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By those who regard a knowledge of the earth’s structure, so far as it lies open to human
observation, as a science worthy of the attention of youth, no apology will be thought neces-
sary for the attempt which has been here made to simplify and render its study inviting, by
introducing it in the popular form of “ CONVERSATIONS.”

The primary objects of Geological inquiry are, to ascertain, by patient investigation, of
what the great masses consist which compose the crust of the globe, in what manner they are
arranged, and what is their probable origin. Until the sciences of Chemistry and Mineralogy
had made considerable advances towards that state of perfection in which we now find them.
Geology was scarcely understood at all ; and, accordingly, the wildest theorists had
unbounded scope for the erection of fanciful hypotheses. But, as we have endeavoured, in the
“ Conversations,” to describe the various Theories of the Earth and Systems of Geology
which have, from time to time, prevailed, and have brought forward facts and reasonings
either in support or contradiction of them, there is no necessity for us in this place to point
them out, or to allude to the peculiarities by which they are contradistinguished. Amore
important consideration presents itself. We are enabled to

“ Look through Nature up to Nature’s God.”

We find that, however hidden from human discernment may be the original formation and
organization of the earth, its arrangement is evidently calculated to supply the wants and
gratify the desires of man ; and it exhibits, though less obviously perhaps than the animal and
vegetable world, the same paternal care of an all-directing Providence,

“ Whose wond’rous power
Presided o’er Creation’s natal hour.”

On this subject we cannot do better than make a few extracts from the observations of
Professor Buckland, who, in adducing proofs of the earth’s structure being made subservient
to final causes, and those causes being manifestly intended to operate in favour of the beings
which God has created, thus argues ;—

“ A great majority of the strata having been formed under water, and from materials
evidently in such a state as to subject their arrangement to the operation of the laws of
gravitation, had no disturbing forces interposed, they most have formed layers almost
regularly horizontal, and therefore investing in conoentric coates the nucleus of the earth. But
the actual position of these beds is generally more or less inclined to the horizontal plane,
though often under an angle almost imperceptible. By this arrangement, many strata, afford-
ing numerous varieties of mineral productions, are made to emerge in succession on the
surface of the earth ; whereas the inferior must have been buried for ever beneath the highest,
had their position been strictly horizontal, and, in such case, we should have wanted that
variety of useful minerals almost indispensable to the existence of man in a state of civil
society, which this succession of different strata now presents to us.



“ In the whole machinery also of springs and rivers, and the apparatus that is kept in action
for their duration, through the instrumentality of a system of curiously constructed hills and
valleys, receiving their supply occasionally from the rains of heaven, and treasuring up in
their everlasting storehouses to be dispensed perpetually by thousands of never failing
fountains, we see a provision not less striking or less important. So also in the adjustment of
the relative quantities of sea and land in such due proportions as to supply the earth by con-
stant evaporation without diminishing the waters of the ocean ; and in the appointment of the
atmosphere to be the vehicle of this wonderful and unceasing circulation ; in thus separating
these waters from their native salt (which, though of the highest utility to preserve the purity
of the sea, renders them unfit for the support of terrestrial animals or vegetables), and trans-
mitting them in genial showers to scatter fertility over the earth, and maintain the never-
failing reservoirs of those springs and rivers by which it is again returned to mix with its
parent ocean : in all these we find such undeniable proof of a nicely balanced adaptation of
means to ends, of wise foresight and benevolent intention and infinite power, that he must be
blind indeed who refuses to recognize in them proof of the most exalted attributes of the
Creator.

“ Another valuable contrivance in the structure of the globe is, that nearly all its materials
are such as to afford, by their decomposition, a soil fit for the support of vegetable life ; and
that they are calculated to undergo, and have undergone, a superficial decomposition. Here is
an instance of relation between the vegetable and mineral kingdoms, and of the adaptation of
one to the other, which always implies design in the surest manner : for had not the surface of
the earth been thus prepared for their reception, where would have been the use of all that
admirable system of organization bestowed upon vegetables ? And it is no small proof of
design in the arrangement of the materials that compose the surface of our earth, that
whereas the primitive and granitic rocks are least calculated to afford a fertile soil, they are
for the most part made to constitute the mountain districts of the world, which, from their
elevation and irregularities, would otherwise be but ill adapted for human habitation ; whilst
the lower and more temperate regions are usually composed of derivative or secondary strata,
in which the compound nature of their ingredients qualifies them to be of the greatest utility
to mankind by their subserviency to the purposes of luxuriant vegetation.

“ Thus Geology contributes proofs to Natural Theology, strictly in harmony with those
derived from other branches of natural history ; and if it be allowed, on the one hand, that
these proofs are in this science less numerous and obvious, it may be contended, on the other,
that they are calculated to lead us a step further in our inferences. The evidences afforded by
the sister sciences exhibit, indeed, the most admirable proofs of design and intelligence
originally exerted at the Creation : but many who admit these proofs still doubt the con-
tinued superintendence of that intelligence, maintaining that the system of the universe is
carried on by the force of the laws originally impressed on matter, without the necessity of
fresh interference or continued supervision on the part of the Creator. Such an opinion is,
indeed, founded only on a verbal fallacy ; for ‘ laws impressed on matter,’ is an expression
which can only denote the continued exertion of the will of the lawgiver, the prime agent, the
first mover : still, however, the opinion has been entertained, and perhaps it nowhere meets
with a more direct and palpable refutation than is afforded by the subserviency of the present
structure of the earth’s surface to final causes ; for that structure is evidently the result of
many and violent convulsions subsequent to its original formation. When, therefore, we per-
ceive that the secondary causes producing these convulsions have operated at successive
periods, not blindly and at random, but with a direction to beneficial ends, we see at once the
proofs of an overruling intelligence continuing to superintend, direct, modify, and control the
operations of the agents, which he originally ordained.



“ The consideration, also, of the evidences afforded by Geological phœnomena may
enable us to lay more securely the very foundations of Natural Theology, inasmuch as they
clearly point out to us a period antecedent to the habitable State of the earthy and con-
sequently antecedent to the existence of its inhabitants. When our minds become thus
familiarised with the idea of a beginning and first creation of the beings we see around us, the
proof of design, which the structure of those beings affords, carry with them a more forcible
conviction of an intelligent Creator, and the hypothesis of an eternal succession of causes is
thus at once removed. We argue thus—it is demonstrable from Geology that there was a
period when no organic beings had existence : these organic beings must therefore have had a
beginning subsequently to this period ; and where is that beginning to be found, ‘ but in the
will and fiat of an intelligent and all-wise Creator ?”

May we not, then, well exclaim in the words of a moder poet,

“ There is a voiceless eloquence on earth,
Telling of Him who gave her wonders birth ;
And long may I remain the adoring child
Of Nature’s majesty, sublime or wild ;
Hill, flood, and forest, mountain, rock, and sea,
All take their terrors and their charms from Thee,
From Thee whose hidden but supreme control
Moves through the world, a universal soul !” [1]
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Conversation First.

Theories of The Earth

Introduction
Geology defined
———, a Romantic Science
——— a new Science
Theories of the Earth
Burnett’s Theory
Woodward’s Theory
Theories of Whiston, Descartes, Leibnitz, and Buffon,
De Marschall’s Theory
Demaillet’s Theory ....
Kepler’s Theory
Saussure, De Luc, Dolomieu, and Dr. Kirwan .
Knowledge of Mineralogy, how far necessary

Edward.

SEA-SHELLS did you say, mother, in the heart of solid rocks, and far inland ? There must
surely be some mistake in this ; at least, it appears to me to be incredible.



Mrs. R.

Incredible as you suppose it to be, my dear boy, you may see it with your own eyes in the
marble of this chimney-piece, which, you may perceive, is throughout studded with shells, as
if they were fresh from the sea. They even retain, as you perceive, their original nacre, as the
French call the peculiar lustre of mother-of-pearl.

Christina.

Ah, so they do ; but I dare say it is only a good imitation of shells made on the marble.
There is a very pretty one on the lid of my work-box, which is certainly artificial, and those in
the marble may have been done in the same way.

Mrs. R.

But, my dear, there is no nacre on the shell in your work-box, and it is evident, indeed,
that it is wholly made of pieces of stained wood, ingeniously put together ; but the shells in
the marble are real shells, as you may see, differing in nothing from those we find on the
seashore.

Edward.

Then how could they come into the marble ? It must have been soft, like paste, or have
been precipitated or deposited, as we say in chemistry, over the shells ; for they are
distributed, as I perceive, through its substance.

Mrs. R.

Yes ; and, if you were to break the marble into a thousand fragments, you would find a
shell in almost every one of them.

Christina.

Is there any history of these curious shells, mother ? I should like, above all things, to read
it. I suppose it must be something like the stories I have seen of living toads found in the
heart of growing trees.

Mrs. R.

The history of the shells, my dear, and many other things no less wonderful, is contained
in the science called GEOLOGY, which treats of the first appearance of rocks, mountains,
valleys, lakes, and rivers ; and the changes they have undergone, from the Creation and the
Deluge, till the present time.

Christina.

I always thought that the lakes, mountains, and valleys, had been created from the first by
God, and that no farther history could be given of them.



Mrs. R.

True, my dear ; but yet we may, without presumption, inquire into what actually took
place at the creation ; and, by examining stones and rocks as we now find them, endeavour to
trace what changes they have undergone in the course of ages.

Edward.

I should like, very much, to know something of those curious subjects ; but I fear I could
not understand them. Is there any easy book on Geology, like the delightful “ Conversations
on Chemistry,” which I could read without being puzzled ?

Mrs. R.

There is no book of this kind that I know of, as Geology is still a new science, and has not
yet produced any popular writer ; but suppose we try to do without a book, since you are so
anxious to learn it. I have had some opportunities of acquiring a knowledge of the principal
facts and discussions of Geology, and I shall be delighted to explain them to you.

Christina.

Could I understand them also, mother, I should like to learn Geology, if it is as interesting
as chemistry?

Mrs. R.

It is much more so, I can assure you ; and what you have learned of chemistry from the
“ Conversations,” and from the experiments which Edward and you have lately been making,
will be of great advantage to you in learning Geology, as it cannot be well understood with-
out a knowledge of chemistry.

Edward.

And when will you give us our first lesson, mother ? I am impatient to know the history of
the sea-shells in the marble.

Mrs. R.

Impatience, my dear, I may tell you, will never make you a good Geologist ; and we must
go through a great many facts and conjectures, before we come to the history of the shells,
besides some pretty romances, which are called Theories of the earth, and tell us how the
world was made.

Christina.

Then I am sure I shall like it, for I delight in romances ; and whenever I hear the word, I
think of the Happy Valley in “ Rasselas,” Robinson Crusoe;s Island, or the Enchanted
Gardens of Armida; but I always thought there were no romances in philosophy.



Mrs. R.

You mean, perhaps, that there should be none ; but philosophers, if they have much
imagination, are apt to let it loose as well as other people, and in such cases are sometimes
led to mistake a fancy for a fact. Geologists, in particular, have very frequently amused them-
selves in this way, and it is not a little amusing to follow them m their fancies and their
waking dreams. Geology, indeed, in this view, may be called a romantic science.

Edward.
A romantic science, mother ? That is certainly a very unusual expression.

Mrs. R.

That is of little consequence, if it be correct ; and I think I can show it to be so, even
independently of the fanciful systems which I have just hinted at. Do you not say, Christina,
that botany is a beautiful science ?

Christina.

Yes ; I think it is, indeed ; for it invites us to the fields in the beautiful months of spring
and summer, and makes us admire the beauty of the budding trees, the springing grass, and
the opening blossoms : it enhances the pleasure of every walk, and sometimes, I have fancied
makes the sunshine itself look brighter when it falls upon the lower-garden.

Mrs. R.

And have I not heard you, Edward, calling astronomy a sublime science ?

Edward.

It deserves, indeed, to be called so, I think it raises our thoughts above the earth and its
scene of change and bustle, and leads the to contemplate the starry universe and the of space,
which God has peopled with worlds.

Mrs. R.

Then, if you call botany beautiful, and astronomy sublime, for the reasons you have just
given, the same way, call Geology romantic, it not only leads us to travel among the wildest
scenery of nature, but carries the imagination back to the birth and infancy of our little planet,
and follows its history of deluges, hurricanes and earthquakes, which. have left numerous
traces of their devastations. Would you not think it romantic to travel, as must be done by the
geological inquirer, among mountains and valleys where the tempests have bared and shat-
tered the hardest rocks, and where alternate rains and frosts are crumbling the solid materials
of mountains, while the springs and rivers wash away the fragments, to deposit them again in
the various stages of their course ? And would you not think it romantic to dream about the
young world emerging from darkness, and rejoicing in the first dawn of created light ? To
think of the building of mountains, the hollowing out of valleys, and the gathering together of
the great waters of the ocean ? And will it not be romantic to discover the traces of the ancient
world before the time of Noah, in every hill and valley which you examine ?



Edward.

This will, indeed, be romantic and interesting, though I am not sure I shall understand it so
well as astronomy.

Mrs. R.

On the contrary, I think Geology is, perhaps, better fitted for our limited comprehensions
than astronomy ; for it is more within our reach to examine the structure and formation of
mountains, than that of the sun or of the stars ; and it is easier to bring the mind to rest on the
comparative littleness of the earth at its creation, than to let our thoughts travel abroad
through the boundless fields of infinite space. When we descend to the earth, we feel our-
selves more at home ; we are not so overpowered by sublimity as in the contemplation of
astronomy ; we can think more calmly and reason more at ease ; and we can trace the finger
of God more visibly, perhaps, because more nearly.

Edward.

You may permit me to say, however, that, in studying astronomy, we can see the continual
changes caused by the revolution of the planets and their satellites ; but I cannot imagine that
you can see such changes in mountains, rocks, and valleys.

Mrs. R.

No, my dear ; but we can infer from their appearances, by examining them carefully, that
they have been subject sometimes to chemical and sometimes to mechanical changes, either
lately or in very early times ; and, as we proceed with our proposed lessons, we shall have
many examples to convince you of this.

Edward.

You mentioned, a little time ago, that Geology is a new science : now, I think that is
strange, for philosophers must always have observed the appearances of mountains and
valleys, and it is their business to explain, or at least endeavour to explain, whatever they
observe.

Mrs. R.

Yes ; but philosophers, till within the last few years, were more anxious to go upon what
they fancied, than upon what they saw ; and to contrive systems and theories, than to examine
facts ; and the consequence was, that there were many Theories of the Earth, as they were
called, but these cannot with much propriety be looked upon as Geology :—that, like other
sciences, must be founded on fact

Edward.

But there must have been some grounds, at least, for these theories of the earth—some-
thing plausible or interesting ; otherwise nobody would have attended to them.



Mrs. R.

That I shall leave you to determine, after hearing the nature of a few of them. Burnet, the first
of the theorists worthy of notice, says that, before the Deluge of Noah, the earth consisted of a
light crust or shell of uniform thickness, with the waters of the sea under it ; that there were
no mountains, no valleys, but one smooth unvarying surface over the whole earth ; and that
this crust, being broken up at the Deluge, formed the rocks and mountains as they at present
exist

Edward.

I think this is all very plausible, for it is said in Genesis, “ that the fountains of the great
deep were broken up !”

Mrs. R.

But it is no where said that before the Deluge there were no rocks, mountains, nor valleys.
Christina.

If it was so, the earth must have looked a sad melancholy flat ; Salisbury Plain is quite
enough of such a landscape. Burnet, I should think, would have made a very sorry poet

Mrs. R.

On the contrary, his book is highly poetical, and is now read on that account alone. You
may remark, that there could have been no rivers in this smooth mountainless world, for
water cannot run unless there be a declivity. Burnet, indeed, saw no use for water before the
deluge, for there was no rain, he says, in these antediluvian times. I dare say, Edward, you
will be more pleased with Woodward, whose theory undertakes to explain how shells became
imbedded in marble and other rocks.

Edward.

That is precisely what I long so much to understand.

Mrs. R.

Woodward says, the deluge was caused by all the solid parts of the earth dissolving and
forming a paste, among which the sea-shells were mingled, by the agitation which then took
place.

Edward.

But how were the rocks dissolved ? I should like to know what it is that could destroy
their cohesion.

Mrs. R.

Woodward says that the powers of cohesion among minerals was suspended, so that their
parts no longer adhered firmly together ; but he has no other authority for this than his own
fanciful conjectures : so, Edward, you must lay your account for a little disappointment ; and,



as you are fond of astronomy, I shall console you with an account of the theories of the earth
derived, or partly derived, from it

Edward.

I cannot perceive what connexion there can be between astronomy and the origin of rocks
and mountains.

Mrs. R.

Whiston, for example, supposed that the deluge was caused by the tail of a comet;
Descartes and Leibnitz conceived that the earth was an old sun with its fire extinguished ; and
the celebrated naturalist, Buffon, fancied that a comet struck off a comer from our present
sun, and this, being melted by heat, formed the earth, which is now gradually cooling.

Edward.

I see nothing improbable in any of these theories. I think they seem to be very ingenious.

Mrs. R.

You will admit, however, that ingenious as they seem, they are not supported by facts ;
and, in philosophy, we should not build systems on mere conjecture : such as that of De
Marschall, who thinks all the rocks and the mountains have been produced by meteors, and
have fallen at different times from the sky ; and the shells in the marble being of different
species from those of our present seas, he thinks, is an argument for their atmospheric origin.

Edward.

This seems to be very extravagant, indeed I should like some more rational explanation.

Mrs. R.

What would you think of the theory of Demaillet, who conjectures that the shell-fish
themselves made the rocks, and that all animals, not excepting man, were inhabitants of the
sea before the fish had built the rocks high enough to stand above the water ? The author tries
to support this wild theory by referring to mermaids. Lamarck, a disciple of the same school,
says that the vegetables first converted water into clay ; but he forgets to tell us how the
vegetables themselves were formed.

Edward.

I am afraid, mother, I shall never understand all these theories.

Mrs. R.

It is not necessary, my dear, for they are all exploded now. I shall only mention one more,
that of the great astronomer, Kepler, who considered the earth as being actually alive, with the
waters for blood, and the rocks for bones ; while metals, he thinks,, from their bad
smell, are caused by disease. and rottenness in the rocks.



Edward.

I think we have had quite enough of these theories ; I should like to hear some of the more
scientific accounts, which, you have said, are founded on facts lately observed.

Mrs. R.

It was the great fault, indeed, of all those theorists, that they were very little acquainted
with the actual structure of rocks and mountains ; for, if they had been, they must soon have
discovered that their conjectures were contradicted by the facts.

Edward.

Who was the first to introduce this natural system ?

Mrs. R.
I am not quite certain, but I think we are chiefly indebted to Saussure and De Luc, two

Swiss philosophers, who travelled over the Alps and other parts, examined carefully the
appearances of rocks, and, instead of spending their time in composing theories, recorded and
published the facts which they had ascertained. A similar path was successfully followed by
Dolomieu, a distinguished French philosopher. A great deal was also done by men of talent,
who were connected with mines ; among whom the celebrated Germans, Lehman and Werner,
are the most distinguished, and may, indeed, be justly called the founders of Geology. In our
own country. Dr. Karwan was the first who published a philosophical work on the science,
with the exception of Dr. Hutton, of whose opinions I shall have frequent occasion to tell you
as we proceed

Edward.

But since Geology, as you say, is founded on a knowledge of the actual state of rocks, will
it not be necessary for us to learn something of these, before we proceed ?

Mrs. R.

Undoubtedly, some knowledge of minerals is indispensable ; but you may learn a great
deal of Geology without being extensively skilled in mineralogy, as it is only the more
common minerals that come under discussion. I shall, therefore, try to procure for you a little
cabinet of the more important of these, and we shall begin our first lesson by examining a few
of them.

Christina.

When will you get the cabinet, mother ? I long to see it.

Mrs. R.

Probably, to-morrow ; and, in the meantime, as the day is fine, we shall go a botanizing ;
so get your boxes in readiness.

[1] Vide “ The Omnipresence of the Deity,” a Poem. By Robert Montgomery.
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