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INTRODUCTORY REMARKS.

AN outline of the annual course of gcological lectures in Yale Col-
lege, was annexed to the former American edition of this work, pub-
lished in 1829, and was designed, primarily, for the use of the students.

That short tract, including important additions to facts and some modi-

fications of opinion in regard to theory, would have been revised and
annexed to the present edition, had not the principal work been so

much augmented by the anthor, as to render it inexpedient to make it

materially larger.

An elementary treatise, presenting a copious, but condensed, gener-
alization of the geology of this continent, and sustained by numerous
and precise facts, is a desideratum.

Mr. Maclure, many years ago, led the way by a masterly sketch,
covering a large part of the United States, and of some of the adja-
cent provinces and islands.

Professor Eaton has given us many valuable facts, relating, princi-
pally, to the state of New York and to New England ; and recently,
Professor Hitchcock, - with the advantage of all the lights held out by
his predecessors, has ably detailed, in an octavo volume, the geology
of Massachusetts.

We have many good memoirs on particular districts ; they are to
be found in scientific journals, in books of travels, especially of the
scientific expeditions sent out by the American government, in the
transactions of learned societies, in detached pulications, and some-
times even in the newspapers. These materials are of great value;
but much more must be done before they will be sufficiently copious
to enable some master spirit to reduce the whole subject to order, and
thus to give a full and digested account of American geology. Foreign
geologists will do us the jnstice to remember, that our field is vast,
- while our laborers are comparatively few, and they are, generally, men
occupied by other pursuits; this country is rarely explored by those
whom fortune.leaves at ease to follow a favorite pursuit.. The learn-
ed leisure of Europe, and especially of England, is here almost un-
known, and our mogt efficient culiivators of science are also laborers
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4 CONSISTENCY OF GEOLOGY WITI SACRED HISTORY.

in other fields. Still, when we remember that geology, as a regular
seience, is, in every country of Europe, of recent origin; and that, in
the United States, most of its carly cultivators are still on the stage,
we have great reason to take courage and work on.

On the present occasion, we will annex some remarks on the nature
of geological evidence, and its consistency with sacred history, making
use of some portions of the « Qutline.”

Statement of the subject.

By some, this discussion may perhaps be now regarded as obso-
lete.  In the minds of well instructed geologists, this is probably, te
a great extent, true.  Still, the Vindicie Geologice and the Reliquie
Diluviane of Professor Buckland, the Preliminary Discourse to Man-
tell’s first volume on the Geology of Sussex, that of Phillips in hisg
~ Geology of Yorkshire, that of Conybeare and Phillips in their Outline
of the Geology of England and Wales. some of the lectures of Cu-
vier, and of late, the Geology of Dr. Ure, the Mosaic and Mineral
Geology of Penn and of Higgins, besides the distinct work of Chau-
bard, ¢ Offrant la concordance des faits historiques avec les faits geo-
logiques,” and various others of earlier date, sufliciently prove, that
the subject is not quite at rest in Europe.

In this country, the cultivation of scientific geology is of so recent
a date, that many of our most intelligent and well educated people
are strangers even to its elements; are unacquainted with its amazing
store of facts, and are startled, when any other geological epochs are
spoken of than the creation and the dcluge, recorded in the penta-
teuch. But, it is beyond a doubt, that there are innumerable and de-
cisive proofs of successive revolutions, and of a gradual progress in
the course of geological events, implying, on the whole, a regular
order in the formation of the crust of the planet, interrupted by oc-
casional disorder and convulsion. These evenis necessarily imply
much time, and cannot be referred, exclusively, to any course of dilu-
vial action. It is impossible, for instance, upon any sound principles
of philosophical reasoning, to refer to this cause, the extensive, vari-
ous and interesting class of facts, relating chiefly to the consolidated
rocks composed of water-worn ruins and fragments, and to those con-
taining organized remains, in a mineralized state, entombed in the firm
strata and mountains. This is a vast field of observation and instruc-
tion, and it is less known, even to the greater number of intellectual
persons, than almost any department of knowledge. None but geol-
ogists study it with diligence, and none who have not made themselves
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masters of the facts, are qualified to judge of their importance and of
their bearing. The subject requires, for full illustration, the study
and exhibition of a great mass of facts, either 1n the fields, mines and
mountaing, or, asan imperfect substitute, in the cabinet. Persons
who are entirely ignorant of thig species of information, are destitute
of the means of forming a correct judgment on the subject; they can
never have acquired the habit of comparing one fact in geoiogy with
another, and of thus estimating their relation to cach other, and to the
entire planet. On the subject of geology, it is, therefore, very diffi-
cult to find access, to many minds, otherwise enlightened, and habitu-
ated to receive and weigh evidence, with cdndor and intelligence.
The reason obviously is, that they are not in possession of the first
elementary conceptions; and when the facts are stated, if they are
not denied, they are neglected, because they are inconsistent with
previous and habitual impressions ; thus they fail to make the impres-
sion on the mind which they must always produce, when fully under-
stood and realized.

In this country, where the moral feeling of the people is iden-
tified with reverence for the scriptures, the questions are often agi-
tated :—When did the great series of geological events happen? If
the six days of the creation were insufficient in time, and the events
cannot all be referred to a deluge, to what period and to what state
of things shall we assign them? This is a fair topic of enquiry, and
demands a satisfactory answer. This answer is given by the whole
series of geological facts, and the question will never remain of doubt-
ful issue in the mind of any one who has fully studied and mastered
them. The subject of geology is possessed of such high interest, that
it will not be permitted to siumber; it will proceed with increasing
energy and success ; a great number of powerful minds and immense
research are now employed upon it, and many collateral branches of
science are made tributary to its progress. Its conclusions have been
supposed to jar with the scripture bistory : this 1s contemplated with
alarm and displeasure by some, and with satisfaction by a few; but
there is no cause for either state of feeling : the supposed disagreement
is not real; it is only appareni. 1t is founded upon the popular mis-
take, that, excepiing the action of a deluge and of ordinary causes still
in operation, this world was formed as we now see it, and that all its
immense and various deposits were made in a very short period of time.
Both these are fundamental errors, which have misled both the learned
and the unlearned, and are still extensively prevalent. Although the
malerials were created by almighty power, they were evidently left
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to the operation of physical laws, which laws also affected, more or
less, the fate of the various races of plants and animals that were suc-
cessively called into existence. But, there is no reason to believe
that any part of the crust of the earth, reaching even to a fathom-
less depth, is now in the condition in which it was originally made;
every portion has been worked over and brought into new forms,
and these changes have arisen from the action of those physical laws
which the Crcator established, and which ave as truly his work, as
the materials upon which they operate. The amount of time is the
only difficulty, and this will vanish before an enlarged and reasonable

view of the whole subject, taken both in its geological and historical
bearings.

Nature of the evidence.

The evidence is the same which is readily admitted as satisiactory
in the case of historical antiquities.

Roman coins, weapons, personal ornaments, utensils, baths, roads,
camps and military walls, and defences of various kinds, have been
frequently discovered in Britain. 'They are ascertained to be Roman,
by their resemblance to, or identity with, the acknowledged produc-
tions of that remarkable people, as still existing in Italy and the ad-
jacent countries, the ancient seat of their dominion. Had Julius Ce-
sar and the other Roman historians and writers been silent as to the
Roman invasion of Britain, and as to the Roman dominion, which,
for more than four centuries, existed in that island ; still, could any
one, acquainted with the facts, hesitate to believe, that the Romans had
not only visited Britain, but also remained there, as conquerors and
masters, for a great length of time. Had all historical knowledge of
the Romans been lost, would not the antiquary who examined the
relics named above, and who also extended his observations to other

' ¢o ‘ntries where similar things were found, with perhaps the addition
of . '=ndid aqueducts, and temples, and amphitheatres, zll evidently
origii. ‘ng from one and the same people, would he not, without hesi-
tation, ,.ronounce them to have been highly civilized, warlike and
powerful ; and would he hesitate to assign to them a considerably
high antiquity.

At this moment, the barrows or sepulchral mounds, some of them
of stupendous size, which are so frequent in some parts of England,
and in various parts of Europe and Asia, besides similar structures in
North America, with the stupendous forts, which, in Ohio and Ken-
tucky, and other western states, amaze and confound the observer;



CONSISTENCY OF GREOLOGY WITH RACRED HISTORY, 7

these things enable us to realize tha supposition just made respecting
the Romans, and oblige us to-say, that all these structures were the
work of unknown races of men, on whose history even tradition
sheds not a vay of light,

It is casy to make the case still stronger. When, in 1738, the
workmen, in excavating a well, struck upon the theatre of Herculas
neum, which had reposcd, for seventeen centuries, heneath the lava
of Veauvius; when, subscquently, (1750,) Pompeii was disencums-
bered of its volcanic ashes and cinders, and thus two cities were
brought to light; had history been quite silent respecting their ex-
istence, as it was respecting their destruction 3* would not all obser-
vers say, and have not all actually said,—here arc the works of
man, his temples, his forums, his amphitheatres, his tombs, his shops
of traflic and of arts, his houses, furniture, pictures, and personal or-
naments, his streets, with their pavements and wheel-marks, worn in
the solid stone, his coins, his grinding mills, his very wine and food,
his dungeons, with skeletons of the prisoners chained in their awful
solitudes, and here and there a victim, who, although at liberty, was
overtaken by the fiery storm.

Because the soil had formed, and grass and trees had grown, and suc-
cessive generations of men had unconsciously walked, toiled, or built
their houses, over the entombed cities; and because they were cover-
ed by lava or cinders, does any one hesitate to admit, that they were
once real cities, that they stood upon what was then the upper sur-
face, that their streets once rang with the noise of business, and their
halls and theatres with the voice of pleasure; and that, in an evil hour,
they were overwhelmed by the eruptions of Vesuvius, and their name
and place blotted out from the earth and forgotten.

All this is legibly read by every observer, and all agree in the con-
clusions to be drawn. When moreover, the traveller of the present
day sees the cracks in the walls of the houses of Pompeii, and ob-
serves that some of them have been thrown out of the perpendiculay
and have been pointed, and plastered, and shored up with props, he
learns, that the fatal convulsion was not the first, and that the doom-
ed towns, must have been before shaken on their foundations, by the
throes of the laboring earth.

'To establish all this, it is of no decisive importance that scholars
have gleaned, here and there, a fragment from ancient Roman classics,

———
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* In the histories of those times, it 15 only said, in general terms, that cities and

villages were overwhelmed.
)
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to shew that such cities once existedy and that they were probably
overthrown by the cruption of the year 79 of the Christian cra,
which gave occasion for the interestine letter of the vounger Pliny,
describing the death of his unele, while observing the voleanie storm
which proved fatal to him. 1n such cases, the coincidences of his-
torical and other writings and the gleanings of tradition are indeed
valuable and gratifying, and are of ercav utility in fixing not only
the order, but the time of the events: but, the nature of the catas-
trophe, which buricd the devoted cities, is perfectly intelhgible fromn
the appearances themselves, and nceds no historical confirnation,
No man ever imagined that Herculaneum and Pompell, were created
where we now find their ruins 3 no once hazards the conjecture that
they are a lusus nature, but all unite in giving an explanation consis-
tent, alike, with geology, history and common sensc.

Application of the Lvidence.

In the same manner then, we rcason respecting the physial phe-
nomena of our planet.

It is full of crystals and erystallized rocks; it is replete with the en-
tombed remains of animals and vegetables, from entire trees to lichens,
fuci and ferns—{rom coal beds to mere impressions of plants; it is
stored with animals {rom the minutest shell fish to gigantic reptiles ;
it is chequered with fragments, from fine sand to enormous blocks of
stone ; it exhibits in the materials of its solid strata, every degree of
attrltmn, from the slightest abrasion of a sharp edge or angle, to the
perfect rounding which produccs globes and spheroidal forms of ex-
quisite finish : 1t abounds with dislocations and fractures; with in-
jections and fillings up of fissures with foreign rocky matter; with
elevations and depressions of strata, in every position, from horizon-
tal to vertical; 1t 1s covered with the wreck and ruins of its upper
surface ; and finally, its ancient fires, somnetimes for variable periods,
dormant and relenting, have never been extinguished, but still strug-
gle for an exit, through its two hundred volcanic mouths. The pres-
ent crust is only the result of the conflicting energies of physical for-
ces, governed by fixed laws ; its changes began, from the dawn of the

creation, and they will not cease till its materials and its physical laws
are annihilated.

Instances.

'They are innumerable, and are every where at hand; every sys-
tem of geology unfolds them: our author’s preceding volume is rich in



1 L J
Rt EEEA

- L | . - .
RS

CONSISTENCY OF GEOLOGY WITI SACRED IISTORY. ()

such fucts and it remains only to illustrate our position by a few ex-
amples, in general, not novely Lut duly connected, to sustain the
argumant.

Possil Iish of Mount Boleu,

T'he beautiful fussil fish* more than 100 species of which are found
in marly limestone, in Mount Bolea, near Verona in Ialy, inform us
that they were ouce living and active beings; just belore those hills
were deposited, and when the waters stood over the place where the
fish were entombed, in the bottom of the sca, the roek which con-
tains their skeletons was formed around them, doubtless in the state
of a calcarcous scdiment; this calcarcous stratum was then over-
whelmed by a submarine eruption of molten rock,®and the heat was
not communicated through the bad conducting substance of the marl
to the destruction of the organic forms; then again, and still on the
bottom of the sca, the calcarcous rock was formed anew with its
enclosed fish; again the molten rock {lowed over the calcareous marl
and so on in several successions. Dut this 1s not allj this remark-
able formation is now several miles from the Adriatic, the nearest
sea, and it rises 1200 feet aboveit. Itis plain then, not only that the
whole was successively formed beneath the ocean, but that the hill,
with the country to which 1t belongs, was raised afterwards by sub-
terranean power, and that the surrounding waters have also retired
and have, ages since, left only dry land.

Organic Remains in Early Rocks.

In very early, and often deeply scated roclks, coming immediately
after the primitive and usually called the transition, we find the first
traces of organized beings; the perfect impresses of plants, with the
carliest coal, and bnth the impresses and the entire mineralized bodies
of millions of animals; the deposition of these rocks was therefore
cotemporary with or subsequent to, the creation and propagation of
the organized beings whose impresses, or whose forms they contain,
and it is sclfevident, that these rocks could not have been deposited
prior to the date of the animals and vegetables included in them.

Both the plants and animals lived and died at or near the places
where they are found entormabed iu the rocks; for in most instances,
they present few or no marks of violence, or of accident: their del-

e - il - il )

+ Of which there are splendid specimens 1n the cabinet of Yale College.
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icatc parts are, often, perfectly preserved; animals, with all their
organs entire, and plants with their fibres and leaves in {full expansion.

Occasionally, however, we find one stratum with its included
mincralized organic bodies entire, and a contiguous one having them
more or less broken, mutilated and dispersed.

Both the plants and animals, belong generally to races which are
no longer found alive, orif analogous races exist, they are related
to the ancient ones, rather by generie than by specific characters.
These ancient animals, are commonly either zoophytes or, shell fish;
always having a simple structure, and in many instances, they are
destitute, or nearly so, of the power of Incomotion ; sometimes, how-
ever, they are furnished with orcans for that purpose.  Madrepores
and encrinites, could move very little; the echinus, found abundant-
lyin the chalk, a very recent rock of the secondary class, moved
ont his spine, which served him for a foot, and some of the carly
shell fish, had organs to enable them to rise and fall in the wa-
ter. Sometimes, rocks vich in entombed animals, occupy great dis-
tricts of country. Inthe transition marble for instance, animals repo-
sing in the bowels of mountains, miles from day light, often form al-
most the entire mass, and they are so firmly umted to the rock, as to
constitute a part of its substance. Many of the architectural mar:les
owe much of their beauty to imbedded aninials, myriads of which he
almost in absolute contact; the matter of the rock between them, only
fillino up the void occasioned by their angular and confused positions.

The trilobite 1s one of the curly fossilized and imbedded animals;
this animal, having in his back, a jointed articulation, could bend his

body like a lobster, and we find him sometimes doubled, and some-
times expanded, as he lies in the rocks.”

Possille Modc of Consolidation.

There 1s little difliculty in understanding how the marine animals,
for ecxample, the crinoidea that fill, more or less, the transition lime-
stone of the Peak of Derbyshire, came to be thus entombed. We cannot

e ol il il
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* Grand tiilobites, of singular size and perfection. were snown me by the late
Mr. John Sherman, at Trenton Fails, near Utica, (New York.) where they were
obtained. Dr. Eizhts, of Albanv. a2 vovage to New South Rhetland, tound the
trilobite, slilt a Liviny unimal.  Prof. Green, of Philadeiphin, Lias illustrated this
interesting tanly by a voaluahle monvzraph and admirable models, moulded and
colored, m exact fac snnle, with the originais,
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doubt that the aniimals reccived their existence, and lived and died
in the ocean, and that, at least at the time of their death it was full
of culcarcous carbonate cither in solution or in mechanical sus-
pension, or both.*  When they died, they of course subsided to the
bottom, and were surrounded, as they Jay, by the concreting caleare-
ous matter. Multitudes of them were present, at the same time and
place, in all the confusion of accidental position, and therefore were
enveloped, just as we find them, in every imaginable posture; the in-
terstices were filled by the calcarcous deposit, and this being more or
less chemically dissolved, produced a firm sub-crystalline mass, a sec-
tion of which shews us the animals sawn through, and admitting of a
polish, like the rest of the rock,

If we could suppose that our common clams and oysters, that lie
in the mud of our harbors and inlets, were to become solidified into
one mass, along with the matter which envelopes them, the case would
not be dissimilar; only they would he enveloped in earthy, instead of
crystalline matter, and the rock formed {rom it would be referred to
the most recent sccondary, or to the tertiary, unless its texture were
afterwards altered by igneous or other agencies.

It is casily understood, also, how a new stratum, either of the same
or of different constitution, may be deposited upon a previous one;
and with it, the bodies of the animals that lived and died in the fluid ;
and these might be the same animals with those of a previous stratum,
or of a different species or genus, it being understoud that, in the case
of marine animals, each successive stratum was, in its turn, the bot-
tom of the then ocean, and also the upper or last consolidated layer
of the crust of the earth, as it then was at that place.t

As we have no direct historical evidence to the facts, it is impossi-
ble to say, precisely, what circumstances would determine the waters
to deposit, different things at different times, for instance at one peri-
od, a stratum of limestone, with madrepores and encrinites, and at
another, onc of breccia or sandstone, with bivalve or univalve shells.

. WWith respect to marine and aquatic animals, the waters appear to
have been, at diflerent periods, adapted to the support of different ra-
ces, and thus their remains became successively solidified ; not imply- -

"B Rl

*» ‘The eruption of a vast calcareous sediment, by submarine igneous agency,
which some have supposed 1n the case of' chalk. ix hardly admissible here, as the

transition iimestones does not corresponds with the usual appearance of mechan-
ical deposits.

t A similar course of reasoning, will apply to fresh water deposits.
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ing, however, the entire extinction of all the animals of a particular
race; a multitude were entombed, as is proved by their remains, but
the species often survived ; in the mean time, new races were created
and petrified in the forming rocks: again perhaps, the diminished
race peopled the waters anew, and their relics were solidified in a new
deposition, and so on in succession.

Whether animals and vegetables were deposited in the ocean, or in
seas, in lakes, rivers or estuaries, it is casy to imagine, that if all the
causes necessary to produce the events, were 1n successive operation,
they might follow each other in the order supposed; and that this
was the fact, cannot be reasonably doubted, any more than that an
cdifice, having granite for its foundation, and sandstone for its base-
ment, and marble for its superstructure, and wood for its roof, and
lead, zinc or iron for its covering was actually constructed of these
materials, by the architect and connected in that order by his intelli-
gent design.

The great truths of geology are few, simple and intelligible ; need-
ing nothing but the application of a sound judgment, enlightened by
science, to the accurate observation of facts, which can often be dis-
tinctly observed, and the order of their succession ascertained, wheth-
er the proximate causes and the immediate circumstances can be dis-
covered or not.

It 1s a supposilion, altogether inadmissible, and unworthy of a se-
ricus answer, that the animal and vegetable races, entombed in such
profusion, and buried often under entire mountain ranges, or firmly
cemented into their very bosom, were created as we find them. On
the contrary, there can be no doubt whatever, that they were once
living beings, performing the part belonging to their respective races,
and that at their death, or soon after, they were consolidated, in the
then concreting and forming rocky strata, or that they were, in vari-
ous instances, overwhelmed by igneous or diluvial catastrophes.

Animal Remains in Secondary and other Rocks.

The older secondary rocks often abound in shells of molluscous
animals, principally of extinct genera, and there 1s a progression
threcugh the more recent strata, exhibiting a greater and greater ap-
proximation towards the more complicated structure of the most per-
fect animals: while the newer rocks of this class, and of the strata
that lic upon them, including the tertiary, contain reptiles, fish, and
even birds, and terrestrial quadrupeds.
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Sauriuans or Lizards.

Within a few years, the skeletons or disjointed hones of some very
lurge oviparous animals of the Saurian family, namely, ancient croco-
diles, the ichthyosaurus or fish lizard, the megalosaurus or great liz-
ard, and the plesiosaurus, have been found in the recent secondary
rocks, especially of England and Irance, and some of them in the
tertiary.

The Megalosaurus is found in limestones and sandstones lying
higher than the lias, and the ichthyosaurus and plesiosaurus are found
also in many of the strata above, and in some of those below that rock.

T'he fossil crocodile appears to have been, anciently, an inhabitant
of fresh water, and of rivers, as at present, In the West Indies, ac-
cording to De La Beclie, the crocodiles frequent muddy, and sometimes
brackish ponds; and in shallows, they often remain for hours, with
the tips of their noses out of water. The organization and habits of
crocodiles, do not enable them to contend with the agitations of the
sea, which they shun. It would seem, however, that the organiza-
tion of the ichthyosaurus would enable him to swim in the waves,

The crocodile has been continued, perbaps, from the new red sand-
stone—certainly from the lias, to the present time—and, as its remains
often occur in the interval, it appears to have been a tolerably constant
inhabitant of our globe.

With one exception, that of the opossum, found in the Stonesfield
slate, near Oxford, (Eng.) no viviparous vertebrated animal has been
found below the chalk.* The Stonesfield slate belongs to the oolitic
series, and lies below the chalk.

- The remains of the Saurians, found, within a few years, in England,

France, and other countries, indicate animals of twenty, forty, fifty,

and seventy feet or more in length. They were generally amphibi-
ous, and there is every reason to believe, that when only portions of
England stood out, as islands, above the water, these enormous ani-
mals swam and sported about, in the inter-insular waters of primitive
Britain, or basked upon the shores of its seas and estuaries.

Mr. Mantell, of Lewes, in Sussex, England, has described another
enormous Saurian animal, the Iguanodon, (so called from his resem-
blance to the Iguana of the West Indies;) it was an herbivorous rep-
tile, and appears to have attained the length of seventy feet or more
with a height of nine or ten feet. Still, his remains are interred in

i e — o

+ Unless 1t be.the Ea~t Windsor anirual.—Vide A, Jour. Vol 1L
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solid ferruginous sandstone, far below the chalk, and probably moro
than onc thousand feet beneath the upper strata, that were subse-
quently formed over him, many of which have been swept away by
diluvial action, or by other catastrophes.

In July, 1832, another Saurian was discovered in the sandstone of
Tilgate Forest. It is described by Mr. Mantell, in his late work on
the Geology of the South East of England, and a plate of its bones
1s annexed. The reptile is named, by Mr. Mantell, the Hyleosaurus,
or Wealden Lizard. Vertebrwe, ribs, coracoids, and other bones, were
found, either in connexion or in juxta-position, making an imposing
mass, and very firmly cemented into the sandstone. The animal was
gigantic, but its exact dimensions are not given; its tail 1s supposed
to have been twenty five feet long.

The vegetable remains, as well as the fishes and shells, and rolled
stones, that are found entombed in the same strata, show that they
were once the upper surface and formed part of a vast estuary, which
was subsequently buried by the marine formation of the chalk and its
attendant strata.

Organized Remains in very recent rocks.

It is easily understood, why no land quadrupeds are found in form-
ations earlier than the tertiary. Unul this period, there was not dry
land enough for terrestrial quadrupeds. Whaen they were created, it
was evidently a period more advanced, than that which produced the
ancient crocodiles; more land was uncoi*ered, but a multitude of natu-
ral basins, forming lakes, were still full of water, and as the strata
which they now present, were 1n the course of being deposited, vari-
ous quadrupeds, fortuitously conveyed into the water, or perhaps
drowned by accident or by partial inundations, became buried and
solidified, and their remains are now found in the basins of Paris and
London, and of the Isle of Wight. They are much less {requent,
than the marine animal remains of the earlier strata, probably, both
because the animals were much less numerous, and because the cir-
cumstances attending their existence and death, were far less favora-
ble to their inhumation and preservation.

It is worthy of remark, also, thatin the very strata in which they
are contained, the relics of water-born animals are very numerous.
It is believed, by Cavier and Brongniart, whose elaborate investiga-
tion of the Paris strata, has been several years before the world, that
there were successive periods, in which marine and fresh-water shells
were, alternately and successively, produced in the waters.
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I'rees and their members, und even entire forests are fouud in simi-
Jar situations.

In general, the bones and trees are not mineralized, but are rather,
for the most part, in the condition of grave bunes or ancient wood.

The bones could not be found in the older strata, as the animals
were evidently not in existence when those strata were deposited.
Much less could we cxpect to find human bones in them, for man
was not created till the earth was reduced to order, and many genera-
tions of animals and plants, had lived and died; depositing their re-
mains in the rocks, whose formation was contemporaneous or immedi-
ately subscquent, or whose materials were accumulated, by catastro-
phes that also overwhelmed the organized beings.

The relics of plants, (the coal formations excepted,) are far less
numerous than those of animals. It is in no way surprising that their
creation should have been successive, and assoctated with different
rock formations, and when the same plants occur in repetitions of the
same or of different formations, their seeds or roots might have been
preserved, and transported from other places, by the waters or other
causes.

That state of things which attended a particular rocky deposition,
may have been such, when the same kind of rock came to be depos-
ited again, as to favor the production of the same animal or vegetable
races from the germs, seeds, roots or individuals that had been pre-
served. |

In the same latitudes, there is now, on the earth, a great regularity
in the vegetable species, and in a less rigorous degree, in the animal
races.

There i3 every reason to believe, ihat the creation of animals and
plants was successive; not by equivocal generation—not by atomic
action, but by the fiat of the Almighty.

Early animals—wood—trees—coal.

Among the primitive rocks there are no traces of vegetation, any
morg than of animal life. But we repeat in this connexion, that we
no sooner reach the transition rocks, than both animals and plants
begin to appear; the animals, however, are marine, and are vastly
more numerous than the plants. There is no reason to believe that
plants appeared until there were shores, and even marine plants must

have, in general, points of attachinent in shallow waters.
3
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According to Mr. De La Beche, wood and terrestrinl plants arce
found in most rocks, from the old red sandstone upwards, and, in fact,
i the order of rocks immediately beneathy i. el the transition ; prov-
ing that dry land must have existed, more or less, previous to, or at
the time of the formation of most of these rocks,  We muay suppose,
therefore, that ponds, lakes and rivers, existed also.

Arborescent plants, and their branches and roots, are often found
in the coal formations, and in their sandstones, &c. which proves that
the gigantic vegetables were somcetimes embraced in those depositions.

It would appear, from the rclies of the periods immediately suc-
ceceding the transition rocks, that vegetation had inercased prodigious-
ly upon the earth, and that there were even trees and forests upon
those parts of the surface that had become sufliciently dry.

Bituminous coal, belonging to the era of the carlier sceondary,
or, as now agreed, to the transition, scems to have heen formed, as
there 1s great reason to believe, from submerged and inhumed vege-
tables, chiefly of cryptogamous plants, whose vestiges are so numer-
ous in the coal mincs.

Coal, being peculiarly limited in its relations, and often contained
in basins, it seems probable, that it generally arose from local circum-
stances, with all its alternating and attendant strata of shales, sand-
stones, limestones, clays, iron ores, pudding-stones, &c. ; and, as these
depositions are often repeated scveral timnes, in the same coal basin,
and the mines arc occasionally worked to a great depth, (even to
twelve hundred feet, in some places in England,) it is plain that no
sudden and transient event, like a deluge, could have produced such
deposits, although it might bury wood and trees, which, in the course
of time, might approximate to the condition of lignite or bituminized,
or partially mineralized wood, which is often found under circumstan-
ces indicating a diluvial origin.®

Early cxistence of trees.

It has been supposed, that the plants which have contributed to the
formation of coal were generally succulent, with little or no firm woody
fibre. It appears, however, from two memoirs by II. Witham, Esq.
of Edinburgh, that large trees, strongly resembling the Norway fir
and the yew tree, existed, even anterior to the deposition of the great
bituminous coal-ficld of the Lothians, around Edin]mrgh. Near that
city. in 18206, a fossil tree was discovered, three feet in diameter at its

—— - 0w w A e il L e el g dp e - gy gerym g F - - e — C— o —y

» See A Jour. Vol XXV, pl 101



AR e, T

CONSISTENCY 0OF GLOLOGY WITH KACRED IIISTORY. 17

base aud thirty six feet long, lving nearly horizontally between the
struta of sandstone.  Iis composition was carbonate of lime 60, oxide
of iron I8, carbon 9, alumine 10,

Another fossil tree has heen recently dizcovered in the quarry of
Craigleith, near lidinburgh, whose geological position is in the moun-
tain limestone, and considerably below the great coal hasin of the Lo-
thians. Its elevation is scventy five feet above the Jevel of the sea,
and its roots were in the bottom of the quarry.  The length of the
stem was forty seven feet—a large branchless trunk—in some parts
much flattened, so as to aflord an elliptical scetion, At the Jargest
place, its diameter was five feet by two, and at the smallest, nineteen
inches by sixteen.  Its branches, and many feet of its top, are gone;
it was probably sixty feet Jong, and the incumbent mass of sandstone
appears to have heen one hundred feet thick ; the bark is converted
mto coal.  The composition of this tree is, carbonate of lime 02,
carbonate of iron 33, carbon 5, with the sp. gr. 2.57. It was a conifera.

“In the great coal-ficld of the North, in Britain, fossil plants are usu-
ally found lying parallel to the strata, but much broken and compress-
cd, and their parts scattered; but some vigorous plants, generally Si-
aillarie, appear to have been so strong as to resist the torrents and
to remain in their natural position.

It results from Mr. Witham's discoveries, that plants with their or-
aans of fructification apparent, (¢gymnospermous phanerogamic,) are
much more frequent in the coal formations than has been imagined,
and that proper trees, of true ligneous fibre and of great size, existed
even earlier than the bitumincus coal.®

More recent fossil trees and plants.

Among the more recent sccondary rocks, vegetables increase in
quantity and variety, as we approach the tertiary, in which we find in-
humed wood in the form of liznite, or bituminized wood, or wood
slightly mineralized ; eventually we find wood unchanged; and thus
we trace the vegetable families, from their commencement on the
borders of the primitive, quite down to our own times. 1In the loose
sand, gravel, and detritus, we often find trees, at cvery depth, be-
tween the surface of the ground and the fixed rocks below ; the sur-
face is often covered by bowlders of travelled stones, and the depost-
tion is evidently diluvial.

« Am. Jour. Vol. XXV. p. 109,
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Organized Remains deposited from Walery, but not from a Tran-
stent Delwgre.

[t is scarcely possible to doubt, that the process of animal and veg-
etable deposition in a mincralized state deseribed above, was that
which really happened.  Whatever may have been the operations of
fire, at preceding or subsequent periods, itis impossible that it should
have been concerned in the first formation of the mineral strata,
which contain numecrous organized remains,  Animal or vegetable
lifc could ncver be produced or sustained in the midst of fire; and in-
deed, it is quite incredible, that strata, containing distinet organized
remains, were ever melted 3 noris it casy to imagine, that they could
be even softened, in any great degree, without destroying or material-
ly deranging the organized structure.*

It appears cvident also that the mineralized plants and animals
of the solid strata have not been collected in these situations, by any
sudden and Jocal, or even gencral catastrophe, for as an author re-
marks, ‘*among the 1mmense nunber of fossil shells, many are re-
markable for their extreme thinness, delicacy and minutencess, of parts,
none of which have been injured, but on the contrary are most perfectly
preserved.”  Among the plauts of the coal formation situated some-
times hundreds and thousands of feet below the surface, and covered by
many beds of solid rocks, their leaves, many of which are of-the most
tender and delicate structure, are often found fully expanded, in
their natural position, in regurd to the rest of the plant, and Iaid out,
with as much precision as in the horlus siccus of a botanist. 1t is
often true that the minutest parts do not appear to have suffered attri-
tion or injury of any kind.

EFragmentary Rocks.

The rocks composed of fragments and rounded water worn pebbles
aflord us the strongest evidence of progressive destruction, deposi-
tion and consolidation.

Among the transition rocks, we find (in general) for the first time,
fragments both rounded and angular of all the previous rocks ; some-

P - -
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* October 21, 1833.—A. day or two since, 1 observed a common hard baked
brick, lying 1n the pavement of a streetin this town, (New Haven, Conn.) bear-
ing a distinet and beautilul impression of @ seallop shell (pecten); the shell was
gone, being doubtless destroved by the fire, while its impress remained. Strata
that have been ignited may therefore retain the forms of organic bodtes, which
would of cotse be destroyed by the heat.
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times, these fragments are united by erystalline matter of a diflerent
nature, forming the paste or cement, which holds them together; at
other times, the paste is composed of nearly or quile the same mate-
rials with the fragments, but in a state of much finer division, and at
other times there is little interposed cement.

Jut many of the rocks of this class are most palpably fragmentary,
and the fragments are of all sizes, from those that are scarcely visible
to the naked eye, to those whose dimensions are measured by in-
ches and cven by feet. |

Instances.

'The brecciated marble of the Potomac, employed in the public buil-
dings at Washington, i5 a remarkably firm rock, composed of angu-
lar and ovoidal pebbles, the latter of which have evidently, received
their shape from friction in water. ‘The cement is a more minutely
divided substance of the same kind, but calcareous matter 1s not ¢x-
clusively the material cither of the pebbles or of the cement.

The fragmentary rocks of Rhode Island, extending by Providence
to Boston, and which are very conspicuous in Dorchester, Roxbury,
Brooklyn, and other neighboring towns, are fine cxamples of early
formations of this kind. They are very interesting five miles east of
Newport, at a place called Purgatory, where a large mass of the rock
separated by the natural secams which are found in it, running parallel
for a great distance, and cutting the pebbles in two, has fallen out,
having been undermined by the sea, whose waves, when impelled by
storms, break and roar frightfully in this deep chasm.

The pebbles are here chiefly quariz—they are ovoidal in form and
of every size from that of a birds egg to that of a common keg, and
they lie generally with their transverse diameters parallel.

The pebbles of the fragmentary rocks about Boston are very va-
rious in their composition, obviously however the ruins chiefly of
primitive rocks. 'The pebbles, which there lie in the roads and ﬁc]ds
have procecded from the disintegration of this pudding stone.

The great sandstone deposit of the valley of the Connecticut pre-
sents every variety in the size and form of the parts that have been
broken up from previous rocks,—transported—more or less rolled,
and cemented into rock again.

In East Haven, near New Haven, the rocks often contain massy
pebbles of granite, gneiss—mica slate and clay slate, and of the indi-

vidual minerals of which they are composed. Water worn-pebbles
are in some places as common in these rocks as on the sea shore:
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they form mighty strata, which have been tilted out of the horizontal
position, into an inclination of 15 or 20 degrees from the horizon.
The Cattskills, are congpicuous monuments of geological revolu-
tions, Not only at the base, but at the summit, from two to four
thousand feet above the level of the IHudson river, we find these
mountains composed extengively of fragmentary rocks, rounded and
ungular, and their rude piles inform us, that the materials of which
they are built were once loose and rolling about, in the waves of an
carly oceun, encountering {riction and violeuee in their various modes
of action, and we sce not how to avoid the conclusion that these moun-
tainy, after consolidation, have been raised from the depths of the sca.

Origin.

If we cnquire whence arose the mighty masses of ruins of every
shape and varicty, composing not merely accidental fragments, or
here or there a stratum or a hill, but covering myriads of square
miles, which are sometimes the basis of countries, and rise occasion-
ally even into high mountains, we must look for an adequate cause.

Such are the effects and proofs of crystallization, as exhibited in
the early primitive rocks, that the contrast afforded by the fragmentary
rocks, must appear very striking; and connected with their relative
position, can Jeave no doubt on the mind, that they arose from a sub-
sequent and totally different state of things.

What were the causes that broke up portions of the primitive rocks
and left their ruins the sport of the waves, destined in the progress of
time, to be cemented again into firm masses?

Besides the wearing effects of the weather and the seasons, powers
still constantly in action, and of the vicissitudes of temperature, we
can add the convulsions of earthquake, iempest, flood and fire, by
which our planei is still occasionally agitated. Beyond these, facts do
not enable us to go, but the causes that have been named would in the
course of ages, perform the work, great as the results may now ap-
pear.

The breaking up of primitive and other rocks by violent convul-
sions, and the transportation of their ruins, often to distant places:
the frequently rounded form of the fragments, presenting pebbles of
every size, from that of a pea, to that of a hen’s e'gg,-——_-a human head,
or a barrel,~—quartz being not unfrequently the material; the recon-
solidation of these masses into firm rocks,—their stratification at first
horizontal and then rising, at various angles of inclination ; the alter-
nation of such strata with slate and coal and other deposits, their ex-
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trancous contents of innumerable organized heings, and the clevation
ol the whole, sometimes hundreds or thousands of feet above the
occan level 3 ull these fuets leave not a doubt that the fragmentary
rocks, required much time for their formation, consolidation and cle-
vation, and could never have been the work of a short period, or of
a transient deluge.

Diluvial Deposits.

As regards the wrecek and ruin, with which the surfuce of our planet
i3 every where covered ; their extraordinary position, and, to some
cxtent, their production, are justly and generally-attributed to diluvial
agency ; to mighty floods and rushing torrents of water.

The eflects of a deluge are not forming, but destroying ; they are
chiefly mechanical, and very little if at all chemical.  There is not the
least reason to believe, that any solid rock was produced by the gene-
ral deluge, nor that any firmly imbedded and petrified organized re-
mains belong to such a catastrophe ; to the action of waters, agitated
by a mighty moving force ; turbid in the extreme, and filled with mo-
ving rocks, atones, gravel, and coarse and fine sediment—and with’
extirpated and floating vegetables, and drowned animals.

Diluvium is found every where. The almost universal deposits of
rolled pebbles, and bowlders of rock, not only on the margin of the
oceans, seas, lakes, and rivers ; but their existence, often in enormous
quantities, 1n situations quite removed from large waters; inland,—
imbedded in high banks, or scattered, occasionally, in profusion, on
the face of almost every region, and sometimes on the tops and de-
clivities of mountains, as well as in the valleys between them ; their
“entire diflerence, in many cases, from the rocks in the country where
they lie—rounded masses, and pebbles of primitive rocks, being Je-
posited in secondary and tertiary regions, and vice versa ; these, and
a multitude of similar facts, are among the most interesting of geolog-
ical occurrences. Curvilinear stones may, possibly, in given instan-
ces, be formed, by decomposition of the angular portions—by various
chemical agencies, aiding those of a mechanical nature; but pebbles,
present unquestionable evidence of having been brought to their
rounded form by friction, and they can scarcely be confounded with
those produced in any other way.

The attrition of the common waters of the earth, and even that ex-
eried during the short period, of the prevalence of the deluge deseri-
bed in Genesis, would do very little towards producing so mighty a
result ; and we must assign this operation to an earlier and much
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more extended course of mechanical agencies, produced by long agi-
tated waters.

We must charge to moving waters the undulating appearance of
stratified sund and gravel, often observed in many places, and very
conspicuously in the plain of New Haven, and in other regions ot Con-
necticut and New Enogland ; exhibiting frequently, a delicacy of flex-
ion, in the layers of gravel and sund, which makes them appear as if
they had, but a moment before, received their impulse and position
from undulating water, and as if they had copied the very cddies and
gyrations of the wave.*

Bowlder stones, consisting of fragments of primitive rocks, proba-
bly from the regions north of the great lakes, are found abundantly
on the secondary regions of Ohio, New York and other states; the
fragments of the primitive Alps, on the Jura chain, (the lake of Geneva
intervening;) the ruins of the Scandinavian mountains on the seconda-
ry and diluvial plains of Prussia and Northern Germany, (the Baltic
being between,) and the fragments of the northern counties of Eng-
land, cover the southern and middle regions.

In many cases, bowlders and pebbles can be traced 1o their native
beds, and frequently they arec strangers to the regions where they are
found.

Deserts of sand, covering tracts more or less extensive, such as.
those in South Africa, and in the Zahara, stretching 1n a vast belt,
from the Atlantic ocean to the desert of Lybia; the sandy plains of
Arabia, Germany, and Russia; the great desert at the foot of the
Rocky mountaing, and all similar deposits, in situations where no ex-
isting causes could leave them, are, with great propriety, referred to
diluvial agency. |

Diluvial torrents—lakes—uvalleys.

That diluvial torrents had suflicient power to roll even bowlder
stones and disjointed columnst lo great distances, or to precipitate
them into the valleys, is sufliciently evident, from what we know of
the energy of torrents in our own time.

Beds of sand, gravel, clay, loam, pebbles, and bowlders, are found,
as already stated, to compose the loosc materials of every country,

1
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* These strata would probably now be arranged with the tertiary.

+ Such as the columns of trap, sometimes of enormous size,. which are found
scattered, up and down, through the great Connecticut valley, often at a great dis-
tance from their parent ridges. ‘The most remarkable case in this range, is ten
miles west of Hartford, on the Albany turnpike.—See Tvur to Quebec.
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and they invavinbly exhibit the appearance of deposition from water,
sometimes tranquil, sometimes more or less agitated.

Diluvial waters appear to have first transported, and then, in.a state
of comparative quictude, to have arrunged these masses by sediments
ary deposition,

The clicets of diluvial devastation are ina considerable degree veil-
ed, by the gradual depositions of sedimentary matter, during the de-
cline of the waters,

Giranting that the carth has been, from any cause, covered hy wa-
ter, and that it has been in any way withdrawn, there must evidently
have been a multitude of local lukes, determined, by the basin shape,
s0 often traced by contiguous hills and high grounds; in these, sepa-
rate and independent deposits were doubtless going ony’for a length
of time, perhaps even after the carth began to be peopled at the crca-
tion, or repeopled after the deluge s for this view will apply equally to

- the waters which covered the carth originally, and to those that return-

ed upon it by an universal deluge. Those lakes that had no perma-
nent supply of water, would, of course, be exhausted by soakage and
by cvaporation: others would burst their barriers, or gradually wear
them down, and during their escape, renew the diluvial ravages;
while those only would be perennial, which were fed by streams or
springs.

Many valleys of denudation, as they are called by Prof. Buckland,
were probably produced by diluvial action. Such valleys are con-
spicuously seen in the South of England : similar strata are found
capping contiguous hills, projecting at their sides, and running be-
neath their foundations; a curve or hollow having been scooped out
between, thus indicating the cflects of great rushing torrents, attend-
ed perhaps by convulsions, that more or less, broke up the superficial
strata.*

It is not intended that all valleys were produced in this manner:;
many doubtless were thus formed, and many more were thus deepen-
ed and modified, but a multitude of them were probably among the
original features of the planet, or produced by early convulsions.

Ezxtraneous contents of the diluvium.

Single bones, parts of skeletons, and entire skeletons of the larger
animals, often of extinct specles, but mostly of known genera, are

+ See this subject ably investigated and illustrated in the Reliquiz Diluavianz.

4
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found abundantly in the diluvium of all countries, where curiosity and
intelligence exist,

Whales, sharks, and other fishes: crocodiler, and other ampliibia s
the mammoth or the extinet elephant; gpecies of clephants, ncarly
or quite like those of modern times; the rhinoceros, the hippopota-
mu:; hyenas, tivers, deer, horses; various species of the hovine fams-
ily, and a multitude more, are found buried in the diluvium, at a greats
cr or less depthy and in most instanees, under eircumstances indica-
ting that they were buried by the same eatastrophe which destroyed
them 3 namely, a sudden and violent deluge,

It appears, from Dr. L. 11 Hayden's Geological Tissays, that under
the diluvium of the Atlantic portion of the middle and southern states,
there lie buriced a great quantity of the bones of whales, sharks, por-
poises, mammoths, Aslatic clephants, and other Jarge animals, along
with numerous trees, semetimes with their fruit. Layers of marine
mud are also foun:" ccp bencath the diluvium, below the present
low water mark.

There are also vast quantities of shells, and especially of a gigantic
oyster, in many parts of the southern states, 'They are found, not
only in digging for wells, but they form vast beds in various places.

Near Tours, in I'rance, 1s a bed of oyster shells twenty seven miles
long and twenty feet thick.

But the beds of the southern states far exceed this. A stratum, on
the whole continuous, although mixed, more or less, with the general
diluvium, and other materials of the country, has been traced from
the Eutaw springg, in South Caroling, to the Chickasaw country ; six
hundred miles in length, by ten, or from that to one hundred, in
breadth.* .

There can be little doubt that many of the beds of oyster shells,
which have been attributed to the aboriginal Indians of this country
arc diluvial deposita.

The bones and skeletons ¢f large animals, especially of the mam-
moth, are found in wide dispersion, and in very remote countriess in
both Americas, in Ilurope aund in Asia, In northern Asia, the tusks
of the extinct elephant, are discovered in the diluvial banks of alinost
every river, and the ivory 1s found in such abundance, as to be a regu-
Jar article of commerce. An enormous carcase of the northern or
Asiatic clephant, a few years since, by the gradual thawing of the
frozen bank; in which it was imbedded, high above the water, fell
down and exhibited the flesh in full preservation; the long bristly
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hatr and vast wmassy hide, requiving a larege number of men to carry
ity allorded prool” irrelragabley of the existenee of the animal in those
ricorous climetes, and ol hiz sudden extinetion, inhhumation and con-
celiation, with <o tittde imterval of timey that putecfaction had not coms-
menced, and has not since thon phoee, during o Jone sueeession of
Nres,

Indeed, there is but one view which appears to earry with it the
Jeast probahility, as to the eanse of the wide dispersion and sepulture
extinet animals in the various

of the sicantic races: especiily ol
quarters of the world, It scems evidently to have been the work of
a delioe, which at onee drowned, and inmany instanees extinguish-
ci, whole races of animals, and buried their badies i the wreek of
the planet with which thuse waters were evidently filled, Sueh a
scene of awful devastation, was as well fitted to produce these effects,
as it was ill adapted, to the comparatively tranquil life and death of
the sucecssive generations of marine and aqueous animals, that peo-
pled the earlier oecians.

As organized remains are found at very high levels, not only miner-
alized, but loose or in diluviun, the prevalence ol the occan. at difler-
ent periods and under very diflerent circumstances, is thus proved.

It is said that the skeleton of a whale lies on the top of the moun-
tain Sandhorn, on the coast of the northern sca. The mountain is
three thousand feet high, and there is no cause that could have convey-
cd the whale to that clevation, except a deluge rising to that height.

S0 late as June, 1824, the remains of a whale were found on the
westernmost Stappen, a mountain in Finmarck, at an elevation of
eight hundred feet above the occan. The specimens, which were re-
ported to be vertebre, were lost by shipwreck on their passage to
England. Similar remains are said to exist also in North Fugeloe,
another mountain in those regions.—Penn.

It is common to find trees and their members, not only in the dilu-
vium, but also in the known alluvium of rivers, &e.  In general, they
are not much altered ; sometimes they are partially bituminized or
verge towards lignite, or perhaps . are really lignite; at other times,
they are penctrated by acids and saline substances, and metallic min-
erals, as pyrites, arc occasionally formed upon or in them.

As there is no difference in the nature of the opcrations by which
diluvium and alluvium are produced, wec must resort to an induction
of particulars, in order to enable us to distinguish between them ; but
In most situations, especially those that are remote {from rivers and

moving waters, there is very little occasion for hesitation, in {forming
an opinion.
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Beautiful Arrangement of Loose Materials.

Nothing in geology strikes the observer, with more interest, than
the beautiful arrangement, in strata, of the beds of sand, aravel, clay,
loam and pebbles, which may be observed in every conntry.* A sec-
tion of a bank of any of these deposits—or better still, an avulsion
or fall, whichleaves the stratification exposed, without being obscured
by the rubbish, produced by digging, or by the sliding of Joose sand
—never fails to exhibit the efleets of scdimentary deposit 3 sometimes
horizontal—sometimes inclined at various angles, great or small—
sometimies undulatory, and recording, in a Janeuage that cannot be
misunderstood, the clicets of subsiding water. The beds are not al-
ways in the order of the magnitude of the parts.  Sonietimes coarser
gravel, or eveu pebbies, will form a layer, above fine sand, and then
perhiaps the order will be reversed, indicating that there were currents;
and these, relenting and increasing, alternately, as they were impelled
nprobably by tides or storms, so that coarser or finer materials were
transported and deposited, asthe waters were more or less agitated ;
for currents must have existed to the last.  Could these sedimentary
deposits be now all removed, we should see the naked, scarred and
devasted skeleton of the planet, exhibiting the most decisive proof
that it bad been swept by violence, of which we find evident marks in
the scratches and furrows, found in the fixed rocks, that are covered
by diluvium.

If a section of the deepest diluvium could be made quite down to
the solid rock, there can be little doubt, that, on the whole the mag-
nitude of the parts would correspond with the depth, and the larger
fragments of these materials would often be found at the bottom.
This does not render it improbable, that bowlder stones should be oc-
casionally deposited on the surface, especially when they are found on
the firmer materials, or on rocky ledges.

Contrast between Diluvial, and Tranquil Aqueous Ageney.

The agency of water, whether fresh or salt, in sustaining, deposit-
ing and burying organized bodies, (except the eflects of occasional
convuisions) was, evidently, tranquil and long continued ; giving time
for many generations of the same or of different races; and for all
the alternations and successions of diflerent strata with different or-
ganized bodies.

—— e am— .

I

* For our present purpose it is immaterial whether these depositions be referred
to tertiary deposits, or to those that are strictly diluvial,
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The occasional intervention of igneous irruption, whether subma-
rine or subterrene, below or among the strata of aqueous origin, or
upon them, only inereases the necessity of time, and when these co-
incidences oceur, they add to the evidence of grand geological cycles.

But diluvial agency is, usually violent, sudden, and of short dura-
(1o,

If the universal deluge recorded in Genesis, be taken as the type of
diluvial action and the time and the elevation stated in the history be
taken into the account, nothing could be more violent, destructive,
overwhelming ; and certainly upon the face of the earth are every
where reeorded, in legible eharacters, the neccessary physical eflects
of such a debacle.

It has entered but little into the views of any except geologists to
discriminate between these two classes of cftects. They are as wide
apart as possible, and nothing in science is more unskilful or more
unhappy than to confound them.

The surface of our planet has been swept by violent, agitated tor-
rents of water, which covered thec earth every where with its own
ruins, but probably this catachlysm did not form any of the firm
strata filled with organized remains.

Miscellaneous Illustrations, from DMantell’s Geology of the South
East of England.*

From this volume, the most recent in time, and not surpassed in
authority by any work on Geology, we now cite some miscellaneous
facts and conclusions, principally in the words of the respected au-
thor.

His labors, ably seconded and illustrated by the talent and taste of
Mrs. Mantell, have shed a most unexpected light on the geology of the
South East of England; and with the eftorts in the same region, of
Webster, Murchison, Fitton, Buckland, and other eminent men, have
amassed materials upon which are erected general conclusions of thé
greatest importance. Mr. Mantell’s publications on local geology en-
title him to rank with Cuvier and Brongniart, whose grand work on
the environs of Paris, led the way in this species of research, which,
has since, been so ably and successfully followed in many places, and
in several countries. |

Chapter XI of Mr. Mantell’s late work, from which our citations
will now be made, forms the conclusion of the volume, and presents

e -y il .

* The preface of which is dated in April, 1333,
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the “ Results’ of o course of detailed and exaet induction, involving
extensive wd precise knowledpge of several colluternl seiences, and
cspecinlly of conchology, botany, and comparative anatomy,

T'he chapter, althoush detached from 1ty documents, is mainly in-
telligible without them, and preseuts a fine example of the course of
induction now pursued by the most able geologists and is precisely in
pointin support of our present argument.  Mr. Mantell, remarks :—

Happily, the evidence of the areat physical mutations, and impor-
tant changes in organie life, which have taken place in this part of the
carth during the geological periods to which our rescarchies refer, is
50 clear and satistactory, that cven the general reader will percelve
that our deductions, extraordinary as they may appear, naturally re-
sult from the facts themselves,

The several formations or groups of strata, previously deseribed,
may be regarded as geological chronometers, marking certain distinet
epochs or periods ; the lowermost or most ancient of which (as we
have already noticed) is of fluviatile origin, and reposes on the Oolite,
a marine formation of grcat extent, that forms an important feature in
the physical structure, not only of Iingland, but also of the Continent.
The DPortland Limestone constitutes the uppermost division of the
Oolite, and contains marine remains only ; it is succeeded by the
fresh-water strata of the Isle of Purbeck, which may be considered
as the lowermost deposits of the Wealden.

But there is a fact connecled with the history of the Portland and
Purbeck beds, so highly interesting, and which illustrates in so stri-
king a manner the nature of one of those yrand geological mutations
which have taken place in the south of England, that it will be neces-
sary to notice it here, although 1t occurs without the limits of the dis-
trict, which it is the professed object of this work to describe.

In the island of Portland, the oolitic limestone is extensively quar-
ried for architectural purposes, and suppliecs most of the cities and
towns in the south-east of England. On these oolitic strata are pla-
ced deposits of a totally different character. Immediately on the up-
permost marine stratum (which abounds in ammonites, terebre, tri-
gonia, &c.) is a bed of limestone, much resembling, in appearance,
some of the tertiary lacustrine limestones. Upon this stratum is a
layer of what appears to have been an ancient vegetable soil ; it is
of a dark brown colour, contains a large proportion of earthly lig-
nite, and, like the modern soil on the surface of the island, many
water-worn stones. 'This layer is called the dirt-bed by the quarry-
men ; and in, and upon it, are a great number of silicified trunks of
coniferous trees, and plants allied to the recent cycas and zamia.
Many of the stems of the trees, as well as the plants, are still erect, as
if petrified while growing undisturbed in their native forest; the for-
mer, having their roots in the soil, and their trunks extending into the
superincumbent strata of limestone. On a late visit to the quarries, a
large arca of the surface of the dirt-bed having been cleared, prepara-
tory to its removal for the purpose of extracting the building-stone
from beneath, several stems, from two to three fcet in height, were
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exposed, cach stending ereet in the centre of a mound or dome of
carth, which had evidently accumulated around the base and roots of
the trees s presenting an appearanee as il the trees had been broken,
or tornr ofty at a short distanee from the ground,  Portions of trunks
and branches were seen, some lving on the surfaee, and others iinbed-
ded inthe divt-bed 5 many of these were nearly two feet in diameter,
iand the united fracments of one tree measured upwards of thirty fect
in length.  The silicitied plants allied to the eyeas ave found in the in-
tervals hetween the trees s and 1 due up from the dirt-bed several that
were standing ereet,y evidently upon the very spot on which they grew,
and where they had remained undisturbed amidst all the revolutions
which had subsequently swept over the surface of the carth,  *The
dirt-bed extends through the north of the Isle of Portland, and traces
of it have been observed in the coves at the west end of Purbeck ;
and a stratum, with bituminous matter and silicified wood, occurs in
the clifls of the Boulonnois, on the opposite coast of France, occupy-
ing the same relative situation with respeet to the Purbeck and Port-
Jand formations. A similar bed has also heen discovered in Bucking-
hamshire. and in the Vale of Wardour, proving that the presence of
this remarkable stratum is coextensive with the junetion of the Port-
land and Purbeck strata, so fur as they have hitherto been exam-
incd.’*

Above the dirt-bed are thin layers of limestone, the total thickness
being about cight feet,.into which the erect trunks extend, but no oth-
cr traces of organic remains have been noticed in them. These lime-
stone beds are covered by the modern vegetable soil, which scarcely
exceeds in depth the ancient one above described ; and instead of giv-
ing support, like the latier, to a tropical forest, can barely maintain a
scanty vegetation, there being séarcely a tree or shrub on the whole
1sland.t

Ifere, then, we have recorded in characters which ecannot be mis-
taken the nature of the changes which took place in this part of the
slobe, after the sea of the oolite had deposited the marine strata of
Portland. A portion of the bed of that sea was elevated above the
surface of the waters, and became clothed with a vegetation, which,
reasoning from the close resemblance of the fossil plants to the recent
Cycadee, must have enjoved a climaiec of a much higher temperature
than is known in these latitudes at the present day. How long this
island, or continent, (for of its extent no correct estimate can be form-
cd,) remained above the level of the ocean, cannot be conjectured ;
but that it was dry land fer a considerable period, is manifest from

¥ . il e— .

* Vide Geology of Hastings, p. 76. ¢l scq.

t+ The appearance of the large quarry on the northern brow of the Island of
Portland was, at the time of my visit (in July, 1852), peculiarly interesting; and
although prepared by a perusal of the excellent Memoirs of Mr. Webster, and Dr.,
Buckland, (Geol. Trans. 2d series, vol. ii.) for the phencmena presented to my
view, I was struck with astonishment at the extraordinary scene; the floor of the
quarry was literally strewed with fossil wood, and before me were the remains of
a petrified tropical forest, the trees and the plants, like the inhabitants of the eit
in Arabian story, being converted 1nto stone, yvet still maimntaining the places whicg
thev oceupied when alive.
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the number and magnitwde of the petrified trees which remain. 1t is
cqually evident, that it was submerged before the Purbeck and Weal-
den strata began to be deposited 5 for the dirt-bhed, and its contents,
are covered by the freshwater limestone of the former.,  The tropical
forest of Portland must, therefore, have gradually and tranguilly sub-
sided (like many subtervancan forests of the modern ¢poch) beneath a
body of {resh water, sufliciently profound to admit of the accumulation
of the limestone and fluviatile strato that compose the Wealden.
What contemporaneous changes took place in other parts of Ilurope,
it would be forcign to our purpose, and perhaps, in the present siate
of our knowledge, in vain to enquire ; but we may remark, that the
submergence of so extensive a tract of country, probably produced in
other regions important mutations in the relative level of the land and
water. At this epoch, then, the land and its tropical forest sank to
the depth of many hundred feet, and became the bed of a vast lake or
estuary, into which we have the clearest evidence that a river flowed,
and formed a delta, made up of the debris of the rocks which compo-
sed its bed, intermixed with the remains of the animals and vegeta-
bles of the country from whence its waters were derived ; for, as Mr.
Bakewell has sagaciously remarked, a river that could form a delta of
such extent as the Wealden, it must have required the drainage of a
vast continent to supply.*

'The proofs of the Wealden having been the delta of some ancient
river, are so fully stated in the preceding chapter, that it is unneces-
sary to dwell upon the subject. Of its original extent, our conjec-
tures must necessarily be extremely vague: Dr. Fitton has, however,
ingeniously instituted a comparison between the known superficial
surface of the Wealden, and the deltas of some modern rivers. As-
suming that the occurrence of the Wealden strata at Beauvais is es-
tablished, this eminent geologist computes that the remains of the delta
of the Iguanodon period, are from west to €ast, or from Lulworth
Cove, to the boundaries of the Lower Boulonnois, about 200 miles ;
and from north-west to south-east, or from Whitchurch to Beauvais,
220 miles ; the total depth or thickness being about 2000 feet.t This
but little exceeds the modern deltas of the Ganges, and the Mississip-
pi; and is not equal to that of the Quorra, or Niger, which forms a
surface of 25,000 square miles, being equal in extent to one half of
England.

We have no data from which to calculate the probable duration of
the Iguanodon epoch; it is, however, manifest that no brief period
could have sufliced for that profuse evolution of animal life, of which
we have such positive evidence in the organic remains. It may, uere,
too, be remarked, that the vegetables and animals of this era, like the
forest of Portland, denote a tropical climate, and belong to species and

il i
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* Had the {ossil vegetables of the Wealden been identical with those of the Isle
of Portland, it might have been supposed that the latter was dry land at the Iguan-
odon period: but although the vegetable remains.in both deposits indicate the
floras of tropical climates, they are totally distinct from each other, and belong Lo
different species and genera.

1 Geology of Hastings, p. 58.
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seneriy, wholly unknown s aad, a8 we have elsewhere observed, the
fossil bones ol the ovipareus quadrapeds are so enovmous, that it s
even ditheult to helieve the evidenee of our senses, when we attempt,
from these remaing, to restore the forms of the extinet monsters of the
aneient world.

The next ereat ehange is the subsidence of the Wealden into tho
abyss of that extensive and profound oecan which deposited the chalk
formation.  Whether this mutation were cffected  suddenly, or by
tlow degrees: whether the Wealden subsided entire, or were broken
up pre \muah to itz submergenee s or whether, like the Isle of Port-
Jand, it constituted dey Jand at some remote peviod antecedently to its
being huried beneath the sen, we have no data to enable us to decide.
‘The prineipal lines ol clevation of the Wealden are elearly referable to
those movements which wp-hicaved the chalk and incumbent strata :
but we may obscerve, that the deeper heds exhibit traces of extensive
faults and dislocations, which sceni to belong to previous disruptions,
for the fissures and chasms ave filled up with broken shale, and clay,
and sand, the debris of the Wealden, and contain no intermixture what-
cver of the marine deposits which may be supposed to have once ¢ ov-

cred them,

I'he ocean of the chalk appears to bave been of vast extent ; 1t bu-
ried beneath its waters a considerable part of Iurope; and, probably,
like the Atlantice, its waves reached the western world, and covered a
portion of the continent of North America.®  The nature of the strata,
and the organic remains which they enclose, prove that the chalk was
deposited in the tranquil depths of a profound ocean ; the abundance
of Ammonites, Nautili, and other multilocular shells that inhabit the
bottom of the (lce‘-p; the almast entire absence of pebbles and gravel ;
the perfect state in which the fishes and other perishable organic hod-
ies occur—not as in the Wealden, crushed, and disjointed, but as per-
fect as if they had been enveloped by a soft paste when living, or even
while in a state of progression—all bear evidence in favour of such a
conclusion.

There are but few, if any remains of terrestrial animals and plants,
to throw light on the nature of the climate during the cretaceous
epoch: we may, however, infer from the nautili and other tropical
shells, as well as from the preseuce of-thestony polipidoms, or corals,
that the temperature was not much inferior to that of the Iguanodon
period, for this division of zoophytes is not known to exist in low lati-
tudes in our modern scas.t The cretaccous strata of the chalk, with

L

* The occurrence of the remains of the Mososaurus, that extraordinary reptile
of the Maestricht beds, in the strata of the United btatcs previously mentioned, 1s
a remarkable fact in corroboration of such an inference, See Dr. Morton on the
Ferruginous Sund Formation of North dmerica, 8vo. 1vol. with plates. Phila-
delphia. 1833. -

+ M. Lamouroux observes, that in the colder latitudes the Cellarius, and Serti-
larie alone are to be fuuml ‘with a few closely woven sponges, and a small num-
ber of alcyonia. The minute Penlacrinis Europaus, recently discovered by Mr.
Thompson in the Cove of Cork, 1s an exception; but the recent Penlacrinus Ca-
put Meduse, (o which the pcntamm al stems that occur in the chalk bear consides-

able analogy, is found in the sea ofl the West India Islands.
P
2)
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thetr nodules and veins of dint, have more the character of a chemi-
cul production, than of & mere mechanieal deposits and may perhaps
owe their origin to precipitation from thermal waters,  'The shells and
cristaceous coverings of the echini are invariubly ehanged into calea-
reous spar; and inomany instances the terebratule ave twisted and
contorted in every direetion, without the shells exhibiting a single
fracture ; changes which probably resulted from the influence of a
high temperature under considerable pressure.

With the exception of the pentacrinus, the teeth of fishes resem-
bling thosce of the shark, the teeth of ¢rocodiles, and perhaps a few
shells, the organic remains of the chalk differ entively from all known
cxisting species, as well as from the fossils of other formations.  Fhe
thickness of the chalk, which is estimated at upwards of 1200 feet,
and the immense variety and mmmbers ot its organic remaing, cvinee
that the agents which produced it were in full uumty through a long
period of tnnc.1 Although we have no satisfactory evidence to deter-
mine whether the challe were deposited over the entire surface of the
Wealden (as seems 'most probable,) or whether the latter were under-
coing clevation during the deposition of the chalk, aud were but par-
tml]y covered by the cretaceous strata, yet theve can be no doubt that
the chalk originally very much exceeded its present limits. It is true
that gravel, and p'nllallv rolled flints, occur but rarely on the Weal-
den,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>