basalts; while in the more
recent ones, lavas predominate. We have as yet
no clue to the laws by which this distribution of
volcanic elements in the formation of the earth is
regulated ; but there is found to be a difference
in the crystals of the Plutonic rocks belonging
to different ages, which, when fully understood,
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may enable us to determine the age of any Plu-
tonic rock by its mode of  crystallization ; so that
the mineralogist will as readily tell you by its
crystals whether a bit of stone of igneous origin
belongs to this or that period of the world’s his-
tory, as the palmontologist will tell you by its
fossils whether a piece of rock of-aqueous origin
belongs to the Silurian or Devonian or Carbon-
iferous deposits.

Although subsequent investigations have mul-
tiplied so extensively not only the number of geo-
logical periods, but also the successive creations
that have characterized them, yet the first gen-
eral division into three great eras was neverthe-
less founded upon a broad and true generaliza-
tion. In the first stratified rocks in which any
organic remains are found, the highest animals
are fishes, and the highest plants are crypto-
gams; in the middle periods reptiles come in,
accompanied by fern and moss forests; in later
times quadrupeds are introduced, with a dicoty-
ledonous vegetation. So closely does the march
of animal and vegetable life keep pace with the
material progress of the world, that we may well
consider these three divisions, included wunder
the first. general classification of its physical his-
tory, as the three Ages of Nature; the more im-
portant epochs which subdivide them may be
compared to so many great dynasties, while the
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lesser periods are the separate reigns contained
therein. Of such epochs there are ten, well
known to geologists; of the lesser periods about
sixty are already distinguished, while many more
loom up from the dim regions of the past, just
discerned by the eye of science, though their his-
tory is not yet unravelled.

Before proceeding further, I will enumerate
the geological epochs in their succession, confin-
ing myself, however, to such as are perfectly well
established, without alluding to those of which
the limits are less definitely determined, and
which are still subject to doubts and discussions
among geologists. As I do not propese to make
here any treatise of Geology, but simply to place
before my readers some pictures of the old world,
with the animals and plants that have inhabited
it at various times, I shall avoid, as far as pos-
sible, all debatable ground, and confine myself to
those parts of my subject which are best known,
and can therefore be more clearly presented.

First, we have the Azoic period, devoid of life,
as its name signifies,— namely, the earliest strati-
fied deposits upon the heated film forming the
first solid surface of the earth, in which no trace
of living thing has ever been found. Next comes
the Silurian period, when the crust of the earth
had thickened and cooled sufficiently to render
the existence of animals and plauts upon it pos-
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sible, and when the atmospheric conditions neces-
sary to their maintenance were already estab-
lished. Many of the names given to these
periods are by no means significant of their char-
acter, but are merely the result of accident : as,
for instance, that of Silurian, given by Sir Rod-
erick Murchison to this set of beds, because he
first studied them in that part of Wales occu-
pied by the ancient tribe of the Silures. The
next period, the Devonian, was for a similar rea-
son named after the county of Devonshire, in
England, where it was first investigated. Upon
this follows the Carboniferous period, with the
immense deposits of coal from which it derives
its name. Then comes the Permian period,
named, again, from local circumstances, the first
investigation of its deposits having taken place in
the province of Permia in Russia. Next in suc-
cession we have the Triassic period, so called
from the trio of rocks, the red sandstone, Mus-
chel Kalk (shell-limestone), and Keuper (eldy),
most frequently combined in its formations ; the
Jurassic, so amply illustrated in the chain of the
Jura, where geologists first found the clue to its
history ; and the Cretaceous period, to which the
chalk cliffs of England and all the extensive
chalk deposits belong. Upon these follow the
so-called Tertiary formations, divided into three
periods, all of which have received most char-
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acteristic names. In this epoch of the world’s
history we see the first approach to-a condition
of things resembling that now prevailing, and Sir
Charles Lyell has most fitly named its three
divisions, the Eocene, Miocene, and Pliocene.
The termination of the three words is made from
the Greek word Kainos, recent; while Eos sig-
nifies dawn, Meion less, and Pleion more. Thus
Eocene indicates the dawn of recent species, Pli-
ocene their increase, while Miocene, the inter-
mediate term, means less recent. Above these
deposits comes what has been called in science
the present period,— the modern times of the
geologist, — that period to which man himself be-
longs, and since the beginning of which, though .
its duration be counted by hundreds of thousands
of years, there has been no alteration in the gen-
eral configuration of the earth, consequently no
important modification of its climatic conditions,
and no change in the animals and plants inhabit-
ing it.

I have spoken of the first of these periods, the
Azoic, as having been absolutely devoid of life,
and I believe this statement to be strictly true ;
but I ought to add that there is a difference of
opinion among geologists upon this point, many
believing that the first surface of our globe may
have been inhabited by living beings, but that all
traces of their existence have been obliterated by
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the eruptions of melted materials, which not only
altered the-~character of those earliest stratified
rocks, but destroyed all the organic remains con~
tained in them. It will be my object to show in
this series of papers, not only that the absence
of the climatic and atmospheric conditions essen-
tial to organic life, as we understand it, must
have rendered the previous existence of any liv-
ing beings impossible, but also that the complete-
ness of the Animal Kingdom in those deposits
where we first find organic remains, its intelli-
gible and coherent connection with the succes-
sive creations of all geological times and with the
animals now living, afford the strongest internal
evidence that we have indeed found in the lower
Silurian formations, immediately following the
Azoic, the beginning of life upon earth. When
a story seems to us complete and consistent from
the beginning to the end, we shall not seek for a
first chapter, even though the copy in which we
have read it be so torn and defaced as to suggest
the idea that some portion of it may have been
lost. The unity of the work, as a whole, is an
incontestable proof that we possess it in its origi-
nal integrity. The validity of this argument will
be recognized, perhaps, only by those naturalists
to whom the Animal Kingdom has begun to
appear as a connected whole. For those who do
not see order in Nature it can have no value.
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For a table containing the geological periods
in their succession, I would refer to any modern
text-book of Geology, or to an article in the ¢ At-
lantic Monthly ”* for March, 1862, upon ¢ Meth-
ods of Study in Natural History,” where they
are given in connection with the order of intro-

duction of animals upon earth.

" Were these sets of rocks found always in the
regular sequence in which I have enumerated
them, their relative age would be easily deter-
mined, for their superposition would tell the
whole story: the lowest would, of course, be the
oldest, and we might follow without difficulty
the ascending series, till we reached the youngest
and uppermost deposits. But their succession
has been broken up by frequent and violent al-
terations in the configuration of the globe. Land
and water have changed their level, — islands
have been transformed to continents,— sea-bot-
toms have hecome dry land, and dry land has
sunk to form sea-bottom,— Alps and Himalayas,
Pyrenees and Apennines, Alleghanies and Rocky
Mountains, have had their stormy birthdays since
many of these beds have been piled one above
another, and there are but few spots on the earth’s
surface where any number of them may be found
in their original order and natural position.
When we remember that Europe, which lies
before us on the map as a continent, was once



AMERICA THE OLD WORLD. 21

an archipelago of islands, — that, where the Pyr-
enees raised their rocky barrier between France
and Spain, the waters of the Mediterranean and
Atlantic met,— that, where the British Channel
flows, dry land united England and France, and
Nature in those days made one country of the
lands parted since by enmities deeper than the
waters that run between,— when we remember,
in short, all the fearful convulsions that have
torn asunder the surface of the earth, as if her
rocky record had indeed been written on paper,

~ _we shall find a new evidence of the intellectual

unity which holds together the whole physical
history of the globe in the fact that through all
the storms of time the investigator is able to
trace one unbroken thread of thought from the
beginning to the present hour.

The tree is known by its fruits,—and the
fruits of chance are incoherence, incompleteness,
unsteadiness, the stammering utterance of blind,
unreasoning force. A coherence that binds all
the geological ages in one chain, a stability of
purpose that completes in the beings born to-day
an intention expressed in the first creatures that
swam in the Silurian ocean or crept upon its
shores, a steadfastness of thought, practically
recognized by man, if not acknowledged by him,
whenever he traces the intelligent connection be-
tween the facts of Nature and combines them
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into what he is pleased to call his system of Ge-
ology, or Zotlogy, or Botany,— these things are
not the fruits of chance or of an unreasoning
force, but the legitimate results of intellectual
power. There is a singular lack of logic, as it
seems to me, in the views of the materialistic
naturalists. While they consider classification,
or, in other words, their expression of the rela-
tions between animals or between physical facts
of any kind, as the work of their intelligence,
they believe the relations themselves to be the
work of physical causes. The more direct in-
ference surely is, that, if it requires an intelligent
mind to recognize them, it must have required
an intelligent mind to establish them. These
relations existed before man was created ; they
have existed ever since the beginning of time;
hence, what we call the classification of facts is
not the work of his mind in any direct original
sense, but the recognition of an intelligent action
prior to his own existence.

There is, perhaps, no part of the world, cer-
tainly none familiar to science, where the early
geological periods can be studied with so much
ease and precision as in the United States. Along
their northern borders, between Canada and the
United States, there runs the low line of hills
known as the Laurentian Hills. Insignificant in
height, nowhere rising more than fifteen hundred
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or two thousand feet above the level of the sea,
these are nevertheless the first mountains that
broke the uniform level of the earth’s surface and
lifted themselves above the waters. Their low
stature, as compared with that of other more lofty
mountain-ranges, is in accordance with an in-
variable rule, by which the relative age of moun-
tains may be estimated. The oldest mountains
are the lowest, while the younger and more re-
cent ones tower above their elders, and are usu-
ally more torn and dislocated also. This is easily
understood, when we remember that all moun-
tains and meuntain-chains are the result of up-
heavals, and that the violence of the outbreak
must have been in proportion to the strength of
the resistance. When the crust of the earth was
so thin that the heated masses within easily broke
through it, they were not thrown to so great a
height, and formed comparatively low elevations,
such as the Canadian hills or the mountains of
Bretagne and Wales. But in later times, when
young, vigorous giants, such as the Alps, the
Himalayas, or, later still, the Rocky Mountains,
forced their way out from their fiery prison-
house, the crust of the earth was much thicker,
and fearful indeed must have been the convul-
sions which attended their exit.

The Laurentian Hills form, then, a granite
range, stretching from Eastern Oanada to the
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Upper Mississippi, and immediately along its base
are gathered the Azoic deposits, the first strati-
fied beds, in which the absence of life need not
surprise us, since they were formed beneath a
heated ocean. As well might we expect to find
the remains of fish or shells or crabs at the bot-
tom of geysers or of boiling springs, as on those
early shores bathed by an ocean of which the
heat must have been so intense. - Although, from
the condition in which we find it, this first granite
range has evidently never been disturbed by any
violent convulsion since its first upheaval, yet
there has been a gradual rising of that part of
the continent, for the Azoic beds do not lie hori-
zontally along the base of the Laurentian Hills
in the position in which they must originally
have been deposited, but are lifted and rest
against their slopes. They have been more or
less dislocated in this process, and are greatly .
metamorphized by the intense heat to which they
must have been exposed. Indeed, all the oldest
stratified rocks have been baked by the prolonged
action of heat.

It may be asked how the materials for those
first stratified deposits were provided. In later
times, when an abundant and various soil covered
the earth, when every river brought down to the
ocean, not only its yearly tribute of mud or clay
or lime, but the débris of animals and plants that
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lived and died in its waters or along its banks,
when every lake and pond deposited at its bot-
tom in successive layers the lighter or heavier
materials floating in its waters and settling grad-
ually beneath them, the process by which strati-
fied materials are collected and gradually harden
into rock is more easily understood. But when
the solid surface of the earth was only just begin-
ning to form, it would seem that the floating
matter in the sea can hardly have been in suf-
ficient quantity to form any extensive deposits.
No doubt there was some abrasion even of that
first crust; but the more abundant source of the
earliest stratification is to be found in the sub-
"marine volcanoes that poured their liquid streams
into the first ocean. At what rate these materi-
als would be distributed and precipitated in reg-
ular strata it is impossible to determine ; but that
volcanic materials were so deposited in layers is
evident from the relative position of the earliest
rocks. I have already spoken of the innumer-
able chimneys perforating the Azoic beds, narrow
outlets of Plutonic rock, protruding through the
earliest strata. Not only are such funnels filled
with the crystalline mass of granite that flowed
through them in a liquid state, but it has often
poured over their sides, mingling with the strati-
fied beds around. In the present state of our

knowledge, we can explain such appearances only
2
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by supposing that the heated materials within
the earth’s crust poured out frequently, meeting
little resistance,— that they then scattered and
were precipitated in the ocean around, settling
in successive strata at its bottom, — that through
such strata the heated masses within eontinued
to pour again and again, forming for themselves
the chimney-like outlets above mentioned.

Such, then, was the earliest American land, —
a long, narrow island, almest continental in its
proportions, since it stretched from the eastern
borders of Canada nearly to the point where now
the base of the Rocky Mountains meets the plain
of the Mississippi Valley. We may still walk
along its ridge and know that we tread upon the
ancient granite that first divided the waters into
a northern and southern ocean; and if our im-
aginations will carry us so far, we may look down
toward its base and fancy how the sea washed
against this earliest shore of a lifeless world.
This is no romance, but the bald, simple truth;
for the fact that this granite band was lifted out
of the waters so early in the history of the world,
and has not since been submerged, has, of course,
prevented any subsequent deposits from forming
above it. - And this is true of all the northern
part of the United States. It has been lifted
gradually, the beds deposited in one period heing
subsequently raised, and forming a shore along
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which those of the succeeding one collected, so
that we have their whole sequence before us. In
regions where all the geological deposits, Silu-
rian, Devonian, Carboniferous, Permian, Trias-
sic, ete., are piled one upon another, and we can
get a glimpse of their internal relations only
where some rent has laid them open, or where
their ragged edges, worn away by the abrad-
ing action of external influences, expose to view
their successive layers, it must, of course, be
more difficult to follow their connection. For
this reason the American continent offers facil-
ities to the geologist denied to him in the so-
called Old World, where the earlier deposits are
comparatively hidden, and the broken character
of the land, intersected by mountains in every
direction, renders his investigation still more dif-
ficult. Of course, when I speak of the geological
deposits as so completely unveiled to us here, I
do not forget the sheet of drift which covers the
continent from North to South, and which we
shall discuss hereafter, when I reach that part of
my subject. But the drift is only a superficial
and recent addition to the soil, resting loosely
above the other geological deposits, and arising,
a8 we shall see, from very different causes.

In this article I have intended to limit myself
to a general sketch of the formation of the Lau-
rentian Hills with the Azoic stratified beds rest
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ing against them. In the Silurian epoch follow-
- ing the Azoic we have the first beach on which
any life stirred; it extended along the base of
the Azoic beds, widening by its extensive de-
posits the narrow strip of land already upheaved.
I propose in my next article to invite my readers
to a stroll with me along that beach.



II.

THE SILURIAN BEACH.

ITH what interest do we look upon any
relic of early human history! The monu-
ment that tells of a civilization whose hieroglyphic
records we cannet even decipher, the slightest
trace of a nation that vanished and left no sign
of its life except the rough tools and utensils bu-
ried in the old site of its towns or villages, arouses
our imagination and excites our curiosity. Men
gaze with awe at the inscription on an ancient
Egyptian or Assyrian stone; they hold with rev-
erential touch the yellow parchment-roll whose
dim, defaced characters record the meagre learn-
ing of a buried nationality ; and the announce-
ment, that for centuries the tropical forests of
Central America have hidden within their tan-
gled growth the ruined homes and temples of a
past race, stirs the civilized world with a strange,
deep wonder.
To me it seems, that to look on the first land
that was ever lifted above the waste of waters, to
follow the shore where the earliest animals and
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plants were created when the thought of God first
expressed itself in organic forms, to hold in one’s
hand a bit of stone from an old sea-beach, hard-
ened into rock thousands of centuries ago, and
studded with the beings that once crept upon its
surface or were stranded there by some retreating
wayve, is even of deeper interest to men than the
relios of their own race, for these things tell more
directly of the thoughts and creative acts of God.

Standing in the neighborhood of Whitehall,
near Lake George, one may look along such a
sea-shore, and see it stretching westward and
sloping gently southward as far as the eye can
reach. It must have had a very gradual slope,
and the waters must have been very shallow ;
for at that time no great mountains had been up-
lifted, and deep oceans are always the concomi-
tants of lofty heights. We do not, however,
judge of this by inference merely; we have an
evidence of the shallowness of the sea in those-
days in the character of the shells found in the
Silurian deposits, which shows that they belonged
in shoal waters.

Indeed, the fossil remains of all times tell us
almost as much of the physical condition of the
world at different epochs as they do of its animal
and vegetable population. When Robinson Cru-
soe first caught sight of the footprint on the sand,
he saw in it more than the mere footprint, for it
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spoke to him of the presence of men on his desert
island. We walk on the old geological shores,
like Crusoe along his beach, and the footprints
we find there tell us, too, more than we actually
see in them. The crust of our earth is a great
cemetery, where the rocks are tombstones on
which the buried dead have written their own
epitaphs. They tell us not only who they were
and when and where they lived, but much also of
the circumstances under which they lived. We
ascertain the prevalence of certain physical condi-
tions at special epochs by the presence of animals
and plants whose existence and maintenance re-
quired such a state of things, more than by any
positive knowledge respecting it. Where we find
the remains of quadrupeds corresponding to our
ruminating animals, we infer not only land, but
grassy meadows also, and an extensive vegeta-
tion ; where we find none but marine animals,
we know the ocean must have covered the earth ;
the remains of large reptiles, representing, though
in gigantic size, the half aquatic, half terrestrial
reptiles of our own period, indicate to us the ex-
istence of spreading marshes still soaked by the
retreating waters ; while the traces of such ani-
mals as live now in sand and shoal waters, or in
mud, speak to us of shelving sandy beaches and
of mud-flats. The eye of the Trilobite tells us
that the sun shone on the old beach where he



32 THE SILURIAN BEACH.

lived ; for there is nothing in nature without a
purpose, and when so complicated an organ was
made to receive the light, there must have been
light to enter it. The immense vegetable deposits
in the Carboniferous period announce the intro-
duction of an extensive terrestrial vegetation ;
and the impressions left by the wood and leaves
of the trees show that these first forests must have
grown in a damp soil and a moist atmosphere.
In short, all the remains of animals and plants
Jhidden in the rocks have something to tell of the
climatic conditions and the general circumstances
under which they lived, and the study of fossils is
to the naturalist a thermometer by which he reads
the variations of temperature in past times, a
plummet by which he sounds the depths ef the
ancient oceans,— a register, in fact, of all the im-
portant physical changes the earth has undergone.
But although the animals of the early geologi-
cal deposits indicate shallow seas by their simi-
larity-to our shoal-water animals, it must not be
supposed that they are by any means the same.
On the contrary, the old shells, crustacea, corals,
etc., represent types which have existed in all
times with the same essential structural elements,
but under different specific forms in the several
geological periods. And here it may not be amiss
to say something of what are called by naturalists
" representative types. ‘
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The statement that different sets of animals
and plants have characterized the successive
epochs is often understood as indicating a dif-
ference of another kind than that which distin-
guishes animals now living in different parts of
the world. This is a mistake. They are so-
called representative types all dver the globe,
united to each other by structural relations and
separated by specific differences of the same kind
as those that unite and separate animals of differ-
ent geological periods. Take, for instance, mud-
flats or sandy shores in the same latitudes of
Europe and America ; we find living on each ani-
mals of the same structural character and of the
same general appearance, but with certain specific
differences, as of color, size, external appendages,
etc. They represent each other on the two conti-
nents. The American wolves, foxes, bears, rab-
bits, are not the same as the European, but those
of one continent are as true to their respective
types as those of the other; under a somewhat
different aspect they represent the same groups
of animals. In certain latitudes, or under condi-
tions of nearer proximity, these differences may
be less marked. It is well known that there is a
great monotony of type, not only among animals
and plants, but in the human races also, through-
out the Arctic regions ; and some animals charac-

" teristic of the high North reappear under such
2% [
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identical forms in the neighborhood of the snow-
fields in lofty mountains, that to trace the differ-
ence between the ptarmigans, rabbits, and other
gnawing animals of the Alps, for instance, and
.those of the Arctics, is among the most difficult
problems of modern science.
And so is if also with the animated world of
past ages; in similar deposits of sand, mud, or
lime, in adjoining regions of the same geological
age, identical remains of animals and plants may
be found ; while at greater distances, but under
‘similar circumstances, representative species may
occur. In very remote regions, however, whether
the circumstances be similar or dissimilar, the
general aspect of the organic world differs greatly,
remoteness in space being thus in some measure
an indication of the degree of affinity between dif-
ferent faun®. In deposits of different geological
periods immediately following each other, we
sometimes find remains of animals and plants so
closely allied to those of earlier or later periods
that at first sight the specific differences are
hardly discernible. The difficulty of solving
these questions, and of appreciating correctly the
differences and similarities between such closely
allied organisms, explains the antagonistic views
of many naturalists respecting the range of exist-
ence of animals, during longer or shorter geologi-
cal periods ; and the superficial way in which dis
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cussions concerning the transition of species are
carried on, is mainly owing to an ignorance of the
conditions above alluded to. My own personal
observation and experience in these matters have
led me to the conviction that every geological
period has had its own representatives, and that
no single species has been repeated in successive
ages.

The laws regulating the geographical distribu-
tion of animals, and their combination into dis-
tinct zodlogical provinces called faune, with defi-
nite limits, are very imperfectly understood as
yet ; but so closely are all things linked together
from the beginning till to-day that I am con-
vinced we shall never find the clew to their
meaning till we carry on our investigations in
the past and the present simultaneously. The
same principle according to which animal and
vegetable life is distributed over the surface of
the earth now, prevailed in the earliest geological
periods. The geological deposits of all times
have had their characteristic faun® under vari-
ous zones, their zoGlogical provinces presenting
special combinations of animal and vegetable life
over certain regions, and their representative
types reproducing in different countries, but un-
der similar latitudes, the same groups with spe-
cific differences.

Of course, the nearer we approach the begin-
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ning of organic life, the less marked do we find
the differences to be, and for a very obvious rea-
son. The inequalities of the earth’s surface, her
mountain-barriers protecting whole continents
from the Arctic winds, her open plains exposing
others to the full force of the polar blasts, her
snug valleys and her lofty heights, her table-
lands and rolling prairies, her river-systems and
her dry deserts, her cold ocean-currents pouring -
down from the high North on some of her shores,
‘while warm ones from tropical seas carry their
softer influence to others,— in short, all the con-
trasts in the external configuration of the globe,
with the physical conditions attendant upon
them, are naturally accompanied by a corre-
sponding variety in animal and vegetable life.
But in the Silurian age, when there were no
elevations higher than the Canadian hills, when
water covered the face of the earth, with the ex-
ception of a few isolated portions lifted above the
almost universal ocean, how monotonous must
have been the conditions of life! And what
should we expect to find on those first shores ?
If we are walking on a sea-beach to-day, we do
not look for animals that haunt the forests or roam
over the open plains, or for those that live in shel-
tered valleys or in inland regions or on mountain-
heights. We look for Shells, for Mussels and
Barnacles, for Crabs, for Shrimps, for Marine
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Worms, for Star-Fishes and Sea-Urchins, and we
may find here and there a fish stranded on the
sand or tangled in the sea-weed. Let us remem~
ber, then, that, in the Silurian period, the world,
so far as it was raised above the ocean, was a
beach, and let us seek there for such creatures as
God has made to live on sea-shores, and not be-
little the Creative work, or say that He first scat-
tered the seeds of life in meagre or stinted meas-
ure, because we do not find air-breathing animals
when there was no fitting atmosphere to feed
their lungs, insects with no terrestrial plants to
live upon, reptiles without marshes, birds with-
out trees, cattle without grass, all things, in
short, without the essential conditions for their
existence.

What we do find,—and these, as I shall en-
deavor to show my readers, in such profusion
that it would seem as if God, in the joy of crea-
tion, had compensated Himself for a less variety
of forms in the greater richness of the early
types, — is an immense number of beings belong-
ing to the four primary divisions of the Animal
Kingdom, but only to those classes whose repre-
sentatives are marine, whose home then, as now,
was either in the sea or along its shores. . In
other words, the first organic creation expressed
in its totality the structural conception since
carried out in such wonderful variety of details,
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and purposely limited then, because the world,
which was to be the home of the higher animals,
was not yet made ready to receive them.

- I am fully aware that the intimate relations
between the organic and physical world are inter-
preted by many as indicating the absence, rather
than the presence, of an intelligent Creator.
They argue, that the dependence of animals on
material laws gives us the clew to their origin as
well as to their maintenance. Were this influ-
ence as absolute and unvarying as the purely
mechanical action of physical circumstances
must necessarily be, this inference might have
some pretence to logical probability,— though it
seems to me unnecessary, under any circumstan-
ces, to resort to climatic influences or the action
of any physical laws to explain the thoughtful
distribution of the organic and inorganic world,
so evidently intended to secure for all beings
what best suits their nature and their needs.
But the truth is, that, while these harmonious
relations underlie the whole creation in such a
manner as to indicate a great central plan, of
which all things are a part, there is at the same
time a freedom, an arbitrary element in the
mode of carrying it out, which seems to point to
the exercise of an individual will; for, side by
"side with facts, apparently the direct result of
physical laws, are other facts, the nature of
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which shows a complete independence of exter-
nal influences.

Take, for instance, the similarity above alluded
to between the faun® of the Arctics and that of
the Alps, certainly showing a direct relation be-
tween climatic conditions and animal and vege-
table life. Yet even there, where the shades of
specific difference between many animals and
plants of the same class are so slight as to baffle
the keenest investigators, we have representative
types both in the Animal and Vegetable King-
doms as distinct and peculiar as those of widely
removed and strongly contrasted climatic condi-
tions. Shall we attribute the similarities and
the differences alike to physical causes? Com-
pare, for example, the Reindeer of the Arctics

" with the Ibex and the Chamois, representing the
same group in the Alps. Even on mountain-
heights of similar altitudes, where not only cli-
mate, but other physical conditions would sug-
gest a recurrence of identical animals, we do not
find the same, but representative types. The
Ibex of the Alps differs, for instance, from that
of the Pyrenees, that of the Pyrenees from those
of the Caucasus and Himalayas, these again from
each other and from that of the Altai.

But perhaps the most conclusive proof that we
must seek for the origin of organic life outside
of physical causes consists in the permanence of
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the fundamental types, while the species repre-
senting these types have differed in every geologi-
‘cal period. Now what we call typical features
of structure are in themselves no more stable or
permanent than specific features. If physical
causes, such as light, heat, moisture, food, habits
of life, ete., acting upon individuals, have gradu-
ally in successive generations changed the char-
acter of the species to which they belong, why
not that of the class and the branch also? If we
judge this question from the material side at all,
we must, in order o judge it fairly, look at it
wholly from that poin{ of view. If these specific
changes are brought about in this way, it is be-
cause external causes have positive permanent
effects upon the substances of which animals are
built: they have power to change their hair, to
change their skin, to change certain external
appendages or ornamentations, and any other of
those ultimate features which naturalists call
specific characters. Now I would ask what
‘there is in the substances out of which class
cheracters are built that would make them less
susceptible to such external influences than these
specific characters. In many instances the for-
mer are more delicate, more sensitive, far more
fragile and transient in their material nature
than the latter. And yet never, in all the
chances and changes of time, have we seen any
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alteration in the mote of respiration, of repro-
duction, of circulation, or in any of the systems
of organs which characterize the more compre-
hensive groups of the Animal Kingdom, although
they are quite as much under the immediate in-
fluence of physical causes as those structural fea-
tures which have been constantly changing.

The woody fibre of the Pine-trees has had the
same structure from the Carboniferous age to
this day, while their mode of branching and the
forms of their cones and leaves have been differ-
ent in each period according to their respective
species. The combination of rings, the structure
of the wings, and the articulations of the legs
are the same in the Cockroaches of the Carbon-
iferous age as in those which infest our ships and
our dwellings to-day, while the proportion of
their parts is on quite another scale. The tissue
of the Corals in the Silurian age is identical in
chemical combination and organic structure with
that of the Corals of our modern reefs, and yet
the extensive researches upon this class, for which
we are indebted to Milne Edwards and Haime,
have not revealed a single species extending
through successive geological ages, but show us,
on the contrary, that every age has had its own
kinds, differing among themselves in the same
way a8 those of the Gulf of Mexico differ now
from those of the Indian Ocean and the Pacific.
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The scales of the oldest known fishes in the Silu-
rian beds have the same microscopic structure as
those of their representative types to-day, and yet
I have never seen a single fossil fish presenting
the same specific characters in the successive geo-
logical epochs. The teeth of the oldest Sharks
show the-same microscopic structure as those of
the present time, and we do not lack opportuni-
ties for comparison, since the former are as com-
mon in the mountain-limestone of Ireland as are .
those of the living Sharks on any beach where
our fishermen boil them for the sake of their oil,
and yet the Sharks appear under different generic
and specific forms in each geological age.

But without multiplying examples, which
might be adduced, ad infinitum, to show perma-
nence of type combined with repeated changes
of species, suffice it to say, that, while the gen-
eral features in the framework of the organic
world and the materials of which that framework
is built, though quite as subject to the influence
of physical external circumstances as any so-
called specific features, have remained perfectly
intact from the beginning of Creation till now,
so that not the smallest difference is to be dis-
cerned in these respects between the oldest repre-
sentatives of the oldest types in the oldest Silu
rian rocks and their successors through all the
geological ages up to the present day, the species
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have been different in each epoch. And those
still deeper ideal relations, the plans or structu-
ral conceptions upon which animals are based,
are adhered to through all time with a tenacity
in strange contrast to the perishableness of the
material forms through which they are ex-
pressed.

It is surely a fair question to ask the advocates
of the transmutation theory, whether they attrib-
ute to physical laws the discernment that would
lead them to change the specific features, but to
respect all those characters by which the higher
gtructural combinations of the Animal Kingdom
are preserved without alteration,—in other
words, to maintain the organic plan, while con-
stantly diversifying the mode of expressing it.
If so, it would perhaps be as well to call such
laws by another name, since they show all the
comprehensive wisdom of an intelligent Creator.
Until they can tell us why certain features of
animals and plants are permanent under condi-
tions which, according to their view, have power
to change certain other features no more perish-
able or transtent in themselves, the supporters of
the development theory will have failed to sub-
stantiate their peculiar scientific doctrine.

But this discussion has led us far away from
our starting-point, and interrupted our walk
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along the Silurian beach ; let us return to gather
a few specimens there, and compare them with
the more familiar ones of our own shores. I
have said that the beach was a shelving one, and
covered of course with shoal waters; but as I
have no desire to mislead my readers, or to pre-
sent truths as generally accepted which are still
subject to dispute, I would state here that the
parallel ridges trending east to west across the
State. of New York, considered by some geolo-
gists as the successive shores of a receding ocean,
are believed by others to be the inequalities on
the bottom of a shallow sea. Not only, however,
does the general character of these successive
terraces suggest the idea that they must have
been shores, but the ripple-marks upon them are
as distinct as upon any modern beach. The reg-
ular rise and fall of the water is registered there
in waving, undulating lines as clearly as on the
sand-beaches of Newport or Nahant; and we can
see on any one of those ancignt shores the track
left by the waves as they rippled back at ebb of
the tide thousands of centuries ago. One can
often see where some obstacle interrupted the
course of the water, causing it to break around
it; and such an indentation even retains the soft,
muddy, plastic look that we observe on the pres-
ent beaches, where the resistance made by any
pebble or shell to the retreating wave has given
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it greater force at that point, so that the sand
around the spot is soaked and loosened. There
is still another sign, equally familiar to those who
have watched the action of water on a beach.
Where a shore is very shelving and flat, so that
the waves do not recede in ripples from it, but in
one unbroken sheet, the sand and small pebbles
are dragged and form lines which diverge when-
ever the water meets an obstacle, thus forming
sharp angles on the sand. Such marks are as
distinet on the oldest Silurian rocks as if they
had been made yesterday. Nor are these the
only indications of the same fact. There are cer
tain animals living always upon sandy or muddy
shores, which require for.their well-being that
the beach should be left dry a part of the day.
These animals, moving about in the sand or mud
from which the water has retreated, leave their
tracks there ; and if, at such a time, the wind is
blowing dust over the beach, and the sun is hot
enough to bake it upon the impressions so formed,
they are left in & kind of mould. Such trails and
furrows, made by small Shells or Crustacea, are
also found in plenty on the oldest deposits.
Admitting it, then, to be a beach, let us begin
with the lowest type of the Animal Kingdom,
and see what Radiates are to be found there.
There are plenty of Corals, but they are not the
same kinds of Corals as those that build up our
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reefs and islands now. The modern Coral ani-
mals are chiefly Polyps, but the prevailing Corals
of the Silurian age were Acalephian Hydroids,
animals which indeed resemble Polyps in certain
external features, and have been mistaken for
them, but which are nevertheless Acalephs by
their internal structure. In these Corals the
body, instead of being divided into chambers by
the vertical partitions so characteristic of the
Polyps, is divided at regular distances by hori-
zontal floors. I subjoin a
wood-cut of a Silurian Coral,
which does not, however, show
the peculiar internal structure,
but gives some idea of the gen-
eral appearance of the old Hy-
: droid Corals. We have but
one Acalephian Coral now living, the Millepore ;
and it was by comparing that with these ancient
ones that I first detected their relation to the Aca-
lephs. For the true Acalephs or Jelly-Fishes we
shall look in vain; but the presence of the Aca-
lephian Corals establishes the existence of the
type, and we cannot expect to find those kinds -
preserved which are wholly destitute of hard
parts. I do not attempt any description of the
Polyps proper, because the early Corals of that
class are comparatively few, and do not present
features sufficiently characteristic to attract the
notice of the casual observer.
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Of the Echinoderms, the class of Radiates rep-
resented now by our Star-Fishes and Sea-Urchins,
we may gather any quantity, though the old-fash-
ioned forms are very different from the living ones.
I have dwelt at such length in a former article *
on the wonderful beauty and variety of the Cri-
noids, or ¢ Stone Lilies,” as they have been called,
from their resemblance to flowers, that I will only
briefly allude to them here. The subjoined wood-
cut represents one with a closed cup; but the
number of their different pat-
terns is hardly to be counted,
and I would invite any one who
questions the abundant expres-
sion of life in those days to look
at some slabs of ancient lime-
stone in the Zodlogical Museum
at Cambridge, where the stems
of the Crinoids are tangled to-
gether as thickly as sea-weed
on the shore. Indeed, some
of our rock-deposits consist
chiefly of the fragments of their
remains.

The Mollusks were also rep-
resented then, as now, by their three classes, —
Acephala, Gasteropoda, and Cephalopoda. The

® See Methods of Study in Natural History, Atlantic
Monthly, No. LVIL., July, 1862,
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Acephala or Bivalves we shall find in great num-
bers, but of a very different pattern from the
Oysters, Clams, and Mussels of recent times.
The annexed wodéd-cut represents one of these
Brachiopods, which form
a very characteristic type
of the Silurian deposits.
The square cut of the
upper edge, where the
two valves meet along the back and are united by
a hinge, is altogether old-fashioned, and unknown
among our modern Bivalves. The wood-cut does
not show the inequality of the two valves, also a
very characteristic feature of this group, —one
valve being flat and fitting closely into the other,
which is more spreading and much fuller. These,
also, wege represented by a great variety of spe-
cies, and we find them crowded together as closely
in the ancient rocks as Oysters or Clams or Mus-
sels on any of our modern shores. Besides these,
there were the Bryozoa, a small kind of com-
pound Mollusk allied to the Clams, and very busy
then in the ancient Coral work. They grew in
communities, and the separate individuals are so
minute that a Bryozoan stock looks like some
delicate moss. They still have their place among
the Reef-Building Corals, but play an insignifi-
cant part in comparison with that of their prede-
€Eess0rs.
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Of the Silurian Univalves or Gasteropods there
is not much to tell, for their spiral shells were so
brittle that scarcely any perfect specimens are
known, though their broken remains are found
in such quantities as to show that this class also
was very fully represented in the earliest crea-
tion. But the highest class of Mollusks, the
Cephalopods or Chambered Shells, or Cuttle-
Fishes, as they are called when the animal is un-
protected by a shell, are, on the contrary, very
well preserved, and they are very numerous. Of
these I will speak somewhat more in detail, be-
cause their geological history is a very curious
one.
The Chambered Nautilus is familiar to all,
since, from the exquisite beauty of its shell, it is
especially sought for by conchologists; but it is
nevertheless not so common in our days as the
Squids and Cuttle-Fishes, which are the most
numerous modern representatives of the class.
In the earliest geological days, on the contrary,
those with & shell predominated, differing from
the later ones, however, in having the shell per-
fectly straight instead of curved, though its in-
ternal structure was the same as it is now and
has ever been. Then, as now, the animal shut
himself out from his last year’s home, building
his annual wall behind him, till his whole shell

was divided into successive chambers, all of
3 D
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which were connected by a siphon. Some of the
shells of this kind belonging to the Silurian de-
posits are enormous: giants of the sea they must
have been in those days. They have been found
fifteen feet long, and as large round as a man’s
body. One can imagine that the Cuttle-Fish in-
habiting such a shell must have been a formi-
dable animal. These straight chambered shells
of the Silurian and Devonian seas are
called Orthoceratites (see accompany-
ing wood-cut). We shall meet them
again hereafter, under another name
and with a different form ; for, as they
advance in the geological ages, they
not only assume the curved outline with
ever closer whorls till it culminates in
the compact coil of the Ammonites of
the middle periods, but the partitions,
which are perfectly plain walls in these
earlier forms, become scalloped and in-
voluted along the edges in the later
ones, making the most delicate and
exquisite tracery on the surface of the
- shell.

Of Articulates we find only two classes, Worms
and Crustacea. Insects there were none,— for,
as we have seen, this early world was wholly
marine. There is little to be said of the
Worms, for their soft bodies, unprotected by
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any hard covering, could hardly be preserved ;
but, like the marine Worms of our own times,
they were in the habit of constructing envel-
opes for themselves, built of sand, or some-
times from a secretion of their own bodies, and
these cases we find in the earliest deposits, giving
us assurance that the Worms were represented
there. I should add, however, that many im-
pressions described as produced by Worms are
more likely to have been the tracks of Crustacea.

But by far the most characteristic class of Ar-
ticulates in ancient times were the Crustaceans.
The Trilobites stand in the same relation to the
modern Crustacea as the Crinoids do to the mod-
ern Echinoderms. They were then the sole rep-
resentatives of the class, and the variety and rich-
ness of the type are most extraordinary. They
were of nearly equal breadth for the whole
length of the body, and rounded at the two
ends, 80 as to form an oval outline. To give any
adequate idea of the number and variety of spe-
cies would fill a volume, but I may enumerate
« some of the more striking differences: as, for in-
stance, the greater or less prominence of the an-
terior shield,— the preponderance of the poste-
rior end in some, while in others the two ends
are nearly equal,— the presence or absence of
prongs on the shield and of spines along the
sides of the body,—appendages on the head in
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some species, of which others are entirely desti-
tute,— and the smooth outline of some, while in
others the surface is broken by a variety of ex-
ternal ornamentation. Such are a few of the
more prominent differences among them. But
the general structural features are the same in
all. The middle region of the body is always
divided in uniform rings, lobed in the middle so
as to make a ridge along the back with a slight
depression on either side of it. It is from this
three-lobed division that they receive their name.
The subjoined wood-cut represents a character-
istic Silurian Trilobite.

There is no group more
prominent in the earliest cre-
ations than this one of the
Trilobites, and .so exclusively
do they belong to them, that,
as we shall see, in proportion
as the later representatives
of the class come in, these
old-world Crustaceans drop
out of the ranks, fall behind,
as it were, in the long pro-

cession of animals, and are left in the ancient
deposits. Even in the Carboniferous period but
few are to be found: they had their day in the
Silurian and Devonian ages. In consequence of
their solid exterior, the preservation of these ani-
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mals is very complete; and their attitades are
often so natural, and the condition of all their
parts so perfect, that one would say they had
died yesterday rather than countless centuries
ago. :
Their geological history has been very thor-
oughly studied; not only are we familiar with
all their adult characters, but even their embry-
ology is well known to naturalists. It is, indeed,
wonderful that the mode of growth of animals
which died out in-the Carboniferous period should
be better known to us than that of many living
types. But it is nevertheldss true that their em-
bryonic forms have been found perfectly pre-
served in the rocks, and Barrande, in his ¢ Sys-
tdme Silurien de la Bohéme,” gives us all the
stages of their development, from the time when
the animal is merely sketched out as a simple
furrow in the embryo to its mature condition.
So complete is the sequence, that the plate on
which their embryonic changes are illustrated
contains more than thirty figures, all represent-
ing different phases of their growth. There is
not a living Crab represented so fully in any of
our scientific works as is that one species of Tri-
lobite whose whole story Barrande has traced
from the egg to its adult size. Such facts should
make those who rest their fanciful theories of the
origin and development of life on the imperfec-
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tion of the geological record, filling up the sup-
posed lapses to suit themselves, more cautious as
to their results.

We have found, then, Radiates, Mollusks, and
Articulates in plenty ; and now what is to be said
of Vertebrates in these old times,— of the high-
est and most important division of the Animal
Kingdom, that to which we ourselves belong?
They were represented by Fishes alone; and the
Fish chapter in the history of the early organic
world is a curious, and, as it seems to me, a very
significant one. We shall find no perfect speci-
mens ; and he would be a daring, not to say a
presumptuous thinker, who would venture to re-
construct a fish of the Silurian age from any
remains that are left to us. But still we find
enough to indicate clearly the style of those old
fishes, and to show, by comparison with the living
types, to what group of modern times they be-
long. We should naturally expect to find the
Vertebrates introduced in their simplest form ;
but this is by no means the case: the common
fishes, as Cod, Herring, Mackerel, and the like,
were unknown in those days.

But there are two groups of so-called fishes,
differing from these by some marked features,
among which we may find the modern represent-
atives of these earliest Vertebrates. Of these
two groups one consists chiefly now of the Gar-
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Pikes of our Western waters, though the Stur-
geons share also in some of their features. In
these fishes there is a singu