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INTRODUCTION.*

Tais book has well been called a scientific romance. It is the
most ingenious and elaborate attempt we have ever seen to turn
Nature into Fiction, and to exclude God utterly by law, from his
own world. It isa cosmogony, or theory of the creation, which,
although in effect it rejects the divine scriptures as a guide, yet
makes us think of many passages of scripture, as for example
that of 2 Peter iii., 5, 6,7, “For this they willingly are igno-
rant of, that by the worDp oF Gop the heavens were of old, and
the earth standing out of the water and in the water: Whereby

*This work, in the third edition, which is now published, has
been altered by the author in some respects, so as to render its tenor
less objectionable on the score of religion and of morals. Neverthe-
less, as its teachings in two previous editions are abroad in the
world, and as the tendencies of the author’s theories remain the
same, it would perhaps be improper to take as the basis of our in-
troductory remarks any other than the speculations and results of
the author’s brain, as he first gave them. His system should be fol-
lowed to its end ; and in the first editions he has, himself, so follow-
ed it, perhaps unawares, further than was wise for its reception. It
cannot be fairly judged, but by his own conclusions from it. That
he is desirous now to withdraw some of those conclusions from the
public view, is a testimony as to the power of a correct public opi-
nion, but it cannot alter, in the least degree, the nature and tendency
of the author’s speculations.
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the world that then was, being overflowed with water, perished :
But the heavens and the earth which are now, By THE samE
WORD ARE KEPT IN STORE, RESERVED UNTO FIRE AGAINST THE
DAY OF JUDGMENT AND PERDITION OF UNGODLY MEN.”

The philosophy which delights to grope in the vestiges of the
past, might also find instruction from an examination of the pro-
phetic affirmations of nature in regard to this last declaration of
the inspired Apostle. The crust of the earth tells not with more
certainty how old it is, than its two hundred volcanoes, those
vast safety valves, which prevent the foundations of the great
central deep of fire from breaking up, and the crust from burst-
ing, do tell, with the all surrounding inflammable atmosphere of
our globe, that this planet is one day to be enveloped in a sea and
sheet of fire and flame. Those thirteen stars that have disap-
peared from the visible universe within the last three hundred
years, especially that planet, the brightness of whose conflagration
made it visible at noon-day, and which La Place supposed to have
been burning sixteen months, are a sublime and solemn predic-
tion of nature to the same effect. The Apostle Peter undoubt-
edly addressed his words to those willing fools of nature, who,
denying the system of judgment and of grace, held that the ex-
istence of this planet for so long a time, without.the promised in-
terposition of Jehovah as its Creator and its Judge, was a suffi-
cient assurance that no such interposition would ever take place.
Perhaps they held, with some modern speculators, that the earth
was to pass by a gradnal, gentle, imperceptible, and serene
transmigration, into heaven, and that by and by the race which
inhabits it were to leap, by a sudden development of law, from
the condition of men into the nature of angels.

We are reminded also of that striking passage in the Epistle
to the Hebrews xi., 3, “ Throngh faith we understand that the
worlds WERE FRAMED BY THE WORD OF GOD, so that things which
are seen were nol made of things which do appear.”’ It might
seem as if the Apostle had some Atheistic theory of the creation
by the laws in matler, in view in this passage; nor was there,
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among the Pagan philosophers, any want of various cosmogo-
nies, made, as it were, to order, some of them exceedingly inge-
nious, and well fitted to the Fool’s taste, who saith in his heart,
There is no God.

This hook reminds us also by contrast of that beautiful portion
of the scriptures, the 104th Psalm, which would in itself form
the best of all introductions to the pages of this author, though
to pass from it into his speculations, would be like going from a
glorious temple, open to the heavens, into a subterranean excava-
tion, where you have to grope by the touch, and walk on in dark-
ness at noon-day. The 104th Psalm is indeed a magnificent
propylewm to any work on the system of nature. O Lord, how
manifold are thy works! In wisdom hast thou made them all:
the earth is full of thy riches. Thy living creatures wait all
upon thee, that thou mayest give them their meat in due season,
That thou givest them, they gather. Thou openest thy hand,
they are filled with good. 'Thou hidest thy face, they are trou-
bled ; thou takest away their breath, they die, and return to their
dust. Thou sendest forth thy spirit, they are created, and thou
renewest the face of the earth.”

The Holy Scriptures interpose no law between nature and na-
ture’s God ; they bring us directly toour Father, as the God of Pro-
vidence and Grace ; they throw us and all things upon God him-
self for sustenance, and not upon the operation of law : and they
teach, in the most unequivocal manner, a great truth, which it is
the object. of this book to encounter and deny, even the interpos-
ing special providence of God in behalf of the world which he
governs and the creatures he has made. ¢ Are not two sparrows
sold for a farthing ? And not one of them shall fall on the ground
without your father. But the very hairs of your head are all
numbered.” It is with such passages of God’s word full in view,
that the reader should peruse this book, if he opens it at all; and
then there is no great danger of his faith being shaken by it.

One of the most palpable impressionsreceived from reading it, is
that of the extreme credulity of science apart from revelation.
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A man whose mind is not anchored in the word of God will receive
on the most inadequate evidence a theory which, had it been pro-
pounded in the pages of that word, would have been rejected as
unsustained. The author of this book, we venture to say, would
believe to the letter the account of the sun and moon standing
still at the command of Joshua, had it come to his imagination,
as simply an illustration of a new step upwards in the develop-
ment of some far-reaching law, working on the principle of Mr.
Babbage’s calculating machine, when, as an interposition of
divine power, put beyond controversy by the testimony of God
himself, he would reject it utterly. Infidelity in regard to the
word of God is the most all-devouring, blindly credulous monster
in regard to all other things in the universe. Infidelity has a
great stomach for wonders, but no appetite for divine miracles or
simple truth; an enormous digestion for things absolutely indi-
gestible and hurtful, but no power of assimilating the wholesome
plain food prepared for the system. It is like an ostrich, that
might feed on rusty nails, and yet be staggered by a bowl of
custard.

There is very little faith in the world, but a great deal of credu-
lity. Men will run like the woman of Samaria, ¢ Come, see 2 man
which told me all the things that ever Idid,” and yet stand un-
moved while truth divine drops from the lips that spake as never
man spake. Comparatively few persons come to Christ himself,
and then say to the woman, “ Now we believe, not because of thy
saying, but because we have heard him ourselves, and know that
this is indeed the Christ, the Saviour of the world.”” This is much
the highest faith, but there is a perverse disposition to listen to
human testimony in preference to the testimony of the word of
God ; to men whoare always liars, rather than to God, who can-
not lie.

Moreover, there is a perverse disposition to listen to the voice
of matter, rather than the voice of spirit. The material seems
always to have the strongest evidence, for you can touch it, taste
it, handle it. The imprint of a duck’s foot in the mud, petrified



INTRODUCTION. xi

some ages, makes a deeper impression on such a mind, than the
divine image itself imprinted in the Seriptures. Scientific infi-
delity is the work of an understanding grovelling with its face
downwards among the rude traces of death, and the wrecks of
matter and time; an understanding that never looks upward
nor inward, but always downward and outward. Faith in God
and his word is the act of reason, the highest act of spiritual
being, turned towards spiritual wisdom, towards eternal truth.
Faith in the word of God is the act of our whole being ; infi-
delity is the work of a depraved part of it.

The voice of true science, as the handmaiden of faith, is
towards heaven ; Come up hither ; come see the works of the
Lord, how unsearchable is his wisdom! The voice of the man
of science is too often away from heaven, Come, see these natural
wonders and what grand theories we make with them, and how
sublime a Deity is law ! It is the natural intent of everything
to bring us near to God, and everything would bring us near to
God, if the heart were not distant from him ; but when God is not
in the heart, he is not in the understanding, and then there may
be plenty of law, but nothing of Deity.

A man whose heart is notright with God is no more prepared
to stndy nature and understand her spiritnal lessons, than he is to
see and feel the power and beauty of God’s word. He will not
see God in nature, any more than he can see God in revelation.
He will not see God in nature, but he can easily make nature his
God. And it matters very little whether he does this in the
shape of law, or whether he falls down with the early Persian,
and worships the rising sun. The tendency of modern science
is to make of Law a God ; but this constitutes a religion, which
we take to be far more proud, and not a whit more rational, than
the old-fashioned paganism. 1t is more self-complacent, but not
the less dangerous for that. It is more gloomy, more sterile,
more comfortless, this religion of nature, this divinity of Law,
than the heathenism of Rome, with its thirty thousand deities.

It is a system that not only separates the soul from God, but
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carries it into chance and Atheism. For chance itself has its
law, and who knows what the next combination thrown up by the
great revolving cycles of law in the Universe may be ? It may
be 2 new and more perfect race of humanity, according to this
author ; it also may be the megatheriums of chaos.

The author of this book seems to have a great admiration of
God as a Creator, but a great dislike of the presence of God.
Perhaps we ought rather to say,an admiration of Law as a Cre-
ator, for this is the aspect of the Deity in this work, and not the
presentation of the idea of a personal being. There is a ten-
dency to reject and throw aside, as incompatible with science,
the scripture representations of the personality of God. The Deity
of Law set up in his stead, is such a creation, that not even the
possibility is admitted from eternity but just once, of an occasion
for the agency of a personal God, and that is the occasion when
the all-comprehending system of Law was started. That done,
the Deity of this book, so far as anything personal is concerned
in its idea, seems to say, as if impatient of the task of absolute
existence, Leave, ah, leave me to repose ! This, then, seems to
be the newest phase of science—a vast system of nature, which
may as well be infinite as finite, under 2 law of development
which excludes all thought of a personal God, except as the
framer of the law; and the law itself being as well infinite and
eternal backwards as forwards, may as well be from eternity to
eternity, and may as well be a quality of matter as of mind, and
thus no personal God at all is needed.

In the conceptions of this writer there seems to be an irre-
concilable enmity between the system of law developed in the
vestiges of creation, and the doctrine of a particular Providence.
Now, we think this view of Law, this idea of Law, as excluding
a present, acting, personal God, is as unphilosophical and irra-
tional, as it is unseriptural and irreligicus. We can conceive of
intelligent and moral agents as apart from God, as under law
and yet separate from God, as obeying or disobeying law ; but we
cannot so conceive of nature, of the universe of matter. There
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is no intelligence in matter, to keep law and obey it, and nothing
but the ceaseless agency of the lawgiver can carry law into
action. What is the connection between cause and eflect, if
the agency of the First Cause be withdrawn or suspended ? At
every movement of creation God must be present, or the move-
ment cannot be conceived as posssible. And what is omni-
presence, apart from omni-agency ? A blade of grass can no
more grow without God’s agency, than it can exist without
God’s presence. And if it be said that this involves the idea of
a wearisome, never-ending vigilance, it may be so to the creature,
but not to the Creator. Wherever there is law, there is God
present and cognizant ; and is it any more difficult for God to
act, than it is for God to be present and to know ?

In fact the separation of God from his works, whether by law
or by chaos, is the most unphilosophical, unscientific thing that
can be. It is an impossibility. The particular providence of
God is as demonstrable and as necessary, as the being of a God.
We cannot live aright, but as we live in God, and we can learn
nothing aright, but as we learn it from God. The religion of
nature, rejecting a providential God, is a natural religion only
for fallen beings. For such beings the desire to hide away from -
God, whether behind the creation, or its supposed system of law,
is as natural as it was for Adam to hide beneath the trees of the
garden. If it were not for the consciousness of guilt, a particu-
lar providence would be to every being so delightful, that no
reasoning could dispossess it from the mind.

But to the author of this book, this consoling and delightful
truth appears as a gloomy alternative, to which it would be a
disaster to be driven. And the miserable, doubting, fearing, un-
certain, half-despairing state of mind, not doubtfully revealed at
its close, is one of the most instructive pictures that can be given
of the wretched consequences of cutting loose from revelation,
and going to nature instead of the word of God, for instruction.
This book is as a man taking you by the hand and leading you
through interminable vales of skeletons and formless petrifactions,
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always talking to you with a voice that seems at every step
turning your own being into stone, or that reminds you of the
grating scalpel of an anatomical operator—now demonstrating
to you that man is nothing but a perfect tadpole, and now show-
ing you that the mind is made out of electricity, and now telling
you that sin and evil are only the minus or the plus of that
electricity, and absolutely unavoidable under the great neces-
sitarian deity of Law—till he comes to a bottomless gulf, where he
stands still, and advises you to throw yourself over, in the full
faith that wherever Law may bring you up, orthough you may
be falling eternally, you cannot be worse off than the develop-
ment of Law has made you in your present existence. It is the
coolest, most comfortless, most irreligious stoicism in the world ;
a blank as cheerless as the grave, without even a hint that there
has been such a thing as life and immortality brought to light
through the gospel.

There is, throughout the volume, an appearance of scientific
profoundness ; but the author’s speculations are mere hypotheses
without proof, mere suggestions of what may have been, never
even approximating to demonstrations of what has been. Nei-
ther are the speculations or hypotheses so new as might be ima-
gined, having been broached with some varieties, though not
carried to so full an extent, among nations where the light of
natural philosophy was exceedingly dim and feeble, and no divine
revelation was enjoyed to guide men’s imagination, or correct
their mistakes. But this writer does not attempt to add to such
speculations any additional or corrective knowledge of the being
and providence of God, gained from that revelation, but goes on
guessing just like a heathen philosopher.

Now it is very curious to see a mind under the light of the
gospel, thus stepping back into the caves of pagan nations with-
out the gospel, and then, amidst elephantine skeletons, and mud
mummies in their niches, and shelves of doubtful fossils, sitting
down and reasoning precisely as if there were no light anywhere
in existence, but what comes from these collected fragments of
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the moulds of past creation! It is an unsuccessful effort, this
labor under the light of Christianity, to speculate about nature
just as if there were no Christianity. The old pagan philoso-
phers had, in this respect, a great advantage over some modern
men of science; the inappreciable advantage of never having
known anything better or higher than nature without revela-
tion. This being the case, they experienced often surprising
thoughts, that led them in the direction of revelation, at once
vindicating the necessity of it, and foreshadowing daily the truths
of it. But, a revelation having come, then to reason, or to
endeavor to reason, from nature, just as you would without reve-
lation, is to mistake and pervert both nature and revelation, and
to produce a mongrel philosophy, having the truth of neither,
and unworthy of both; a philosophy tending at once to unhinge
the convictions of the mind in regard to the word of God, and yet
totally destitute of the heartiness, the fervid earnestness, of those
magnificent old guesses at truth, and those yearnings after it,
which, in men like Plato, do show us at least some shafts of the
rays of reason shooting up towards God, and divining beforehand
the doctrines of providence and immortality.

When we read a book like this, which manifestly puts more
faith in the hieroglyphics of dead matter than the teachings of
the living Spirit, in the mute and doubtful may have been of the
vestiges of creation than in the is and shall be of the great r am,
in the footprints of death than in the Word of Life, we are re-
minded of the interrogation of Isaiah to those blind fools who
sought knowledge from peeping and muttering wizards, « Will
ye go for the living to the dead? Should not a people seek
unto their God ?” A man, who thinks himself a man of science,
resolves to be very independent in his researches, theories, and
conclusions, and for this purpose sets himself apart from the word
of God, saying within himself, ¢ Now will I reason in perfect free-
dom from all those prejudices that surround all men from their
birth, in regard to God and man and the creation, and whatever
conclusions I come to, I will report them with a noble indepen-

1*
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dence, no matter what theologians may say of me; for nature
cannot lie, and T am determined to learn the pure truth from na-
ture.”” Now this is very much as if a man should say, “ I will run
now in the dark,apart from all those prejudices, which men have
acquired by walking only in the light of the sun, and if I strike
my head against a wall, I shall know the nature of things much
more truly than those who, by the light of the sun, avoided it.”
For the light of revelation is a light shining on nature, at the
same time that it brings into view the spiritual world; and to
attempt to study nature without that light, is as if one should
prefer midnight darkness to the light of noon day.

Nevertheless, our man of science, in this noble spirit of inde-
pendence, caring not a fig for what Moses or the theologians
may say, collects his scraps of dead vestiges, his half-obliterated
inscriptions on the tombstones of creation, his circles of petrified
comparative anatomy from the corallines to the corve, and from
the molluscs to the mastodons, and sets the fossils of death in
order before him, and makes them peep and mutter, and notes
down and connects the sentences, and who so wise and fearless
as he? «That's against Moses,” he says to himself, as he brings
the scull of & monster of one generation into contact with the tail
of another, some twenty hundred thousand years posterior, “but
that’s nothing to us; we must leave the theologians to settle with
Moses: we care for nothing but truth.” Then as he unrols
another series of his rocky palimpsests, and shows you a cycle
of creation without beginning and without end, “ That’s against
a particular providence,” says he, ““and it looks as if matter were
eternal, but what need of providence, when we have law? Let
nature go on according to law, and what matter in what part of
the circle she produces us, or the more perfect races of humanity
that are yet to come after us?”

Now we cannot help wondering at that state of mind, which
thinks it hears truth speak more plainly from the jaws of a fossil
animal, than from the word of God, and which, if the jaws of the
fossil seem to contradict the word of God, decides at once that
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the word of God is the doubtful fossil, and the fossil is the word
of God ; that is, if there be any personal God, which the voice of
creation, to some minds, renders very questionable. And the
reader of such a book as this needs to be reminded, that to a being
whose moral vision is not utterly perverted, there is a hundred
thousand fold more of evidence that the Bible is the word of God,
than there is that the conclusions of science, so called, or the
theories of science, are the voice of fact. The probability is a
hundred thousand fold greater that this writer is totally wild and
mistaken in his theory, than that you are mistaken in your reli-
ance on the word of God. Nay, this is a very unfair statement ;
for you are absolutely sure in regard to the word of God, but abso-
lutely uncertain in regard to every hypothesis proposed by this
writer, though absolutely certain, in so far as it contradicts the
word of God that it is absolutely fulse. You may read this book
as a curious speculation, and be amused with the ingennity of its
author, wherever you are not pained by his evident want of the
cheering consolations and beliefs of the gospel; but if you put
your trust in him as a guide in any respect in which he leads
you astray from the path of your precious convictions in the word
of God, then you are leaving the most perfect of all evidence,and
the best of all light, to trust in doubt and darkness. And if you
read this book to let it produce upon you any other impression
than that of wonder at the credulity of those who do not believe
in the word and providence of God, or if you suffer it to put a
spot of cloud in the sky of your spiritual vision, or to diminish
the childlike confidence with which you approach God as your
own Father, who deigns to commune with you as his own child,
it is as if you should suffer the dreams of a blind man under the
influence of opium to make you doubt whether you ever saw the
light, or felt the warmth of the noonday sun.

But this is not all. It is not only true that no man who lives
without God in the world is capable of being a fit guide for the
soul in nature, but it is also true that such an one is sure, at some
point in his investigations, to go wrong. Without the love of
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God in the heart, and the Spirit of God enlightening and guiding
the understanding through the heart, no man can read for him-
self, and much less can teach to others, the lessons of God in
nature. By the term God we mean the personal God of the
Scriptures, and not the law of nature, and by the term Spirit we
mean the personal Spirit of the Scriptures, and not an emanation
from nature. As in the word of God, so in the works of God, if
the blind lead the blind, both shall fall into the ditch. < My sheep
hear my voice;” but none others hear it. They may hear a
voice, some sort of voice, but it is not God’s voice, not Christ’s
voice, not the voice of the author both of nature and grace.
Except they are the sheep of Christ, they know not his voice,
either in his word or in his works. And they err and wander
about in the wildest vagaries, even like goats upon the moun-
tains, fonder of scaling precipices and browsing upon wild and
tough aliments, than of following the shepherd with his crook,
and feeding in green pastures beside still waters.

Now we say that no man under the Christian dispensation can
be justified in writing a scientific work so utterly separated and
aloof from Christian sentiments and principles. There is indeed
an attempt in this work at the introduction, in some places, of the
being of a God, but it is introduced as an indefinite, awful, and
almost gloomy idea, concerning which we can know little or
nothing, and with which we have little or no concern. We are
reminded of those in Isaiah’s time, *“ which swore by the name of
the Lord, and made mention of the Ged of Israel, but not intruth
and in righteousness.”  From some passages also we are left in
doubt whether the idea of this writer in regard to God be any-
thing more than that of pantheism, or a form of pantheism, in
which God is merely himself an all-comprehensive law. We
should rather say, we are left in very little doubt that such is the
type of his own religious belief. Nowhere in the book is there
any intimation of a Saviour, or of any need of him, or of any
such thing as sin, although there are chapters where the omis-
sion of these things shows clearly that the author does not
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believe in them. Nowhere is there any intimation of man’s
accountability to God, though the author does, in one sentence,
speak of “our connexious with something beyond this world.”
We gather from the work that he believes matter to be mind, the
distinction between physical and moral to be merely an error in
terms, and all things, whether physical or moral, to be merely one
vast mass of necessary development by law. Into this small
field of necessity the whole of the mysteries of nature ultimately
resolve themselves ; and this necessity is but « the expression of
that unity, which man’s wit can scarce separate from Deity
itself.”

Under this Deity, the act of creation is no longer an act, an
exercise of will, power, and goodness, but a mere development of
law, necessary and eternal. This creative law is probably elec-
tricity, so that the soul of the world and the Deity of the universe
may be resolved into this agent. Under its influence, in a series
of advances of the principle of development, every successive
species of being has come into existence, and grown to perfection,
and man among the rest. Tt is not to be imagined, when God is
said to have made man in His image, that God had anything, by
himself, to do with it. The first living creature started into life
by electricity, “ by a chemico-electric operation, by which simple
germinal vesicles were produced.” These germinal vesicles
grew first into fishes, then, after perhaps some thousands of years
of nature’s gestation, into reptiles, then, after thousands more,
into animals of a higher type, and so on, the last and most perfect
development being that of man.

The immediate progenitors of the human species are supposed
by this writer to have been the monkeys; and to say that the
idea of suchan origin is any way degrading to our race, savors
strongly, in his view, of pride in us, and of disrespect to the
orders of creation below us. Aund it must be confessed that
there never has been in the human species precisely that kind or
degree of veneration towards the respectable race of the monkeys,
which might be expected from children to such ancient and hon-
orable ancestors. This is a difficulty ; but on the other hand,
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on the theory of the monkeys as our progenitors, the mischievous
propensities of our race may be satisfactorily accounted for, as
also our disposition to joke at others’ expense, and to make “a
cat’s paw” of one another for our own convenience. The chat-
ting and gossiping tendency of a large portion of our humanity
does likewise receive in this theory a most satisfactory solution.
Solikewise are the mysterious indications accounted for, conceiv-
ed by Lord Monboddo to lie folded up in our caudal anatomy.
Thereby hangs a tail. We are also a nut-loving and nut-crack-
ing race. The strong imitative propensities of mankind are in
the same way accounted for ; the passion for mimicry and pan-
tomime being among the clearest internal evidences of our monkey
origin. But it is very strange that when a man or boy makes him-
self very ridiculous, the proverbial reproach cast upon him
should have taken such a type as this; Don’t act so much like a
monkey. On our author’s theory, this is just about equivalent to
saying, Don’t behave so much like your great-grandfather.

The author does not determine whether all the monkeys, when
the period for the production of men was fully come in the de-
velopment of the Law, brought forth human babies, or whether
only a few monkeys were chosen as the parents of the human
race ; but he states the question, and inclines to the former sup-
position. Now this presents a great difficulty. Of all creatures
in existence, we well know that a new-born habe is the most
helpless, and sure to die without the care of a tender parent. If
only one or two pairs of monkeys had brought forth a human
baby at first, and the infants had died for want of proper nursing,
other pairs of monkeys still might have taken up the business,
and endeavored to correct those mistakes, by giving to their
babies a different education from that, in which it was so very
natural to train them as monkeys. But if the Law of develop-
ment gave human babies to all the monkey tribes at once, no one
family could have had the benefit of another’s experience, and
for aught we see, the whole race of babies must have become
extinet. This is a point highly worthy the author’s consideration.

On the supposition that not the order of monkeys, but the
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plantigrada, or the Bear, brought forth the first man, this diffi-
culty would be still greater ; for it is well known that the Bear
licks its cubs very severely into shape; an operation which we
are quite sure the new-born human infant would not be able to
endure. On the supposition of the Bear as having been our ori-
gin, we should, however, be able to account more satisfactorily
for the savage and carnivorous propensities of man. As to the
difficulty of nursing, perhaps our author means that when, in the
last and most perfect development of law, the human being was
started, and began to grow, the care of his infancy was confided
to wet-nurses suspended and ready to drop like oranges from the
trees, or to spring full-formed from the blossoms of the Magnolia,
so as to take care of the new species of creation. On some
accounts the wolf might claim precedence of the monkey as the
probable progenitor of man, and the question may be worthy of
this author’s investigation, whether the story of Romulus and
Remus be not a sacred myth intended to shadow forth the last
great development of law, and the benevolence of nature, in pro-
viding a nurse for the helpless human suckling.

But more than all this, this writer finds that the ¢ zoological
status of the crow > throws great light on the nature and destiny
of man. “The corvide (crows), our parallels in aves (in the
family of birds), consist of several distinct genera and subgenera.”
Shall the human being then be so imperfect as to have but ene
species? It is startling to think of such an imperfection in the
circle of humanity, when in the circle of crowanity there are so
many species. Therefore, though such a question ought not to
be answered rashly, it is probable that the next development of
creative law in our world will be a more perfect species of the
genus man. Perhaps nature was trying the experiment in the
case of those giants of old, who had six fingers and six toes
and if so, David and his warlike companions were very rash in
breaking up the mould before the race got established.

At any rate, we are to have a more perfect specimen of man by
far in the next great leap or development of law. Some of our
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future mothers are to see wings playing at the shoulders of their
little ones. « The present race,” says thisauthor, “rude and im-
perfect as it is, is perhaps the best adapted to the present state of
things in the world; but the external world goes through slow
and gradual changes, which may leave it in time a much
serener field of existence. There may then be occasion for a
nobler type-of humanity, which shall complete the zoological circle
on this planet, and realize some of the dreams of the purest
spirits of the present race.”

The first thought on reading this strange passage is that the
writer must be a man who, by some fatality, has never heard of
the being of a Divine Saviour, as having taken our nature upon
him to bear our sins. If this writer believes in the existence of
Jesus Christ at all, which we deem very doubtful, it would seem
that he regards him as having assumed but a low, crude, imper-
fect form of our humanity, which s to be altogether set aside and
superseded by a nobler type.” What scientific insanity is this !

We do utterly object to the right of any man to make science
his stalking-horse for the introduction of such monstrosities.
Under a great appearance of scientific depth and largeness, with
novel and grand theories well adapted to impose upon many
minds, and to carry the connected poison of unbelief into the
heart, this book stealthily advances against the Christianity of
the gospel. According to its system, crime is not sin, being
produced by “influences upon the feetus,” and by the necessity
of nature. “The original characters of mind are dependent on
the volume of particular parts of the brain,and the general quality
of that viscus.” The law of development determines irresistibly
both the particular intellectual powers and the moral dispositions
of every individual. “A Cuvier and a Newton are but expan-
sions of a clown, and the person emphatically called the wicked
man is one whose highest moral feelings are rudimental. Such
differences are not confined to one species; they are only less
strongly marked in many of the inferior animals. There are
clever dogs and wicked horses, as well as clever men and wicked
men.”
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There is, moreover, a great excuse for crime in the compli-
cated nature of the machine of our humanity, as it has happened
to be turned off in the development of law from the hopper of the
great mill of creation. ¢ The indefiniteness of the potentiality of
the human faculties, and the complexity which thus attends their
relations, leads unavoidably to occasional error. If we consider
for a moment that there are not less than thirty such faculties,
that they are each given in different proportions to different per-
sons, that each is at the same time endowed with a wide discre-
tion as to the force and frequency of its action, and that our
neighbors, the world, and our connexions with something beyond
it, are all exercising an ever-varying influence over us, we can-
not be surprised at the irregularity attending human conduct.
It is simply the penalty paid for the superior endowment. It is
here that the imperfection of our nature resides. Causality and
conscientiousness are, it is true, guides over all; but even these
are only faculties of the same indeterminate constitution as the
rest, and partake accordingly of the same inequality of action.
Man is therefore a piece of mechanism, which can never satisfy
his own ideas of what he might be, for he can imagine a state of
moral perfection, though his constitution forbids him to realize it.”

Now we cannot well imagine a piece of more barefaced jmmo-
rality than this. Here is a novel theory of original sin, which
may at once set all the theologians at rest, as the geological
theory of creation dispatches Moses.  Crime is simply the penalty
which we have to pay for the superior endowments of our nature.
It is simply irregularity of action among our faculties, nothing
more. Consequently, “ criminal jurisprudence addresses itself
less to the direct punishment, than to the reformation and care-
taking of those liable to its atteniion. And such a treatment of
criminals is evidently no more than justice, seeing how acciden-
tally all forms of the moral constitution are distributed.” The
world will be a jubilee of villains when this writer’s system shall
prevail. The adulterer and the murderer are simply unfortunate
men, * whose highest moral feelings are rudimental.” The man
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.who robs you of your thousands, and he who forges your name
to rob others, are merely subject to inequality of action in the
faculties, producing a necessary irregularity of conduct, which
might have happened to you as well as to them. The same law
of necessity, which turned them out villains in this world, will
turn them up righteous men in the next. This must be their
consolation. Ttisindeed a most unfortunate thing to have proved
villains here; and then moreover, the state’s prison for life, or
perhaps capital punishment, is such an enormous wrong laid
upon them in consequence of that unequal operation of their
faculties which they could not help, and for which they ought
rather to have been compensated ! Butlet them remember that
they are in the hands of One, who is both able and willing to do
them entire justice.” Nature made them villains here, and they
had to be punished for it, but there is a system of redress for them,
and they shall be angels hereafter!

If any of our readers should suspect that there is aught of
caricature or exaggeration in this description of the writer’s sen-
timents, or anything beyond the exact truth, let them peruse the
chapter on the purpose and general condition of the animated
creation, as also on the mental constitution of animals. The
doctrines here developed would lead to the most tremendous,
remorseless, and wide-sweeping licentiousness ; they would lead,
indeed, to the destruction of all virtue and government, human
and divine. They strike utterly out of existence, the Scriptures;
the Saviour, a future Retribution, and the Divine Justice ; and
they are a monstrous libel on the whole character of God. The
following short extract is enough to show this, taken in connec-
tion with the conclusion of the book. It is clear from the
whole scope of the natural laws, that the individual, as far as
the present sphere of being is concerned, is to the author of
Nature a consideration of inferior moment. Everywhere we
see the arrangements for the species perfect; the individual is
left, as it were, to take his chance amidst the mé/ée of the various
laws affecting him. If he be found inferiorly endowed, or ill be-
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falls him, there was at least no partiality against him. The sys-
tem has the fairness of a lottery, in which every one has the like
chance of drawing a prize !”’

The writer then goes on to say that “it will occur to every
one that the system here unfolded does not imply the most per-
fect conceivable love or regard on the part of the Deity towards
his creatures.” Itis a dreary view of the divine economy, and
some might feel that it would be better even to believe in a
special providence, and to regard God as a Father who loves us,
and who seeks, even by our sorrows, to accomplish our ultimate
good. But we must not allow ourselves to fall into any such
error. It may be that though nature has made us villains and
unhappy into the bargain, or by chance unhappy without being
villains, yet ““it may be that there is a system of mercy and grace
behind the screen of nature, which is to make up for all casual-
ties endured here. The redress is in reserve, and we cannot
well doubt that we are in the hands of one, who is both able and
willing to do us the most entire justice. And in this faith we
may well rest at ease.” We feel that it is almost sacrilege to
have used the terms mercy and grace in such connection. A
system of Mercy and Grace behind the screen of nature, which is
to make up for all casualties endured here! All that is affirmed,
even in this dark and blind guess, is its possibility, for it is
totally hidden from us. There may be such a scheme, but if
there is, our anthor believes that we know nothing of it in this
world, but that it is altogether “ behind the screen of nature,” to
meet us, perhaps, when the next great development of law shall
turn up for us, among “ the casualties of nature,” a future state
of existence. In a personal God, who exercises Mercy and
Grace, there is here no intimation of any belief whatever, but
merely in a great law of development, which it may be hoped
will produce in the future world a system so much happier than
the present, as to answer to the terms Mercy and Grace in the
Gospel. Of mercy through a Saviour, or of Grace as the par-
don of sinners through him, the author evidently believes no-
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thing. His system, closely examined and pursued into its re-
sults, is the completest and most perfect piece of materialism,
necessitarianism, scepticism and atheism combined, that has
ever come under our notice.

And yet, there is in it a great deal of interesting information,
accurately classified, and the author evidently wishes to guard it
from the charge of atheistical impiety, by referring to the author of
Nature, and supposing an original Framer of creative law. Whether
this supposition, or the admiration expressed of the wisdom ex-
ercised in making such a law, is sufficient to redeem the system
from such a charge, the readers of the book will judge for them~
selves. If atheism be judged by the Apostle’s expression, without
God in the world, this book is full of it ; and that gloomy sen-
tence, without God in the world, is in fact the one grand impres-
sion made by this book upon the mind. It goes far beyond the
schemes of the old English Deists, and inasmuch as it is pushed
forward under a form of profound scientific investigation, it is
perhaps more dangerous than would be the same theory on con-
troverted principles of morals. When a false and injurious sys-
tem of morals comes by itself, the conscience and common sense
of mankind reject it. But scientific absurdities are not so easily
detected by the mass ; and a bad morality pushed forward by an
apparent body of science, and to some degree hidden by the
same, may cause the feet of many to stumble unawares.

On the whole, we are reminded by this book of Lord Bacon’s
profound observation, that in knowledge without love there is ever
something of malignity : and it makes us also think of Coleridge’s
remark, equally striking, that all the products of the mere under-
standing partake of DeaTH, and are as the rattling twigs and
sprays in winter, into which a sap is yet to be propelled from some
root, to which evidently the author of this work has not yet pene-
trated, if they are to afford the soul either food or shelter. That
root is Christ. And there is one declaration in the Word of God
in regard to Christ, which is as a thunder-stroke of annihilation
to this writer’s speculations upon nature, and that is the sublime
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opening of the Epistle to the Hebrews ; “ Gop, who at sundry
times and in divers manners, SPAKE in time past unto the fathers
by the prophets, hath in these last days spoxEN unto us by his
Son, whom he hath appointed heir of all things, BY wnonm aLso
HE MADE THE WORLDS.” Putting this beside Paul’s sermon to
the Epicureans and Stoics, in whose “sensual sty” this work on
the vestiges of Creation properly belongs, we have a perfect an-
swer to the whole system. ¢ God, that made the world and all
things therein, giveth to all life and breath and all things, and
hath made of one blood all nations of men, for to dwell on all the
face of the earth, and hath determined the times before appointed,
and the bounds of their habitation, that they should seek the
Lord, if haply they might feel after Him, though He be not far
from every one of us: For in Him we live and move and have
our being.” Instead, therefore, of the living to the dead, let the
people seek unto their God.

Acquaint thyself with God, if thou would’st taste
His works, Admitted once to his embrace,
Thou shalt perceive that thou wast blind before,
Thine eye shall be instructed, and thy heart,
Made pure, shall relish with divine delight,
Till then unfelt, what hands divine have wrought.
Happy the man, who sees 2 God employed
In all the good and ill that checker life !
Resolving all events, with their effects
And manifold results, into the will
And arbitration wise of the Supreme.
Did not his eye rule all things, and intend
The least of our concerns (since from the least
The greatest oft originate): could chance
Find place in his dominions, or dispose
One lawless particle to thwart his plan ;
Then God might be surprised, and unforeseen
Contingence might alarm him, and disturb
The smooth and equal course of his affairs.
This truth, philosophy, though eagle-eyed
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In nature’s tendencies, oft overlooks ;
And, having found his instrument, forgets,
Or disregards, or, more presumptuous still,
Denies the power that wields it. God proclaims
His hot displeasure against foolish men
That live an Atheist life ; involves the heaven
In tempests ; quits his grasp upon the winds,
And gives them all their fury : bids the plague
Kindle a fiery boil upon the skin,
And putrefy the breath of blooming health.
He calls for famine, and the meagre fiend
Blows mildew from between his shrivelled lips,
And taints the golden ear. He springs his mines
And desolates a nation at a blast.
Forth steps the spruce philosopher, and tells
Of homogeneal and discordant springs
And principles ; of causes, how they work
By necessary laws their sure effects ;
Of action and reaction ; he has found
The source of the disease that nature feels,
And bids the world take heart, and banish fear.

Thou fool ! will thy discovery of the cause
Suspend th’ effect or heal it 2 Has not God
Still wrought by means, since first He made the world ?
And did he not of old employ his means
To drown it 2 What is his creation less
Than a capacious reservoir of means
Formed for his use, and ready at his will ?

Go, dress thine eyes with eye-salve ; ask of him,
Or ask of whomsoever he has taught ; _
And learn, though late, the genuine cause of all.
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THEIR ARRANGEMENTS AND FORMATION.

it is familiar knowledge that the earth which we inhabit
is a globe of somewhat less than 8000 miles in diameter,
being one of a series of eleven which revolve at different
distances around the sun, and some of which have satel-
lites in like manner revolving around them. The sun,
planets, and satellites, with the less intelligible orbs
termed comets, are comprehensively called the solar sys-
tem, and if we take as the uttermost bounds of this system
the orbit of Uranus (though the comets actually have a
wider range), we shall find that it occupies a portion of
space not less than three thousand six hundred millions
of miles in diameter. The mind fails to form an exact
notion of a portion of space so immense ; but some faint
idea of it may be obtained from the fact, that, if the
swiftest race-horse ever known had begun to traverse it,
at full speed, at the time of the birth of Moses, he would
only as yet have accomplished half his journey.

It has long been concluded amongst astronomers, that
the stars, though they only appear toour eyes as brilliant
points, are all to be considered as suns, representing so
many solar systems, each bearing a general resemblance
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to our own. The stars have a brilliancy and apparent
magnitude which we may safely presume to be in propor-
tion to their actual size and the distance at which they
are placed from us. Attempts have been made to ascer-
tain the distance of some of the stars by ecalculations
founded on parallax, it being previously understood
that if a parallax of so mueh as one second, or the
3600th of a degree, could be "ascertained in any one in-
stance, the distance might be assumed in that instance as
not less than 19,200,000 millions of miles! In the case
of the most brilliant star, Sirius, even this minute parallax
could not be found ; from which of course it was to be in-
ferred that the distance of that star is something beyond
the vast distance which has been stated. In some others,
on which the experiment has been tried, no sensible par-
allax could be detested ; from which the same inference
was to be made in their case. But a sensible parallax
of about one second has been ascertained in the case of
the double star, ¢ ¢, of the constellation of the Centaur,*
and one of the third of that amount for the double star, 61
Cygni; which gave reason to presume that the distance
of the former might be about nineteen millions of millions
of miles, and the latter of much greater amount. If we
suppose that similar interval sexist between all the stars
we shall readily see that the space occupied by even the
comparatively small number visible to the .naked eye
must be vast beyond all powers of conception.

The number visible to the eye is about three thousand ;
but when a telescope of small power is direected to the

* By the late Mr. Henderson, Professor of Astronomy in the
Edinburgh University, and Lieutenant Meadows.
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heavens, a great number more come into view, and the
number is ever increased in proportion to the increased
power of the instrument. In one place, where they are
more thickly sown than elsewhere, Sir William Herschel
reckoned that fifty thousand passed over a field of view
two degrees in breadth in a single hour. It was first sur-
mised by the ancient philosopher, Democritus, that the
faintly white zone ‘which spans the sky under the name
of the Milky Way, might be only a dense collection of
stars too remote to be distinguished. This conjecture
has been verified by the instruments of modern astrono-
mers, and some speculations of a most remarkable kind
have been formed in connexion with it. By the joint
labors of the two Herschels, the sky has been “gauged”
in all directions by the telescope, so as to ascertain the
conditions of different parts with respect to the frequency
of the stars. The result has been a conviction that, as
the planets are parts of solar systems, so are solar sys-
tems parts of what may be called astral systems—that is,
systems composed of a multitude of stars, bearing a cer-
tain relation to each other. The astral system to which
we belong, is conceived to be of an oblong, flattish form,
with a space wholly or comparatively vacant in the cen-
tre, while the extremity in one direction parts into two.
The stars are most thickly sown in the outer parts of this
vast ring, and these constitute the Milky Way. Our sun
is believed to be placed in the southern portion of the
ring, near its inner edge, so that we are presented with
many more stars, and see the Milky Way much more
clearly, in that direction, than towards the north, in
which line our eye has to traverse the vacant central
space. Nor is this all. Sir William Herschel, so early
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as 1783, detected a motion in our solar system with re-
spect to the stars, and announced that it was tending to-
wards the star 4, in the constellation Hercules. Thishas
been generally verified by recent and more exact calcu-
lations,* which fix on a point in Hercules, near the star
143 of the 17th hour, according to Piozzi’s catalogue, as
that towards which our sun is proceeding. It is, there-
fore, receding from the inner edge of the ring. Motions
of this kind, through such vast regions of space, must be
long in producing any change sensible to the inhabitants
of our planet, and it is not easy to grasp their general
character ; but grounds have nevertheless been found for
supposing that not only our sun, but the other suns of the
system, pursue a wavy course round the ring from west
to east, crossing and recrossing the middle of the annular
circle. ¢ Some stars will depart more, others less, from
either side of the circumference of equilibrium, according
- to the places in which they are situated, and according to
the direction and the velocity with which they are put in
motion. Our sun is probably one of those which depart
furthest from it, and descend furthest into the empty space
within the ring.”’t According to this view, a time may
come when we shall be much more in the thick of ‘the
stars of our astral system than we are now, and have
of course much more brilliant nocturnal skies ; but it
may be countless ages before the eyes which are to sec
this added resplendence shall exist.
The evidence of the existence of other astral systems

* Made by M. Argelander, late director of the Observatory at Abo.

t Professor Mossotti, on the Constitution of the Sidereal System,
of which the Sun forms a part.—London, Edinburgh, and Dublir
Philosophical Magazine, February, 1813.
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besides our own is much more decided than might be ex-
pected, when we consider that the nearest of them must
needs be placed at a mighty interval beyond our own.
The elder Herschel, directing his wonderful tube towards
the sides of our system, where stars are planted most
rarely, and raising the powers of the instrument to the
required pitch, was enabled with awe-struck mind to see
suspended in the vast empyrean astral systems, or, as he
called them, firmaments, resembling our own. Like light
cloudlets to a certain power of the telescope, they re-
solved themselves, under a greater power, into stars,
though these generally seemed no larger than the finest
particles of diamond dust. The general forms of these
systems are various ; but one at least has been detected
as bearing a striking resemblance to the supposed form
of our own. The distances are also various, as proved
by the different degrees of telescopic power necessary to
bring them into view. The farthest observed by the as-
tronomer were estimated by him as thirty-five thousand
times more remote than Sirius, supposing its distance to
be about twenty millions of millions of miles. It would
thus appear, that not only does gravitation keep our earth
in its place in the solar system, and the solar system in its
place in our astral system, but it also may be presumed
to have the mightier duty of preserving a local arrange-
ment between that astral system and an immensity of
others, through which the imagination is left to wander on
and on without limit or stay, save that which is given by
its inability to grasp the unbounded.

The two Herschels have in succession made some
other remarkable observations on the regions of space.
They have found within the limits of our astral system,



6 I'HE BODIES OF SPACE,

and generally in its outer fields, a great number of ob-
jects which, from their foggy appearance, are‘called
nebule ; some of vast extent and irregular figure, as that
in the sword of Orion, which is visible to the naked eye,
others of shape more defined ; others, again, in which
small bright nuclei appear here and there over the surface.
Between this last form and another class of objects, which
appear as clusters of nuclei with nebulous matter around
each nucleus, there is but a step in what appears a chain
of related things. Then, again, our astral space shows
what are called nebulous stars,—namely, luminous spheri-
cal objects, bright in the centre and dull towards the ex-
tremities. These appear to be only an advanced con-
dition of the class of objects above described. Finally,
nebulous stars exist in every stage of concentration, down
to that state in which we see only a common star with a
slight bur around it. It may be presumed that all these
are but stages in a progress, just as if, seeing a child, a
boy, a youth, a middle-aged, and an old man together, we
might presume that the whole were only variations of one
being. Are we to suppose that we have got a glimpse of
the process through which a sun goes between its original
condition, as a mass of diffused nebulous matter, and its
full-formed state as a compact body 2 We shall see how
far such an idea is supported by other things known
with regard to the occupants of space, and the laws of
matter.

A superficial view of the astronomy of the solar sys-
tem gives us only the idea of a vast luminous body (the
sun) in the centre, and a few smaller, though various
sized bodies, revolving at different distances around it
some of these, again, having smaller planets (satellites)
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revolving around them. There are, however, some gen-
eral features of the solar system which, when a pro-
founder attention makes us acquainted with them, strike
the mind very forcibly.

It is, in the first place, remarkable, that the planets all
move nearly in one plane, corresponding with the centre
of the sun’s body. Next, it is not less remarkable, that
the motion of the sun on its axis, those of the planets
around the sun, and the satellites around their primaries,*
and the motions of all on their axes, are in ore direction
—namefy, from west to east. Had all these matters been
left to accident, the chances against the uniformity which
we find would have been, though calculable, incon-
ceivably great. Laplace states them at four millions of
millions to one. It is thus powerfully impressed on us,
that the uniformity of the motions, as well as their gen-
eral adjustment to one planet, must have been a conse-
quence of some cause acting throughout the whole sys-
tem.

Some of the other relations of the bodies are not less
vemarkable. The primary plancts show a progressive
increase of bulk and diminution of density, from the one
nearest to the sun to that which is mest distant. With
respect to density alone, we find, taking water as a
measure and counting it as one, that Saturn is 13, or less
than half; Jupiter, 1], ; Mars, 32; Earth, 44; Venus,

* The orbitual revolutions of the satellites of Uranus have not as
yet been clearly scanned. It has been thought that their path is
retrograde compared with the rest. Perhaps this may be owing to a
touleversement of the primery, for the inclination of its equator to
the ecliptic is admitted to be unusually high ; but the subject is al-
together so cbscure, thet nothing can be founded on it.
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51%; Mercury, 9:%;, or about the weight of lead. " Then
the distances are curiously relative. It has been found
that if we place the following line of numbers,—

0 3 6 12 24 48 96 192,
and add 4 to each, we shall have a series denoting the
respective distances of the planets from the sun. It will
stand thus—

4 7 10 16 28 52 100 196

Merc. Venus. Earth. Mars, Jupiter.  Saturn.  Uranus.
It will be observed that the first row of figures goes on
from the second on the left hand in a succession of dupli-
cations, or multiplications by 2. Surely there is here a
most surprising proof of the unity which I am claiming
for the solar system. It was remarked when this curious
relation was first detected, that there was the want of a
planet corresponding to 28 ; the difficulty was afterwards
considered as in a great measure overcome, by the dis-
covery of four small planets revolving at nearly one
mean distance from the sun, between Mars and Jupiter.
The distances bear an equally interesting mathematical
relation to the times of the revolutions round the sun. It
has been found that, with respect to any two planets, the
squares of the times of revolutions are to each other in
the same proportion as the cubes of their mean distances,—
a most surprising result, for the discovery of which the
world was- indebted to the illustrious Kepler. Sir John
Herschel truly observes—¢ When we contemplate the con-
stituents of the planetary system from the point of view
which this relation affords us, it i$ no longer mere analogy
which strikes us, no longer a general resemblance among
them, as individuals independent of each other, and cir-
culating about the sun, each according to his own peculiar
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nature, and connected with it by its own peculiar tie.
The resemblance is now perceived to be a true family
likeness ; they are bound up in one chain—interwoven in
one web of mutual relation and harmonious agreement,
subjected to one pervading influence, which extends from
the centre to the farthest limits of that great system, of
which all of them, the Earth included, must henceforth
be regarded as members.*

Connecting what has been observed of the series of
nebulous stars with this wonderful relationship seen to
exist among the constituents of our system, and further
taking advantage of the light afforded by the ascertained
laws of matter, modern astronomers have suggested the
following hypothesi$ of the formation of that system.

Of nebulous matter in its original state we know too
little to enable us to suggest how nuclei should be es-
tablished in it. But, supposing that, from a peculiarity
in its constitution, nuclei are formed, we know very well
how, by virtue of the law of gravitation, the process of
an aggregation of the neighboring matter to those nuclei
should proceed, until masses more or less solid should
become detached from the rest. It is a well known law
in physics that, when fluid matter collects towards or
meets in a centre, it establishes a rotary motion. See
minor results of this law in the whirlwind and the whirl-
pool—nay, on so humble a scale as the water sinking
through the aperture of a funnel. It thus becomes cer-
tain that when we arrive at the stage of a nebulous star,
we have a rotation on an axis commenced.

Now, mechanical philosophy informs us that the in-

* Astronomy, Cabinet Cyclopadia.
2*
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stant a mass begins to rotate, there is generated a tendency
to fling off its outer portions—in other words, the law of
centrifugal force begins to operate. There are, then, two
forces acting in opposition to each other, the one attract-
ing to, the other throwing from, the centre. While these
remain exactly counterpoised, the mass necessarily con-
tinues entire ; but the least excess of the centrifugal over
the attractive force would be attended with the effect of
separating the mass and its outer parts. These outer
parts would then be left as a ring round the central body,
which ring would continue to revolve with the velocity
possessed by the central mass at the moment of separation,
but not necessarily participating in any changes after-
wards undergone by that body. This is a process which
might be repeated as soon as a new excess arose in the
centrifugal over the attractive forces working in the pa-
rent mass. It might, indeed, continue to be repeated,
until the mass attained the ultimate limits of the conden-
sation which its constitution imposed upon it. From what
cause might arise the periodical occurrence of an excess
of the centrifugal force? If we suppose the agglomera-
tion of a nebulous mass to be a process attended by refri-
geration or cooling, which many facts render likely, we
can easily understand why the outer parts, hardening
under this process, might, by virtue of the greater solidity
thence acquired, begin to present some resistance to the
attractive force. As the solidification proceeded, this
resistance would become greater, though there would still
be a tendency to adhere. Meanwhile, the condensation
of the central mass would be going on, tending to produce
a separation from what may now be termed the solidify-
ing crust. During the contention between the attractions
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of these two bodies, or parts of one body, there would
probably be a ring of attenuatien between the mass and
its crust. At length, when the central mass had reached
a certain stage in its advance towards solidification, a
separation would take place, and the crust would become
a detached ring. It is clear, of course, that some law
presiding over the refrigeration of heated gaseous bodies
would determine the stages at which rings were thus
formed and detached. We do not know any such law,
but what we have seen assures us it is one observing, and
reducible to, mathematical formule.

If these rings consisted of matter nearly uniform through-
out, they would probably continue each in its original
form; but there are many chances against their being
uniform in constitution. The unavoidable effects of ir-
regularity in their constitution would be to cause them to
gather towards centres of superior solidity, by which the
annular form would, of course, be destroyed. The ring
would, in short, break into several masses, the largest of
which would be likely to attract the lesser into itself.
The whole mass would then necessarily settle into a
spherical form by virtue of the law of gravitation; in
short would become a planet revolving round the sun.
Its rotary motion would, of course, continue, and satel-
lites might then be thrown off in turn from its body in
exactly the same way as the primary plancts had been
thrown off from the sun. The rule, if T can be allowed
so to call it, receives a striking support from what appear
to be its exceptions. While there are many chances
against the matter of the rings being sufficiently equable
to remain in the annular form till they were consolidated,
it might nevertheless be otherwise in some instances ;



12 THE BODIES OF SPACE,

that is to say, the equableness might, in those instances,
be sufficiently great. Such was probably the case with
the two rings around the body of Saturn, which remain a
living picture of the arrangement, if not the condition, in
which all the planetary masses at one time stood. It may
also be admitted that, when a ring broke up, it was possi-
ble that the fragments might spherify separately. Such
seems to be the actual history of the ring between Jupiter
and Mars, in whose place we now find four planets much
beneath the smallest of the rest in size, and moving nearly
at the same distance from the sun, though in orbits so
elliptical, and of such different planes, ‘that they keep
apart.

It has been seen that there are mathematical propor-
tions in the relative distances and revolutions of the
planets of our system. It has also been suggested that
the periods in the condensation of the nebulous mass, at
which rings were disengaged, must have depended on
same particular crisis in the condition of that mass, in
connexion with the laws of centrifugal force and attrac-
tion. M. Comte, of Paris, has made some approach to
the verification of the hypothesis, by calculating what
ought to have been the rotation of the solar mass at the
successive times when its surface extended to the various
planetary orbits. He ascertained that that rotation cor-
responded in cvery case with the actual sidereal revolution
of the plancts, and that the rotation of the primary planets
in like manner corresponded with the erbitual periods of the
secondaries. 'The process by which he arrived at this
conclusion is not to be readily comprehended by the un-
learned ; but men of science allow that it is a powerful
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support to the plesent hypothesxs of the formation of the
globes of space.*

The nebular hypothesis, as it has been called, obtains
a remarkable support in what would at first seem to mili-

* M. Comte combined Huygens’s theorems for the measure of cen-
trifugal force with the law of gravitation, and thus formed a simple
fundamental equation between the duration of the rotation of what
he calls the producing star, and the distance of the star produced.
The constants of this equation were the radius of the central star,
and the intensity of gravity at its surface which is a direct conse-
quence of its mass. It leads directly to the third law of Kepler,
which thus becomes susceptible of being conceived @ priori in a
cosmogonical point of view. M. Comte first applied it to the moon,
and found, to his great delight, that the periodic time of that satel-
lite agrees within an hour or two with the duration which the revo-
lution of the earth ought to have had at the time when the lunar
distance formed the limit of the earth’s atmosphere. He found the
coincidence less exact, but still very striking, in every other case.
In those of the planets he obtained for the duration of the corre-
sponding solar rotations a value always a little less than their actual
periodic times. It is remarkable,” says he, *that this difference,
though increasing as the planet is more distant, preserves very nearly
the same relation to the corresponding periodic time, of which it
commonly forms the forty-fifth part,”—showing, we may suppose,
that only some small elements of the question had been overlooked
by the calculater. The defect changes to an excess in the different
systems of the satellites, where it is proportionally greater than in
the planets,and unequal in the different systems. ¢ From the whole
of these comparisons,” says he, I deduced the following general
result :—Supposing the mathematical limit of the solar atmosphere
successively extended to the regions where the different planets
are now found, the duration of the sun’s rotation was, at each of
these epochs, sensibly equal to that of the actual sidereal revolution
of the corresponding planet ; and the same is true for each planctary
atmosphere in relation to the different satellites.”—Cours de Philo-
sophie Positif.
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tate against it—the existence in our firmament of several
thousands of solar systems, in which there are more than
one sun. These are called double and triple stars. Some
double stars, upon which careful observations have been
made, are found to have a regular revolutionary motion
round each other in ellipses. This kind of solar system
has also been observed in what appears to be its rudimen-
tal state, for there are examples of nebulous stars con-
taining two and three nuclei in near association. At a
certain point in the confluence of the matter of these
nebulous stars, they would all become involved in a com-
mon revolutionary motion, linked inextricably with each
other, though it might be at sufficient distances to allow
of each distinct centre having afterwards its attendant
planets. We have seen that the law which causes rota-
tion in the single solar masses, is exactly the same which
produces the familiar phenomenon of a small whirlpool
or dimple in the surface of a stream. Such dimples
are not always single. Upon the face of a river where
there are various contending currents, it may often be ob-
served that two or more dimples are formed near each
other with more or less regularity. These fantastic ed-
dies, which the musing poet will sometimes watch ab-
stractedly for an hour, little thinking of the law which
produces and connects them, are an illustration of the
wonders of binary and ternary solar systems.

The nebular hypothesis is, indeed, supported by so
many ascertained features of the celestial scenery, and
so many calculations of exact science, that it may be con-
sidered as verging upon the region of our ascertained
truths. Some further support I trust to bring to it; but
in the meantime, assuming its truth, let us sce what idea
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it gives of the constitution of what we term the universe,
of the development of its various parts, and of its original
condition.

Reverting to a former illustration—if we could sup-
pose a number of persons of various ages presented to
the inspection of an intelligent being newly introduced
into the world, we cannot doubt that he would soon be-
come convinced that men had once been boys, that boys
had once been infants, and, finally, that all had been
brought into the world in exactly the same circumstances.
Precisely thus, seeing in our astral system many thou-
sands of worlds in all stages of formation, from the most
rudimental to that immediately preceding the present
condition of those we deem perfect, it is unavoidable to
conclude that all the perfect have gone through the vari-
ous stages which we see in the rudimental. This leads
us at once to the conclusion that the whole of our firma-
ment was at one time a diffused mass of nebulous matter,
extending through the space which it still occupies. So
also, of course, must have been the other astral systems.
Indeed, we must presume the whole to have been origi-
nally in one comnected mass, the astral systems being
only the first division into parts, and solar systems the
second.

The first idea which all this impresses upon us is, that
the formation of bodies in space is still and at present in
progress. We live at a time when many have been
formed, and many are still forming. Our own solar
system is to be regarded as completed, supposing its per-
fection to consist in the formation of a series of planets,
for there are mathematical reasons for concluding that
Mercury is the nearest planet to the sun, which can, ac-
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cording to the laws of the system, exist. But there are
other solar systems within our astral system, which are
as yet in a less advanced state, and even some quantities
of nebulous matter which have scarcely begun to ad-
vance towards the stellar form. On the other hand, there
are vast numbers of stars which have all the appearance
of being fully formed systems, if we are to judge from
the complete and definite appearance which they present
to our vision through the telescope. We have no means
of judging of the seniority of systems ; but it is reason-
able to suppose that, among the many, some are older
than ours. There is, indeed, one piece of evidence for
the probability of the comparative youth.of our system,
altogether apart from human traditions and the geognostic
appearances of the surface of our planet. This consists
in a thin nebulous matter, which is diffused around the
sun to nearly the orbit of Mercury, of a very oblately
spheroidal shape.

This matter, which sometimes appears to our naked
eyes, at sunset, in the form of a cone projecting upwards
in the line of the sun’s path, and which bears the name
of Zodiacal Light, has been thought a residuum or last
remnant of the concentrating matter of our system, and
thus may be supposed to indicate the comparative recent-
ness of the principal events of our cosmogony. Sup-
posing the surmise and inference to be correct, and they
may be held as so far supported by more familiar evi-
dence, we might with the more confidence speak of our
system as not amongst the elder born of Ileaven, but one
whose various phenomena, physical and moral, as yet lay
undeveloped, while myriads of others were fully fashioned,
and in complete arrangement. Thus, in the sublime
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chronology to which we are directing our inquiries, we
first find ourselves called upon to consider the globe
which we inhabit as a child of the sun, elder than Venus
and her younger brother Mercury, but posterior in date
of birth to Mars, Jupiter, Saturn, and Uranus; next to
regard our whole system as probably of recent formation
in comparison with many of the stars of our firmament.
We must, however, be on our guard against supposing
the earth as a recent globe in our ordinary conceptions
of time. From evidence afterwards to be adduced, it
will be scen that it cannot be presumed to be less than
many hundreds of centuries old. How much older Ura-
nus may be, no one can tell, far less how much more
aged may be many of the stars of our firmament, or the
stars of other firmaments than ours.

Another and more important consideration arises from
the hypothesis; namely, as to the means by which the
grand process is conducted. The nebulous matter col-
lects around nuclei by virtue of the law of attraction.
The agglomeration brings into operation another physical
law, by force of which the separate masses of matter are
either made to rotate singly, or, in addition to that single
motion, are set into a coupled revolution in ellipses. Next
centrifugal force comes into play, flinging off portions of
the rotating masses, which become spheres by virtue of
the same law of attraction, and are held in orbits of revo-
lution round the central body by means of a composition
between the centrifugal and gravitating forces. All, we
see, is done by certai{] laws of maiter, so that it becomes
a question of extreme interest, what are such laws? All
that can yet be said, in answer, is, that we see certain
ratural events proceeding in an invariable order under
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certain conditions, and thence infer the existence of some
fundamental arrangement which, for the bringing about
of these events, has a force and certainty of action similar
to, but more precise and unerring than those arrange-
ments which human society makes for its own benefit,
and calls laws. It is remarkable of physical laws, that
we see them operating on every kind of scale as to mag-
nitude, with the same regularity and perseverance. The
tear that falls from childhood’s cheek is globular, through
the efficacy of that same law of mutual attraction of
particles which made the sun and planets round. The
rapidity of Mercury is quicker than that of Saturn, for
the same reason that, when we wheel a ball round by a
string and make the string wind up round our fingers,
the ball always flies quicker and quicker as the string is
shortened. Two eddies in a stream, as has been stated,
fall into a mutual revolution at the distance of a couple
of inches, through the same cause which makes a pair of
suns link in mutual revolution at the distance of millions
of miles. There is, we might say, a sublime simplicity
in this indifference of the grand regulations to the vast-
ness or minuteness of the field of their operation. Their
being uniform, too, throughout space, as far as we can
scan it, and their being so unfailing in their tendency to
operate, so that only the proper conditions are presented,
afford matter for the gravest consideration. Nor should
it escape careful notice that the regulations on which all
the laws of matter proceed, are established on a rigidly
accurate mathematical basis. Proportions of numbers
and geometrical ficures rest at the bottom of the whole.
All these considerations, when the mind is thoroughly
prepared for them, tend to raise our ideas with respect to
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the character of physical laws, even though we do not go
a single step further in the investigation. But it is im-
possible for an intelligent mind to stop there. We ad-
vance from law to the cause of law, and ask, What is
that? Whence have come all these beautiful regula-
tions? Here science leaves us, but only to conclude,
from other grounds, that there is‘a First Cause to which
all others are secondary and ministrative, a primitive
almighty will, of which these laws are merely the man-
dates. That great Being, who shall say where is his
dwelling-place, or what his history ! Man pauses breath-
less at the contemplation of a subject so much above his
finite faculties, and only can wonder and adore !
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CONSTITUENT MATERIALS OF THE EARTH

AND OF THE OTHER BODIES OF SPACE.

THE nebular hypothesis almost necessarily supposes
matter to have originally formed one mass. We have
seen that the same physical laws preside over the whole.
Are we also to presume that the constitution of the whole
was uniform ?—that is to say, that the whole consisted of
similar elements. It seems difficult to avoid coming to
this concl‘usmn, at least under the qualification that, pos-
sibly, various bodies, under peculiar circumstances at-
tending their formation, may contain elements which are
wanting, and lack some which are present, in others, or
that some may entirely consist of elements in which
others are entirely deficient.

What arc elements? This is a term applied by the
chemist to a certain limited number of substances (fifty-
four or fifty-five are ascertained), which, in their combi-
nations, form all the matters of every kind present in and
about our globe. They are called elements, or simple
substances, because it has hitherto been found impossible
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to reduce them into others, wherefore they are presumed
to be the primary bases of all matters. It has, indeed,
been surmised that these so-called elements are only
modifications of a primordial form of matter, brought
about under certain conditions; but if this should prove
to be the case, it would little affect the view which we
are taking of cosmical arrangements. Analogy would
lead us to conclude that the combinations of the primor-
dial matter, forming our so-called elements, are as uni-
versal, or as liable to take place everywhere, as are the
laws of gravitation and centrifugal force. We must
therefore presume that the gases, the metals, the earths,
and other simple substances (besides whatever more of
which we have no acquaintance), exist or are liable to
come into existence under proper conditions, as well in
the astral system, which is thirty-five thousand times
more distant than Sirius, as within the bounds of our
own solar system or our own globe.

Matter, whether it consists of about fifty-five ingre-
dients, or only one, is liable to infinite varieties of con-
dition under different circumstances, or, to speak more
philosophically, under different laws. As a familiar
illustration, water, when subjected to a temperature under
32° Fahrenheit, becomes ice; raise the temperature to
212°, and it becomes steam, occupying a vast deal more
space than it formerly did. The gases, when subjected
to pressure, become liquids; for example, carbonic acid
gas, when subjected to a weight equal to a column of
water 1230 feet high, at a temperature of 32°, takes this
form : the other gases require various amounts of pressure
for this transformation, but all appear to be liable to it
when the pressure proper in each case is administered.
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Heat is a power greatly concerned in regulating the
volume and other conditions of matter. A chemist can
reckon with considerable precision what additional amount
of heat would be required to vaporise all the water of
our globe; how much more to disengage the oxygen
which is diffused in nearly a proportion of one-half
throughout its solids ; and, finally, how much more would
be required to cause the whole to become vaporiform,
which we may consider as equivalent to its being re-
stored to its original nebulous state. He can calculate
with equal certainty what would be the effect of a con-
siderable diminution of the earth’s temperature—what
changes would take place in each of its component sub-
stances, and how much the whole would shrink in bulk.
The earth and all its various substances have at present
a certain volume in consequence of the temperature
which actually exists. When, then, we find that its
matter and that of the associate planets was at one time
diffused throughout the whole space now circumscribed
by the orbit of Uranus, we cannot doubt, after what we
know of the power of heat, that the nebulous form of
matter was attended by the condition of a very high tem-
perature. The nebulous matter of space, previously to
the formation of stellar and planetary bodies, must have
been a universal Fire Mist, an idea which we can
scarcely comprehend, though the reasons for arriving at
it seem irresistible. The formation of systems out of
this matter implies a change of some kind with regard to
the condition of the heat. Had this power continued to
act with its full original repulsive energy, the process of
agglomeration by attraction could not have gone on.
We do not know enough of the laws of heat to enable us
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to surmise how the necessary change in this respect was
brought about, but we can trace some of the steps and
consequences of the process. Uranus would be formed
at the time when the heat of our system’s matter was at
the greatest, Saturn at the next, and so on. Now this
tallies perfectly with the exceeding diffuseness of the
matter of those elder planets, Saturn being not more
dense or heavy than the substance cork. It may be that
a sufficiency of heat still remains in those planets to
make up for their distance from the sun, and the conse-
quent smallness of the heat which they derive from his
rays. And it may equally be, since Mercury is twice
the density of the earth, that its matter exists under a
degree of cold for which that planet’s large enjoyment of
the sun’s rays is no more than a compensation. Thus
there may be upon the whole a nearly equal experience
of heat amongst all these children of the sun. Where,
meanwhile, is the heat once diffused through the system
over and above what remains in the planets? May we
not rationally presume it to have gone to constitute that
luminous envelope of the sun, in which his warmth-giving
power is now held to reside. It may have simply been
reserved to constitute, at the last, a means of sustaining
the many operations of which the planets were destined
to be the theatre.

"The tendency of the whole of the preceding considera-
tions is to bring the conviction that our globe is a specimen
of all the similarly-placed bodies of space, as respects its
constituent matter and the physical and chemical laws
governing it, with only this qualification, that there are
possibly shades of variation with respect to the compo-
nent materials, and undoubtedly with respect to the condi-
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tions under which the laws operate, and consequently the
effects which they produce. Thus, there may be sub-
stances here which are not in some other bodies, and sub-
stances here solid may be elsewhere liquid or vaporiform.
We are the more entitled to draw such conclusions, seeing
that there is nothing at all singular or special in the as-
tronomical situation of the earth. It takes its place
third in a series of planets, which series is only one of
numberless ot her systemsforming one group. It is strik-
ingly—if I may use such an expression—a member of
a democracy. Ience, we cannot suppose that there is
any peculiarity about it which does not probably attach
to multitudes of other bodies—in fact, to all that are
analogous to it in respect to cosmical arrangements.

It therefore becomes a point of great interest—what
are the materials of this specimen? What is the consti-
tutional character of this object, which may be said to be
a sample, presented to our immediate observation, of
those crowds of worlds which seem to us as the particles
of the desert sand-cloud in number, and to whose diffusion
there are no conceivable local limits ?

The solids, liquids, and aeriform fluids of our globe are
all, as has been stated, reducible into fifty-five substances
hitherto called elementary. Of these, forty are well-
characterized metals, twelve non-metallic bodics, and the
remaining three solid substances of intermediate charac-
ter, which form a connecting link between the two great
groups. Among the non-metallic clements, four, viz.,
oxygen, hydrogen, nitrogen, and chlorine, are permanently
gaseous ; bromine is fluid at common temperatures; and
the remainder (with the exception of fluorine, which
has never been isolated, and whose physical characters
are consequently unknown) are solid.
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The body oxygen is considered as by far the most
abundant substance in our globe. It constitutes a fifth
part of our atmosphere, eight-ninths of the weight of
water, and a large proportion of every kind of rock in
the crust of the earth. Hydrogen, which forms the re-
maining part of water, and enters into some mineral sub-
stances, is perhaps next. Nitrogen, of which the atmo-
sphere is four-fifths composed, must be considered as an
abundant substance. The metal silicium, which unites
with oxygen in nearly equal parts to form silica, the basis
of nearly a half of the rocks in the earth’s crust, is, of
course, an important ingredient. Aluminium, the metal-
lic basis of alumina, a large material in many rocks, is
another abundant elementary substance. So, also, is
carbon, a small ingredient in the atmosphere, but the chief
constituent of animal and vegetable substances, and of
all fossils which ever were in the latter condition, amongst
which coal takes a conspicuous place. The familiarly-
known metals, as iron, tin, lecad, silver, gold, are elements
of comparatively small magnitude in that exterior part of
the earth’s body which we are able to investigate.

It is remarkable of the simple substances that they are
generally in some compound form. Thus, oxygen and
nitrogen, though in mixture they foria the aerial envelope
of the globe, are never found separate in nature. Car-
bon is pure only in the diamond. And the metallic bases
of the earths, though the chemist can disengage them,
may well be supposed ualikely to remain long uncom-
bined, seeing that contact with moisture makes them
burn. Combination and re-combination are principles
largely pervading nature. There are few rocks, for
example, that are not composed of at least two varieties
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of matter, each of which is again a compound of elemen-
tary substances. What is still more wonderful with
respect to this principle of combination, all the elementary
substances observe certain mathematical proportions in
their unions. When in the gaseous state, one volume of
them unites with one, two, three, or more volumes of
another, any extra quantity being sure to be left over, if
such there should be. Combinations by weight arc also
governed by fixed and unchanging laws, of the greatest
beauty and simplicity. It is hence supposed by some
that matter is composed of infinitely minute particles or
atoms, each of which belonging to any one substance,
can only (through the operation of some as yet hidden
law) associate with a certain number of the atoms of any
other. There are also strange predilections amongst sub-
stances for each other’s company. One will remain com-
bined in solution with another, till a third is added, when
it will abandon the former and attach itself to the latter.
A fourth being added, the third will perhaps leave the
first, and join the new comer.

Such is an outline of the information which chemistry
gives us regarding the constituent materials of our globe.
How infinitely is the knowledge increased in interest, when
we consider the probability of such being the materials
of the whole of the bodies of space, and the laws under
which these everywhere combine, subject only to local
and accidental variations!

In considering the cosmogonic arrangements of our
globe, our attention is called in a special degree to the
moon.

In the nebular hypothesis, satellites are considered as
masses thrown off from their primaries, exactly as the
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primaries had previously been from the sun. The orbit
of any satellite is also to be regarded as marking the
bounds of the mass of the primary at the time when that
satellite was thrown off ; its speed likewise denotes the
rapidity of the rotary motion of the primary at that par-
ticular juncture. For example, the outermost of the four
satellites of Jupiter revolves round his body at the dis-
tance of 1,180,582 miles, showing that the planet was
once about 3,675,501 miles in circumference, instead of
being, as now, only 89,170 miles in diameter. This
large mass took rather more than sixteen days six hours
and a half (the present revolutionary period of the outer-
most satellite) to rotate on its axis. The innermost satel-
lite must have been formed when the planet was reduced
to a circumference of 309,075 miles, and rotated in
about forty-two hours and a half.

From similar inferences, we find that the mass of the
earth, at a certain point of time after it was thrown off
from the sun, was no less than 482,000 miles in diameter,
being sixty times what it has since shrunk to. At that
time, the mass must have taken rather more than twenty-
nine and a half days to rotate (being the revolutionary
period of the moon), instead of, as now, rather less than
twenty-four hours.

The time intervening between the formation of the moon
and the earth’s diminution to its present size, was probably
one of those vast sums in which astronomy deals so
largely, but which the mind altogether fails to grasp.

The observations made upon the surface of the moon
by telescopes tend strongly to support the hypothesis as
to all the bodies of space being composed of similar mat-
ters subject to certain variations. It does not appear that
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our satellite is provided with that gaseous envelope which,
on earth, performs so many important functions. Neither
is there any appearance of water upon the surface; yet
that surface is, like that of our globe, marked by ine-
qualities and the appearance of volcanic operations.
These inequalities and volcanic operations are upon a
scale far greater than any which now exist upon the
earth’s surface. Although, from the greater force of
gravitation upon its exterior, the mountains, other cir-
cumstances being equal, might have been expected to
be much smaller than ours, they are, in many instances,
equal in height to nearly the highest of .our Andes.
They are generally of extreme steepness, and sharp of
outline, a peculiarity which might be looked for in a
planet deficient in water and atmosphere, seeing that
these are the agents which wear down ruggedness on the
surface of our earth. The volcanic operations are on a
stupendous scale. They are the cause of the bright
spots of the moon, while the want of them is what dis-
tinguishes the duller portions, usually but erroneously
called seas. In some parts, bright volcanic matter, be-
sides covering one large patch, radiates out in long
streams, which appear studded with subordinate foci of
the same kind of energy. Other objects of a most re-
markable character are ring-mountains, mounts, like
those of the craters of earthly volcanoes, surrounded iy-
mediately by vast and profound circular pits, hollowed
under the general surface, these again being surrounded
by a circular wall of mountain, rising far above the
central one, and in the inside of which are terraces about
the same height as the inner eminence. The well-known
bright spot in the south-east quarter, called by astrono-
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mers Tycho, and which can be readily distinguished by
the naked eye, is one of these ring-mountains. There is
one of 200 miles in diameter, with a pit 22,000 feet
deep ; thatis, twice the height of Etna. Itisremarkable,
that the maps given by Humboldt of a volcanic district
in South America, and one illustrative of the formerly
volcanic district of Auvergne, in France, present fea-
tures strikingly like many parts of the moon’s surface, as
seen through a good glass.

These characteristics of the moon forbid the idea that
it can be at present a theatre of life like the earth, and
almost seem to declare that it never can become so. But
we must not rashly draw any such conclusions. The
moon may be only in an earlier stage of the progress
through which the earth has already gone. The elements
which seem wanting may be only in combinations differ-
ent from those which exist here, and may yet be devel-
oped as we here find them. Seas may yet fill the pro-
found hollows of the surface ; an atmosphere may spread
over the whole. Should these events take place, meteoro-
logical phenomena, and all the phenomena of organic
life, will commence, and the moon, like the earth, will be-
come a green and inhabited world.*

* Among the most extraordinary phenomena of natural science
must be placed those relating to the fall of meteoric stones. The
fact itself, so long doubted, has now been established by an accumu-
lation of the most positive and unexceptionable evidence. The
stones have been seen to fall, and taken up in a still heated state ;—
there can be no manner of doubt about the fact, although the expla-
nation is extremely difficult. All these stones are found on exami-
nation to resemble each other in their general characters; they
usually consist of an earthy material, having disseminated through
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It is unavoidably held as a strong proof in favor of any
hypothesis, when all the relative phenomena are in har-
mony with it. This is eminently the case with the nebu-
lous hypothesis, for here the associated facts cannot be
explained on any other supposition. We have seen
reason to conclude that the primary condition of matter
was that of a diffused mass, in which the component
molecules were probably kept apart through the eflicacy
of heat; that portions of this agglomerated into suns,

its substance globules and small masses of metallic iron containing
nickel in the state of alloy. The stones are often covered by a thin
vitreous crust, as if partial fusion had commenced. It is well
known, also, that large masses of soft, malleable iron, also contain-
ing nickel, are found in several places far removed from each other,
lying loose upon the earth, as in South Americaand in Siberia, and
no doubt can exist of the meteoric origin of these masses. It has
been conjectured that these meteoric stones proceed from the moon,
having been shot out from volcanoes with such violence as to be
brought within the reach of the earth’s attraction. A view now
more general supposes the existence in space of very numerous
small bodies, moving in more or less regular orbits around the sun
and larger planets, which at certain periods undergo such perturba-
tion that their motion becomes completely deranged, and they at
length fall upon the surface of the earth or other planet, whose
attraction has been the exciting cause of the derangement of their
orbits. Whatever may be their real origin, they are by common
consent looked upon as foreign to the earth ; their physical constitu-
tion is completely different from any known minerals. But what is
exceedingly remarkable, and particularly worthy of notice as
strengthening the argument that all the members of the solar system,
and perhaps of other systems, have a similar constitution, no new
elements are found in these bodies ; they contain the ordinary mate-
rials of the earth, but associated in a manner altogether new, and
unlike anything known in terrestrial mineralogy.—./Vote by a Cor-
respondent.
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which threw off planets; that these planets were at first
very much diffused, but gradually contracted by cooling
to their present dimensions. Now, as to our own globe,
there is a remarkable proof of its having been in a fluid
state at the time when it was finally solidifying, in the
fact of its being bulged at the eguator, the very form
which a soft revolving body takes, and must inevitably
take, under the influence of centrifugal force. This
bulging makes the equatorial exceed the polar diameter
as 230 to 229, which has been demonstrated to be pre-
cisely the departure from a correct sphere which might
be predicted from a knowledge of the amount of the mass
and the rate of rotation. There is an almost equally dis-
tinct memorial of the original high temperature of the
materials, in the store of heat which still exists in the in-
terior. The immediate surface of the earth, be it
observed, exhibits only the temperature which might be
expected to be imparted to such materials, by the heat of
the sun. There is a point a very short way down, but
varying in different climes, where all effect from the sun’s
rays ceases. Then commences a temperature from en
entirely different cause, one which evidently has its source
in the interior of the earth, and which regularly increases
as we descend to greater and greater depths, the rate of
increment being about one degree Fahrenheit for every
sixty feet; and of this high temperature there are other
evidences, in the phenomena of volcanoes and thermal
springs, as well as in what is ascertained with regard to
the density of the entire mass of the earth. This, it will
be remembered, is four and a half times the weight of
water ; but the actual weight of the prineipal solid sub-
stances composing the outer crust is as two and a half
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times the weight of water ; and this, we know, if the globe
were solid and cold, should increase vastly towards the
centre, water acquiring the density of quicksilver at 362
miles below the surface, and other things in proportion,
and these densities becoming much greater at greater
depths ; so that the entire mass of a cool globe should be
of a gravity infinitely exceeding four and a half times
the weight of water. The only alternative supposition s,
that the central materials are greatly expanded or diffused
by some means; and by what means could they be so
expanded but by heat? Indeed, the existence of this
central heat, a residuum of that which kept all matter in
a vaporiform chaos at first, is amongst the most solid dis-
coveries of modern science,* and the support which it
gives to Herschel’s explanation of the formation of worlds
is highly important. We shall hereafter see what appear
to be traces of an operation of this heat upon the surface
of the earth in very remote times; an effect, however,
which has long passed entirely away. The central heat
has, for ages, reached a fixed point, at which it will
probably remain for ever, as the non-conducting quality of
the cool crust absolutely prevents it from suffering any
diminution.

* The researches on this subject were conducted chiefly by the late
Baron IFourier, perpetual secretary to the Academy of Sciences of
Paris. See his Théorie JAnalytique de la Chaleur, 1522,
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THE EARTH FORMED—ERA OF THE PRIMARY
ROCKS.

AvtaoveH the earth has not been actually penetrated to
a greater depth than three thousand feet, the nature of
its substance can, in many instances, be inferred for
the depth of many miles by other means of observation.
We see a mountain composed of a particular substance,
with strata, or beds of other rock, lying against its sloped
sides ; we, of course, infer that the substance of the moun-
tain dips away under the strata which we see lying
against it. Suppose that we walk away from the moun-
tain across the turned up edges of the stratified rocks, and
* that for many miles we continue to pass over other strati-
fied rocks, all disposed in the same way, till by and by
we come to a place where we begin to cross the opposite
edges of the same beds; after which we pass over these
rocks all in reverse order till we come to another exten-
sive mountain composed of similar material to the first,
and shelving away under the strata in the same way.
We should then infer that the stratified rocks occupied a
3k
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basin formed by the rock of these two mountains, and by
calculating the thickness right through these strata, could
say to what depth the rock of the mountain extended be-
low. By such means, the kind of rock existing many
miles below the surface can often be inferred with con-
siderable confidence.

The interior of the globe.has now been inspected in
this way in many places, and a tolerably distinct notion
of its general arrangements has consequently been arrived
at. It appears that the basis rock of the earth, as it may
be called, is of hard texture, and crystalline in its consti-
tution. Of this rock, granite may be said to be the type,
though it runs into many varieties. #Over this, except in
the comparatively few places where it projects above the
general level in mountains, other rocks are disposed in
sheets or strata, with the appearance of having been de-
posited originally from water. But these last rocks
have nowhere been allowed to rest in their original ar-
rangement. Uneasy movements from below have broken
them up in great inclined masses, while in many cases
there has been projected through the rents rocky matter
more or less resembling the great inferior crystalline
mass. This rocky matter must have been in a state of
fusion from heat at the time of its projection, for it is often
found to have run into and filled up lateral chinks in these
rents. There are even instances where it has been rent
again, and a newer melted matter of the same character
sent through the opening. Finally, in the crust as thus
arranged, there are, in many places, chinks containing
veins of metal. Thus, there is first a great inferior mass,
composed of crystalline rock, and probably resting imme-
diately on the fused and expanded matter of the interior:
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next, layers or strata of aqueous origin ; next, irregular
masses of melted inferior rock that have been sent up
volcanically and confusedly at various times amongst
the aqueous rocks, breaking up these into masses, and
tossing them out of their original levels. This is an out-
line of the arrangements of the crust of the earth, as far
as we can observe it. It is, at first sight, a most confused
scene ; but after some careful observation, we readily
detect in it a regularity and order from which much in-
struction in the history of our globe is to be derived.

The deposition of the aqueous rocks, and the projection
of the volcanic, have unquestionably taken place since
the scttlement of the earth in its present form. They are
indeed of an order of events which we see going on, under
the agency of intelligible causes, down to the present day.
We may therefore consider them generally as compara-
tively recent transactions. Abstracting them from the
investigations before us, we arrive at the idea of the earth
in its first condition as a globe of its present size—namely,
as a mass, externally at least, consisting of the erystal-
line kind of roek, with the waters of the present seas and
the present atmosphere around it, though these were pro-
bably in considerably different conditions, both as to tem-
perature and their constituent materials, from what they
now are. We are thus to presume that that crystalline
texture of rock which we see exemplified in granite is the
condition into which the great bull of the solids of our
earth were agglomerated directly frem the nebulous or
vaporiform state. Itis a condition eminently of combi-
nation, for such rock is invariably composed of two or
more of four substances—silica, mica, quartz, and horn-
blende—which associate in it in the form of grains or
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erystals, and which are themselves each composed of a
group of the simple or elementary substances.

Judging from the results and from still remaining con-
ditions, we must suppose that the heat retained in the
interior of the globe was more intense, or had greater
freedom to act in some places than in others. These be-
came the scenes of volcanic operations, and in time mark-
ed their situations by the extrusion of traps and basalts
from below—namely, rocks composed of the crystalline
matter fused by intense heat, and developed on the surface
in various conditions, according to the particular eircum- -
stances under which it was sent up ; some, for example,
being thrown up under water, and some in the open air,
which contingencies are found to have made considerable
difference in its texture and appearance. The great
stores of subterranean heat also served an important pur-
pose in the formation of the aqueous rocks. These rocks
might, according to Sir John Herschel, become subject to
heat in the following manner :—While the surface of a
particular mass of rock forms the bed of the sea, the heat
is kept at a certain distance from that surface by the con-
tact of the water; philosophically speaking, the mass
radiates away the heat into the sea, and (to resort to com-
mon language) is cooled a good way down. But when
new sediment settles at the bottom of that sea, the heat
rises up to what was formerly the surface; and when a
second quantity of sediment is laid down, it continues to
rise through the first of the deposits, which then becomes
subjected to those changes which heat is calculated to
produce. This process is precisely the same as that of
putting additional ccats upon our own bodies; when, of
course, the internal heat rises through cach coat in suc-
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cession, and the third (supposing there is a fourth above
it) becomes as warm as perhaps the first originally was.
In speaking of sedimentary rocks, we may be said to
be anticipating. It is necessary, first, to show how such
rocks were formed, or how stratification commenced.
Geology tells us as plainly as possible, that the original
crystalline mass was not a perfectly smooth ball, with air
and water playing round it. There were irregularities
in the surface,—irregularities, trifling, perhaps, compared
with the whole bulk of the globe, but probably larger than
any which now exist uponit. These irregularities might
be occasioned by inequalities in the cooling of the sub-
stance, or by accidental and local sluggishness of the
materials, or by local effects of the concentrated internal
heat. From whatever cause they arose, there they were’
—granitic mountains, interspersed with seas which sunk
to a great depth, and by which, perhaps, the mountains
were wholly or partially covered. Now, it is a fact of
which the very first principles of geology assure us, that
the solids of thie globe cannot for a moment be exposed to
water, or to the atmosphere, without becoming liable to
change. They instantly begin to wear down. This
operdtion, we may be assured, proceeded with as much
certainty in the earliest ages of our earth’s history, as it
does now, but probably upon a much more magnificent
scale. The matters worn off, being carried into the
neighboring depths, and there deposited, became the
components of the earliest stratified rocks, the first series
of which is the Gueiss and Mica Slate System, or series,
examples of which are exposed to view in the Highlands
of Scotland and in the West of England. We have evi-
dence that the earliest strata were formed in the presence
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of a stronger degree of heat than what operated in subse-
quent stages of the world, for the laminz of the gneiss
and of the mica and chlorite schists are contorted in a way
which could only be the result of a very high tempera-
ture. It appears as if the seas in which these deposits
were formed, had been in the troubled state of a caldron
of water nearly at boiling heat. Such a condition would
probably add not a little to the disintegrating power of the
ocean.

The earliest stratified rocks contain no matters which
are not to be found in the primitive granite. They are
the same in material, but only changed into new forms
and combinations ; hence they have been called by Mr.
Lyell, metamorphic rocks. But how comes it that some
of them are composed almost exclusively of one of the
materials of granite ; the mica schists, for example, of
° mica—the quartz rocks, of quartz, &c.? For this there
are both chemical and mechanical causes. Suppose that
a river has a certain quantity of material to carry down,
it is evident that it will soonest drop the larger particles,
and carry the lightest farthest on. To such a cause is it
owing that some of the materials of the worn down granite
have settled in one place and some in another.* Again,
some of these materials must be presumed to have been
in a state of chemical solution in the primeval seas. It
would be of course in conformity with chemical laws,,
that certain of these materials would be precipitated
singly, or in modified combinations, to the bottom, so as
to form rocks by themselves.

* De la Beche’s Geological Researches.
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COMMENCEMENT OF ORGANIC LIFE—SEA
PLANTS, CORALS, ETC.

Frox the Primary Rocks, we pass into a group called the
Clay Slate and Grauwacké Slate System, which, however,
is found in some places resting immediately on the gran-
ite, the primary bed being there wanting. This system
is largely developed in the west and north of England,
and it has been well examined, partly because some of
the slate beds are extensively quarried for domestic pur-
poses. The sub-divisions are in the following order, be-
ginning with the lowest :—1, hornblende slate; 2, chias-
tolite slate ; 3, clay slate ; 4, Snowdon rocks (grauwacké
and conglomerates).

Hitherto nothing has been said of the fossils which con-
stitute so important a part of geological science. It is
now to be observed that, from an early portion of the rock
series to its close, the mineral masses are found to enclose
remains of the organic beings (plants and animals) which
flourished upon earth during the time when those were
forming ; and these organisms, or such parts of them as
were of sufficient solidity, have been in many cases pre-
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served with the utmost fidelity, although for the most part
converted into the substance of the enclosing mineral.
The rocks may be said thus to form a kind of history of
the organic departments of nature from perhaps near its
beginning to the present time. This is a piece of know-
ledge entirely new to man, and it may be safely said that
he has never made a merely intellectual acquisition of a
more interesting or remarkable nature. I am to trace
this history as well as existing materials will permit.
Some difficulty exists with regard to the very first
chapter of Fauna’s story. It is as yet undecided at what
part of the rock series we have the earliest traces of the
life which exists upon our globe. The primary rocks are
usually said to be non-fossiliferous—that is, possessing no
remains of plants or animals; and it would appear that
the first undoubted objects of a fossil kind are the solid
parts of polypiaria, crinoidea, crustacea, and conchifera,
found in the Mica Slate and Grauwacké Slate System.
These cannot, however, be regarded as for certain the
first of earth’s tenants, seeing that ¢ fragments appa-
rently organic, and resembling the cases of infusoria
[shelled animalcules]”’* have been detected in the pri-
mary rocks, and it is very clear that many other simple
forms of being, such as the medusa and acalephz, which
now swarm in our seas, might have peopled the early
ocean, but left no memorial of their slight gelatinous
forms in the mud constituting its bottom, particularly as
that mud has evidently been afterwards subjected, in its
rocky form, to a great degree of heat. So also might the
fragile plants of the primary sea fail to come down to us.

* Ansted’s Geology, ii., 60.
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We are also called upon to remark the occurrence of a
few limestone strata amongst the primary rocks. Lime-
stone, a carbonate of lime, contains an element (carbon)
which we have no reason to believe to have existed in the
rock from which the primaries were derived. It is a
challengeable stranger upon the face of the earth, and
extremely important to the present question, in as far as
it is the principal constituent of organic substance of
almost every kind. Plants take in this substance from the
atmosphere, where it is a subordinate ingredient ; there
are classes of animals (marine polypes), which appropri-
ate it in-connexion with lime from the waters of the
ocean, provided it be there in solution: and this sub-
stance do these animals deposit in masses (coral reefs)
equal in extent to many strata. It is fully ascertained
of many strata of limestone higher in the series, that they
are simply reefs of that kind changed by subjection to
heat and pressure. It may be asked, then, does not this
series of facts establish a strongly probable connexion
between the Zime of the primary limestones and the ear-
lier days or ages of organic creations ?

It may not be out of place here to remark, that the
primeval and subsequent history of this element is worthy
of much attention. Sir ITenry De la Beche estimates the
quantity of carbonic acid gas locked up in every cubic
yard of limestone, at 10,000 cubic feet. The quantity
locked up in coal, in which its basis, carbon, forms from
64 to 75 per cent., must also be enormous. If all this
were disengaged in a gaseous form, the constitution of the
atmosphere would undergo a change, of which the first
effect would be the extinction of life in all the land
animals. Yet, if it has all been derived from the atmo-
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sphere, we must needs suppose that the atmosphere at one
time contained it. Such an atmosphere would, of course,
be incapable of supporting life in land animals. It is im-
portant, however, to observe that such an atmosphere
would not be inconsistent with a luxuriant land vegeta-
tion ; for experiment has proved that plants will flourish
in air containing one-twelfth of this gas, or 166 times more
than the present charge of our atmosphere. The results
which we observe are perfectly consistent with, and may
be said to presuppose, an atmosphere highly charged with
this gas, from about the close of the primary rocks to the
termination of the carboniferous series, for there we see
vast deposits (coal) containing carbon as a large ingre-
dient, while at the same time the leaves of the Stone Book
present no record of the contemporaneous existence of
land animals.

Of the fossils specified as being found in the mica slate
and grauwacké slate system, the two first are examples
of the humblest of Cuvier’s four divisions of the animal
kingdom, radiata; while the other two belong respee-
tively to the two next divisions, articulata and mullusca.
In common, though not very precise language, they are
corals and shell-fish. Nothing uncommon or surprising
is to be observed in their forms ; but it is remarkable that,
though they can readily be referred to existing orders, the
species and even genera to which they belonged are no
longer found on earth ; nay, almost the whole had become
extinct before the next group of strata was formed. Such
changes of species we shall find to be of frequent occur-
rence throughout the subsequent ages. To descend to a
few particulars :—The crinoids are an early and simple
form of the large family of echinodermata (star-fishes) ;
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the animal, though composed of innumerable minute cal-
careous masses, connected by a gelatinous substance, is
merely a stomach surrounded by tentacula to provide it-
self with food, and mounted upon a many-jointed stalk,
so as to bear a considerable resemblance to a flower grow-
ing on its stem. Of the crustacea of the system, the most
remarkable forms are trilobites,—animals which continued
to flourish to a great variety of species throughout several
of the subsequent rock-formations, but which are now
only faintly represented in a few obscure species. Some
curious inferences have been made by Dr. Buckland from
the prominent facet-covered eyes with which this crea-
ture was furnished, indicating that the sea in which it
lived was a clear medium, as existing seas generally are,
and that light was the same in character in those incon-
ceivably remote ages as it is now.

Ascending to the next group of rocks, we find the
traces of life become more abundant, the number of
species extended, and important additions made in vesti-
ges of fuci, or sea plants, and of fishes.. This group of
rocks has been called by English geologists, the Sifurian
System, because largely developed at the surface of a
district of western England, formerly occupied by a peo-
ple whom the Roman historians call Silures. It is a
series of sandstones, limestones, and beds of shale (har-
dened mud), which are classed in the following sub-
groups, beginning with the undermost:—1, Llandeilo
rocks (darkish calcarcous flagstones) ; 2 and 3, two
groups called Caradoc rocks: 4, Wenlock shale; 5,
Wenlock limestone ; 6, Lower Ludlow rocks (shales and
limestones) ; 7, Aymestry limestone; 8, Upper Ludlow
rocks (shales and limestone, chiefly micaceous). From
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the lowest beds upwards, there are polypiaria, though
most prevalent in the Wenlock limestone ; trilobites ;
brachiopodous mollusks, a vast number of genera (in-
cluding terebratula, pentamerus, spirifer, orthis, lep-
teena) ; gasteropoda, and cephalopoda, of several orders
and many genera (including turritella, orthoceras, nau-
tilus, bellerophon). The cephalopoda are the most highly
organized of the mollusca, possessing in some families an
internal osseous skeleton, together with a heart, and a
head having some resemblance in form and armature to
that of the parrot tribes. This order was carnivorous,
and acted the part of a police in keeping down the redun-
dant life of the early seas. I may remark, that it is
sometimes represented as having been co-existent with
the humbler molluscous forms; and on this point con-
clusions have been drawn against the idea of a progress
of animated being ; but it seems to me, when the pre-
Silurian "era and its fossils are distinguished with suffi-
cient care, that simpler mollusca, as well as radiata,
preceded it.*

* Professor Phillips (Treatise on Geology, 1839) says expressly
with regard to the clay slate and granwacké system—< No gas-
teropods or cephalopods are as yet mentioned in these rocks in Bri-
tain, and we do not feel sufficiently acquainted with the geological
age of the limestones of the Harz, to introduce any of the fossils of
that argillaceous range of mountains.” Gasteropods are considered
by naturalists as next in organization to the cephalopods. Thus it
will be observed, the Silurian system adds the ¢wo highest orders of
the mollusca.

What produces, or at least countenances, mistakes of this kind, is
the taking a number of rock systems together as one, and reckoning
all the fossils of these systems as co-existent, when, in reality, those
peculiar to the upper beds may be unconjectured ages more recent
than those of the lower.
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A little above the Llandeilo rocks, there have been
discovered certain convoluted forms, which are now es-
tablished as annelides, or sea-worms, a tribe of creatures
still existing (nereidina and serpulina), and which may
often be found beneath stones on a sea-beach. One of
these, figured by Mr. Murchison, is furnished with feet in
vast numbers all along its body, like a centipede. The
ocecurrence of annelides is important, on account of their
character and status in the animal kingdom. They are
red-blooded and hermaphrodite, and form a link of con-
nexion between the annulosa (white-blooded worms) and
an humble class of the vertebrata.* The Wenlock lime-
stone is most remarkable amongst all the rocks of the
Silurian system, for organic remains. Many slabs of it
are wholly composed of corals, shells, and trilobites, held
together by shale. It contains many genera of crinoidea
and polypiaria, and there is little reason to doubt that
some beds of it are wholly the production of the latter
creatures, or are, in other words, coral reefs transformed
by heat and pressure into rocks. Remains of fishes, of
a very minute size, have been detected by Mr. Phillips
in the Aymestry limestone, being apparently the first
examples of vertebrated animals which breathed upon
our planet. In the upper Ludlow rocks, remains of six
genera, of obscure character, have been for a longer
period known.

The traces of fuci in this system are all but sufficient
to allow of a distinction of genera. In some parts of
North America, extensive though thin beds of them have
been found. A distinguished French geologist, M. Brog-

* The inferiorly organized fishes, amphyioxus and myxene.



46 COMMENCEMENT OF ORGANIC LIFE.

niart, has shown that all existing marine plants are
classifiable with regard to the zones of climate; some
being fitted for the torrid zone, some for the temperate,
some for the frigid. And he establishes that the fuci of
these early rocks speak of a torrid climate, although they
may be found in what are now temperate regions ; he also
states that those of the higher rocks betoken, as we ascend,
a gradually diminishing temperature.

We thus early begin to find proofs of the general uni-
formity of organic life over the surface of the earth, at
the time when each particular system of rocks was formed.
Species identical with the remains in the Wenlock lime-
stone occur in the corresponding class of rocks in the
Eifel, and partially in the Harz, Norway, Russia, and
Brittany. The situations of the remains in Russia are
fifteen hundred miles from the Wenlock beds ; but at the
distance of between six and seven thousand from those,—
namely, in the vale of Mississippi, the same species are
discovered. Uniformity in animal life over large geo-
graphical areas argues uniformity in the conditions of
animal life; and hence arise some curious inferences.
Species, in the same low class of animals, are now much
more limited ; for instance, the Red Sea gives different
polypiaria, zoophytes, and shell-fish, from the Mediterra-
nean. It is the opinion of M. Brogniart, that the uni-
formity which existed in the primeval times can only be
attributed to the temperature arising from the internal
heat, which had yet, as he supposes, been sufficiently
great to overpower the ordinary meteorological influences,
and spread a tropical clime all over the globe.
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ERA OF THE OLD RED SANDSTONE—FISHES
ABUNDANT.

WE advance to a new chapter in this marvellous history—
the era of the Old Red Sandstone System. This term has
been recently applied to a series of strata, of enormous
thickness in the whole mass, largely developed in Here-
fordshire, Shropshire, Worcestershire, and South Wales ;
also in the counties of Fife, Forfar, Moray, Cromarty, and
Caithness ; and in Russia and North America, if not in
many other parts of the world. The particular strata
forming the system are somewhat ditferent in different
countries ; but there is a general character to the extent
of these being a mixture of flagstones, marly rocks, and
sandstones, usually of a laminous structure, with conglo-
merates. There is also a schist showing the presence of
bitumen ; a remarkable new ingredient, since it is a vege-
table production. In the conglomerates, of great extent
and thickness, which form, in at least one district, the
basis or leading feature of the system, inclosing water-
worn fragments of quartz and other rocks, we have evi-
dence of the seas of that period having been subjected to
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a violent and long-continued agitation, probably from vol-
canic causes. The upper members of the series bear the
appearance of having been deposited in comparatively
tranquil scas. The English specimens of this system
show a remarkable freedom from those disturbances which
result in the interjection of irap; and they are thus de-
fective in mineral ores. In some parts of England the
old red sandstone system has been stated as 10,000 feet in
thickness.

In this era, the forms of life which existed in the Silu-
rian are continued : we have the same orders of marine
creatures, zoophyta, polypiaria, conchifera, crustacea ;
but to these are added numerous fishes, some of which
are of most extraordinary and surprising forms. Several
of the strata are crowded with remains of fish, showing
that the seas in which those beds were deposited had
swarmed with that class of inhabitants. The investiga-
tion of this system is recent; but already M. Agassiz has
ascertained about twenty genera, and thrice the number
of species. And it is remarkable that the Silurian fishes
are here only represented in genera ; the whole of the
species of that era had already passed away. Even
throughout the sub-groups of the system itself, the species
are changed ; and these are phenomena observed through-
out all the subsequent systems or geological eras ; appar-
ently arguing that, during the deposition of all the rocks,
a gradual change of physical conditions was constantly
going on. A varying temperature, or even a varying
depth of sea, would at present be attended with similar
changes in marine life ; and by analogy we are entitled
to assume that such variations in the ancient seas might
be amongst the causes of that constant change of genera



FISHES ABUNDANT. 49

and species in the inhabitants of those seas to which the
organic contents of the rocks bear witness.

The predominating fishes of this system, and the only
ones which (as far as fossils show) existed for some ages,
are arranged by M. Agassiz in two orders, with a regard
to their external covering, which that naturalist holds to
be, in fishes, a reflection of the internal organization.
Both, it is to be remarked at the very first, are manifestly
of an inferior character to the two other orders which
afterwards came into existence, and still are the principal
fishes of our seas, these being covered by true scales, and
respectively named ctenoid and cycloid, from the forms
of that part of their organization. The two orders of
early fish are covered with integuments considerably dif-
ferent in character; the one (placoids) with irregular
enamelled plates, the other (ganoids) with regular enam-
elled scales, the first being not placed over each other, as
scales are, but laid edge to edge, in the manner of a
pavement. These characters, according to M. Agassiz,
were accompanied by a rudimentary or cartilaginous
skeleton, while the ctenoids and cycloids possess an
osseous structure.

Of certain of the ganoids, it is remarked by every
geologist, how much they approximate to the form and
armature of the crustaceans, an order of the next lower
department of the animal kingdom.

The cephulaspis may be considered as making the
smallest advance from the crustacean character; it very
much resembles in form the asaphus of lower formations,
having a longish tail-like body inserted within the cusp
of a large crescent-shaped head, somewhat like a sad-
dler’s cutting-knife. The body is covered with strong

4
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plates of bone, enamelled, and the head was protected
on the upper side with one large plate, as with a buckler
—hence the name, implying buckler-head. A range of
small fins conveys the idea of its having been as weak in
“motion as it is strong in structure. The coccosteus may
be said to mark the next advance to the perfect fish type.
The outline of its body is of the form of a short thick
coffin, rounded, covered with strong bony plates, and
terminating in a long tail, which seems to have been the
sole organ of motion. While the tail establishes this
creature among the vertebrata and the fishes, its teeth,
chiselled, as it were, out of the solid bone of the jaw,
like the nippers of a lobster, and its mouth opening verti-
cally, contrary to the usual mode of the vertebrata, enforce
our placing it near the crustaceans. The pierichthys has
also strong bony plates over its body, arranged much like
those of a tortoise, and has a long tail ; but its most re-
markable feature, and that which has suggested its name,
is a pair of long and narrow wing-like appendages attached
to the shoulders, which the creature is supposed to have
erected for its defence when attacked by an enemy.

The holoptychius is of a flat oval form, furnished with
fins, and ending in a long tail; the whole body covered
with strong plates which overlap each other, and the head
forming only a slight rounded projection from the general
figure. The specimens in the lower beds are not above
the size of a flounder; but in the higher strata, to judge
by the size of the scales or plates which have been found,
the creature attained a comparatively monstrous size.*

*The head fountain of information on the early fishes is M.
Agassiz’s Fossil Ichthyology, a splendid but not readily accessible
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The placoids are now slenderly represented by the shark,
cestraceon, &c., of modern seas; the ganoids are all but
unrepresented in our time. Of both classes, one invaria-
ble peculiarity has attracted much attention. ¢In all
recent fish, with the exception of the shark family, the
sturgeon and the long pike, the vertebral column termi-
nates at the point where the caudal fin is given off, and
this fin is expanded above and below the body, forming
what is called a homocercal tail. In all those, without
exception, which have been found in strata of the Palzo-
zoic period [placoids and ganoids], the caudal fin is hete-
rocercal, being formed of two unequal branches, the upper
one expanded immediately from the vertebral column,
while the lower one is given off at a point some distance
from the extremity.””* Now it is a remarkable fact, that
this one-sided tail is a peculiarity in the more perfect fishes
(as the salmon) at a certain stage in their embryonic his-
tory ; as is also the inferior position of the mouth peculiar
to the early fishes. More than this—in the earlier periods
of embryonic life, there is no vertebral column. This
organ is represented in embryos by a gelatinous cord,
called the dorsal cord, which in maturity disappears as the
vertebree are formed upon it. M. Agassiz has satisfied
himself that this was the nature of the organization of the
early fishes, as it is that of the sturgeon of the present
seas. It is not premature to remark how broadly these
facts seem to hint at a parity of law affecting the progress

book. For more popular descriptions, reference may be made to
¢ New Walks in an Old Field, by Hugh Miller,” Edin., 1842, and
to Jameson’s Journal, July and October, 1844,

* Ansted’s Geology, i., 185.
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of general creation, and the progress of an individual
feetus of one of the more perfect animals.*

It is equally ascertained of the types of being preva-
lent in the old red, as of those of the preceding system,
that they are uniform in the corresponding strata of dis-
tant parts of the earth; for instance, Russia and North
America.

In the old red sandstone, the marine plants, of which
faint traces are observable in the Silurians, continue to
appear. It would seem as if less change took place in
the vegetation than in the animals of those early seas;
and for this, as Mr. Miller has remarked, it is easy to
imagine reasons. For example, an infusion of lime into
the sea would destroy animal life, but be favorable to
vegetation. It has also been surmised by M. Agassiz,
from an examination of the fishes of the ancient seas,
that the ocean did not at first contain much salt, but
gradually acquired its present infusion of that material ;
a theory, it may be remarked, which derives support from

* Tt is remarkable that, while the non-osseous fishes reach lower
down in these points of organization than other orders, they rise
higher in some points of development, and some of them even
make an advance to the viviparous mode of reproduction. But it is
well known that no family of animals is equally high in all points
of structure and endowment, and that many forms generally humble
have characteristics of a comparatively elevated kind. There are
features of even the human organization that would place our race
below some of the inferior animals, if these were to be made an
exclusive criterion. In using as a standard the series of peculiari-
ties presented in the embryotic progress of an individual of a dif-
ferent order, and thus assigning the non-osseous fishes a low place,
M. Agassiz seems to me to be acting upon principles to which every
day is adding strength and authority.
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a recent suggestion, that the salt of the sea has been
mainly brought thither, in the course of time, by rivers,
these washing it in particles out of the land in common
with other detritus, while it is obvious that rain does not
restore it.* It is easy to suppose a comparative absence
of salt in the early ocean affecting animal and vegetable
marine life in different ways and degrees.

As yet there were no land animals or plants, and for
this the presumable reason is, that no dry land as yet
existed. We are not left to make this inference solely
from the absence of land animals and plants; in the
arrangement of the primary (stratified) rocks, we have
further evidence of it. That these rocks were formed in
a generally horizontal position, we are as well assured as
that they were formed at the bottom of the seas. But
they are always found greatly inclined in position, tilted
up against the slopes of the granitic masses which are
beneath them in geological order, though often shooting
up to a higher point in the atmosphere. No doubt can be
entertained that these granitic masses, forming our prin-
cipal mountain ranges, have been protruded from below,
or, at least, thrust much further up, since the deposition
of the primary rocks. The protrusion was what tilted
up the primary rocks; and the inference is, of course,
unavoidable, that these mountains have risen chiefly, at
least, since the primary rocks were laid down. It is re-
markable that, while the primary rocks thus incline
towards granitic nuclei or axes, the strata higher in the
series rest against these again, generally at a less incli-
nation, or none at all, showing that these strata were laid

¥ See Fownes’s Actonian Prize Essay.
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down after the swelling mountain eminences had, by their
protrusion, tilted up the primary strata. And thus it may
be said an era of local upthrowing of the primitive and
(perhaps) central matter of our planet, is established as
happening about the close of the primary strata, and be-
ginning of the next ensuing system. It may be called
the Era of the Oldest Mountains, or, more boldly, of the
formation of the detached portions of dry land over the
hitherto watery surface of the globe—an important part
of the designs of Providence, for which the time was now
apparently come. It may be remarked, that volcanic
disturbances and protrusions of trap took place through-
out the whole period of the deposition of the primary
rocks ; but they were upon a comparatively limited scale,
and probably all took place under water. It was only
now that the central granitic masses of the great moun-
tain ranges were thrown up, carrying up with them
edges of the primary strata; a process which seems to
have had this difference from the other, that it was the
effect of a more tremendous force exerted at a lower
depth in the earth, and generally acting in lines per-
vading a considerable portion of the earth’s surface.
We shall by-and-by see that the protrusion of some of
the mountain ranges was not completed, or did not stop, at
that period. There is no part of geological science more
clear than that which refers to the ages of mountains. It
is as certain that the Grampian mountains of Scotland are
older than the Alps and Apennines, as it is that civilisa-
tion had visited Italy, and had enabled her to subdue the
world, while Scotland was the residence of « roving barba-
rians.” The Pyrenees, Carpathians, and other ranges of
continental Furope, are all younger than the Grampians,
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or even the insignificant Mendip Hllls of southern England.
Stratification tells this tale as pl'unlv as Livy tells the
history of the Roman repukblic. It tells us—to use the
words of Professor Phillips—that at the time when the
Grampians sent streams and detritus to straits where now
the valleys of the Forth and Clyde meet, the greater part
of Furope was a wide ocean.

The last three systems—called, in England, the Cam-
brian, Silurian, and Devonian, and collectively the palao-
zoic rocks, from their containing the remains of the earliest
inhabitants of the globe—are of vast thickness; in Eng-
land, not mneh less than 30.000 feet, or nearly six miles.
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SECONDARY ROCKS.

ERA OF THE CARBONIFEROUS FORMATION.

COMMENCEMENT OF LAND PLANTS.

WE now enter upon a new great epoch in the history of
our globe. There was now dry land. Asa consequence
of this fact, there was fresh water; for rain, instead of
immediately returning to the sea, as formerly, was now
gathered in channels of the earth, and became springs,
rivers, and lakes. There was now a theatre for the ex-
istence of land plants and animals, and it remains to be
inquired if these accordingly were produced.

The Secondary Rocks, in which our further researches
are to be prosecuted, consist of a great and varied series,
resting, gencrally unconformably, against flanks of the
upturned primary rocks, sometimes themselves consider-
ably inclined, at others, forming extensive basin-like beds,
nearly horizontal ; in many places much broken up and
shifted by disturbances from below. They have all been
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formed out of the materials of the older rocks, by virtue of
the wearing power of air and water, which is still every
day carrying down vast quantities of the elevated matter
of the globe into the sea. But the separate strata are
each much more distinct in the matter of its composition
than might be expected. Some are siliceous or arenaceous
(sandstones), composed mainly of fine grains from the
quartz rocks—the most abundant of the primary strata.
Others are argillaceous—clays, shales, &c., chiefly de-
rived, probably, from the slate beds of the primary series.
Others are calcareous, derived from the early limestone.
As a general feature, they are softer and less crystalline
than the primary rocks, as if they had endured less of both
heat and pressure than the senior formation. There are
beds (coal) formed solely of vegetable matter, and some
others in which the main ingredient is particles of iron
(the iron black band). The secondary rocks are quite as
communicative with regard to their portion of the earth’s
history as the primitive were.

The first, or lowest, group of the secondary rocks is
called the Carboniferous Formation, from the remarkable
feature of its numerous interspersed beds of coal. It com-
mences with the beds of the mountain limestone, which, in
some situations, as in Derbyshire and Ireland, are of great
thickness, being alternated with chert (a siliceous sand-
stone), sandstones, shales, and beds of coal, generally of
the harder and less bituminous kind (anthracite), the whole
being covered in some places by the millstone grit, a sili-
ceous conglomerate composed of the detritus of the primary
rocks. The mountain limestone, attaining in England to
a depth of eight hundred yards, greatly exceeds in volume
any of the primary limestone beds, and shows an enormous

4*
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addition of power to the causes formerly suggested as hav-
ing produced this substance. In fact, distinct remains of
corals, crinoidea, and shells, are so abundant in it, as to
compose three-fourths of the mass in some parts. Above
the mountain limestone commence the more conspicuous
coal beds, alternating with sandstones, shales, beds of lime-
stone, and ironstone. Coal is altogether composed of the
matter of a terrestrial vegetation, transmuted by putrefac-
tion of a peculiar kind, beneath the surface of water and
in the absence of air. Some fresh-water shells have been
found in it, but few of marine origin, and no remains
of those zoophytes and crinoidea so abundant in the moun-
tain limestone and other rocks. Coal beds exist in Europe,
Asia, and America, and have hitherto been esteemed as
the most valuable of mineral productions, from the impor-
tant services which the substance renders in manufactures
and in domestic economy. It is to be remarked, that there
are some local variations in the arrangement of coal beds.
In France, they rest immediately on the granite and other
primary rocks, the intermediate strata not having been
found at those places. In America, the kind called anthra-
cite occurs among the slate beds, and this species also
abounds more in the mountain limestone than with us.
These last circumstances only show that different parts of
the earth’s surface did not all witness the same events of a
certain fixed series exactly at the same time. There had
been an exhibition of dry land about the site of America,
a little earlier than in Europe.

Some features of the condition of the earth during the
deposition of the carboniferous group, are made out with a
clearness which must satisfy most minds. First we are
told of a time when carbonate of lime was formed in vast
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abundance at the bottoms of profound seas, accompanied
by an unusually large population of corals and encrinites ;
while in some parts of the earth there were patches of dry
land, covered with a luxuriant vegetation. Next we have
a comparatively brief period of voleanic disturbance
(when the conglomerate was formed). Then the causes
favorable to the so abundant production of limestone, and
the large population of marine acrita, decline, and we find
the masses of dry land increase in number and extent, and
begin to bear an amount of forest vegetation, far exceeding
that of the most sheltered tropical spots of the present sur-
face. The climate, even in the latitude of Bafiin’s Bay,
was torrid, and perhaps the atmosphere contained a larger
charge of carbonic acid gas (the material of vegetation)
than it now does. The forests or thickets of the period in-
cluded no species of plants now known upon earth. They
mainly consisted of gigantic shrubs, many of which are
not represented by any existing types, while others are
akin to kinds whieh, in temperate climes at least, are now
only found in small and lowly forms. That these forests
grew upon a Polynesia, or multitude of small islands, is
considered probable, from similar vegetation being now
found in such situations within the tropics. With regard
to the circumstances under which the masses of vegetable
matter were transformed into successive coal strata, geolo-
gists are divided. From examples seen at the present day,
at the mouths of such rivers as the Mississippi, which
traverse extensive sylvan regions, and from other circum-
stances to be adverted to, it is held likely by some that the
vegetable matter, the rubbish of decayed forests, was car-
ried by rivers into estuaries, and there accumulated in vast
natural rafts, until it sunk to the bottom, where an over-
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layer of sand or mud would prepare it for becoming a
stratum of coal. Others conceive that the vegetation first
went into the condition of a peat moss, that a sink in a
level then exposed it to be overrun by the sea, and covered
with a layer of sand or mud; that a subsequent uprise
made the mud dry land, and fitted it to bear a new forest,
which afterwards, like its predecessor, became a bed of
peat ; that, in short, by repetitions of this process, the alter-
nate layers of coal, sandstone, and shale, constituting the
carboniferous group, were formed. It is favorable to this
last view that marine fossils are scarcely found in the body
of the coal itself, though abundant in the shale layers
above and below it ; also that in several placeserect stems
of trees are found with their roots still fixed in the shale
beds, and crossing the sandstone beds at almost right
angles, showing that these, at least, had not been drifted
from their original situations. On the other hand, it is not
easy to admit such repeated risings and sinkings of surface
as would be required, on this hypothesis, to form a series
of coal strata. Perhaps we may most safely rest at pre-
sent with the supposition that coal has been formed under
both classes of circumstances, though in the latter only as
an exception to the former.

Upwards of three hundred species of plants have been
ascertained to exist in the coal formation; but it is not
necessary to suppose that the whole contained in that
system are now, or ever will be, distinguished. Experi-
ments show that some great classes of plants become de-
composed in water in a much less space of time than
others, and it is remarkable that those which decompose
soonest, are of the classes found most rarely, or not at all,
in the coal strata. It is consequently to be inferred that
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there may have been grasses and mosses at this era, and
many species of trees, the remains of which had lost all
trace of organic form before their substance sunk into the
mass of which coal was formed. In speaking, therefore,
of the vegetation of this period, we must bear in mind
that it may have comprehended forms of which we have
no memorial. .

Supposing, nevertheless, that, in the main, the ascer-
tained vegetation of the coal system is that which grew at
the time of its formation, it is interesting to find that the
terrestrial botany of our globe begins with classes of com-
paratively simple forms and structure. In the ranks of
the vegetable kingdom, the lowest place is taken by plants
of cellular tissue, and which have no flowers (cryptogamia),
as lichens, mosses, fungi, ferns, sea-weeds. Above these
stand plants of vascular tissue, and bearing flowers, in
which again there are two great subdivisions ; first, plants
having one seed-lobe (monocotyledons), and in which the
new matter is added within (endogenous), of which the
cane and palm are examples; second, plants having two
seed-lobes (dicotyledons), and in which the new matter is
added on the outside under the bark (exogenous), of which
the pine, elm, oak, and most of the British forest-trees are
examples ; these subdivisions also ranking in the order in
which they are here stated. Now it is clear that a pre-
dominance of these forms in succession marked the succes-
sive epochs developed by fossil geology ; the simple abound-
ing first, and the complex afterwards.

Two-thirds of the plants of the carboniferous era are of
the cellular or cryptogamic kind, a proportion which would
probably be much increased if we knew the whole Flora
of that era. The ascertained dicotyledons, or higher-class
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plants, are comparatively few in this formation ; but it will
be found that they constantly increased as the globe grew
older.

The master-form or type of the era_was the fern, or
breckan, of which about one hundred and thirty species
have already been ascertained as entering into the compo-
sition of coal.* The ferns are plants which thrive best in
warm, shaded, and moist situations. In tropical countries,
where these conditions abound, there are many more spe-
cies than in temperate climes, and some of these are arbor-
escent, or of a tree-like size and luxuriance.t The ferns
of the coal strata have been of this magnitude, and that
without regard to the parts of the earth where they are
found. In the coal of Baffin’s Bay, of Newcastle, and of
the torrid zone alike, are the fossil ferns arborescent, show-
ing clearly that, in that era, the present tropical tempera-
ture, or one even higher, existed in very high latitudes.

In the swamps and ditches of England there grows a
plant called the horse-tail (equisetum), having a succulent,
erect, jointed stem, with slender leaves, and a scaly catkin
at the top. A second large section of the plants of the
carboniferous era were of this kind (equisetucee) but, like
the fern, reaching the magnitudes of trees. While exist-
ing equiseta rarely exceed three feet in height, and the
stems are generally under half an inch in diameter, their
kindred, entombed in the coal beds, seem to have been
generally fourteen or fifteen feet high, with stems from six

*The principal genera are named sphenopteris, neuropteris, and
pecopteris.

t A specimen from Bengal, in the staircase of the British Museum,
is forty-five feet high. 5
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inches to a foot in thickness. It is to be remarked that
plants of this kind (forming two genera, the most abundant
of which is the calamites) are only represented on the
present surface by plants of the same family : the species
which flourished at this era gradually lessen in number as
we advance upwards in the series of rocks, and disappear
before we arrive at the tertiary formation.

The club-moss family (lycopodiacee) are other plants
of the present surface, usually seen in a lowly and creep-
ing form in temperate latitudes, but presenting species
which rise to a greater magnitude within the tropics.
Many specimens of this kind are found in the coal beds ;
it is thought they have contributed more to the substance
of the coal than any other family. But, like the ferns
and equisetacee, they rise to a prodigious magnitude.
The lepidodendra (so the fossil genus is called) have
probably been from sixty-five to eighty feet in height,
having at their base a diameter of about three feet, while
their leaves measured twenty inches in length. In the
forests of the coal era, the lepidodendra would enjoy the
rank of firs in our forests, affording shade to the only less
stately ferns and calamites. The internal structure of
the stem, and the character of the seed-vessels, show
them to have been a link between single-lobed and
double-lobed plants, a fact worthy of note, as it favors
the idea that, in vegetable as well as animal creation,
a progress has been observed, in conformity with advanc-
ing conditions. It is also curious to find a missing link
of so much importance in a genus of plants which has
long ceased to have a living place upon earth.

The other leading plants of the coal era are without
representatives on the present surface, and their charac-
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ters are in general less clearly ascertained. Amongst the
most remarkable are—the sigillaria, of which large stems
are very abundant, showing that the interior has been
soft, and the exterior fluted, with separate leaves inserted
in vertical rows along the flutings—and the stigmaria, a
plant apparently calculated to flourish in marshes or
pools, having a short, thick, fleshy stem, with a dome-
shaped top, from which sprung branches of from twenty
to thirty feet long. Amongst monocotyledons were some
palms (flabellaria and neggerathia), besides a few not
distinctly assignable to any class.

The dicotyledons of the coal are comparatively few,
though on the present surface they are the most nume-
rous subclass. Besides some of doubtful affinity (annula-
ria, asterophyllites, &c.), there were a few of the pine family,
which seem to have been the highest class of trees at this
era, and are only as yet found in isolated cases, and in
sandstone beds. The first discovered lay in the Craig-
leith quarry, near Edinburgh, and consisted of a stem
about two feet thick, and forty-seven feet in length.
Others have since been found, both in the same situation,
and at Newcastle. Leaves and fruit being wanting, an
ingenious mode of detecting the nature of these trees was
hit upon by some naturalists residing in the northern
capital.* Taking thin pclished cross slices of the stem,
and subjecting them to the microscope, they detected the
structure of the wood to be that of a cone-bearing tree,
by the presence of certain ¢ reticulations’ which distin-
guish that family, in addition to the usual radiating and
concentric lines. That particular tree was concluded to

* See Withan, on the Internal Structure of I'ossil Vegetables, 1834.
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be an araucaria, a species now found in Norfolk Island,
in the South Sea, and in a few other remote situa-
tions. The coniferz of this era form the dawn of dico-
tyledonous trees, of which they may be said to be the
simplest type, and to which, it has already been noticed,
the lepidodendra are a link from the monocotyledons.
The concentric rings of the Craigleith and other conifers
of this era have been mentioned. It is interesting to find
in these a record of the changing seasons of those early
ages, when as yet there were no human beings to observe
time or tide. The rings are clearly traced ; but it is
observed that they are more slightly marked than is the
case with their family at the present day, as if the
changes of temperature had been within a narrower
range.

Such was the vegetation of the carbonigenous era,
composed of forms at the bottom of the botanical scale,
flowerless, fruitless, but luxuriant and abundant beyond
what the most favored spots on earth can now show.
The rigidity of the leaves of its plants, and the absence
of fleshy fruits and farinaceous seeds, unfitted it to aflord
nutriment to animals ; and, monotonous in its forms, and
destitute of brilliant coloring, its sward probably unenli-
vened by any of the smaller flowering herbs, its shades
uncheered by the hum of insects, or the music of birds,
it must have been a sombre scene to a human visitant.
But neither man nor any other animals were then in
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