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BAKEWELL’S GEOLOGY.

SUGGESTIONS RELATIVE TO THE

PHILOSOPHY OF GEOLOGY

AS DEDUCED FROM THE FACTS AND TO THE CONSISTENCY OF BOTH THE FACTS
AND THEORY OF THIS SCIENCE WITH

SACRED HISTORY.

INTRODUCTORY REMARKS.

My acquaintance with the Geology of Mr. Bakewell com-
. menced with the first edition, published in 1815.

Being strongly impressed by its perspicuity, attractiveness, and
sound philosophy, I made it the companion of my lectures on this
science, and in 1829, an American edition, from the third Eng-
lish, was published at New Haven, under my supervision, and
with the author’s privity and approbation. 'The work met so
favorable a reception in this country, that a second American edi-
tion, from the author’s fourth, also with his approval, was edited
by me in 1833, and thus it became generally known in the United
States, as a book of standard authority.

1t appears, that the republications in this country produced so
favorable an influence at home, that, from being less generally
known there, than its great merits deserved, this work soon made
its way into several of the first British universities; and we infer,
from the appearance of a fifth edition, that it continues to main-
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tain its ground with other excellent treatises on geology, which
have appeared long since this was first published. *

It is in accordance with Mr. Bakewell’s wishes, that I now
pass a third American edition to my countrymen, not doubting
that I am doing to them and to all our students of geology an
acceptable service.

In relation to the present edition, I have revised the discourses
which were appended to the two former American editions of
1829 and 1833. 'They have been greatly condensed, and to some
extent written anew, with the intention of bringing them up to
the present state of the science.

The outline of my lectures, annexed to the first American edi-
tion of 1829, does not present a correct view of the courses which
I now give. Fifteen years have elapsed since that outline was.
first sketched, and ten since it was published. Within those
periods geology has made great advances, particularly in the
proofs of igneous action, in all ages, ancient and modern; and
perhaps my own admissions of its agency were not commensu- ‘
rate with the proofs that existed in 1833. The powerful direc-

{ tion early given to -my mind, towards the Wernerian theory, by
J the captivating eloquence of the late Dr. John Murray of Edin-
} | burgh, whose lectures on geology as well as chemistry I attended,
I'was not, at that time, fully appreciated by myself.

I was also a deeply interested listener to the lectures of Dr.
Hope,t based on the Huttonian theory,and I was a careful student
of Playfair’s splendid illustrations of that theory ; while Playfair
himself, with many other eminent men of that school of geology, as
well as of its rival,} was then in full vigor and activity at Edin-
burgh. . It was delightful to listen to their eloquent statements
and acute reasonings. In this way I heard both sides of the
question fully vindicated, while, from my youth and inexperience,
I endeavored to sustain a neutral position, and reserved the lib-

" erty to decide mltimately, with an unbiased mind. Still I was, to
a degree, incredulous in regard to the fundamental postulates of

* We are informed that it has been translated and published in Germany.

t The distinguished Professor of Chemistry, &c. in the University of Edinb.

1 Professor Jameson, then recently returned from Germany, where he had
studied under Werner, had not at that time entered on his public duties.

*
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the Huttonian geologists, and could not perceive that they made
out their case, as to the extent and energy of internal fire. The
powerful arguments in favor of great igneous action, contained in
Mr. Bakewell’s Geology, were supported by Dr. Daubeny’s fine
Treatise on Volcanoes, and this by the full and exact work of Mr..
Scrope on the same subject, with particular reference to the extinct
volcanoes of France, illustrated also by an ample atlas of volcanic
regions. 'The more recent exhibition of proofs by Mr. Lyell, as to
the extent, persistence, and energy of igneous action ; the satisfac-
tory evidence accumulating every year respecting the increasing in-
ternal heat as we descend into the earth ; the decisive influence of
galvanic power in mineral veins, as ascertained by Mr. Fox, its effi-
ciency in producing mineral crystallization and its power even in
rousing into life the long latent eggs and germs of insects, as estab-
lished by Mr. Crosse—with the splendid proofs which our gal-
vanic and electro-magnetic machines now afford of an igneous
energy inherent in the earth—an energy which knows no limits
—attended also by magnetic and decomposing power, equivalent
[ to all which geology demands; these and many other considera-
| tions that might be stated, have removed my doubts, and I have
' been for a series of years in a condition to do full justice to the
» | internal agency of fire, as my various classes in the university
and elsewhere can attest. o
It is of little importance to occupy the reader’s attention, even
for a moment, with my own personal views and opinions, nor
would I have ventured to do so, were it not of some importance
that the science may not suffer by any apparent, although not real,
caprice of opinion in those who teach it to others. I have there-
fore thought it but honest to make this frank declaration, my
amende honorable, of the change in my views, and of the grounds
of it ; and perhaps it may not be entirely without utility, as an
exhibition of the effect of progressive development and accumu-
lation of evidence upon one mind, inasmuch as other minds may,
by similar means, be led to the same result. If, however, I still
sustain the claims of water and of all things which, by the aid of
heat and pressure, water is able to dissolve—to more efficiency
than is now generally conceded to them—it is I trust not so
much because I am still tenacious of early impressions, as because
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the state of experimental science, both mechanical and chemical,

fully bears us out, in attributing powerful solvent properties to

water, aided especially by heat and pressure and many active
chemical agents. ’

The remarks on the consistency of the facts and theory of ge-
ology with the scripture history, although superfluous with respect
to learned geologists, and even learned theologians, who have
studied and understood both sides of the question, appear to me
to be still demanded by the state of moral feeling, and by the im-
perfect comprehension of geological truths on the part of the ma-
jority even of our educated people. I have therefore retained a
condensed view of this question, which was discussed in connex-
ion with the edition of 1833.

[ I GENEraL Opsecr oF GeoLocr.—The object of this science
is to ascertain the structure of the earth ; the nature of its mine<
ral aggregates; their disposition and arrangement, forming rocks
and mountains ; the relative position and nature of the rocks them-
selves, with their included minerals and organic remains; the
useful substances which they contain ; the natural associations of
these with other substances; the proximate causes, which have
given the mineral masses their present form and position ; and
those, which, operating upon them still, are causing them to un-
dergo alterations, more or less considerable, and are producing
changes, which will ultimately give them new forms of exist-
ence. :

II. Positive aNp SpECULATIVE GEoLocy.—It is obviops, there-

fore, that geology is erected upon observation, and not upon mere

 speculation ; yet, speculation is with propriety admitted, as an
important means of advancing the science; but it is of no value
if not founded upon facts, and they must never be contradicted
by it.

Positive is therefore the parent of speculative geology, and -it
proceeds, like the other natural sciences, upon a careful examina-
tion of particulars; from particular it ascends to general conclu-

i sions, and upon these builds legitimate theory. Thus, there is
' a clear distinction between geological theory and geological hy-
': pothesis. “'The former draws conclusions directly from facts, and

follows strictly the inductive course. It has therefore the same
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foundation, as general physics ; and its conclusions often approxi-
mate to demonstration. The latter also appeals to facts, but in a
manner less conclusive, and it sometimes makes suppositions of
facts, not actually proved to exist.

III. FoRMER AND PRESENT Sm'rE oF GeoLocicAL KNoWLEDGE
1N THIS Counrtry.—Before the American revolution, geology as a
science, had no existence in this country, and indeed there was
hardly any thing in Europe that deserved the name. .

" In Mr. Lyell’s Principles of Geology, there is an interesting
historical sketch of the rise and progress of geological research and |
opinion, from the ages of Grecian, Arabian, and Roman philoso-
phy to that of the revival of letters in Europe; and from that
period, through several centuries to our own time. Vigorous
minds have indeed appeared in various and remote periods, which
have formed just conceptions of some parts of geology, but it
could not be said to have taken the form of a science until the
Wernerian and Huttonian schools began their friendly conflicts,
about 60 or 70 years ago.

In this country, considerable attention was early bestowed upon
the research for metals and other valuable minerals, as is evinced
by numerous excavations in our hills and mountains, whose date
is generally in the first half of the late century. Several of the
men are still living who led the way in introducing scientific ge-
ology among us. WiLLiam MacLure* was the man who, from
extensive personal examination, made the first geological sketch
of the United States, after having visited geologically, most of
the countries of Europe ; he has also given us much interesting
geological information respecting the West Indies, Spain, and
other countries. He and others, his juniors in years and in the
date of their knowledge, can well remember, when the names of
the most common minerals and rocks were scarcely known in
the United States. Now, there are geological cabinets and
schools in many places, and many geological surveys have been
made, or are in progress, under public authority. We have nu-
merous good reports on states and territories, and many valuable

* Who now, at an advanced age, resides in the city of Mexico—a country which
he finds congenial to his health.
' 2
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memoirs on particular districts; they are to be found also in sci-
entific journals, in books of travels, especially of the exploring
expeditions sent out by the American government; in the trans-
actions of learned societies ; in detached publications, and some-
times even in the newspapers. These materials are of great value ;
but much more must be done before they will be sufficiently co-
pious 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 justice to remember,
that our field is vast, while our laborers, although every year in-
creasing in number, are still 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
object. The learned leisure of Europe, and especially of Eng-
land, is here almost unknown, and our most efficient cultivators of
science are also laborers in other fields. But the habit of making
efforts by systematic industry, is often an equivalent for leisure.
Many of our geologists labor with zeal and effect, and in the scien-
_ tific corps, now surveying several of our states, we have men who
are able to maintain their standing with those of any country.

IV. Lovrrs or our KNowLEDGE oF THE EARTH.—It is only the
crust, the superficial part of our earth, that we can exgmine ; a
few miles or leagues in depth of its outer rind. We mo longer
attempt, by a brilliant excursion of the imagination, to account
for its present form ; poetry and fiction have ceased to perform
the work of philosophy ; those obsolete hypotheses, falsely called
theories—many of them adorned by the eloquence of powerful
minds—which substituted waking dreams for the patient exami-
nation of facts, are no longer regarded, except as monuments of
the restless activity of the human mind ; which is inclined to re-
pose on almost any conjecture, however visionary, rather than to
confess its weakness and ignorance.* '

In Europe, and we are now happy to say in America also, a
great iumber of highly qualified men are occupied in geolo-

* The geological student may find a spirited outline of the most prominent geolo-
gical hypotheses in Cuvier's Introduction to Geology ; they may be read as a mat-
ter of amusement ; but it will be easily perceived, that they bear no closer analogy
to modern geology, than the visions of Alchemy sustain to modern chemistry.
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gical researches ; collectively they bring to the investigation, all
requisite science and the habit of careful observation and induction,
with the industry and patience, which are demanded. The pro-
gress made in these inquiries, even since the commencement of
this century, is wonderful. Districts, provinces, and countries are
surveyed ; and this kind of research, favored by the propensity for
travelling, to which it affords both a strong incitement and a high
gratification and reward, will, doubtless, continue to be extended,
until there shall be no countries unexplored, except those from
which the scientific traveller is debarred, by insuperable moral or
physical impediments. .

Geology takes rank among the physical sciences, and is worthy
of the attention of the greatest minds.

In grandeur, it falls indeed short of astronomy ; and what phys-
ical science does not ; since, astronomy presents to our optics, or
to our intellectual vision, the “ great frame work” of the universe;

! we pass from the view of our own planet to the entire planetary
system, of which our earth is a member; and from this system,
to other and- similar systems; and to the immense systems of
suns innumerable, with their attendant worlds, arranged and con-

“ | nected, in perfect harmony ; performing all their revolutions with-
5 \\ out interference, or irregularity, and illustrating the power and
|' wisdom and sustaining energy, of the omnipotent Creator and

“Governor. Still the structure of a single planet is a subject of
great interest and grandeur ; especially as we may reason from it
analogically, respecting the structure of other planets.

Y. MopEs or INVESTIGATION AND SoURCES OF 0UR KNOWLEDGE.
‘-—Our direct penetration into the earth, by mines, the deepest ex-
‘cavations of art, has scarcely exceeded three thousand feet—a

little more than half a mile, not ;454 part of the earth’s diameter
or ;557 part of its radius.

| It might therefore at first view, seem that we can attain only a
very slight knowledge of the internal structure of the planet, and
that it would be idle to a-tiémpt to speculate respecting that of which
we can see so little.  Still, we are able to reason correctly on this
subject, for we have many sources of information and ample means
of perusing the internal strueture of our globe.
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1.” The obliquity of the Strata.—The strata or natural beds of
rocks are found in all positions, from the perfectly vertical, to the
perfectly horizontal. Were they all horizontal, it is obvious, that
the edges could come into view, only-on the sides of mountains,
in the banks of rivers, on promontories, or in artificial excavations ;
and that, in a tolerably level country, we might travel over many
leagues, and see very little change in the rock formations.

But if the strata are inclined to the horizon, then, their edges
must come into view, unless the rocks are concealed -by the soil
or by ruins. Thus the strata, that in a given situation are many
miles below the surface, may emerge, and crop out, in some
other place. Were the soil and diluvium removed, from a se-
ries of inclined strata, then, their edges would appear, and we
could have no reasonable doubt that we should see an adequate
representation of the subterranean geography, as far as those strata
extended downwards ; perhaps for many leagues—or possibly for
" hundreds of miles beneath the surface. The same instruction is
obtained from vertical strata, and indeed from those in all posi-
tions, except the perfectly flat ; and even then, we are not with-
out means of information.

2. Horizontality—Density of the Earth.—Strictly, a horizontal
position is parallel to the general curve of the earth’s surface, con-
sidered without reference to the hills and mountains. Were this
horizontal position strictly preserved, and were there no perfora-
tions and ruptures of the strata, by artificial or natural causes,
we should, except in the sides of hills and mountains, see only
the upper stratum of rock, and our knowledge of the geology of
the region in question, would be- confined, very nearly, to the
visible material beneath our feet. A horizontal stratum may
overlie parallel strata, descending so deep as to come out obliquely
at points distant from the position of the observer, and thus to ex-
hibit inclined or even vertical strata cutting off a segment of the
globe. '

In common with the pressure of supenncumbent masses, it
may be proper to mention the density of the earth. By the con~
elusions of the British and French philosophers, the mean spe-
cific gravity of the earth is at least twice that of the most com-
mon rocks and stones.
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This important conclusion implies nothing more than a highly
condensed state in the materials in the interior of the earth; still
it does not prove a prevalence of metals, in the sense in which they
are generally known to mankind. It is, however in full proof,
that metals, such as are known only to chemists, form the basis
of the rocks, and in their oxidized and mineralized condition, they
may, from pressure or from other causes, acquire a high specific
gravity. 'This is illustrated by carbon as it exists in diamond, in
which it is three or four times as heavy as in the bitumens, and
six or eight times as heavy as in charcoal ; alumina, in sapphire,
sustains a similar relation to the alumina of clays, and so does pul-
verulent carbonate of magnesia to that earth in boracite orin chry-
soprase ; or silica in swimming fluid (quartz nectique) to the same
substance in rock crystal. Thus the specific gravity of the entire
mass of the earth compared with that of the surface may present
no contradiction or inconsistency. -

3. Mines and Wells.—The excavations in mining are the
most profound that have been made by art. The deepest mine
in the world, that of Truttenberg in Bohemia, penetrates three
thousand feet into the earth. In all mines, the strata being
perforated and broken, we obtain the most satisfactory informa-
tion, as to the nature and arrangement of the rocks. Few of the
mines of England are, in perpendicular descent, deeper than a quar-
ter of a mile, (Dolgoath in Cornwall,) and none in the United
States exceed four or five hundred feet, (Richmond coal mines,
and those of Pennsylvania. )

The evidence afforded by wells is of the same nature. The
depth attained rarely equals one hundred feet; but in some in-
stances it extends to two hundred, three hundred, four hundred,
&c. as at Carisbrooke Castle in the Isle of Wight, on the plain or
valley of London, &c. (Conybeare and Philips.)

4. Boring for Salt Water, Salt Mines, Coal, §c.—This affords
similar, though less distinct evidence ; because the materials are
brought up, in the state of powder, or at least of small fragments,
and a very imperfect idea is thus obtained of their original appear-
ance ; sufficient however to enable us to decide on their nature.
These operations are often carried on to the depth of several hun-
dred feet—sometimes 600 to 800 feet or more.
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5. Roads, Canals, and Tunnels.—Roads and canals are some-
times cut through diluvium, as on the Welland Canal, in Upper
Canada, where the cut is in some places, more than fifty feet deep,
in a stiff tenacious clay; and even through solid rocks, as at
Lockport on the Erie Canal, where for two miles or more, a very
solid, subcrystalline limestone has been excavated by blasting, in
many places to the depth of thirty feet, disclosing not only the
nature of the rock, but many beautiful imbedded minerals and
fossils—strontian, gypsum, calc spar, corals, crinoidea, &c.

Tunnels are less numerous, but every one has heard of that
of the Duke of Bridgewater, between Liverpool and Manchester,
and of the Thames Tunnel, below London, intended to serve as a
substitute for a bridge. That under Standedge, between Hud-
dersfield and Manchester, extends upward of three miles, and is
two hundred and twenty yards below the surface.

It appears that they were not unknown to the ancients. From
the Stadium near Athens, situated in a natural defile, the van-
quished charioteers retired through a tunnel which perforated a
neighboring hill, and thus those who had failed of victory were
screened from the sneers and insults of the populace.* Tunnels
are becoming common in this country, as between Philadelphia
and Pittsburgh ; at Harlem, near New York ; at Norwich, Con-
necticut, and in various other places. These and all other
excavations into the earth add to our means of geological infor-
mation. o ’

6. Rivers and other Water Courses.—Brooks gently transport
gravel and sand, and rivers rush through mountain defiles, as if
they had burst the rocky barriers, transporting not only sand
and gravel and pebbles, but at times large bowlder stones, bear-
ing them. along and vexing them with incessant friction, till
their angles are rounded or obliterated. The rivers have some-
times flowed at a higher level, or their waters are the remnants of
lakes whose barriers time has broken or worn away ; and water-
worn ledges are often found at elevations higher than where the
floods can now flow. 'This is seen two or three miles below
Bellows’ Falls, on Connecticut River, where the primitive rocks

* Dr. Howe's personal communications, Aug. 11, 1828.
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shew the same water-rounded angles, furrowed lines, and even
pot holes, formed and polished by ceaseless attrition, as are seen
at the Falls themselves, whose torrents are now incessantly
wearing the rocks. Similar facts are observable at the head of
Lake George, fifty feet and more above the lake, in ledges of
transition limestone, over which no water now flows. The same
appearances are seen at the great falls of the Potomac ; where, for
a long distance, and at a considerable elevation above the present
bed of the river, the angles are rounded and smoothed, and there
are numerous holes in the rock, either shallow and irregular, or
deep and cylindrical, like those of cataracts, and certainly produ-
ced by the same causes, the wearing of water, aided by whirling
stones.*

The passage of the Shenandoah through the Blue Ridge—of
the Connecticut at Middletown, through the Haddam hills, and of
the rivers in the Rocky mountains through their defiles; these are
a few among innumerable examples of this kind. 'The rivers
have rarely. burst their barriers; in general, they have merely un-
covered the rocks so that their characters can be observed ; they
have not generally formed their own beds, but have deepened
and altered their channels. The Genesee and Niagara rivers,
. whose banks are often precipitous and several hundred feet high,
give sections of the strata wonderfully distinct and beautiful.
Thus the wearing power of water contributes to the mass of geo-
logical evidence.

7. Valleys and Defiles, Banks, Preczpwes, Cliffs and Pro-
montories.—In every mountainous country not covered with soil
and ruins, these natural sections being often deep, abrupt, and of
great extent, expose the stratification on the sides of the hills and
mountains, and thus the structure is revealed. As a.large part of
the earth is mountainous, provision is thus made, on a great scale,
for judging of the interior of the planet. The shores of the seas
and of the great lakes, and all elevated countries, abound with
such exhibitions. Many of them are indeed inaccessible except
in boats, but however viewed, they exhibit the stratlﬁcatxon and
structure more or less distinctly.

* American Journal, Vol. 1v, p- 4.
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8. Landslips, Slides and Avulsions.—The peaceful dweller
in the beautiful Isle of Wight, in the English ‘channel, not un-
frequently sees the high chalky cliffs of that coast, that have
been undermined by the sea, totter to their fall, till they come
thundering down in piles of ruins; and even at some distance
inland, away from the sea, they occasionally slide or slip from
their seats, overwhelming the plains below.

The Alpine mountaineers witness still more stupendous catas-
trophes. Large portions of mountains are precipitated with fright-
. ful devastation upon the valleys and plains, filling the bosom of
lakes, spreading desolation far and wide, and burying villages in
the wreck, or sweepmg them away by the sudden rush of the
waters.

The mountains of Vermont and of New Hampshire, have been
the scenes of similar catastrophes, and the Notch in the White
Mountains of the latter State, will long record the desolations of
1826. 'The Notch is a grand defile in these mountains, five
or six miles in length, formed by a double barrier, rising ab-
ruptly half a mile or more in perpendicular altitude, from both
sides of -the wild roaring river Saco, which washes the feet of
the barriers. A single carriage can hardly pass between the
stream and the mountains, and the road is in some places cut
into the mountain itself. The ridges are capped by castellated
turrets of rocks, rising in high zigzag turns, which thus imprison
the observer in a vast, gloomy gulf.

The sides are deeply scarred by many floods, and especlally by
the memorable deluge of the night of August 28th, 1826, which
destroyed, in a moment, an entire family of nine, and left not one
to tell their story. 'The Willeys occupied a lonely house in the
wildest part of the Notch, at the foot of the mountains ; it was a
resting place for travellers. For two seasons before, the moun-
tains had been very dry, and on the morning of August 28th, it
commenced raining very hard, with strong tempestuous wind ;
the storm lasted through that day and the succeeding night, and
when it ceased, the road was found obstructed by innumerable
avalanches of mountain ruins, which rendered it impossible to
pass, except on foot. They were rather slides than ruptures of
the rock : they began at or near the mountain top, and bore down
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the precipitous sides, the shrubs, the forests, the soil, stones and
rocks; and of the latter, many of great size. - -

One of the torrents descended behind the house, and dmdmg
into two' branches, bore away the unhappy family, who, in the
deep darkness and wild fury of the tempest, issued from their
dwelling only to be overwhelmed by the torrent, which desolated

~ the mountain gorge for a distance of two mmiles,* filling it with
almost continued masses of ruins, borne down by the deluge
from both sides of the defile. '

Such are some of the disclosures made by violent torrents, by
slides and revulsions.

9. Revelations -by Flire—Volcanic eruptions throw up into
daylight the foundations of the fathomless deep below, in the
form of ejected masses, or in rivers of ignited and fluid rocks,
which congeal on the surface of the ground, either inflated,
like the scorize of furnaces, or in solid forms, with no visible im-
press of heat. . They often- contain very perfect and beautiful .
minerals, conceived in the volcano, or dislodged frome still earlier
beds, from a more profound igneous abyss, from which they are
urged along by the irresistible current that often ruptures the crust
of the earth, and covers it with a fiery deluge. In addition to the
products of actual volcanoes, we observe the ignigenous rocks,
crystallized or deposited from fusion, both in the earliest and in
many of the more modern epochs, injected among, and cutting .
across strata of almost all descriptions and ages, and thus assim-
ilated to known products of internal fire ; these proper rocky
masses, the granites, the sienites, the porphyries, the serpentines
and the traps, give authentic information of the unapproachable
gulf of fire whence they were projected.

10. By Cold and Hot Springs and Gases—The internal
waters that gush cool from the fountains on land or under the

* During a visit to this place in May, 1828, two years after the event, there was
still visible a vast rampart of earth, stones, rocks, and trees piled up behind the
house, at the place where the torrent divided, and left the building unharmed,
although it swept away the barn and cattle, sparing, however, a flock of sheep

- which lay near by upon a green sward. I was there again in August, 1837, nine
years after my former visit, and found the ruins near the house so covered with
earth, and even grass, ihat they were almost concealed from the eye, thus serving
as a geological chronometer. .

3
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sea, or those that spout in boiling geysers from the deep caverns
where ‘their imprisoned vapors accumulate explosive force; all
these bring to the surface the materials of the interior, and con-
spire with tornadoes of gas bursting from-volcanoes and other
vents, to reveal the deep secrets of the earth. ,

VI. Fruits or RESULTS OF THE OBSERVATIONS MADE ON THE
STrRUCTURE OF THE CRUST OF THE EARTH.—The earth is not, as
|ignorant persons usually suppose, a mere rude and unarranged
,heap of rocks and minerals, grouped together without order or

iplan, and incapable of being rationally investigated.
| Order, so conspicuous in the mechanism of our planetary world
! and the stellary universe ; in the equilibrium of projection and
gravxtatlon of cohesion and expa.nsnon and chemical affinity, and
 in the structure and exact economy of animals and vegetables, per-
vades, indeed, all the works of creation; nor is it less capable of
‘demonstration, although the proof is less obvious, in this un-
}consclous earth,-than in the other departments of God’s universal
‘dommlon v : .

VII. Beauty aAND INTEREST OF GEOLOGY AS A SCIENCE —In'
‘relation to the beauty and interest of geology, we may remark,
“that no field of science presents more gratifying, astonishing, and

(but for the evidence) incredible results. Man has been but a

few -thousand years a tenant of this world ; nothing which we

discover in the structure of the earth, would lead us to infer that

he existed at a period more remote than that assigned to him by

the Scriptures. Had he been cotemporary with the animals and

plants of early geological periods, we should have found his re-
ains, and his works, entombed along with them.

Opinion of Berkeley—This argument forcibly impressed the
mind of Bishop Berkeley, a century ago, and the following beau-
tiful passage is cited from him by Mr. Lyell* “To any one
who considers that on digging into the earth, such quantities of
shells, and in some places, bones and horns of animals, are found
sound and entire, after having lain there, in all probability; some
thousands of years; it would seem probable that gems, medals,
and implements in metal or stone, might have lasted entire, bu- -

* Principles, 5th edition, Vol. 11, p. 255. o



-15
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ried under ground forty or. ﬁftyﬁyears, if the world had been so

old.. How comes it then, to pass, that no remains are found, no
anthumes of those numerous ages preceding the Scripture ae-
counts of time ; that no fragments of buildings, no public mon-
uments, no intaglios, cameos, statues, basso-relievos, medals, in-
scriptions, utensils, or artificial works of any kind, are ever dis-
“covered,. which may bear testimony-to the existence of those
mighty empires, those successions of monarchs, heroes, and demi-
gods, for so many-thousand years? Let us look forward and
suppose ten or twenty thousand years to come, during, which
time, we will suppose that plagues, famines, wars, and earth-
quakes, shall have made ‘great havoce in the world, is it not highly
probable, that at the end of such a period, pillars, vases, and
statues, now in being, of granite, or porphyry, or jasper, (stones
of such hardness as we know them to have lasted two thousand
years above ground, without any considerable alteration,) would
bear record of these and past ages? Or that some of our cur-
rent coins might then be dug up, or old walls, and the founda-~
tions of buildings, show themselves, as well as the shells and
stones of. the primeval world, which are preserved down to our
times.”*  This remarkable passage proves that the great man
from whom it fell, saw the geological argument in a true light,
and felt its force to such a degree as to convince him of the great
antiquity of the earth, which he justly viewed as in no way in-
consistent with the comparatively recent origin of man, or with '
the historical account of both events contained in the Genesis.
It is easy to understand how such a mind would have been con-
vinced, warmed, and excited even to enthusiasnr, by the discov-
eries that have burst upon us during the last fifty years. - -
'VIII. Oreanic Remains.—As we descend from- the alluvial
under our feet, through the strata, the lowest of which lies upon
the granite, or the early slates, we are almost never without the
records of life, in ages long past, and those records- are drawn both
from the animal and vegetable world.

Early Animals,—The shells and forms of molluscous and tes-
taceous animals are every where seen ; their casts, and their sub-

* Alciphron, or}the Minute Philobopber, Vol. 11, pp. 84, 85. '1732.
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stance, are apparently preserved in stone, but are really converted,
by the substitution of mineral matter, into true fossils. Mpyriads
on myriads of these things are found, not merely in the visible,
superficial strata, but in the heart of the mountains, and at pro-
found depths, forming an essential part of the solid frame work
of -the globe. The animals and plants are not accidental resem-
blances,” but authentic specimens of organic antiquity, enclosed
'in the strata and mountains, as the materials, in mechanical or
chemical suspension in the waters, concreted around them. It
was impossible that they should be due to any sudden or acci-
dental event; the organic beings came into life, as now—per-
formed their parts as now; and were entombed in the forming
masses, which were therefore, of more recent origin.

Fossil Fishes.—If we descend with Agassiz* from the strata
of newest formation, to those that lie near, or upon the primary
rocks, we are astonished and delighted to-find not only that shell
fishes and crustaceous and molluscous- animals, of various kinds,
have existed in the early ages, but that fishes, furnished with fins
and vertebra, have occupied the waters of almost all geological
ages, since life began, and that among the earliest, even those that
are buried beneath the coal, there were races of great size, power,
and ferocity ; formidable from their teeth and jaws, which had,
in some species, the structure of carnivorous reptiles, and whose
forked tails, -with unequal flukes, enabled them quickly to turn
- over on their backs, before striking their prey. - The fossil fishes,
of particular genera and species, are characteristic. of particular
geological formations—they extend geographically, far and wide,
to distant countries, so that certain species may, if found at all,
be expected in similar rocks in Europe, in America, in Asia, and
Africa, and they are of every size, from inches and fractions of
an inch, to several feet. They occur either solitary, or in groups,
or in fragments, or in immense shoals, like those of Mount Bolca,
near Verona, in Italy, where there are more than one hundred
species ; still, not a single fish of the strata that precede the most
recent tertiary, is identical in species with any now ex1stmg din -
the waters of the globe : :

* The great writer,on fossil ichthyology, of Neufchatel, Switzerland.
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Fossil Vegetables.—Vegetables are found in nearly all geolo-
gical ages, after the granite family, and the labors of Count Stern-
berg, of Adolphus Brongniart, and others, have proved that a pe-
culiar vegetation, adapted to the temperature; the degree of mois-
- ture, and other circumstances of the‘earth’s successxve surfaces,

~ attended the different geological epochs.

' Splendld and expensive works are now in the hands of geolo-
gists, containing exact delineations of the fossil vegetables, as far
as they have been ascertained. They are of all dimensions,
from minute conferve and lichens, to gigantic stems; their struc-
ture, from mere fragments and-ruins, to perfect plants and trees,
- has been - beautifully delineated, roots, trunks, branches and
leaves, with the most delicate ramifications of the skelétons of
the latter ; in some rare cases, the more perishable organic fruc-
tification has been made out, and the fruits themselves have
been identified. : o

Vegetatior of the Coal Period.—The most exuberant ancient
vegetation appears to -have been that of the coal period, and its en-
tombed treasures now supply the world with fuel, especially in
countries where the forests are.exhausted, or where economy of
the modern vegetation, or preference for the results of the an-
cient, decides the ¢hoice.

Varieties of the Ancient Fossil Vegetatwn — The ancient
vegetation appears in many forms, as in that of lignite, of coal, and
of siliceous, calcareous, and ferruginous petrifactions, still pre-
serving the structure peculiar to different species; and this has
been made still more distinct and satisfactory, by cutting thin slices
of the petrified trunks, and grinding them down until they be-
come 80 thin as to be transparent, when the microscope reveals the
internal arrangement of pores and fibres, which characterizes the
family. 'Thus, it has been made to appear, that coniferous trees
of forest growth, preceded the coal formation in the south of Scot-
land and the north of England, and that Zamias, Cycadez and
other palm-like trees preceded the chalk.in the south of England.
No species of the ancient world is identical with any one of the
modern, and, as has been already remarked, the early vegetation
implies, generally, a warm and moist climate, and great fertility
of production. .
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- Aquatic Animals— Reptiles.—Animals, almost exclusively ma-
rine, attest the great prevalence of the oceanin the earlier geolo-
gical periods, and it is not until we ‘have passed the coal in the
ascending order, that we begin.to find reptiles of marine, or am-
phibious families, and ultimately, still higher up, of ‘terrestrial
races. With a similarity of type to the reptile families of the
present day, both their genera and species are, however, without a
single perfect copy in modern times. Some were carnivorous, and
swam in the shallow seas, estuaries, lagoons, and bays, and prey-
ed upon fishes, molluscous animals, and each other. - Some lived
on land, and were herbivorous, and although a few species, the
‘megalosaurus and iguanodon, for example, were colossal in size
and terrible in form, it is probable that the latter of these terres-
trial saurians was harmless and inoffensive, while the tooth of the
megalosaurus would indicate a ferocious animal of prey, like the -
marine saurians. Bones of many genera and species of the rep-
tile tribes, especially the saurians, have been found, and of some
- individuals, entire, or nearly perfect skeletons ;—among them,
those of vast dimensions have been discovered, enclosed in the
solid rocks, along with their petrified and half-digested food, and
with their exuvie, called coprolites.
Marsupials.—If the reptiles formed the transition from the
. marine animals upward—the marsupials, as they are called, were
the link between the angient reptiles and terrestrial quadrupeds.
The marsupials, of which the opossum is an example, receive their
young (which, although born, are still immature) into an exterior
pouch or abdominal sack, ‘and there nourish them at their paps,
until they are fitted to go abroad, and to encounter the vicissitudes
of their peculiar modes. of life. These are the only animals
hitherto found below the Chalk which approximate to the proper
terrestrial character. - Dr. Mantell has, however, found the bones
of birds in the Wealden beneath the Chalk, Dr. Buckland found
them or the bones of flying reptilesin the Stonesfield slate, and Prof.
Hitchcock has discovered numerous tracks of animals, believed to
be those of birds, and possibly of reptiles, some of them of gigantic
dimensions, in the new red sandstone of the Connecticut river.
Fossils of the Chalk and Tertiary.—The Chalk then follows,
with its immense and varied marine treasures ; and then the lower
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tertiary, still marine, and then the middle tertiary, where proper
and fully characterized terrestrial animals are first found ; then,
through the remaining beds of tertiary, both marine and fresh water,
we find molluscous animals, fishes, reptiles, cetacea and vegetables,
verging towards, and even identical with those of our own times.
Occasionally we discover also terrestrial animals, but still, dif-
ferent from the modern, until, at last, in the diluvium, and allu-"
vium,.and the most recent sedimentary, and concretionary forma-
tions, we discern animals and plants, still more and more like those
now living, and finally graduating into perfect identity with, ex-'
isting races.

"The pages of our author will disclose the great variety and ex-
traordinary form, and, in many cases, colossal dimensions, unri-
valled at the present time, of some of the ancient animals, the me-
gatherium, the sivatherium, the dinotherium, the mastodon, the
elephant, the hippopotamus, the rhinoceros, the cavern bear, the
tiger, and many others. - In consequence of the most recent dis-
coveries of geology, we are hurried from that which is stupen-
dous and vast, to that which is inconceivably minute. 'The ex-
tremes of creation meet in the mineral kingdom. - In the solid -
rocks are found both the colessal reptiles, and the microscopic in-
fusorial animalculze. Ehrenberg has discovered that polishing
slate is made up of animalcule so minute, that forty one thousand
millions of them are required to fill a cubic inch, in every grain of
which there are one hundred and eighty seven millions, and their
siliceous shields are the cause of the well known effects of the tri-
poli, or rotten stone, in polishing steel, &c. An analogous consti- .
tution has been discovered in flint, opal, and bog iron, and the
deposits of our modern peat bogs in this country, are filled with
similar animalcules, the figures of some of which have been given
by Prof. Bailey, in the American Journal of Science, vol. 35, p. 118.

Man no where Fossil.—Man and his works appear only in the

N ll‘ast stages, associated with just such beings as now exist, both in
he animal and vegetable world. ,

General Remarks.—Such is an exceedingly general and very

NN imperfect sketch of the progressive creations of animals and plants,

that have inhabited our worli—have become extinct, t, and ate, in

countless myriads, entombed in the rocky strata, and in the solid
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mountains. ‘It is only on the upper surface that we discover loose
and scattered ruins, either in the soil, or buried in masses of gra-
vel, sand, and clay; ruins of rocks and fragments of strata, along
with the relics of animals, trees, and smaller plants, such as we
could in any reason, attribute to the catastrophe, or catastrophes of
rising and rushing water, the deluges of geologists, or the deluge
of the Scriptures; the latter, almost alone, being admitted to the
contemplatlons of those who are uninstructed in our science.

Now, it is matter of physical demonstration, that the earth ex-
isted for many ages before man was called into being. The
whole course of geological investigation proves this view to be the
only one that is consistent with the facts. To be convinced of
Jts truth, it is only necessary to become thoroughly acquainted

* with the innumerable records of a progressive creation and destruc~

tion which the earth contains, inscribed on medals, more pregnant .
With historical truth, and more worthy of confidence, than those
that have been formed by man; as much more as nature exceeds
in veracity, the erring or mendacious records of the human race.
IX. Some Fearures 1N Norta AMeRricAN GEoLOGY.—Probably
no country is more favored in the nature, abundance, variety, and
distribution of the most important mineral treasures. 'The limits

. of these preliminary remarks must prevent even the most general

summary of our geological formations, or at most, admit of noth-
ing more than a skeleton ; ‘but the materials for information, al-
ready abundant, are yearly increasing, as may be seen in the

“various public reports, in the transactions of learned societies, |

and in the journals of science.

Of the primary and transition rocks, to which we may add the
coal formation and the early secondary, we have immense ranges,
extending in a northeasterly and southwesterly direction, through
the continent, and comprising most of the minerals and many of
the fossils that are found assoclated with such groups in the old
* world.

The Alleghanies, (mcludmg many mountains havmg local.
names, ) following the general bearing of N. E. and 8. W., and
ranging between the Mississippi and the Atlantic, form, wnh their
branches and connected chains, the great rain-shed of the coun-
tries east and west, and rising to two, three, four, and five thou-
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sand feet and more,* give direction to the streams and rivers,
either to the Mississippi, the Atlantlc, or the great lakes, and. the
St. Lawrence.

‘Rocky Mountains.—In hke manner, the far more stupendous
chains of the Rocky Mountains, whose loftiest peaks are reported
to be between three and five miles high,} give a geological char-
acter to the regions east and west, in which directions the waters
flow to the Mississippi and to the Pacific, while the other contri-

“butions descend to the Gulf of Mexico, and to the Northern
Ocean. 1t is to be regretted, that in the United Statés proper,
there are no mountain’ ridges or sohtary peaks, that pierce. the
region of perpetual cold.

Mount Washington. —Mount Washmgton, of the Whlte Moun-
tain group in New Hampshire, which approaches a mile and
a quarter in- height, being in 44° of north latitude, and.on a
continent ‘whose average temperature is many degrees below
that of Europe, throws off its snowy mantle only for a short
season, in July and August, while it is clad in white, during
the remaining months of the year. Even on the first day of
' September, (1837,) as adventurers upon this Alpine mountain,i
we wefe, both on its flanks and summit, involved in a wintry
tempest of congealed vapor, formed into splendid groups of feath-
ery and branching crystals, unlike to the snows of the lower re-
gions; the driving masses came in fitful gusts, veiling in a white
cloud, all objeets far and near; but occasionally breaking, ad-
mitted a flood of solar light to render visible this hoary pinnacle,
and the deep gorges and valleys of the nelghbormg groups of
mountains.

The mountains of Essex county, State of New York, between
Lake Champlain and the St. Lawrence, approach the White Moun-

~ tainsin altitude, but no one of them is permanently snow-clad.

" Mountains of Central Europe—It is otherwise in Europe,
whose grand central group of. Mount Blane, and the various

* Professor Mitchell, University of Chapel Hill, states that the Black Mountain
in North Carolina, is 6476 feet above the level of the ocean. See Am Journal,
Vol. xxxv, No. 2. ’

t See Professor Renwick’s Outlines. of Geology.

t See Am. Journal of Science, Vol. xxxiv, p: 74.

4
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Alpine moungains, rise far into the region of perpetual congela-
tion ; and- Mount Blanc would pierce that region even at the
equator. Thus is provided an eternal store-house of ice and
snow, over whose wintry surface, the winds, rendered heavier by
contact, glide into the valleys and plains of the countries at the
feet of the mountains, and thus temper even the warm climate of
Italy, preventing the extreme vicissitudes which we experience.
*. But these immense natural magazines have a still more impor-
tant relation to the irrigation of the vicinal countries.  The melt-

- ing by the heat of summer, supplies copious streams to feed the
innumerable rivers that flow from these grand fountains to almost
every part of continental Europe, south of the Baltic. Thus, the
effects of drought are in,a great measure prevented, while de-
structive.meuntain floods are of rare occurrenee. -

- From the absence of such mountains, we have no permanent
stores of ice and snow, and, consequently, our rivers are liable to
extreme variatjons of éltitude and force. The Ohio, in midsum-
mer, sometimes leaves numerous fleets aground, while occasional
risings, from deluging rains, aided perhaps by the melting of the

~snows of vast regions, swell the river to an immense flood, that
spurns the barrier of the banks, lays villages and cities under
water, and expanding into an internal ‘sea, rushes. with wastmg :

- violence, over the wide-spread meadows and farms '

For this reason, hydraulic engineering is, in this country, at-
tended with peculiar difficulties, both on account of a deficiency
and an excess of water ; the former rendering the works inope-
rative, and the latter invading or sweeping them away.

The future civilized inhabitantsof the countries near the Rocky -

- Mountains; (excepting, of course, the immense sandy deserts,

which near the eastern slope emulate the sterility of Arabia and

Zahara,) will enjoy advantages, in many respects, similar to those

of Piedmont, Switzerland, Germany, and France, and it is easy to

predict, that peculiar structures, and a peculiar state of society,
will be modelled in relation to the sublime physical features of
those truly Alpine regions. From this, his native land, we have too
much reason to expect, that, despite of the efforts of the benevo- -
lent to avert the impending doom, the red man of the forest, not
reclaimed to humanity, but abandoned to his fate, will vanish -
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before the prevailing arts and power, and the still mefe prevailing
seductions of civilized hfe the extermmated victim of cupldxty‘
and cruelty.

Influence of Geologwal Structure on Soczety —It is perfectly
appazent to geologists,. that. the scenery of a country is not more
exactly stamped by its geological formations, than are the man-
ners and employments of its. inhabitants. 'This argument, so
beautifully displayed by Dr. Buckland,* with respect to England,
is capable of an equally satisfactory application to this country.

- New England.—The bleak hills and long winters of New
England ‘are unfavorable to the most extensive and profitable
agricultural pursuits, while the extensive and deeply indented
sea-coasts, abounding with harbors, headlands, rivers and inlets,
naturally produce an impulse towards the.ocean, which, conspir-
ing with the original adventurous character of the' population,
sends them reving from the arctic to the antarctic circle, till the
wide world is laid under contribution by their enterpnse Their
nunierous streams and waterfalls furnish-the cheapest means for
moving machinery, and thus manufactories spring . up, wherever,
in their expressive phraseology, there is water power ; and steam-
supplies ‘local deficiencies of moving force. - Ingenuity, conspir-
ing with a general system of education, is excited under such
culture, to preduce numerous inventions, and hosts of young men
seek their fortunes successfully abroad as mechanics, seamen, tra-
ders, instructors and politicians, who thus operate powerfully,
and we trust beneficially, on othér communities.

Southern States.—The immense tracts of rich alluvium in the
southern states—the mildness of the climate—the coasts, less
abounding with safe inlets, and often modified by the action of
the existing ocean,” with a population not originally commercial,
give a decided impulse to a vast agriculture, and a few great sta-
ples form the chief reliance of the landholders. It is easy to see,
that this state of things grows out of the recent secondary, the
tertiary, and the alluvial formations, which constitute the ocean
barrier from Staten Island to Florida, and from Florida to Texas, .
extending inland towards the mountains.

* Bridgewater Treatise. -
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Western Rates.—In the west, the boundless fertile prairies
and other tracts of productive soil conspire with remoteness from
the ocean, to indicate agriculture and pasturage as the main em-
ployment .of the inhabitants, while exhaustless beds of. coal,
limestone, plaster of Paris, and iron, and rich deposits of lead,
and copper, and salt fountains both numerous and copious, fur-
nish means for a manufacturing, ‘as well as an agricultural popu-
lation. These pursuits occupy the greater number of the people,

~ while many find a profitable employment in" navigating those

immense inland seas, the great lakes—and the vast rivers, which
run thousands of ‘miles before they mingle with the ocean.

What geologist fails to perceive, that this state of things is the
result of the immense lower secondary and transition formations
which cover the western states, sustaining portions of tertiary,
and like all countries, alluvial depositions. While New England
produces granite, marble, and other building materials, of excel-
lent quality, Pennsylvania, with the western and several of the
southern and southwestern states, supplies inexhaustible maga-
zines of coal, to prompt and sustain the manufacturing interests
of this wide country, and to “aid its astonishing navigation by
steam, already of unexampled extent on its internal waters, and

“destined at no distant day, to compete, on the main ocean, in
amicable rivalry, with our parent country. . :

Geologiicul Treasures.—Our coal formations are unnvalled in

- the whole world, in richness and extent; our iron and lead are in
- the greatest abundance and excellence ; Missouri has mountains
of pure oxide of iron, that have no compeers, and there. is a fair
prospect that copper will also abound in the West. We have regat
" deposits of limestone.and marble, of plaster of Paris, marl, and
salt, and of building stones of almost every kind ; our sails are so
various in quality, and in geographical position, that almost every
»Va_gricult,uralv production is obtained in abundance. 1t is obvious
then, that we have all the physical elements of national and indi-
vidual prosperity, and that the blame will be our own, if we do
not follow them up by proper moral and intellectual culture, which
alone, can render them sources of public and private happiness.

- Geological Deficiencies— Upper Secondary.—Of the upper sec-
ondary; below the chalk, and above the new red sandstone, lying
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higher than the coal, we have no well ascertained strata: rocks
of oolitic structure we may have, but it is not ascertained that
we have the true oolite of England and centinental Europe, nor
have we traced the Wealden nor the Llas,"‘ with theu' colossal
animal wonders.

Equivalent of Chalk. —Chalk “properly speakmg, appears to be
absent from the United States, but there is an equivalent to the
chalk formation, containing similar fossils, between the Delaware
River and the shores of New Jersey, as . well as in various places”
in the south, and, as we are recently assured, in Missouri.

"Absence of Volcanoes.—The principal deficiencies in the geo--
logical formations of the United States, are in the absence of active
volcanoes, as well as of most of the members of the upper secon-
dary. However delightful, active volcanoes, With their earth-
quakes and eruptions, may be to speculative geologists, the sober,
unscientific population, may well rest quite contented without
them, satisfied to barter the sublime and terrific, for quiet and
safety. Although the soils formed from decomposed lava are
often fertile, and the vine flourishes, and the clusters smile most
remarkably, on the flanks, and at the feet of the volcanic moun-
tains of warm countries, these 1nﬂuences are too local to be of
much importance to agriculture.

Within the United States proper, including the states andtem-
tories beyond the Mississippi, and east of the Alleghany Moun-
tains, there is not, so far as we know, a single active volcano, ner -
even an unequivocél crater of one that is dormant. It remains
yet to be decided, whether in and beyond the Rocky Mountains,
quite to the shores of the Pacific Ocean, there are any active vol- -
camnoes within our parallels of latitude.

Both north and south of our limits, there are on the Pacific
shores and the islands, numerous volcanoes, and it would be

“strange indeed, if there were none, within our axtensxve posses-
sions on the same coasts. - ,

Records of fire in the far West. -—-However this may be, there
remains no doubt that fire has done its work, on a great scale,
among the Rocky Mountains, and between them and the Pacific;

* It is plain that the lias, so cnflgd; in the West, is not the lias of England.
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for all our tsvellers attest the existence of immense regions cov-
ered with scori and other decidedly igneous products, as if there
had been actual and vast eruptions, within a period too short for
decomposition to have reduced those tumeﬁed and sexm-vml