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BREVIARY OF THE ARGUMENT.

(For a Complete Alphabetical Index of Contents, see page 489.)

Tee First DAv.—Description of the first day by Moses ; the
magnitude of the subject considered ; impossibility of conceiving
& beginning or an end; vanity of attempts to explore ante-
mundane phenomena, but our duty to investigate those which
immediately concern and surround us; man the servant of God,
to whomghe has confided tne custody of his creatures; the
antiquity of the earth ; the meaning of the word Day—it contem-
plates circles of time, or lengthened cosmogonal eras ; origin of
calendar time—impossibility of the existence of solar or calen-
dar days during the earliest stages of creation; differences of
calendar days among different nations; the word day merely
symbolically employed by Moses—is frequently used to express .
lengthened periods; harmony among the original promulgators
of the divine word ;—discord and misinterpretations among
modern Christians the result of a neglect of Nature’s laws ; the
Bible not addressed to one age, but to the people of all time—
its truths manifested with the advance of our kpowledge of
Nature ; the perversions of Infidelity, and the negligence of the
Church ; Religion should be based on Nature; God the creator
of Nature and of Law; the Church errs externally, not in-
ternally ; the spirit right, but its policy wrong—pride the basis
of its inefficiency—cause for alarm for its ultimate safety ; want
of parallelism or conformable order in stratification proof of
the antiquity of the earth; correspondence of the Mosaic days
with cosmogonal eras; proof of the prophetic intelligence of
Moses ; the laws of palcontology—progressive creation,)but not
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4 BREVIARY OF THE ARGUMENT.

of development ; simultaneous creation disproved; conciseness
of the Mosaic narrative ; the antiquity of the earth established
by Astronomy ; distance of the planets from the sun; the im-
mensity of space, and of the universe ; inability of the mind to
comprehend distance, time, or magnitude; vision and mind
alike circumsecribed; diffusion of light through space; the
Milky Way ; vast extent of time required for the transmission
of stellar light; Telescopic observations of Herschell; econom-
ical value of astronomical discoveries—calculations of eclipses,
comets, and sidereal phenomena—Halley’s comet ; the seasons,
precession of the equinokes, the almanac ; value of astronomy
to marine navigation ; the discovery of Neptune by Leverrier—
wonders of mathematical demonstration ; the origin of worlds;
the Nebular hypothesis explained; resolution of nebula into
stellar bodies no proof of weakness in the theory; Nebula
abounding as independent bodies in space; worlds off-shoots
from the sun; the planets all move in one direction only ; their
globular form ; law controls all their movements; speciality of
forms ; the law of intermediate distance among the planets ; the
law of progressive density ; the law of time in their Mevolutions
around the sun; the former relation of the sun to other sys-
tems ; original unity of worlds, embodied in God ; his volition
occasioned diffusion ; the propensity to return into unity defined
as gravitation; Moses describing cosmogonal phenomena in
tableaux ; worlds within worlds ; life inherent in matter; worlds
the mere compounds of aggregate atoms, united by affinity;
Seers of ancient Greece; the Mosaic pictures consistent with
cosmogonal facts; the Nebular hypothesis foreshadowed in
Revelation; light inherent in Nebule ; the earth in embryo;
the interior Meat; comclusion, and quotation from Milton’s
¢¢ Paradise Lost.”’

TuE Seconp Day.—The firmament, how produced ; the aqueous
origin of the earth; universality of water in earth, air, and
animals ; origin of rocks from interior calorific sublimation;
chemical dissolution of water; evaporation of hydrogen, and its
expansion into the dome-like firmament ; the Mosaic contrasted
with the Grecian Cosmogony; the concavity of the globe; the
earth-animal of Kepler; original definition of the word firma-
ment ; Moses in advance of all succeeding ages ; modern ten-
dency of science to the confirmation of his Cosmogony ; the birth
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of animated Nature ; terrific voleanic eruptions: erystalline and
Plutonic rocks the solid base of the earth ; emergence of volcanio
reefs and islands; distribution of the primitive rocks in Asia,
Europe, Africa, and America ; mineral characters and varieties
of the volcanic rocks; concluding remarks; extract from Mil-
ton’s “Paradise Lost.’’

Ter TrRD DAv.—Appearance of dry land; commencement
of vegetable life; the Metamorphic rocks, their character;
position, and origin ; first appearance of limestone; the Cam-
brian, Silarian, Devonian; and Carboniferous systems; classi-
fication of Geologists ;—priority of amimal over vegetable life
denied ; the igneous or volcanic rocks referred to; the Meta-
morphic rocks the basis of the Paleozoic formation; propensity
to introduce new words in geclogical nomenclature deprecated
—a case in point; the Geological Report of Pennsylvania;
rocks of the Metamorphic group described; mineral veins;
copper and iron of Lake Superior ; iron of Pilot Knob, Cornwall,
and Lake Champlain; fossiliferous nature of the Metamorphie
rocks ; the Silurian rocks, fossils and distribution of ; Silurian
sandstones of the west; Niagara Falls, description of, age,
retrogression, discovery of ; the St. Clair flats ; emergence of
the bottom of Lakes; formation of conglomerate rocks; the
Devonian rocks described—old Red Sandstone—Hugh Miller ;
distribution of old Red Sandstone; America properly the old
world ; the Andes, Rocky mountains, and voleanioc peaks; coal
basins of Texas, of the Missouri, the Illinois, Michigan, the.
Alleghany, Rhode Island, British Provinces; formation of
conglomerate and sandstone; character of the Devonian coal
Lakes; limestone generally absent; depth of theé northwest
lakes ; gulf of the ancient sea in the south-west ; the drainage
of the land in that direction; vegetation of the Metamorphio
era; the Potsdam Sandstone; identity of origin of various
combustibles ; cosmopolitan distribution of coal; no organs of
fructification in the ancient grasses—their spontaneous develop-
ment ; geological features of the coal basin of Rhodé Island;
extraordinary disturbance, coal graduating into plumbago,
graphite ; British lustre; Metamorphic coal; anthfacite of
France and Scandinavia ; number of fossil species of vegetation ;
botanical systems of classification described ; description of the
fossils of the coal formation—Ferns—Lycopodiacez~—Lepido-
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dendria— Sigillaria— Lycopodites —Ulodendron— Volkmania—
Carpolites — Flabellaria—Noggerathia—Asterophyllites—Annu-
laria—Stigmaria—Conifere—coal plants in general; resinous
character of the vegetation—contemplation of Paleontology ;
the formation of coal—the peat-bog theory; estuary or drift
theory ; difficulties suggested; fossil trees in an erect posi-
tion; theory of various Geologists—Hawkshaw, Buckland,
Lyell, Rogers—objections suggested to all; fossils in coal? an
error corrected; bark of fossil trees not coal — chemical
nature of anthracite; composition of vegetation; no fruits,
grains, nuts, or esculents in the ancient earth; coniferous
trees furnished the bulk of the coal; description of existing
coniferous trees; the wild pine—the Corsican pine— the
Cluster pine—the Siberian pine—the Norway pine—Ameri-
can pines—rdd, pitch, white pines—the spruce—the silver
fir—various other pines and firs—the larch—the cedar of
Lebanon—the yew—the cypress—the juniper—the tallow
tree, etc., transmission of the ancient seeds of vegetation—
specific vegetation of geological eras—diversity of vegetation
accounted for—distilling tar and turpentine, process described ;
deposition of the coal described ; geographical relations of the
northern lakes; character of the coal forests; extraordinary
development of vegetation; nature of the ancient climate;
large content of carbonic acid; fogs, mists, and radiated heat;
the forests and earth converted into vast tar pits—the ground
impregnated with liquid resin—accumulation of vegetable resin
in the lakes—formation of seams of coal—overflow of the lakes
—rubbish of the forests borne away—parallel overflows of the
Misaissippi—deposition of sediment over the coal—faults in
coal veins explained—invasion of the sea—its ancient position
to the coal basins—deposits of asphalt, chapapote, bitumen,
etc., described—pitch lake of Trinidad—chapapote of Cuba—
asphalt of New Brunswick — petroleum— oil springs-—gas
springs—a river on fire—intimate relation between coal and
pitch—identity of origin—chemical transformations of vegeta-
tion into coal—mistaken inferences of geologists—a difficulty
and false assumption explained —professional fallacy~—the
world controlled too much by mere ostensible learning—nature
of Lignite or brown coal; amber, its origin; injeoting railway
oross-ties; conversion of bituminous into anthracite coal—s

L
o pgdeiin.



BREVIARY OF THE ARGUMENT. (;

mistake corrected—theory of Rogers and Lyell ; microscopic in-
vestigations—vegetable structure of coal denied—fire-damp
explosions in mines—the Davy lamp-—antiquity of the earth
illustrated—geographical distribution of coal—concluding re-
marks—Milton’s ¢ Third Day.”’

TrE Fovrtr Day.—The description of Moses ; the light of the
sun, moon, and stafs appears for the first time, in full effulgence,
the sun appointed to rule over the day, and with the light of the
planets, to be for signs and seasons, days and years; misappre-
hension of the language of Moses ; confirmation of the peculiar
atmosphere of the coal era; the earth previously enveloped in
mists and fogs ; effect of such climate on vegetation and animals ;
elevation of mountain chains; the Alleghanies; diversification
and refrigeration of the climate of the earth ; the Mosaic cosmo-
gony in advance of the Grecian philosophers ; the Ptolemaic as-
tronomy—the earth the supposed centre of the planetary sys-
tem ; discoveries and mathematical demonstrations of Coperni-
cus; his laws described ; false views of Cosmogony entertained
by the Church; Tycho Brahe; laws of Kepler described; dis-
covery of the Telescope; Galileo, and his discoveries; expan-
sion of the knowledge of the umiverse; Sir Isaac Newton ;
discovery of the law of universal gravitation ; description of
gravitation ; effect of this discovery; discoveries of the seven-
teenth century, the wonders of the air and ocean; the Gulf
Stream of the Atlantic and its effect on climate; the at-
mosphere a great steam-engine; the quantity of salt held
in” solution by the ocean; currents of the air and ocean,
how produced; weight of the atmosphere and the power it
exerts; the description of Moses proved correct by the on-
ward advance of science, and the increased kmnowledge of
Nature ; position of the Apostles to scientific dogmas ; eloquent
extracts from Paul, the Apostle; difference between Apiritual
and temporal contemplation of Nature; position of the Bible
as to systems of Science ; the Pleiades—accuracy of revelation;
the cosmogony of the book of Job; opinion of Baron Humboldt ;
extract from the Psalms ; the proof that Moses, in his days, con-
templated lengthened periods; concluding remarks; Milton’s
Fourth Day.

Tug Frrra Day.—The waters bring forth abundantly the moving
sreature that hath life, and fowl of the air; great whales cre-
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ated ; the seas become filled with animal life ; the four great
divisions of animals ; the Radiata, Mollusca, and the Articulata
described ; extent of animal life previous to the - Tertiary
era; the Spongiaria, Polypifera, and Infusoria; coral reefs;
wonders of the microscope ; fossil animalcula ; shells of Fora-
menifera; Echinodermata; descriptions of Molluscan animals;
the Eucephalous and Acephalous classes; table exhibiting the
distribution of fossil molluses in each formation, and also the
species of existing molluses ; the Articulata division ; Annelida,
Cirrhipoda, Crustacea, Arachnida, Myriopoda, and Insecta ; table
exhibiting the classes and characteristics of all insects ; descrip-
tions of various insects; the silk-worm and silk manufactures;
butterflies, bees, wasps, and ants; governmental discipline ;
grass-hoppers and locusts ; fallacy of the theory that animal
preceded vegetable life ; animalculz in the juices of vegetation;
vegetation of the metamorphoric era; vegetation the distin-
guishing feature of the entire Paleozoic formation ; multiplicity
of geological eras; description of the Secondary formation or
fifth day ; the new red sandstone ; salt springs, building stones ;
fossil foot-prints of extinct animals ; the Cheirotherium, the La-
byrinthodon, the Microlestes, the Thecodontosaurus, the Apa-
teon, the Archegosaurus, the Sauropos primeavis ; diverse views
of Geologists ; Lyell, Owen, King, Lea, Hitchcock, Humboldt,
Rogers ; sun-cracks and rain-drops ; contradictions of the Bible;
the doubters met on their own ground; the truth of revelation
vindicated ; the existence of air breathing animals priorto the new
red sand stone disproved; sun-cracks, ripple-marks, and rain

drops accounted for ; the non-luminous atmosphere of the coal
period maintained ; absurdity of geological dogmas; an origi-
nal discovery; the Sauropus moderni or what-is-it? profes-
sional jealousy ; economy of the Pennsylvania geological sur-
vey; discovery of the Cobham stone by Mr. Pickwick—the
celebrated Pickwick controversy ; explanation of the origin of
rain-drops and sun-cracks; showers of sulphuric and carbonio
acid; extraordinary meteorological phenomenon ; credulity of
the world; its readiness to receive the most absurd theories
under the name of science ; animals of the new red sandstone;
foot-prints of birds ; the reason of their early introduction upon
the earth; Prof. Hitchcock’s classification of the extinct bird-
tracks; -an inconvenience suggested; classes of birds; of
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fishies ; of reptiles described ; bones of different animals; ths
lias group of rocks; alternations of animal life; changes not
development ; the Oolitic rock; the Vestiges of Creation ;
changes in the ancient types of fish; a difficulty reconciled ;
absence of whales in the Oolite accounted for; supposed
marsupial fossils; the Wealdon strata—its fossils; the Cre-
taceous rocks described ; their origin and distribution ; Creta-
ceous and Greensand of the United States ; review of the secon-
dary formation—the era of marine life; distribution of its
strata ; The Mosaic description confirmed ; the fifth day of Mil-
ton’s ¢ Paradise Lost.”’

Tre SixTH Day.—Land animals created ; first appearance of
man—he is clothed with dominion over the earth and all its in-
habitants ; man created in the image of God, and destined to
increase and replenish the earth; the sixth day of creation, as
described by Moses; the Tertiary formation described; its
fossils and geographical distribution ; its gradual passage in‘tp
the Alluvium, or present geological era; Nummulite rocks ; the
London and Paris basins; character of Tertiary rocks; vegeta-
tion’ of the Tertiary ; beds of brown coal and lignite ; insects,
polyps, animalcules, and fishes ; the ancient and modern fishes ;
progressive development and degradation of species disproved ;
Hugh Miller; fossils of whales; their immense size; etc;
peculiar significance of the language of Moses ; the Bible requnires
no apologies in its behalf; the Tertiary pre-eminently the age
of land animals ; classification of Mammalia ; the Diadelphian
order ; pouched animals ; the Monadelphian order ; the Testacea;
the Ruminantia; the Pachydermata; the Edentata; the Ro-
dentia; the Cheiropte.ra; the Amphibia; the Carnivora; gene-
ral description of the animal kingdom, terminating with the
Quadrumana, and the Bimana; thc object of creation attained
in man; the marriage gf Adam and Eve; the celebration of the
work of creation, and the dawn of the Sabbath.

Tar SeEvextTH DAy, or SassaTH.—Description of Moses: the
heavens and the earth finished; the seventh day sanctified;
no rain inthe earlier epochs; the basis of Christianity; the
mystery of Nature; faith; the trinity described; the origin of
worlds; the rebellion of Satan; the garden of Eden; the fall
of Adam; and his punishment; man’s position in relation
to the Creator; the immortality of sin; the immaculate concep
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tion; the divinity of Christ; his character, motives, and doc-
trines ; the triumph of man over sin; history of the Adamite
race; the universality of the Noachian flood ; Christian doubters;
Noah’s ark—its dimensions and capacity compared with the
Great Eastern; speculations of Hugh Miller; estimates of Sir
Walter Raleigh ; number of species of animals on the earth;
antediluvian giants ; young, not adult animals in the ark; the
arrangement of the animals in the ark; effects of the flood—
how produced ; the fountains of the deep broken up ; subterra-
neous reservoirs of water; mountain glaciers; the Alps;
movement of avalanches ; icebergs off Newfoundland ; icebergs
in mid-oeean ; character of icebergs; erratioc boulders and mo-
raines ; Dr. Kane in the Arctic regions; the great Humboldt
glacier : primitive rocks, and fossil animals ; volcanic action in
the polar regions; the flood produced by the breaking up of
glaciers ; rain generated; universal volcanic eruptions; river
freshets; universality of the flood proved; submergence and
elevation of continents and mountains; folly of contradicting
the express language of the Bible; the universality of the flood
denied, but yet established by geologists ; submergence of.con-
tinents explained ; the Bible vindicated ; fossils of the diluvium ;
the Niagara River; antiquity of the Mastodon; the original
seat of the antedilivian race; the saltness of the sea; objec-
tions of Hugh Miller to the universality of the flood; all
natural laws are miracles ; insects in the ark; peculiarities of
insect fecundation and generation; experiments of Messrs.
Weeks and Crosse explained—spontaneous generation denied;
fallacious positions of Hugh Miller—the tendency of his Recon-
ciliation; supposed impossibili‘y of aécommodating all the
animals in the ark; characteristic fauna of continents; animals
of South America different from the older continents; analogy
between the extinct and living species; fallacious conclusions
and inferences; the extinct species destroyed by the flood and
the existing species preserved in the ark, including many now
extinet ; the Mastodon, the Megatherium, the Glyptodon, etc.,
all modern ; evidences of the flood considered; traditions of
the Indians ; opinions of Mr. Jefferson ; the mounds of the West
described ; works of art, inscriptions, and skeletons ; the golden
anaglyphs of Chiriqui; the Indians of Central America; re-
marks of Columbus ; the ruins of Yucatan, their Egyptian aspect ;



BREVIARY OF THE ARGUMENT, 11

opinions of Stephens; discovery of North America by the
"Northmen ; colonization of Massachusetts and New York;
America inhabited by white menin the ninth century ; remarks
of Humboldt; Behring’s Straits; the Aleutian islands; proba-
ble Asiatic origin of the Aborigines of America; how they may
have reached this continent ; the ancient Pelasgi of the Medi-
terranean ; the Egyptian origin of American Aborigines; the
arts, religion, and civilization of the Egyptians; their venera-
tion for animals ; their religion affords the key to the introduec-
tion of the animals of the old continents into America ; the dis-
persion of the family of Noah ; superiority of the ancient races
over those of the modern; the development of arts and eiviliza-
tion of description of the works of the Kgyptians; the pyramids;
the lake of Meceris, canals, palaces, etc.; their probable geo-
graphical knowledge and commercial enterprise ; their coloni-
zation of America; the unity of races; opinion of Humbpldt;
the antiquity of American vegetation; the animals of America ;
succession of races of animals and of man; the workings of
Providence ; the seventh day or Sabbath ; an institution for the
ease of creatiorf; the Sabbath of Nature ; extract from Leviticus;
the Sabbath founded in natural law; chemistry of vegetable
growth ; alternation of crops ; necessity of the Sabbath to man;
the Mosaic idea realized ; the harmony of mankind and oreation ;
man’s mind god-like; disquisition on the order of Nature; the
law of Nature the guide of human reason; man the concen-
trated essence of creation ; God the God of Nature ! )






OR,

THE GEOLOGY OF THE EARTH.

THE FIRST DAY—ASTRONOMICAL.

1 In the beginning God created the heaven and the earth. 2 And the
earth was without form, and void ; and darkness was upon the face of the
deep.  And the spirit of God moved upou the face of the waters. 3 And
God said, Let there be light; and there was light. 4 And God saw the
light, that it was good; and God divided the light from the darkness,
5 And God called the light Day, and the darkness he called Night. And
the evening and the morning were the first day.

It is needless to remark, at the outset, that the subject
which I propose to consider is the most interesting, com-
prehensive, and universal in the whole range of intel-
lectual grasp. The mysteries of creation, and the external
objects surrounding and involving us, having engrossed
the attention of mankind, more or less, for several thousand
years, it may appear rash and vain in an individual like
myself, to enter the field of investigation ; yet individuals
like myself have an equal and co-ordinate interest in the
subject with the greatest of their fellow creatures ; and no
cffort, founded in good intentions, to throw new light on
an old theme, can be regarded as altogether vain. While
we have the benefit of the accumulated learning of past
ages, it is perhaps questionable whether the aggregate
amount of actual knowledge on this particular subject hag

2 (13)
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been materially increased ; or, if increased, whether it has
been collated into a proper focus. We see with the same
eyes—we are .compelled to use the same bodily organs
that were used by the “fathers and awful rulers of man-
kind.” The Telescope and the Microscope have, indeed,
revealed new creations and millions of new worlds; but
instead of lessening the absolute mystery of God’s work,
they have only extended the boundaries of the field. Had
we depended on our own resources—had we been cut off
from the experience and fallacious deductions of former
ages, physical investigations might, perhaps, have been
dirceted into unexplored channels, and thus have opened up
new wonders in the regions of creation, and thrown new
light upon those now obscure. It may be said that, just
now, all physical phenomena are surveyed through the
glasses of the past; and though the rays of light are re-
flectéd and refracted by the most ingenious instruments,
the varied colors we obtain, like those which span the
vault of heaven, only remind us, after all, of the distance
and the unfathomable depths, complications, and difficul-
ties that encompass us on every hand.

“In the beginning God created the heaven and the
earth.” This implies that there was a time when the
heaven and the carth did not exist—a fact which reason
can at least entertain ; for we know there was a time when
we did not exist—swhen the rocks under our feet, and the
mountains towering over our heads, did not exist. These
things we know, and others we can believe. But was there
a time when God himself did not exist? Who clothed
Him with power to create worlds ? Whence was derived
that perfection of wisdom and of action that enables him
to diffuse throughout illimitable space the unceasing har-
mony of Nature? The inspired writer says nothing on
this point, for he well knew that human reason could not
grasp it. It is one of those awful mysteries, the existence
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of which Knowledge, with her dim lantern, may descry,
but cannot approach. Every attempt to go beyond the
line of divine revelation, or to explore phenomena strictly
ante-mundane, can only-result in the aberration of reason
or in the dreamy vagaries and sophistries of philosophy.
From the lofty glacial peaks of Mont Blanc or the Hima-
laya—mountains that, like Castor and Pollux, belong
equally to heaven and to earth—the eye may gloat on the
scenic splendors that spread out before it, until their dim
outlines fade into the blue azure of the horizon. It is
precisely thus with the mind. Thought and vision are
alike confined within certain limits, beyond which it is
impossible to go. Vision may be extended by elevating
the surveying position; and the Telescope can introduce
us to new worlds in the regions of space. So, too, Thought
may be rendered more comprehensive by mathematical
formule and philosophical deduction; but after all, in
either case, we only attain a dizzy precipice amid the
dark, mysterious gloom. When, therefore, we speculate
upon the original Beginning or the final End, we simply
enter the precincts of those dark clouds that intervene
between Decath and the awakening resurrcction—between
the material world of which we constitute a part, and that
unknown universe that lies beneath the dome of God !

% The lamb thy riot dooms to bleed to-day—
Had he thy Reason, would he skip and play?
Pleased to the last, he crops the flow’ry food,
And licks the hand just raised to shed his blood !
Oh, blindness to the future! kindly given,
That each may fill the circle marked by Heaven!”

As to the practical cosmogony of worlds, and especially
that which we inhabit, human intellect has no restrictions
imposed upon it beyond its own inherent weakness. God
has deigned to enlighten us upon all points involviag our

2
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immediate and future happiness; and it is our right and
duty to extend our knowledge of his works by all the aids
we can command, and which his benevolence has fur-
nished. Living upon a planet, more or less influenced by
all the others, we have a right to inquire into the relations
they severally hold to each other and to us, but more
especially into the varied phenomena immediately around
us. Our interest in every thing God has created is direct
and vital ; and the investigation of Nature and its laws is,
therefore, among the most rational and elevating duties
which the Creator has allotted to us. It is, in fact, a
special duty and pleasure, from which the inferior animals
are all exempt; and hence we have been provided with
organs of speech, of reason, reflection, observation, and
mechanical power, by which we can render the earth we
inhabit tributary to our gratification; by which we are
able to cultivate and embellish it; and, while taking care
of the creatures whom God has intrusted to our custody,
also render them subservient to our wishes and plea-
sures. «

The earth which we inhabit, we have every reason to
believe, is infinitely older than the popular mind has been
led to suppose. Instead of six (or, as some claim, seven
or eight) thousand years, an examination of its rocky
crust, and the laws controlling its primary structure,
proves it to be of vast and utterly incalculable antiquity.
In this respect, Geology occupies the same ground, in re-
lation to ¢ime, that Astronomy does in relation to distance
- and space. The one can only compute the age of particu-
lar formations or eras by millions of years; while the
other measures the distance which separates the revolv-
ing planets from the central sun by millions of miles.

Tt is true the Bible tells us God made the earth in siz
days. To doubt its holy authenticity would betray an
irreverence unworthy the enlightened sentiment of the
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age—unworthy the granitic basis of* Christian civilization.
But may we not doubt whether we understand clearly
what was intended to be conveyed? Are we perfectly
sure that we have not misapprehended the true meaning ?
The word day, as at present understood, is generally re-
stricted to express the diurnal revolution of the earth on
its axis ; or more properly, to that time during which one
half of its surface is presented to the sun. This revolution
occupies twenty-four hours, divided into darkness and
light; but as only one half the earth is illuminated at a
time, it follows that the portion of its orbit which is ele-
vated above the rays of the sun must be involved in the
darkness of night. This darkness at the poles continues
without intermission for six months, until the earth, having
attained the equinox, night again gives placeto six months
of uninterrupted day. Thus, while our days include but
twenty-four hours, those of the polar regions have 8,760 ;
or, while it requires three hundred and sixty-five of our
days to make a year, it requires but one in the polar
circles. We have no reason to infer that Moses was un-
acquainted with this phenomenon, since it will hereafter
be seen that he describes many others altogether unknown-
to the age in which he lived ; but it leads us naturally to
the inquiry whether the word day, as used by him, does
not more probably contemplate great geological or cos-
mogonal eras, or lengthened periods of time, than the
twenty-four hours of our calendar. The Hebrews used
the word to express circles of events-and periods of time,
without regard to duration, as contradistinguished from
other circles and periods of time; and there is no doubt
that its subsequent absorption into specific chronology,
gidereal phenomena, and the diurnal revolutions of the
earth, is mainly due to this cause. It does not follow, be-
cause these phenomena existed previously, that the same
word was invariably used to designate themj; and if it
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was, there is no reason to infer that its meaning was con-
fined to the expression of twenty-four hours; for as the
diurnal revolution of the earth actually describes a circle,
or nearly a true circle, there would be sufficient and equal
propriety in applying the word to all other circles of time,
whether great or small. During and long after the time
of Moses, much diversity existed among the different na-
tions in regard to calendar time. Romulus, 733 years
before Christ, divided the year into fen months; but this
was not a true year, because it requires, instead of the
304 days which he allowed, 365 days, 5 hours, 48 minutes
and 51 seconds for the earth to make her annual revolu-
tion around the sun. Numa Pompilius, his successor,
shortly afterward added two additional months; but the
fractional parts were still wanting to make the year cor-
rect. Julius Cesar, therefore, only forty-five years before
the birth of Christ, made the year to include 365 days and
6 hours, and established every fourth year as a leap-year,
so as to make up for the accumulating fractions of time.
But the year thus became too long, and it was reserved
for Pope Gregory XIII., in the year A. D. 1582, to ordain
that the ten days between March 11 and March 21, should
be omitted; so that, in that particular year, March 21
came directly after March 11. And to prevent future ir-
regularity, it was provided that the first year of a century
should not be a leap-year, with the exception of the first
year of every fourth century. Thus, 1700 and 1800 were
not leap-years, nor will 1900 be ; but 2000 will be such.
In this way true calendar time is obtained, or obtained
as nearly as it is possible under the circumstances.

But, as contradistinguished from night, it appears that
day originally expressed heat and warmth, or that which
generates heat, warmth, or desire; and as applied in the
Mosaic record to lengthened cosmogonal eras, during
which the work of creation was proceeding, nothing could
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have been more appropriate; for as the earth, after its
expulsion from the central nucleus of thé universe, or the
seat of the creative volition, could not have come directly
under the periodic influence of the sun, in its embryonic
condition, it is eertain that no such days as our own could
then have existed, and were therefore not contemplated by
Moses, except so far as they implied warmth, heat, or
life-infusing periods. It was only after the appearance
of the sun, moon, and stars, on the fourth day of creation,
that our days, properly so understood, could have existed.
And even with us, the word has had various significations
among different nations, and at different periods. The
ancient Babylonians began their day at the rising of the
sun, while the Jews reckoned theirs from its.setting.
The Egyptians began their day at midnight ; and such is
now the custom of the Spanish, French, English and
American people.

“The evening and the morning were the first day.”—
Such is the expression of Moses throughout. Evening,
with us, expresses the decline of day, while morning is,
strictly, its beginning. But what of the intermediate
time—the day proper, as distinguished from night ? That
such days did not exist during the earlier stages of crea-
tion, is sufficiently apparent by the express language and
obvious meaning of the inspired writer. The morning, in
the absence of day, stretched to the evening, and the even-
ing to the morning. A circle of time is thus formed, sig-
nificant ‘of the first epoch of creation. But, in the face of
the discrepancies among nations themselves as to the
meaning of a simple word, and that word one of the old-
est in all languages, where is the force of assumirg incon-
sistency in the divine reecord? The mistake, and the
corruption of words, is with ourselves; but truth is
unchanging, and in proportion as we consult nature and
physical law, our ability to see and comprehend it is in-
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crcased. But while Moses uses the word symbolically
and as a convenient measure of time, he also uses it in a
more direct sense to express lengthened periods. This is
perfectly conclusive in the second chapter of Genesis,
where he says : “These are the generations of the heavens
and of the earth when they were created, in the day that
the Lord God made the earth and the heavens, and every -
plant of the field before it was in the earth, and every
herb of the field before it grew : for the Lord God had not
caused it to rain upon the earth, and there was not a man
to till the ground. DBut there went up a mist from the
earth, and watered the whole face of the ground.” The
word day is not only used here to express lengthened
periods, but the whole sentence expressly implies length-
ened periods. “ There was no rain;” ‘“there was not a
man to till the ground;” “there went up a mist and
watered the whole face of the carth”—these facts contem-
plate long periods. No one could suppose for a moment,
that the ground could have been cultivated, since the land
itself had only emerged from the dominion of the sea on
the third day. And where would have been the necessity
for rain, if the land had only emerged from the water one
or two days previously ? All this shows very conclusively
that Moses used the word day to express lengthened
periods; and it is impossible to contemplate his narratiye
in any other light. The word is often used in other
portions of the holy book, as the “day of salvation” in
sccond Corinthians; the “day of Christ,” in the eighth
chapter of St. John ; the “day of retribution,” in St. Paul,
and elsewhere, both in the Old and the New Testament.
The word is often used nowadays in a precisely similar
sense. But St. Peter, as if to dispel all doubt on this
point, declares that “one day is with the Lord as a thou-
sand years, and a thousand years as one day.”

Among the original promulgators of the revealed law
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themselves, there never appears to have been the least
misunderstanding or disagreement whatever. They were
a unit in all the details and operations of their religious
system. But it is with unaffected sadness that we now
behold the Christian world very much and often bitterly
divided in mere forms, as well as doctrinal opinions.
When we come to a calm consideration of the peculiar
circumstances under which the Book was translated at
various times, and handed down from one generation and
nation to another, invariably more or less affected by their
varied ideas, habits, and nomenclature, I think we have
a right to assume, not that there is or was error in the
revelation itself, but that, if any really exist, it originated
in our own translations and misapprehension, and- is'still,
perhaps, sustained by the ignorance and questionable
zeal of infatuated Theologasters—the dealers and venders
of a spurious salvation.

However this may be, the antiquity of the earth- is es-
tablished by the physical witnesses everywhere' around
us ; by the unimpeachable testimony of the great Creator
himself, written on the faithful old rocks of the valley and
the mountain, in language sufficiently plain and universal .
to be understood by the people of every clime, and tongue;,
and condition. And it may properly be assumed of the
Holy Word itself, that it was not addressed to one gene-
ration alone, but to the people of all #ime, within the
boundless eternity ; and that, whatever appears obscure
now, in the unceasing progress of human events—by. the
increase of illuminating force, instead of interposing im-
aginary contradictions, which all experience has shown to
be transient and ephemeral, its solemn truths will be ren-
dered more and more overwhelming. to our improved
nature and understanding. True Science and true Re-
ligion, if not really co-operative in their worldly missions,
are at least never hostile or inconsistent with each other;,
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for while the one speaks in the poetry of inspiration of
the beneficence of the Creator, and of his fatherly pro-
vision for the offspring of his hands, the other as grace-
fully unfolds the phenomena of his sublime laws, and with
eloquence beyond human speech, points out the enduring
monuments of his greatness, wisdom, and power.

But it may be remarked, with no disposition to find
fault, that while the immediate votaries of Science and
Religion are themselves generally content with the pre-
sumed harmony and compatibility of the leading dogmas
of each, they have thus far failed to submit a scheme of
Reconciliation, satisfactory in all its details to both parties,
and more especially to the great mass of mankind, who,
trembling in the feeble and unstable faith that is in them,
naturally look to the researches of the learned for confi-
dence and support. And if this observation may be con-
tinued a little further, it is at least questionable whether the
mere annunciation of individual belief in an irregular
and undefined Reconciliation, and which is exposed to all
the involutions and obscurities of conflicting Theological,
Geological, and Astronomical theories, be not, after all,
more detrimental than beneficial to the progress of sound
Religion, as well as to Science and Truth. Religion,
indeed, can stand on no firmer or broader foundation than
the recognized phenomena of Nature. The earth, the
mountains, the rocks, the sea, the stars, and the over-
arching firmament, excite the wonder and the admiration
of man. They speak to him in his hours of solitude. They
are ever present in his walks. They do not bear the
impress of human art. They bespeak a power infinitely
higher and nobler than man. The air we breathe whispers
of an all-pervading God! And these are his works/!
Should there be any fear of them—any mystery or con-
cealment touching them? Should Religion hesitate to
explain them from the pulpit, or to call willing Science to

-
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her aid? Would it not be wiser to disseminate tracts
embhodying the simple truths of Nature, rather than moral
and effeminate fictions? There'is no merit in the con-
cealment of truth from the popular mind; nor can strength
be gained by undue forbearance, or unmanly retreat from
the field of investigation. The sermons which the Creator
has written on stones, are more potent for good than all
the cant lummery of pulpit Mawworms, or all the digni-
fied mummery of scarlet-robed cardinals and pontiffs. If
Religion be a serious reality, it must be exemplified in
Nature, since it is only thréugh the works of God that we
are enabled to comprehend and approach him. The
world is governed too much by mere men—too little by
unerring Nature. All the wisdom of mortals is the veriest
nonsense, if not derived from her teachings and counsels;
and if this be true, how can we make an exception for
Religion ?

The simple truth is, that, long since perceiving the
secret strength which Theology could derive by a closer
and more familiar alliance with the leading dogmas of
Geology, Astronomy, and the co-ordinate branches of
Natural Science, and the freezing indifference with which
these powerful allies have always been regarded, Infidelity
has stepped forward, and suggesting plausible interpreta-
tions of the material scattered over the earth by the God
of Nature himself, has thrown up thin partitions between
them and Revelation, and boldly elaborated ingenious, in-
ferential, and pseudo-philosophical hypotheses to destroy
the harmony that should exist between them. - The vail
of doubt, thus thrown over Revelation, impairs the essence
of true religion, subverts the moral sentiments, and gives
free license to the human passions. While the world
seems to be advancing in the scale of learning, and in all
the arts and blandishments of civilized life, the pro rata of
crime, wickedness, and folly, appear to be as great and
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universal now as it was several centuries ago. Immo-
rality, indeed, may be more refined and polished to accord
with the standard of a higher intellectuality ;—but there
seems to be no diminution of its universality or of its vital
force, as compared with previous ages. Inherent in the
blood and flesh of man, vice seems te grow with eultivation,
like the seeds scattered by the farmer. Growing thus in the
extended domains of Christianity, it presents a humiliat-
ing comment on its policy and boasted virtues. And yet,
so long as the spirit of worldly pride is fostered in the
church, what other result could be anticipated ?

But to return to the antiguity of the earth: Had we
no other evidence to destroy the theory of its simultaneous
creation, with the first efforts of the divine volition, the
mere want of parallelism, or conformable order, between
the proximate layers of the several great formations,
would alone sufiice. For while, in the character of their
fossil remains, and the circumstances of their deposition
and elevation, they all preserve a peculiar individuality,
they yet often occur in the utmost confusion to each other;
thus pointing unmistakably to periods of alternating ac-
tivity and repose—or more properly, lengthened periods
of night and day. But not only is there a positive agree-
ment, in the number of cosmical eras, with the six creative
days of Moses, but there is also a regular correspondence,
from first to last, in the prominent features of each.
Geology, as a science, was wholly unknown to the era of
Moses—so, t0o, was Astronomy, so far as true mathe-
matical and telescopic investigations are concerned. And
yet Moses describes phenomena which the brightest intel-
lects of the world have been several thousand years in
discovering. e indicates a progressive movemént which
the author of the Vestiges of Creation might have studied
with profit, and which we may define with Pictet, thus:
that the species of one geological epoch, as a general thing,
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lived neither before nor after that epoch ;—that the differ-
ences between extinet faunasand living animals, are greater
in proportion to their antiquity ;—that the comparison of
faunas of different eras shows that the temperature of the
earth has been greatly varied ;—that the species which
lived in the present eras had a more extended geographi-
cal distribution than the species which exist now ;—and
that the faunas of the ancient strata .are composed of
animals of a more simple organization, and their degree
of perfection increases in proportion as we approach eras
more recent.

These phenomena are all indicated in regular order and
succession, in the Mosaic account of the creation; and
we thus perceive an onward, progressive movement—
every era improving upon the last, and all contradicting
the idea of simulfaneous action, or what amounts to nearly
the same thing, creative action of six day’s duration.
But I must here add a word of caution touching the char-
acter of this progress. While we discover a progressive
development in the geological eras, as compared with each
leading formation in ascending order, it is not a continuous
and uninterrupted chain of development of species and
type, from a low to a higher order, as claimed by the
author of the Vestiges of Creation. It is, in fact, quite
the contrary—inasmuch as every era was furnished with
a new and special creation, thereby isolating and discon-
necting it from those of the preceding or succeeding eras.
This fact is clear and overwhelming to the geological in-
vestigator; and it is unmistakably embodied in the con-
cise narrative of Moses. Had he introduced man in any
other than the modern geological era; or had he given
‘precedence to animal over vegetable life, or spoken of
marine animals in the nascent seas of the earth—all this
would have utterly destroyed the authenticity and integ-
rity of his history. His narrative is therefore not only
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true in all its details and inferences, but it comprises one
of the most remarkable, concise, and perfeét descriptions
of natural phenomena ever written; and it is not in the
power of any living man to infuse into words any thing
like the same amount of meaning.

Geology, however, does not stand alone in maintaining
the vast antiquity of our globe. All the co-ordinate
branches of science confirm it, and Astronomy establishes
it on the fixed basis of mathematical demonstration. Mer-
cury is the nearest planet to the sun—the intervening
distance which separates them being thirty-seven millions
of miles. Then comes Venus, revolving at a distance of
sixty-eight millions ; and then the Earth which we inhabit,
ninety-five millions of miles distant. After the earth
comes Mars, one hundred and forty-four millions from the
sun; and then we have the eight asteroids discovered by
Herschell, and which perhaps average two hundred and
fifty millions of miles each. Next to these asteroids is
Jupiter, whirling through space at a distance of four hun-
dred and ninety millions of miles from the sun; then
Saturn, nine hundred millions; then Uranus, ninetecn
hundred millions ; and finally Neptune, twenty-eight hun.
dred millions of miles from the centre of the solar system.
As the lighthouse guides the benighted mariner in his
trackless path along the tempestuous coasts of the ocean,
80 even these distant luminaries seem to guide us along
the sloping shores of Time—for they remain forever “for
signs, and for seasons, and for days and years.”. But as
we turn from star to star, and from cluster to cluster, with
all the aids that art and successive ages have placed in
our grasp, we must ccase further pursuit, to fall down
and adore! The ocean of infinite Space cxpands before
the view, and its azure hue separates our “mortal coil’
from the unexplored Eternity !

The earth is but ninety-five millions of miles from the
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sun around which it revolves—a distance which, compared
with that of Neptune or Uranus, is comparatively insig-
nificant. Yet; in an age of steam and magnetic tele-
graphs, no human being can realize such an extent of
space. Ninety-five millions—of mules!/ It has been re-
marked that a cannon-ball, urged at the greatest velocity
which such a projectile ever attained, would consume
more than twenty years in penetrating such a space.
Qur nearest nocturnal neighbor, the inconstant moon,”
is but two hundred and thirty-seven thousand miles from
us—a distance so trifling that astronomers have actually
mapped its geognostic configuration, and bestowed names
upon its principal mountains, craters, deserts, and green
plains. Some persons, indeed, indulging a taste for geology,
have speculated upon its physical composition, which has
popularly been referred to green cheese !—(curdled, very
likely, from the Milky Whey!)
. It has been ascertained, by various ingenious experi-
ments, that light penetrates space with a speed some-
thing like 167,000 miles per second. This, multiplied by
60, would give a fraction over ten millions of miles per
minute, or 600,000,000 per hour, and 122,400,000,000 per
day. Strange as it may appear, we know that there are
planets and clusters of stars and nebule so far beyond the
reach of our telescopes, that, even at the extraordinary
speed with which light diffuses itself, it must have re-
quired, in some cases, several millions of years for their
light to reach the earth. Now, the Milky Way forms
one of the grandest features of the firmament. It com-
pletely encircles the whole fabric of the skies, and sends
its light down upon us, according to the best observations,
from no less than eighteen millions of suns. These are
planted at various” distances, too remote to be more than
feebly understood ; but their light, the medium of meas-
urement, requires, for its transmission to our earth, pe-
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riods ranging from ten to many thousands of years. Suchis
the sum of the great truths revealed to us by the two Her-
schells, who, with a zeal which no obstacle could daunt,
have explored every part of the prodigious circle. Sir
William Herschell, after accomplishing his famous sec-
tion, believed that he had gauged the Milky Way to its
lowest depth, affirming that he could follow a cluster of
stars with his telescope, constructed expressly for the in-
vestigation, as far back as would require 330,000 years
for the transmission of its light. I am well aware that,
to the minds of some readers, such statements will appear
wild, if not perfectly incredible. DBut they will perhaps
receive some degree of credence when it is remembered
that the same scientific acumen and research which en-
abled Kepler, Newton, Leverrier, or Herschell to explore
and resolve astronomical phenomena, also enables more
humble workers in the vast regions of space to foretell,
with unerring exactness, an eclipse of the sun or moon,
the eccentric movements of comets, or any other sidereal
phenomena. The arrival of the comet which figured so
conspicuously in our horizon in the autumn of 1858, was
correctly calculated several years in advance by nearly all
the American and European astronomers. After the dis-
covery of the law of universal gravitation had provided
the key to unlock!the door of astronomical mystery,
Halley conceived the idea that all comets moved in obe-
dience to such a law; and in speculating upon that of
1682, he not only explained phenomena previously noted
by Kepler in 1607, and by Apian in 1651, but ventured
to predict the return of ‘the same body in 1758—a predic-
tion fully verified. Its reappearance in 1835 had been
predicted several years in advance, within a period of siz
days!  Considering the eccentric movements, and the
wide intervals of time between the arrival and departure
of comets, the accuracy of these astronomical calculations
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is truly wonderful. But there is nothing in nature more
regular than the precession of the equinoxes, the con-
stantly changing seasons, or the daliy rising and setting .
of the sun. The everyday operations of agriculture are
very much influenced by the changes in the temperature
of the earth, caused by the solar system of which it is a
meémber; and the astronomical calculations usually em-
bodied in the Almanac are consequently of great interest
and importance to husbandry. But Astronomy subserves
a still more important purpose in ocean navigation, wheve
the commerce of the world and the lives of thousands of
individuals are constantly exposed to the dangers of the
sea. ‘“That a man,” says Sir John Herschell, ¢ by merely
measuring the moon’s apparent distance from a star, with
a little portable instrument held in his hand, and applied
to his eye, even with so unstable a footing as the deck of
a ship, shall say positively, within five miles, where he is
on a boundless ocean, cannot but appear, to persons ig-
norant of physical astronomy, an approach to the mir-
aculous.”

But one of the most beautiful discoveries of the present
age, was that of the planet Neptune, some twelve years
ago. For many years after the discovery of Uranus,
astronomers were perplexed to account for certain varia-
tions in the orbit of this planct—the calculations of old
observations not agreeing with the new ones, and both
alike inconsistent with known facts in reference to its
orbitual motions. Some accounted for the discrepancy
by suggesting the influence of comets, or denying the
universality of the law of gravitation ; but Leverrier and
Bouvier of France, and Adams of England, insisting on
the law of the mutual dependence of planets upon each
other, suggested the .existence of another planet beyond
Uranus. Acting on this theory, these gentlemen entered
into the most complex and laborious calculations, to find
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out the position which this unseen disturber of Uranus
occupied in the firmament. Leverrier finished his calcu-
lations, which exhibited a longitude for the planet of 326°
32’, a mass two and one-half times that of Uranus, a
distance from the Sun 36,154 times that of the earth, and
a periodic revolution in 217,387 years, The position,
magnitude, and general character of the unknown planet
thus defined, Leverrier transmitted the result to M. Galle,
of the Observatory at Berlin. On the very evening that
the letter came to hand, Galle turned his great telescope
in the direction indicated, and startling as the fact may
appear, the planet was detected among the innumerable
throng of the glittering stars, within fifty-two seconds of
the exact spot pointed out by Leverrier. Such triumphs
as these elevate man above the level of his nature. They
exalt him above the fabled gods of heathen mythology.
That we should thus explore the regions of space, measure
the planets, and resolve their motions, is a fact which the
Almighty author himself cannot but contemplate with
benignant satisfaction !

The long-continued observations of astronomers, re-
solved into great mathematical and geometrical laws, not
only establish the antiquity of the earth beyond all doubt
or cavil, but also furnish the data by means of which we
can form a satisfactory estimate as to the origin of the world
itself. The most probable theory to account for the pri-
mary formation of worlds, is that originally suggested by
Herschell, and afterward more fully elaborated by Laplace.
It has been called the Nebular hypothesis. Shortly after
Lord Rosse erected his gigantic telescope, and resolved
the nebule in the constellation of Orion into clusters of
stars, it was thought by some that the theory had been
much impaired; for if the nebul® could be resolved into
stars in one instance, therc would seem to be requisite
only sufficient telescopic power to resolve all such aggre-
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gations in space into similar stellar bodies. This, indeed,
might be true, and yet the force of the theory would not
be destroyed ; for it is only the primary condition of these
bodies, as nebule, which.the theory contemplates. But
although the nebule of Orion has been resolved, there are
many isolated and independent aggregations in space,
which the telescope has not changed; and these can be
accounted for in no other way than on the supposition of
their having been thrown off from the primary planets,
if not directly from the sun himself. These aggregations
or swarms of floating vapor abound everywhere amid the
universal space. Their elements, whatever they comprise,
must be different from the surrounding ether, or elge
unite - peculiar chemical compounds of the upper air.
They assume every imaginable form, and appear in differ-
ent degrees of density—passing {rom a mere thin film into
fleecy atmospheres encircling central stars, like those of
comets, and often emerging into the luminosity of actual
stellar groups, as in the case of Orion. They have been
thus traced in every form of condensation, from their
primary embryonic condition into vast suns and systems
like our own. It was owing to the gradations thus ob-
seryed, in connection with other considerations, that the
idea of the formation of worlds was suggested to the mind
of Herschell. Regarding the sun as the primary centre
of the planetary system, it is inferred that he threw off, at
successive periods, while undergoing a process of conden-
sation, as the inevitable result of a rotary motion, all the
worlds that now revolve around him, including our own,
as well as all the moons and satellites appertaining to
them. The sun, therefore, must be regarded as the parent
of all the stellar bodies comprising our solar system. This
idea derives additional support from various collateral
phenomena, among which may be mentioned, First : The
singular and significant fact, that all the
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in one direction only, viz., from west to east. _As this
is the direction which the sun himself observes, it is plain
that it is the result of law—that the planets, as they were
thrown off from his outer rim, were hurled through
space in the direction of the parent body, and, while they
evinced a constant tendency to refurn home, were as con-
stantly repelled by his superior motion. Second: The
planets all describe circles, with but slight elliptic devia-
tions, and this form is due to their primary nebulosity
exposed to a rotary motion. A drop of rain or a piece
of molten lead, as it falls through space, assumes, a
rounded or globular shape ; and so these incipient worlds,
as they were cast off from the rim of the parent sun, in
the form of attenuated vapor, took the form which. char-
acterizes the earth, whereupon they were forever con-
signed to the positions they respectively occupy, and,
once brought under the regular and undeviating laws of
attraction and repulsion, underwent the changes, internal
and external, which have resolved them into the physical
properties essential to the universal harmony. Had the in-
cipient worlds thus cast off not assumed the globular form,
but spread out as mere irregular agglomerations or sheets of
vapor, it is probable that they might have been again ab-
sorbed by the sun ; but the motion which they all inherited
from the parent body was sufficient to resolve them into
globes, just as sheets of water, thrown off from a wheel
in rapid motion, will part into thousands of independent
but minute globes. The form which water thus assumes,
is as much due to a natural law as that of gravitation
itself. And there are few things in nature more interest-
ing than this same law of forms, now termed Morphology.
Every thing preserves an individuality of form and sfruc-
ture, from a’ grain of sand on the sea-shore, to a crystal
of quartz, or of galena, or pyrites, in the solid rocks ; from
the flower or the fruit to the tree; from an insect to the
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soaring eagle; from the inferior animals up to man, and
from mankind to worlds—all assume forms at once spe-
cific and peculiar to their kinds. ZThird: It will be ob-
served, from the distances of the planets from the sun, as
previously mentioned, that there is a regular or nearly
regular increase, from one to the other, thus going to show
that there was a law under which the expulsion of the
planets from the primary solar nebule was regulated ;
that, in fact, they were not thrown off by mere chance or
accident, but at regular intervals, and according to a fixed
and previously arranged plan. This law (concerning the
bearings of which we have still much to learn) was dis-
covered by the celebrated Bode, and is expressed-by say-
ing “that the interval between the orbits of any two
planets is about twice as great as the inferior interval,
and only half the superior one.” Fourth: Not only is
there a fixed order in the relative disiances of the planets
from the sun, and from each other, but there is a similar
order in their respective {imes of sevolution. Thus, Mer-
eury, the nearest planet to the sun, revolves around him
in two months and twenty-cight days; Venus, in seven .
months and fifteen days; the Larth, in one year and six
hours; Mars, in one year, ten months, and twenty-one
days; Vesta, in three years, seven months, and twenty-
one days; Juno, Ceres, and Pallas, in four years and soire
eight months each; while Jupiter occupies eleven years,
ten months, and seventecen days; Saturn, twenty-nine
years, five months, and twenty-four days; and Uranus
eighty-four years and twenty-seven days! Here, it will
be observed, the order ‘of {ime is strictly in correspondence
with that-of disfance, and we thus evolve a powerful in-
ference in favor of the primary origin of all these bodies
from the central sun around which they revolve—begin-
ning with the most distant, as Uranus and Saturn, and
terminating with the Earth, Venus, and Mercury. The



34 THE FIRST DAY—ASTRONOMICAL.

weight of these orbs, as compared with an equal bulk of
water, undergoes a change somewhat similar — dimin-
ishes outward from the sun. Mercury weighs more than
seventeen times as much as water; Venus more than five
times ; the Earth more than four; Mars more than three ;
Jupiter more than one; while that of Saturn is barely
half as great. Thus, an individual who weighs one hun-
dred pounds.on the Earth, if removed to Mercury, would
weigh nearly four hundred pounds ; while, if transferred to
Saturn, he would dwindle down to fifty pounds. 'This
law is accounted for in the superior density of all bodies
toward their centre, and applies equally well to the
Earth itself as to the planets in general. The nearer we
approach to the centre of the Karth, the greater becomes
the force of attraction; and it is precisely thus with the
plancts in their relation to the sun. The weight of the
waters of the sea is such that, beyond a certain ascertained
depth, the minute corals and mollusca that inhabit it, and
fill the waters with their comminuted slime and chalk,
cannot live. The radiation of light is a good illustration
of the law which graduates the density of planets. To
illustrate : let the letter 4 represent a light. Let B repre-
sent the surface upon which the light 4 is reflected, which
we may suppose to be distant one hundred feet; at the
distance of two hundred feet, the light of 4 would occupy
at C four times the surface that it did at B, but would
lose correspondingly in density. At the distance of three
hundred feet, D, the light of 4 would cover nine times the
extent of surface as at B, but with still diminished density ;
while at E, being four times the distance, the light would
expand to sixteen times its original area ; butin each ease
its density would decrease, like that of milk diluted with
similar proportions of water. This law of variation ac-
cording to the square of the distance, applies equally to
all physieal forces which are capable of radiation from a
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central nucleus, as gravitation, heat, electricity, magnet-
ism, steam, sound, etc., ete.

While the human mind may <magine the origin of
worlds, in the manner here suggested, and find much to
support the hypothesis in the known and familiar laws of
nature and matter, it is yet utterly incapable o proceeding
further. It cannot comprehend—it cannot conceive, for a
single moment, how, where, or when the great Creator
obtained the seemingly varied materials with which he
has constructed so many millions of radiant worlds. It
cannot conceive any plausible explanation of forces, even.
Things which we daily see and feel, as light, heat, air,
electricity—or which we daily handle, as'gold, silver, iron,
sulphur, or any of the other sixty-two simple elements or
substances with which we are acquainted—mnobody can
satisfactorily explain their primary origin, or trace them
back to the laboratory whence they were evolved. We
see them—observe their effects—and perceive that they
all work agreeably to law. We thus detect a primary
caruse—a Creator who acts by a plan. We see him in all
things—from the minute atom or particle to stupendous
globes ;—yet we cannot even imagine his vital or personal
embodiment, much less can we imagine his origin. All
. these are points, the solution of which can only be deter-
mined by God himself ;—they are not for man. It is
enough for us to know that worlds exist within worlds;
that whole systems and universes revolve in space, so
far distant from our own that no conception can be formed
of the intervening space; and yet, all that we can see or
learn concerning them, shows that there is universal law,
order, and harmony among them all.

Now, supposing the planets of our system (twenty-two
in number, with perhaps an equal number of satellites or
moons,) to have primarily belonged to the sun around
which they revolve, and to have been successively thrown
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off in the manner indicated ; we may assume that the sun
previously stood in the relation to the other systems that
these planets now occupy to him. In the beginning,
therefore, the elements now comprising many globes,
comprised but one. There was absolute wnily, the em-
bodiment of which was the Creator himself. In him all
things centred, and upon the exercise of his volition, all
things sprang or irradiated,—each particle of matter, or
force, or principle, being clothed with powers for combi-
nation, affinity, and relation to other particles, in the union
of which life was inclosed as in the seeds of fruit. After
the planets had been thus irradiated, they were kept in
place by an inherent propensity to return back tnlo unity
—a propensity which may be termed the law of gravita-
tion. But, in consequence of the superior velocity of the
primary sun around which they revolve, and the varied
relations which they respectively owe to each other, there
is no possibility of their fusion, and hence, the two
opposing forces of attractive gravitation and diffusive re-
pulsion, merely serve to keep them in constant motion
around the primary source.

As to the earth itself: When we reflect how easily,
by the mere change of temperature, water is converted
into ice, or dissipated into steamy vapor—how copper,
lead, or any other mineral or rock, may be made to bubble
and boil in liquid fire at our feet, there is little real diffi-
culty in the way of tracing the earth, according to the
nebular hypothesis, throughout all the stages of a gaseous,
a liquiform, and thence into that more dense, compact, and
solid condition preceding the great purposes it was to
subserve in the almighty design. The combination of
oxygen with hydrogen, in certain equivalents, produces
water ; the compounds of carbon with both, form the
great bulk of all vegetation and animal substances.
These and other chemical compounds, comprise the solid
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body of the earth, and of the atmosphere around it; and
hence, its origin from the nebulous elements aboundmg in
universal space, is merely a chemical phenomena, so far
as its aggregate particles have been formed and attracted
to each other. If the embryo feetus of animals be instinct
with the vitality that is to bear them onward ghrough the
various stages of birth, of youthful devclopment, and
mature age; it may likewise be assumed that these
nebulous bodies dnherit primarily the light, ov heat, or
vital principle necessary for their subsequent develop-
ment into planets, and for the discharge of all those fune-
tions in the future, which the unchanging laws of the
universe impose. And the same law that originates and
sustains organic life, and causes earthly and mineral atoms
to cohere, has formed the world—for these are in fact but
the great aggregate compounds of innumerable and inde-
pendent atoms. A drop of water suspended from a
trembling leaf, is as much, as completely a world to the
animalcule that inhabit it, as our world is to us;—and
very likely the phenomena outside and around them,
appear to their microscopic vision as stupendous, and
wonderful as the other worlds that are suspended around
us. The air, the ocean, and the earth, teem with minute
worlds, inhabited by creatures so inestimably small that
the highest powers of the microscope are often insufficient
to reveal them, and yet our world is nothing but the com-
bined aggregate of the whole, as the great universe itself
is but the aggregate of millions upon millions of other
worlds, many of them far exceeding the dimensions of our
own.

As to the formation of the earth: if Moses, inspired by
prophecy, could penetrate the narrow vistas of the future,
there is every reason to infer that the past was not beyond
the reach of his mental vision ; but that, like
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¢ (Caethus, the scer, his comprehensive view
The Past, the Present, and the Future knew.”

L]
In ancient times the seers and soothsayers comprised a
numerous, if not always a somewhat influential class;
and though they did not invariably pretend to divine in-
spiration, they yet often directed the most important
movements of armies and of states. The oracles of
Greece were the most potent institutions of the confedera-
tion; and that of Delphi was endowed with the richest
-spoils of victory, and the most magnificent offerings of
kings and states. As it would seem to be pe’rfect’ly con-
sistent with the whole theory and practice of prophecy,
we have a right to suppose that the description he gives
of the creation was revealed to Moses in & series of Ideal
Tableaur, corresponding to the six calendar days or cos-
mogonal eras. These tableaux or pictures would, of
course, delineate only the more prominent features of each
day or formation, leaving the subordinate incidents or
details in the background of Time.

When Moscs, therefore, lifting the vail that revealed the
unshaped embryo of the world, declares that “in the be-
ginning God created the heaven and the carth, and that
the earth was without form, and void, and darkness was
on the face of the deep,” he simply describes a phenome-
non which the nebular theory reclaims from mysterious
obscurity. ¢ He creafed the heaven and the earth;” that
is to say, he created the substances of which the heaven
and the earth are composed : for if any thing more or be-
yond the embryo was created “in the beginning,” there -
would obviously have been no occasion for the subsequent
six days’ creation, during which the earth was being
gradually developed for its future purposes. The heaven
was first in the order of time, and it was only the earth that
was without form at the era which Moses describes—the
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heaven having evidently been complete. From this the
substance of the carth was derived, and impregnated with
the creative vitality—for “ the spirit of God now moved
upon the face of the waters;” or, in other words, God
moved the waters, or caused motion to exist on the face
of them, or throughout the entire body of the elemental
mass. We must here bear in mind that words often lose
their original meaning. While it is natural for us to sup-
pose that the spirit of God moved like a spectre on the
face or the surface of the waters, the truth is that the
word face was formerly equivalent to our word througli-
out, and therefore implies that the spirit, moving as it
did, communicated to the waters, or the half-liquid nebula,
the force and strength and animation of his volition. In
brief, the embryo earth thus became a living feetus in the
womb of the Universe, and had now entered the period
of gestation. ’

“And God said, Let there be light; and there was
light ; and seeing that it was good, divided the light from
the darkness.” It will be borne in mind that light is not
only reflected from nebulous bodies, but that, in conse-
quence of its solar derivation, it forms an <nherent con-
stituent of their composition ; hence, on attaining a certain
degree of density, they are resolved into luminous globes.
It was thus with the earth. Light, or rather heat, emerg-
ing from the elements thus chemically combined, was
separated from the original gloom. It was not, perhaps,
the flaming light which results from the combustion of
gases, but rather the radiated heat of molten or liquid
matter—such as is reflected from incandescent bodies, or
such as now comprises the liquid atmosphere of the sun.
The solar atmosphere which surrounds our earth had no
existence upon it at that time—the lLeat having hbecen
confined to the centre while the opaque exterior was un-
dergoing refrigeration. Consequently, there could have
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6 And God said, Let there be a firmament in the midst of the waters,
and let it divide the waters from the waters. 7 And God made the firma-
ment, and dividedgthe waters which were under the firmament from the
waters which were above the firmament; and it was so. 8 And God
called the firmament heaven. And the evening and the morning were
the second day.

THE earth which we inhabit occupies a position in that
broad belt stretching over the firmament which, from its
nebulous aspect, has been termed the Milky Way. Al-
though this zone is studded with millions of worlds, many
of them immensely larger than our own, its prevailing
aspect, as indicated by the name, is that of nebulosity ;
and in connection with the supposed primary origin of
our globe, this fact betrays a great deal of significance.
From unshapen nebulosity, the earth passed into a fluid
condition, having its inherent heat in the centre, as the
axis. The earth is therefore described by Moses as a
fluid—as a vast globe of water; and such, in fact, it was,
and ¢s even now. While water itselfgin the form of seas
and rivers, occupies. more than three-fourths of the actual
surface of the earth, its elements, in the form of hydrogen
and oxygen, mainly fill the air. Its presence in organic
life is equally as great as in inorganic substances. A
man, for example, who weighs 154 pounds, is made up
of 116 pounds of water—leaving but 38 pounds of dry
matter; while in lower animals the quantity of water is
still- comparatively greater. Some aqueous animals, in-

(41)
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deed, contain 99 per cent. of water in their solid compo-
sition. The original fluidity of the earth, therefore, as here
described by Moses, is one of those singular and extraordi-
nary facts which, although little suspected by the popular
mind, is incontestibly cstablished by the testimony of
nature. )

When the phenomena of the second day were revealing
themselves to the mental vision of Moses, the young or
embryo earth had already surrounded its interior heat by
a wall of sub-aquecous granite—that is, while the exterior
surface was a boiling sea, the interior heat %vas surrounded
like the shell of an egg, by an earthy precipitate congeal-
ing into crystalline rock. This was the immediate result
of calorific sublimation, as opposed to the external ten-
dency to refrigeration. The pores of the rocky shell,
however, were easily penetrated by the overlying water,
while they also served as conduits of the interior heat. The
carbon (of tlhe heat) thus operated as a liberator of the
oxygen of the water, and upon its partial decomposition,
or rather its evaporation, the volatile gases were dispelled
into the surrounding atmosphere. Water thus decom-
posed would leave behind its earthy precipitates, and
evolve iron, sulphur, alumina, lime, or whatever solids
remained in the rocks thus accumulating. In the mean
time, the steamy evaporation compelled the gases to form
new combinations with the ether (a substance believed to
exist, but of unkngwnequalities), and nothing could bave
been more natural than for these (especially in view of the
lightness of hydrogen) to arrange themselves into an
arching vault over the vast plain of boiling water beneath
—or rather, the vast concave surface of boiling oceans.
Constantly and regularly widening, with the increased
evaporation or liberation of the aqueous mass below, it
was finally transformed into that magnificent ethereal
dome, strung with myriads of glittering jewels, which we
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see suspended over us, and which, in fact, merely adapts -
itself, as Moses implies, to the convex surface of the earth.
And here, again, we have another beautiful illustration
of the divine origin of the Mosaic revelation. The
ancients almost universally regarded the firmament as a
solid crystalline body, to which the stars were attached as
if by metallic rivets. At the same time the surface of the
earth was very generally regarded as a level plain. In-
deed, the Clurch of Rome, at one period, made it heresy
to doubt this proposition, with others equally absurd.
But long anterior to this, and in the face of all the acade-
micians and philosophers of his own and subsequent ages,
Moses enunciated a cosmogony utterly at variance with
the old philosophy, and the truth of which secms to have
been reserved for the Telescope, and other modern appli-
ances, fully to establish. Now, in the original Greek,
biased by the then prevailing speculations, the word firma-
ment here used is translated to signify a concave with a
solid base ; but it appears that, on referring to the original
Hebrew text, it is found strictly to imply a vast space
without limitation! Even the great Kepler at one time
regarded the earth as a stupendous animal, who, breath-
ing in and spouting out the waters of the ocean like a
whale, occasioned the ebbing and flowing of the tides |
Yet, here we find Moses, several thousand years in ad-
vance, calmly and briefly detailing the cosmogony of the
earth, and its varied creation, according to the concen-
trated and constantly aceruing facts of six thousand years!
He was, in fact, not only in advance of his own age, the
age of Egypt in its highest power and glory ; but he was
in advance of Greece, by whom he was translated, in its
highést power and glory ; and he remains still in advance
—far in advance of modern Science, and of an age unex-
ampled in wisdom and intelligence | But, unlike preceding
ages, the discoveries of modern times tend to the con-
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firmation of his cosmogony ; and every progressive step
—every fresh incursion into the mysterious domain of
Nature, only establishes the sublimity and depth of his
penetration, and the absolute purity and extent of his
inspiration.

But the process of evaporating or separating the waters
was by no means a slow or tame one. It was accelerated
by the most terrific volcanic action, the necessary prelude
to the gigantic object to be attained. In anticipation of
the birth of animated nature, with which the young earth
was now pregnant, and in view of the great events to
occur in the succeeding days, there crept beneath those
vapor-enveloped seas a dull, complaining, and rumbling
sound—faint and half-suppressed at first by the hissing
waters, but rising anon in might and strength, like con-
tending armies of defiant thunderbolts, whose glittering
sabres throw off the vivid lightning’s flash. Then fol-
lowed fast, and then faster still, the stifling, choking
volcano, every new explosion vomiting up lurid smoke,
and scalding steam, and fantastic clouds of glaring fire !
The earth shuddered! Its seas roll up in savage tem-
pest-tossed billows ; its submarine floors of granite break
in deep and lengthened gulfs, while the elemental warfare
still continues with redoubled strife within its cavernous
bowels.  Around—above—Dbeneath—all was now one
grand, scething, hissing, rogring, eruptive caldron! No
animal—no living creature was on the earth. No fish
was in the sea. No bird spread his soaring pinions in the
air! No flowers bloomed. No trees waved their spread-
ing foliage to the breeze ;—but, amid the dusky atmosphere
of poison—amid the detonations of hydrous oxygen, the
stifling fumes of sulphur, the mephitic vapors of azote, and
the scorching avalanches of porphyritic soot, the young
Earth groaned in labor, and at every cenvulsive throe,
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fragments of molten rock, huge as high Olympus, fell in
fiery tempests on her heaving breast !

Such were the extraordinary convulsions which char-
acterized the second, and aided the operations of the third
day. Toward the evening, when the waters began to
withdraw like the ebbing of the tide, vast regions of sub-
merged lands struggled with the shallow surfs to escape
the dominion of the sea. The rocks thus emerging com-
prise the most extensive and wide-spread groups in the
stratification of the earth, forming, as they now do, the ®
central nucleus of the most elevated mountain chains that
distinguish its surface, and the solid basis upon which all
the others rest. They are the family of granites, and the
immediate progenitors of the volcanic rocks that resulted
from the disturbance of the primary shell surrounding the
interior heat.

There is scarcely a district in Europe, Asia, or Africa,
in which these rocks do not exist—though the more recent
groups are often deposited over them in irregular patches.
In America they constitute at least three-fourths of the
surface, covering the greater portion of Canada and
Russian America, and stretching in an uninterrupted
belt along the Pacific Ocean, from South America to
California, Oregon, and Behring’s Straits. In the United
States an irregular, though continuous belt of igneous
rocks extends along the Aflantic slope, from Maine to
Georgia; on the one side, running parallel with the Ter-
tiary, which dips into the ocean, and on the other with a
group of the New Red Sandstone, lying to the north-
west. They also cover a large surface in Minnesota,
‘Wisconsin, and the upper peninsula of Michigan ; while
they occupy nearly the whole extent of the Rocky
Mountain country.

As these are the lowest rocks yet discovered in the
earth, and the most widely distributed, there can be no
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question whatever as to their being also the oldest.
Granite itself is composed of mica, quartz, and felspar—
the latter predominating. Being crystalline and unstrati-
fied, it bears equal pressure in every position, and hence
is largely employed in architecture.

The rocks comprising th; inclosing circle of the interior
heat, are usually termed Plufonic, to distinguish them
from those immediately subsequent, which are wvolcanic.
The two combined are termed 7gneous rocks, and are

® thus distinguished from the metamorphic. The Plutonic
include granite, syenite, and eurite ; the volcanic—which
are the others differently amalgamated by fusion—are
basalt, greenstone, claystone, porphyry, amygdaloid, and
lava. Now, when the interior heat burst through the
rind of granite, thousands of great streams of lava were
discharged, in various quarters of the earth, from sub-
marine volcanic ecraters. The fragments of rock were
ground and shattered into pebbles and sand, in their
upward passage, and their particles uniting with the,
liquid lava, spread over the bottom of the sea, the a{gita-
tion and pressure of the water often giving them a wavy,
irregular, and contorted structure. The ultimate effect of
this universal and stupendous volcanic action (converting
gases into liquids, and liguids into solids) was to bring
from the watery waste a series of island reefs, united
together by a reticulated chain of narrow peninsulas,
stretching around expansive lafies, rivers, and basins, far
into the ocecan. These islands subsequently become
continents. ,

Although basalt, greenstone, claystone, porphyry, amyg-
daloid, and lava, are the general names of the volcanic
group, the various subsequént combinations of their par-
ticles by sublimation, have produced a large family of
other rocks, bearing specHic names. For instance, clink-
sfone belongs to the group, being a combination of felspa.
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and quartz, and so named because of its ringing sound
under the hammer. Trachyte and basalt often pass into
clinkstone, by very gradual transitions. Diallage is
- synonymous with euphotide and gabbro, and is made up
of euphotide and felspar, with occasional infusions of ser-
pentine, mica, and quartz. Dolerite is merely another and
a better name for greenstone (since it is not always re-
cognized by color) and includes black augite, or hornblende
and felspar, or augite, felspar and magnetic iron. Felspar
forms an important ingredient in a great number of rocks.
It is the base of felspar-porphyry, which contains erystals
of felspar and quartz. Hornblende is composed mainly of
black augite and iron, often mixed or imbedded in felspar.
Hornstone is a species of flint, and only differs from com-
pact felspar in its action before the blow-pipe. Obsidianis .
another name for lava. It is vitreous, and resembles the
fracture of glass. Ophile is composed of hornblende and
felspar, and becomes serpentine by the addition of talc.
Pearlsione is somewhat similar to obsidian, and is thus
named from its pearly lustre. Pilchsione is another name
for volcanic lava, and is so called from its resinous lustre.
Porphyry is a stone abounding in large isolated crystals
of felspar. Pumice is a spongy trachyte. Scorie is
volcanic cinder. Serpentine is a green rock, abounding
in magnesia. Noble serpentine is a transparent mineral,
sometimes affording gems. Syenilic greensfone is com-
posed of felspar and hornblende. Trachyle is glassy
felspar. Amygdaloid is so called from its cellular struc-
ture, the cavities of which are in the sflape of almonds.
In Lake Superior these cavities are often filled with
chlorite, and sometimes with copper. :

Besides the six or seven principal varieties of the vol-
canic rocks, it will thus be perceived that there are a
great number of subordinate members of the family.
These, however, only differ from the others in the propor-

4



48 THE SECOND DAY-—ASTRO-GEOLOGICAL.

tions with which the original ingredients are united
And chemical analysis shows that the leading elements in
all of them were silica, alumina, and magnesia—there
being comparatively but a trace of lime, potash, and man-
ganese. Many of them, however, had a large content of
oxyd of iron, as, for instance, augite, chlorite, diallage,
epidote, hornblende, hypersthene, mica, olivine, etec.

It may be suggested that because these rocks had not
yet assumed the superficial characteristics of continents,
they do not properly belong to the second day. But if
they formed vast oceanic reefs, or incipient islands, it was
sufficient, for Moses did not command the dry land to
appear until the third day. In using the word dry land,
he leaves us to infer the previous existence of rocky reefs
and sub-marine continents; and because they did not rise
up in tall cliffs, is no reason that they did not exist as
rocks, or that they do not belong to this geological era.
As well, indeed, might” the alluvial silt of submerged
river estuaries be ranked with the primitive rocks upon
which it lays, as for those rocks to be included with more
recent formations.

Again God said: Let there be firmament

Amid the waters, and let it divide

The waters from the waters ; and God made
The firmament, expanse of liquid pure,
Transparent, elemental air, diffused

In circuit to the uttermost convex

Of this great sound; partition firm and sure,
The waters underneath from those above
Dividitg ; for as earth, so he the world

Built on circumfluous waters calm, in wide
Crystalline ocean, and the loud misrule

Of Chaos far removed, lest fierce extremes
Contiguous might distemper the whole frame :
And heaven he named the firmament: so even
And morning chorus sung the second day.— Miliom.
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9 And God said, Let the waters under the heaven be gathered together
unto one place, and let the dry land appear: and it was so. 10 And God
called the dry land Earth; and the gathering together of the waters
called he Seas: and God saw that it was good. 11 And God said, Let
the earth bring forth grass, the herb yielding seed, and the fruit-tree
yielding fruit after his kind, whose seed is in itself, upon the earth: and
it was so. 12 And the earth brought forth grass, and herb yielding seed
after his kind, and the tree yielding fruit, whose seed was in itself, after
his kind: and God saw that it was good. 13 And the evening and the
inorning were the third day.

‘WaEN Moses lifted the vail which revealed the picture
of the Third Day, he saw the waters receding from the
effects of the recent violent convulsions; and as they
withdrew, the land gradually emerged, and appeared con-
spicuously in the scene. The command for the dry land
to appear was based upon the capability its structure now
possessed for drainage, and was only the necessary pre-
liminary for that following, “for the earth or dry land to
bring forth grass, and herb, and fruit.”

After the land had thus emerged from the primitive
seas, another group of strata was immediately commenced.
This is called the Metamorphic, because the lithological
nature of the rocks has been changed from an ordinary
sedimentary to a crystalline, a compact granular, or
fibrous structure. Beds of limestone were converted into
white statuary marble, and particles of felspar and mica,
or quartz and mica, united to form compact gneiss. The

; (49)
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heated and agitated waters sweeping around, and per-
meating the long narrow islands and reefs, wore off their
jagged edges and incoherent fragments, and carried away
their comminuted debris into the adjacent seas, lakes,
rivers, and basins, where they were spread out in thin
laming, or rolled into contorted heaps by the motion of
the water and the reciprocal vibration of the floor beneath.
Tt was thus that the extensive layers of gneiss, hornblende,
mica slate, talcose slate, and clay slate were deposited.
Their position to the previous rocks is unconformable, but
it is nevertheless easy to pass from them to the volcanie,
and thence to the primitive rocks below. An illustration
presents itsclf all along the zone of primitive rocks, pre-
viously referred to as extending parallel with the Atlantic
coast, where most of them are adjacent and lead to the
voleanic, and thence to those of the metamorphic varieties.
This is owing to the fact that granite and the volcanic
rocks formed the original reefs and islands, and hence
now often appear on the summuts of mountains, while the
metamorphic occupy the slopes or the wvalleys below.
These valleys, at the time of their deposition, were filled
with water, and the debris from the islands gradually
settled at the bottom. Now, although these rocks were
elevated and changed by heal, it was not by means of
direct volcanic eruptions, as in the previous case. It was
by the more gradual expansion of the interior heat, the
effects of which were felt at the weakest parts. This,
owing to the pressure of the water, now that it had
gradually collected into a great body, would he ir the
vicinity of the islands; and hence, while the heat was
constantly baking and solidifying the soft mud in the
lakes and basins, the islands and the basins themselves
were gradually rising, higher and higher, from the water.
In process of time, the water was entirely withdrawn;
the vast regions of dry land were redeemed, and the earth
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was fully prepared, agreeably to the Divine command, to
“bring forth grass, and herb, and fruit after his kind.”
And it may be added, that the silt thus exposed furnished
a prolific soil for this purpose, containing, as it did, all the
ingredients which the farmer, by the application of
manures, now infuses into his soil.

After the deposition of the metamorphic rocks (for-
merly called the Transition), the earth seems to have
generated or discharged a large amount of carbonic acid
gas. It had most likely been generated in its bowels,
and resulted from the spasmodic explosions of the interior
heat. This is the more probable, from the fact that it
has been diminishing in extent from the Paleozoic forma-
tion down to the present time. If it was the result of
gaseous explosions during volcanic action, the fissures
that disruptured the strata of the globe allowed it to es-
cape in great abundance, and, combining with the air, it
was again precipitated upon the earth in the form of vege-
tation, and. to the seas in grass, moss, algwe, and half-
vegetable corals and zoophytes. In fact, the beginning
of organie life appears to have been simultaneous with
the formation of beds of coal and limestone—the fossil-
iferous layers of which, alternating with slate, sand, and
shale, distinct and in combination, comprise the main ingre-
dients in the rocks known respectively as the Cambrian,
the Silurian, the Devoniah, and the Carboniferous—all
of which are properly included in a common Paleozoic
era, since it was begun and terminated by violent convul-
sions, and occupies a position unconformable alike to the
preceding and subsequent rocks. This, I am well aware,
‘is not the usual classification of geologists; for although
it is the system of Conybeare and others, many assign a
separate era to the old red sandstone and coal, and thus
directly, as well as by inference, recognize the priority
of the marine animal life of the Silurian group over the
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vegetation of the land. Such priority is in conflict with
the order of nature and the authority of Moses, and I
have never been able to discover sufficient grounds for its
support.

In geological order, what are termed non-fossiliferous
rocks occupy two distinet formations—the one termed
Igneous, or Plutonic and volcanic (as previously men-
tioned), and the other Metamorphic, or stratified. The
igneous rocks include granite and its varieties as pri-
maries; and amygdaloid, porphyry, greenstone, and
basalt as secondaries, or voleanic—all of which, bearing
the traces of heat, exhibit no parallel lines of stratification.
The metamorphic group comprises gneiss, hornblende,
mica, talcose and clay slates; and although they are
stratified, it is assumed that none of them contain fossil
remains—a proposition, so far as fraces of vegelation are
concerned, which I propose hereafter to question.

The igneous rocks proper, it has alrecady been re-
marked, form the inclosing rind of the earth. As they
are, thierefore, the immediate result of its primary nebu-
losity, undergoing the process of refrigeration, condensa-
tion, and chemical combination, they properly belong to
the work of the preceding astronomical days. Although
they had not yet emerged from the water, they neverthe-
less existed as rocks as fully as those now at the bottom
of the ocean; and they therefore belong, not to the day:
that withdrew the water from them, but to the ddy during
which they were formed. The metamorphic group is not
only different in its origin, but different in structure and
character. Being the fwlus which gave birth to organic
life, it should be included with the Paleozoic formation;
as the basis upon which to stand. There would, indeed,
be no more propriety in dating the years, or geolegical
eras of the animated earth, from the period of gestation,
than there would be in the case of an 4nimal or a human
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being. Having been elaborated from the abrasion of the
previous rocks, they exhibit a striking transition from
them into those of the Paleozoic, and really form the very
bed upon which life was first introduced on the face of the
earth.

The granite and voleanic rocks, therefore, belong to the
‘evening of the second day; while those of the metamor-
phic introduce us to the morning of the third. This day
I conceive to be represented by the paleozoic period ; and
I shall proceed to point out some of the varied phenomena
which distinguished it.

The term paleozoic refers to the fossil remains of the
ancient earth, and is usually applied by geSlogists to dis-
tinguish those great systems of fossiliferous rocks, known
as the Cambrian, the Silurian, the Devonian, and the
Carboniferous. I have enlarged its scope so far as to
include those of the metamorphie, since these rocks form
the basis of all the others, and very frequently are in-
truded between them. I should not have assumed this
freedom (with the respect I entertain for the ancient
landmarks), had I not good grounds to believe, in addi-
tion, that they were originally fossiliferous, and exhibit
the metamorphosed remains of a primitive vegetation.
Some geologists, it is perhaps proper to state, do not
adopt the word, notwithstanding its peculiar significance
as applied to a great paleontological formation. Among
these is Sir Charles Lyell, always great in small things,
and sometimes small in great ones, but whose extensive
travels and amiable literary style entitle his works to all
the respect they have received. Instead of the word
Paleozoic, he adopts that of Primary—primary fossilifer-
ous; but as this word is often applied to the Azoic, or
non-fossiliferous strata, whose chronologieal priority none
will question, its use is only calculated to mislead. Liyell,
in fact, has invented more words, and made fewer bona
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fide discoveries in geological science, notwithstanding his
extensive travels and experience, than any leading geolo-
gist in Europe or America. The truth is, that the accu-
mulation of mere words is far in advance of geological
progress ; and such is the confusion and complication of
nomenclature among geologists themselves, that it ig
almost impossible to describe or identify strata without
resorting to technical tautology. The propensity for
calling old things by new names, invariably betrays the
weakness of those who indulge it.*

* T will here step out of my way to notice the most recent and the
most absurd inngvation of geological nomenclature ever attempted. The
Geological Survey of Pennsylvania, commenced in 1836 and completed in
1859, is perhaps the most stupendous scientifie trash ever collected togother.
The Surveyor, in his annual reports to the Legislature, arranged the leading
geological formations of the State in numerical order. This, although a
serious annoyance, and the sublimation of impracticable folly, was quietly
submitted to, and our people in time learned to regard their native rocks
as ““No. 1,” or “No. 2,” etc. For my part, I never attempted to master
this nomenclature, but adhered to the old famnily names—names which,
like that of Weller, have long heen read of.in history : have, io faci, be-
come elassical in geulogical literature, and will stand with those of the
sun and stars in eosmical philosopby.

After having, for many years, nused these numerical terms in all lLis
previous annual reports, the official surveyor again presents himself, after
along absence (which the geological interests of the State never appear
to have realized), clothed from head to foot in a new suit of unmeaning
words. Two thousand heavy, cumbrous pages teem with the words
Primal, Auroral, Matinal, Levant, Surgent, Sealent, Pre-meridian, Ma- *
ridian, Post-meridian, Cadent, Vergent, Ponent, Vespertine, Umbral,
Seral, ete. These terms, I believe, are based upon the idea of @ Paleozoic”
day, and may be supposed to represent the hours. Aecording to his own
explanetion, obscurely inserted in the preface to the first volume, they
respectively imply the Dawn, Daybreak, Morning, Sunrise, Mounting
Day, Climbing Day, Forenoon, Noon, Afternoon, Declining Day, De-
scending Day, Sunset, Evening, Dusk, and Nightfall! Although these
absurd terms are applied to a Paleozvie Day (a day which, by the way,
he fails to describe in his report, exeept so far as pertains to the coal
formation—for the mere incidental and obscure references to the charac-
teristics of the other fossiliferous rocks cannot be regarded as a geological
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This increasing disposition to embarrass and complicate
the Natural Sciences should be checked. More time and
trouble ate often wasted in overcoming the barriers of no-
menclature thus surrounding ideas and facts, than in
comprehending the naked facts themselves. Words
should elucidate, not perplex and corfound. The old
geological nomenclature of England is that of the English
language everywhere. 1t originated in her mines and

description),ﬁhey could, with much more propriety, be applied to geo-
logieal time as a whole—weeks, montbs, years; in which case granite
would be Primal ; basalt, amygdaloid, porphyry, and other volcanie rocks,
would be Auroral, or day-breaking rocks; Tale, mica, and the clay slates
would be Matinal; the Cambrian group would become Levant, or sun-rise
rocks ; the Silurians would be Surgent, or mounting-day strata; and the
Devonian, Scalents, or elimbing-day rocks! The distinction between sun-
rising, mounting, and climbing, is not very perceptible as applied to
rocks, but the idea is poetical! Should another stratum of rocks, inter-
mediate between these, ever be discovered, their proper appellation would
be Snail-ent, or erawling-day rocks. In ascending order, the conglom-
erates and old red sandstones of onr mountains would belong to the Pre-
meridian, or forenoon rocks: and the seams of coal lying upon these
would become Meridian, or noon rocks.—furnishing tlie inaterial, as they
might, for cooking the noon meal! We now descend in the geological
day, but still continue wpward in geological order. The new red sand-
stone and magnesian limestone, according to this patent adjustible,
double-acting, reciprocal, and sclf-revolving nomenclature, ought to be
the Post-meridian, or afterncon group. Here we enter the great Second-
ary formation, the lower Triassic precincts of which would be Cadent, or
declining-day rocks. Next we have what is termed in Fagland the
Oolitic group, comprising upper, middle, and lower strata, and these,

" with the Liasic, may be Vergent, or descending-day rocks. The differ-
ence betwcen declining and descending day rocks, would appear to be
that so long existing between tweedle-dum and tweedle-dee. Still going
downward in the day, but upward in the geological scale, we arrive at the
end of the Secondary formation, consisting of several layers of cretaceous
and fresh-water strata. These are possibly Ponent, or sunset rocks. The
Eocene beds of the Tertiary are Vespertine, or evening rocks; the Miocene,
Umbral, or dusk ; and the Pleiocene, Seral, or nightfall rocks. After this,
we obtam a night’s repose, and then awaken e..r]y in the morning to the
modern or present geological day!
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quarries, where geological science itself had birth, and
where it must always flourish in native vigor. Geology,
indeed, is nothing more nor less than the accumulated ex-
perience of the miner, aided by the observations of the
traveler. The shafts that pierce the bowels of the earth
two thousand feet beneath the surface—the connecting
gangways, and galleries, and tunnels—what would have
been known of the interior crust in the absence of these ?
They furnish the basis upon which the so-called Geolo-
gists weave their finely-spun theorics and spéculations;
and they as often provide the data by which they may be
blown away as bubbles of the air !

The palcozoic formation, by the arrangement which I
propose, includes and begins with the strata of the met-
amorphic group. These, I have already mentioned, em-
brace gneiss, hornblende clay, mica slate, talcose schist,
and clay slate; but included among them, and derived
from them, are var.cus other minerals, bearing individual
names. Of these we may mention talcose gneiss, a strati-
fied talcose granite; talcose schist, consisting of quartz
and tale, or talc and felspar ; quartz, consisting of silicious
grains, stratified; crystalline limestone, or marble; mica
schist, or slate, consisting of laminated mica and quartz;
hornblende . gneiss, comprising felspar, quartz, and Lorn-
blende ; chlorite sehist, abounding in scales of chlorine;
chiastolite, similar to ordinary clay slate, but including
slender rhomboidal crystals of chiastolite ; actinolite, a
foliated slate, containing more or less felspar, quartz, br
mica. The composition of gneiss is precisely similar to
that of granite; but heing stratified and laminated, the
different mineral ingredients, instead of being thoroughly
intermixed, are disseminated in irregular parallel seams.
The group, in fact, embraces very nearly the same ma-
terial as those of the preceding plutonic and volcanic for-
mation, the main difference being in stratification. Marble,
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or crystalline limestone, unknown to the previous groups,
makes its first appearance among these strata, and dis-
tinguishes every subsequent geological formation, either
as marble or ordinary limestones. 1 have already called
attention to the content of oxyd of iron. in the previous
rocks. They nearly all contain more or less, while a few
have as high as from twenty to forty per cent. It rarely
occurs, however, in large deposits, or in a state of very
great purity in those rocks; but their disintegration,
during the metamorphic period, permitted the earthy ma-
terial with which it was united, to escape and to be
carried away by the water, leaving the iron behind to ac-
cumulate in large layers and deposits, which it could
readily do from its high specific gravity. The great iron
and copper regions of Lake Superior, running close
together, and nearly parallel with cach other for more
than one hundred miles, are surrounded by primitive or
igneous rocks; but the mineral lodes often traverse
sedimentary rocks which have been altered by the trap
dykes that ramify {he entire formation. The copper often
occurs in a state of absolute purity, while the iron is little
inferior, yielding from sixty to seventy-four per cent. of
metallic iron in the furnace. Both these minerals must
have been sublimated in the Plutonic rocks that surround
them. “The copper, from its metallic purity, must have
been injected in a liquid state, like that tapped from a
smelting furnace, and thus forced between the strata and
through the cavities and pores of the overlying sediment-
ary rocks, all of which became metamorphosed and very
much disturbed and contorted by the operating heat.-
But kefore the copper was injected, it is probable that the
iron of the adjacent region had been collected together in
she bottom of a lake, having been precipitated as an oxyd
apon the evaporation of the water of the seas during the
second day, while the heat accompanying the volcanic
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dykes no doubt served to change the sedimentary char-
acter of the rocks themselves, and to sublimate both the
minerals at nearly, if not the same time. Phenomena some-
what similar will also account satisfactorily for the origin of
the great iron deposits of the Pilot Knob in Missouri ; that
of Cornwall in Pennsylvania, and of Lake Champlain in
New York. Indeed, so far as agueous action is concerned,
all the deposits of hematite (hydrous oxyd of iron) found
in metamorphic rocks, have undergone a process not much
dissimilar, hence their purity and comparative freedom
from extraneous substances:

As to the fossiliferous character of the metamorphic
rocks, I shall have some remarks to offer hereafter, in
connection with the coal formation. In the mean time, I
may here observe that plumbago and anthracite occur to
some extent in them, and I regard this fact as sufficient to
establish the previous cxistence of vegetation, the remains
of which have been nearly obliterated in consequence of
the heat which metamorphosed them.

Immediately above the metamorphic group is that de-
nominated the Cambrian, after a district in Wales, in
which they were first noticed. There strata, however,
are not unfrequently distinguished as the “lower Silu-
rian”—a name derived from the ancient Sylures of
Britain, the applicability of which to geology, like a great
many other terms, is not very apparent. It is a marine
formation, consisting of slates, lime, and sand, variously
intermixed, but generally in separate layers. Some of
these are fossiliferous, affording specimens of coral and
molluscan brachiopoda. The upper, or Silurian proper,
is not very dissimilar in lithologjcal character, Kut is
much more prolific in marine fossils, principally mol-
luscous. Fish, so called, but partaking more of the nature
of lizards, first appear in this era; while corals, serpula,
and trilobites are abundant. / h
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The aggregate thickness of these rocks varies from zix
to ten thousand feet, and they cover very extensive areas
both in Europe and America. In the United States the
Cambrian or lower Silurian rocks extend in a continuous
and gradually expanding belt from the State of Alabama,
northeast through Georgia, Tennessee, North Carolina,
Virginia, Pennsylvania, and New York. They form' the
north shore of Lake Ontario, and thence pass along the
St. Lawrence river, on both sides, to Montreal and
Quebec, and finally disappear in the Gulf of the St. Law-
rence. They also cover a vast region of country in Wis-
consin and the British possessions north of the Rocky
Mountains. Detached deposits occur on the Ohio river
below Louisville, and near Nashville, Tennessee, and are
generally prolific in their characteristic fossils. The
upper Silurian strata are still more extensive. Arkansas,
Missouri, Indiana, Ohio, and New York, have more or
less of surface covered with them ; while all the lakes,
except that of Superior, are nearly surrounded by them.
The beautiful white sandstone and fossiliferous limestone
s0 cxtensively used for building purposes in Detroit, Chi-
cago, Cincinnati, and St. Louis, are characteristic of this
group of rocks. They are also very plentifully distributed
in Russia and Siberia, in England and Wales, and more
sparingly in isolated patches in France, Germany, Portu-
gal, and Prussia. They occur to some extent in the East
Indies, along the River Ganges, and the southeastern
portion of Bengal. In Australia these rocks form long
belts, rising parallel with and often including the gold
region. ' i

Rocks of the Silurian group are cut through and hand-
somely exposed at the celebrated Falls of Niagara. They
not only form the perpendicular shores of that river and
of the adjacent lakes, but extend all over the surround-
ing country, in some directions for hundreds of miles.
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The valley of the Niagara river, some fourteen miles be-
tween the two lakes of Erie and Ontario, was originally
much wider than it is now. The terraces of the ancient
shores of the stream are plainly discernible; and they
abound with shells of Unio, Cyclas, Valvata, Planorbis,
and Heliz, all of recent species. Beyond these terraces
are others, still more ancient; and there is good ground
to believe, from the sand, gravel, and mud distributed
over the surface, that the adjacent lakes, at a period not
very remote in geologlcal time, extended all over the sur-
rounding plains.

Attention was first directed to these falls by a French
missionary, named Hennepin, in 1678. The French ex-
plored the whole country from the Gulf of the St. Law-
rence to the head of Lake Superior, and held possession
of it at the time that the English planted their Colonies
in America. Hennepin wrote a short account of the
cataract, and accompanied it with maps of the lakes, and
a pictorial sketch of the Falls. According to this sketch,
there were at that period three distinct cataracts. In
addition to the “ American” and the “ Horse-shoe” Falls,
there was then one which might be called the “ Table-
Rock” Falls, because it was evidently in that vicinity.
This latter cataract was occasioned by an obstruction in
the Rapids, which diverted the water around the Horse-
shoe Falls, and hurled it over the precipice at the Table-
Rock, which is directly opposite the American Falls.
Table-Rock is traversed by fissures and eracks which
permit the periodical detachment of fragments ; and the
shores of the river below are strewn with the masses thus
worn off.

The Falls of Njagara are precipitated over a stratum
of limestone eighty feet thick, and a stratum of argilla-
ceous shale, under the limestone, also eighty feet thick.
The perpendicular descent of the water is therefore about
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one hundred and forty feet. 'The limestone contains nu-
merous cavities filled with sulphate of lime, sometimes
called selenite, alabaster, or gypsum. These nodules of
alabaster, varying in size from a walnut to a cocoanut,
are extensively used by the lapidists at the Falls in the
production of carved ornaments, which are sold.to trav-
elers to commemorate their visit to the place. The
underlying shale contains a large amount of iron pyrites,
the decomposition of which, on exposure to the air, has-
tens the disintegration of the rock. Now, the violent
whirling and agitation of the water below, as it falls over
the precipice, wears away the crumbling shale, and thus
undermines the stratum of limestone. It is in conse-
quence of this wearing away of the shale that visitors are
enabled to pass under the Falls. But owing to the pecu-
liar cellular structure of the bed of limestone, the under-
mining process cannot extend beyond a certain limit
without producing fractures, which are materially ex-
tended by the weight and velocity of the water. Large
masses of rock are therefore detached, from time to time,
and the gradual retrogression of the cataract is thus
.rendered certain, and plain to our comprehension.

The extent of this erosion and retrogression was esti-
mated by the celebrated Mr. Bollewell, in 1830, as equal
to an average of one yard per annum. It is supposed that
the original site of the falls was at Queenston, seven miles
below ; and if so, the erosion, at the annual average esti-
mated, would have occupied about 12,000 years. Sir
Charles Lyell, however, made a careful examination of
the Falls and of the country around it, during his visit to
America in 1841. He estimated the erosion at one foot
per year, according to which it would have required
36,000 years for the Falls to change their original for
their present location.

If the reader has ever passed over the waters of Lake

6
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Huron or St. Clair, or over the great western railway of
Canada, from Toronto to Detroit, he will remember the
vast marshy flats that encompass those waters. As far
as the eye can see, there is often nothing but these flats.
They just emerge sufficiently above the level of the water
to support a rank, long-bladed grass. Millions and
millions of acres of land, flat as the surface of the lakes,
are thus ramified and encircled by the water; but their
rank vegetation gradually raises the surface higher and
higher, and in time the land will be wholly redeemed from
the dominion of the water. Now all the praries of the
great West were once in the condition of these lake flats.
They have been redeemed from primitive lakes and seas
by vegetation—the mould and lime of which constitute
their characteristic agricultural fertility.

That the surface of the ancient scas and lakes has
been gradually reduced, and the water emptied into narrow
river channels, will be very apparent to the geological
observer in traveling through the South and West. The
Valley of the Mississippi was once a series of great lakes,
covering the adjacent Silurian country for hundreds of
miles around ; and these basins were finally drained in the
manner just described. An illustration of the diminution
of the water, as well as of the ccaseless economy of nature
in the formation of rocks, may be observed on the shores
‘of Lake Ontario. Standing by the water’s edge you will
see the larger pebbles coated with innumerable parasitic
pebbles, varying from a pin’s head to particles as large as
chestnuts. These are joined together by a cement of lime
held in solution by the water. As the small pebbles are
rolled up on the shore, the limy coneretion attaches them
to the larger stones; and when the lake is rufled by
storms, the excited waves roll in larger pebbles, and they
are thus intermixed with the sand and cement, and all
united together. The result of this operation is the for-
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mation of beds of conglomerate rock ; and on casting your
eyc up to the ancient terraces you perceive beds of such
rocks, varying from ten to one hundred feet in thickness.
You thus perceive not only the gradual withdrawal of the
water from the shores of the lake, but also the whole
mechanical process of the origin of its rocky strata. In
time all these lakes will dwindle into mere rivers, and the
“adjacent flats will become teeming prairies like those of
Ilinois.

Next above the Silurians, we have another group,
scarcely less extensive, either in bulk or geographical dis-
tribution. In England it is called the Devonian system,
after a county in which it furnishes the prevailing rocks.
It is, however, more generally and familiarly known to
the public through two of its most important representa-
tives—the Old Red Sandstone and the Carboniferous or
mountain limesfone. It is almost useless to mention
special localities, for they are strewn all over the world
in one form or another. They occur in great abundance
on the western slope of the Ural Mountains, and far
interior from the eastern shores of the Baltic Sea, in
Russia. They encircle and underlie all the coal fields of
England, Scotland, Wales, Germany, France, and indeed
nearly every coal basin on continental Europe. The old
red sandstone of Caithness and Cromarty, in Scotland, has
been clothed with geological interest, from the explorations
and poetical descriptions of the late Hugh Miller. In
some respects he was a geologist in the fullest sense of
the term ; in others he was quite the reverse. He always
spoke of the rocks, however, with the enthusiasm of an
investigator, and the familiarity of one who loved them.
The old red sandstone, wherever it occurs throughout the
civilized world, will form an enduring monument to his
memory. I shall probably have occasion, in the subse-
quent pages of this hook, to combat gome of his Jatest
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geologico-theological propositions, inasmuch as they are
in conflict with divine revelation; but I may say here, in
advance, that T cutertain the highest regard for his
memory, and whatever remarks I shall address to his
writings, must be understood as applying to the school
of geologists still living, of which he was an ornament
and a literary expounder.

In the United States, the rocks of this group constitute
the rim or boundaries of coal basins—hence the universal
use of the term “basin” as applied to coal. The forma-
tion of these basins or lakes, did not differ materially from
those of the metamorphic and Silurian eras, nor yet from
those now existing. 'While, however, the others were all
marine, and directly appertained to the primitive seas,
those of the Devonian period were sometimes inland,
(like those of lakes Superior, Huron, or Erie,) and some-
times marine, like the great basin of the Gulf of Mexico ;
and again, partaking of the alternate nature of both, like
the estuaries formed by great rivers where their waters
are emptied into the ocean. During the period now in
question, by far the largest portions of Europe, Africa,
arnd Asia were still under the dominion of the sea. In
Europe, portions of England, France, Prussia, Austria,
and Turkey, were still submerged; but the greater part
of Russia proper had been redeemed by the Silurians,
while the whole of Lapland, Finland, Norway, and
Sweden, had appeared during the metamorphic era. In
Africa, the whole country fromthe great desert of Sahara
gouth to the Cape of Good Hope, had already emerged
from the sea; but the great desert itself remained a desert
of water until after the Tertiary formation. So in Asia,
nearly the whole surface of Tartary, and the vast region
in Siberia, east of the Ural Mountains, and bordering the
Arctic Ocean, were unreclaimed until the dawn of the
modern geological era.
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Although America is popularly termed the new world,
geology proves it to be of much greater antiquity than
either of the other geographical divisions of the earth.
By far the largest portion of it had appeared dﬁring the
metamorphic era; and at that time it comprised at least
twice as much surface as Europe, Asia, and Africa com-
bined. All that portion now comprising the coast line of
the Pacific, in South America—or more properly, all that
belt of country, comprising the mountain system of ‘the
Andes, and traversing nearly the whole length of South
America, parallel with, and from sixty to one hundred and
thirty miles from the coast line,—had been elevated
during the primary eras. From Terra del Fuego, north
through Chili, Peru, Ecuador, New Grenada, and Vene-
zuela, and thence over the narrow strait separating the
two oceans, to the range of Rocky Mountains (a mere
continuation of the Andes, their geological structure being
similar ;) thence northwest through California, Oregon,
and Washington, to Russian America, where the forma-
tion greatly expands, and finally sinks into the ocean—
all this vast region had been elevated during the primary
epochs of geology. And it may be added that volcanic
action is still occasionally aroused, not only in the Andes,
where the loftiest volcanic peaks in the world are to be
found, but all along the coast, and even amid the wide
expanse of waters; and such action is still gradually but
certainly making new acquisitions of territory. Indecd,
a large cxtent of country, east of the Andes, passing
through Patagonia, Buenos Ayres, Bolivia, and- the
western part of Brazil, has been reclaimed from the ocean
since the Tertiary period. The country drained by the
Amazon and its tributaries, is generally alluvial, and has
been converted into dry land within the modern era of
geology—the whole of that vast domain—larger than tho
States of New York, Pennsylvania, Virginia, and Obio,

\
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combined—having previously been occupied by lakes
emptying into the Atlantic Ocean. The largest portion
of Brazil, however—that lying along the Atlantic, and
for the most part drained by the river La Plata—is of
primitive_origin, as are also the larger portions of Guiana
and Venezuela ;—but, with these exceptions, nearly the
whole remaining surface was submerged until within a
period comparatively recent. The vast expanse of terri-
tory north of lake Superior, and indeed all around
Hudson’s Bay, is likewise anterior to the Devonian era;
and with the exception of the prairie regions of the West,
already mentioned, it may be safely assumed that most of
the states comprising our confederate cluster, were still
covered over by the sea, or with great interior lakes
emptying into, and liable to be invaded by the sea, during
the deposition of the Devonian rocks.

Now during the particular geological era we are con-
sidering, there was a small basin running from the Rio
Grand river, in the southern part of Texas, northeast to
the Red river. This basin at one time received the
waters of both these streams, besides those of the upper
Colorado and Brazos, which now pass through it to the
Gulf of Mexico. Coal is found at both ends of it; and
when it was finally elevated, its waters were discharged
in the rivers now flowing through and around it. Amnother
basin is traversed by the Arkansas river, further east,
~ and lying in the state thus named. Another, larger and
better defined than either, occurs in Towa and Missouri,
" into which the Missouri river originally emptied, and
through the western boundary of which it now passes.
A fourth basin, still larger and better developed, is in the
state of Illinois, the capital of the state being very nearly
in the centre. This great basin received the waters of
the Missouri, those of the upper Mississippi, of the river
Illinois, of the Ohio, the Tennessee, and many other
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smaller ones. It was a great basin, and considerably larger
than our existing lake Superior. Further north, bounded
on the west by the entire length of lake Michigan, and
on the northeast by lake Huron, is a fifth basin, not so large
nor so well defined as the last mentioned ; but indicating,
from its proximity to the existing lakes, their former cxten-
sion over the Devonian rocks that are now intermediate
between them. The last, and by far the largest basin, is
that comprising the Alleghany Mountains, beginning in
the southwest on the head waters of the Mobile river, in
the state of Alabama, and in the northwest on the Ten-
nessee river (very nearly adjoining the Illinois basin,)
and thence running northeast with the Alleghany Moun-
tains, through Kentucky, Virginia, Maryland, and Penn-
sylvania, and finally terminating in a broad expanse in the
state of New York. A sixth, but very small basin, occurs
in Rhode Island, connected with the sea by a broad inlet;
and another, or rather several of them, in the British
Provinces of Nova Scotia, New Brunswick, and Prince
Edward’s Island. These latter basins literally sink into
the ocean and reappear in the island mentioned. All the
basins thus enumerated contain coal.

The same means by which thewaters of lake Ontario
are daily forming conglomerate rocks, and strewing them
in layers on its shores, were in operation, though on a
nmuch larger scale, during this Devonian period. The
great bulk of the rocks comprise conglomerates and sand-
stones, interstratified with layers of slate and shale, and
concretionary and blue crystalline limestones. In many
instances the limestones are wanting ; or where they occur
the conglomerates are omitted, or appear in thin layers.
No limestone (or but a very small and impure seam) exists
in the Devonian rocks underlying the anthracite coal
basins ; and very little is found in those of the bituminous,
east of Pittsburg. This singular fact may be accounted .
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for in this way: The Alleghany basin comprised many
subordinate ones, communicating with each other, like
those of Superior, Huron, Michigan, and Erie. Lying
adjacent to the main chain of basins, were several outliers,
like that of lake Michigan. These outlying basins are
those of the anthracite coal regions; another is the semi-
anthracite of Broad Top, further west ; and another is that
of Cumberland, in Maryland. These are all on the eastern
slope of the Alleghany, while the main basins now occupy
the summits of that mountain or its western slope. The
northeastern terminus of the Devonian rocks was origi-
nally surrounded hy those of the igneous formation.
Their debris was drained into these lakes, the waters of
which held silex in suspension. The fragments of rock,
as they were moved about by the water, became rounded
and angular, and were finally deposited in layers, and
cemented together by the silicious secretion of the water.
The vast beds of conglomerate rock and coarse sandstone,
underlying the anthracite coal, were formed in this
manner ; and the whole process is exactly similar to that
now daily illustrated on the shores of lake Ontario.
‘While the larger pebbles were thus converted into rocks,
the smaller ones were hurried .on from one basin to
another by the current of the water; and the fine sand
went still further. This gradation from a coarse to a finer
conglomerate, and thence to ordinary sandstone, is beauti-
fully illustrated in the coal measures. The thickness of
the rocks also diminishes with the extent the debris was
transported. The conglomerate of the anthracite basins
are much thicker than the same strata elsewhere, while
toward the southwestern termination of the Alleghany
basin, they scarcely occur at all, or when they do, it is in
the form of sandstone. The conglomerate having been
mainly retained by the upper basins, and especially by
those of the anthracites, where it origina’ted’ its deficiency
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in those below, was supplied by layers of limestone, which
increase in thickness, southwestward from Pittsburg,
with the decrease of the silicious rocks. , There was thus
a reciprocal movement between the two ends of the great
basins—one supplying silicious, and the other calcareous
matter to the water. The limestones embrace two kinds ;
that called the concretionary was abstracted from the
disintegration of the adjacent Silurian rocks, which formed
the rims of all the basins below Pittsburg ;—while the
blue crystalline was derived partly from the influx of the
sea into the lower basins, and partly from the calcareous
belt washed down from those above. These limestones
are remarkable for their cavernous structure, and their
mineral ores. The celebrated Mammoth Cave of Kentucky,
and (I believe) those of Weyer and Madison, in Virginia,
are in rocks of this group. All of them abound in sta-

lactites of the most beautiful and picturesque form. 1In |

the vicinity of Galena, in Illinois, these rocks contain
lead ; and in other places, besides that mineral, they afford
copper, zinc, manganese, and iron. r

1t may be observed, that while the anthracite basins were
at the head of the others, they were also the deepest, and
hence required a great deal more earthy material to fill
them up. 'Lake Superior is likewise the largest and
deepest of all those below it—while St. Clair and Erie
are the smallest and the shallowest. Superior is 1060,
Huron 900, Ontario 600, and Erie but 20 feet deep. In
time, Erie will be so far filled up that its present bottom
will become like the St. Clair flats, and its main current
will ultimately degenerate into a mere river, similar to that
of the Detroit, the St. Mary’s, or the St. Lawrence. It
must be borne in mind, that these Devonian lakes drained
the surrounding country, in the same manner as exist-
ing lakes and rivers, and therefore it is highly probable
that, before the elevation of the Alleghany Mountains, and
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while the sea was still undulating over the country now
comprising Alabama, Mississippi, Louisiana, and part of
Tennessee, Arkamsas, Texas, and nearly the whole of Ne-
braska, Kansas, and the Indian reservations, the whole
system of drainage was tn that direction, that is, west and
southwestward, and all the adjacent country, including
the coal basins of Illinois, Missouri, and the lower Alle-
ghany, were, from time to time, invaded by the sea. In
fact, the whole interior region between Canada on the
north, the New England States on the east; Georgia and
the Carolinas on the south, and the Rocky Mountains on
the west, was a vast shallow marine gulf, scarcely inferior
to that of Mexico, receiving the drainage of the metamor-
phic country, previously elevated in the north, east, and
west. The Silurians had afterward converted much of
this great basin into land ; but I beg the reader to under-
stand that, by far the largest portion of it, during the De-
vonian period we are now describing, was still under water,
while the flat marshy land itself, was constantly liable to
inundation from oceanie tides, storms, and crust oscillations.
This fact sufficiently understood, the reader will readily
comprehend the phenomena to which I will presently
invite his attention—phenomena, the solutiop of which,
constitute the most difficult problems in theoretical Ge-
ology.

After the Devonian basins began to fill up, and their

. broad margins had already been converted into marshy

flats, precisely similar ‘to those of St. Clair, vegetation

.flourished immediately in the most extraordinary luxu-

riance—the resinous juices of which, by a process of fer-
mentation and combustion hereafter to be described, were
subsequently converted into layers of mineral coal. But
before I .enter upon a description of the origin of coal, it
is expedient here to attend to some other matters as a pre-
liminary step. We shall therefore defer further remarks
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on this point, to consider briefly the paleontology of the
rocks we have thus far encountered, or rather that portion
comprising fossil botany ; for although the Silurians and
Devonian systems afford specimens of Zoophytes and Mol-
lusca, and in some regions fish of a peculiar type, they may
more properly be reviewed in the Fifth Day. The reptiles
and land animals—foot-prints of which are supposed to
have been found as low down as the Silurians—will also
receive attention; but in the mean time, we may premise
that vegetation constitutes the prevailing characteristic ofthe
era under consideration, and that whatever animals existed
were of a low and humble type, and confined to the seca
altogether. The theory of land animals, of rain-drops,
sun cracks, and other visions of the geologists, as referred
to the Devonian rocks, we shall show to be in direct con-
flict with the Bible, and to have not the shadow of founda-
tion in fact. It will then be demonstrated, what few ge-
ologists have yet conceded, that vegetation necessarily
preceded animal life on the earth, agreeably to the Mosaic
requirement.

Now, the vegetation of the metamorphic rocks must
have consisted mainly of flowerless grasses, perhaps not
dissimilar to that which flourishes spontancously over the
St. Clair flats, and along the marshy bottoms of rivers and
oceans. The great heat and moisture of that period, must
have added very materially to their growth; while the
subsequent metamorphism of the inclosing rocks, con-
verted the grass into a species of impure coal, and thence
into earthy plumbago. It is becanse of the heat to which
all these rocks were exposed, that all traces of vegetable
structure have been obliterated ; but the coal and plum-
bags themselves evince an unmistakable vegetable origin.

The oldest fossiliferous rock yet discovered in the United
States (or in Europe), is supposed to be what is called, in
New York, the Potsdam sandstone, because of its occurrence
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at a town of that name. It extends from that state to
Michigan and Wisconsin; and though its lithological
nature varies considerably, it is believed to be well identi-
fied. It belongs to the lower Silurian group. While it
contains a few marine shells, it also affords specimens of
fossil plants —(Scolithus linearis) and occasional fragments
of anthracite. Finding the flora and the fauna of the an-
cient earth thus associated in rocks of the same age, we
may safely assume, for the present, the anteriority of the
one over the other. But it may be objected that the
grasses, the remains or fossil impressions of which are
thus found, arc algee or aqueous planis, and do not there-
fore constitute the ““ dry land” vegetation of Moses. It so
happens that we can afford to dispense with all such ma-
rine plants, and present something more tangible and for-
midable.

In casting our cye over the innumerable basins of coal,
lignite, asphalt, bitumen, pitch, and various other combus-
tible substances imbedded in the rocks of the earth, nothing
could more astonish us, than their seeming 7dentily and
similarity of origin, under circumstances of extreme litho-
logical diversity. While the combustibles themselves all
point to a common vegetable source, they yet exhibit the
most singular and variable diversity in their geological
positions, in their degrees of mineralization, their density,
purity, and inflammable properties, as well as in the local
circumstances attending their deposition, and their geo-
graphical distribution.

There is hardly a state or kingdom on the face of the
earth that is not provided with these substances, in one
form or another; and the reason of this universal distri-
bution may be found in the fact, not generally recognized
or considered, that coal, with its characteristic deviations
of quality, has been produced in every successive forma-
tion from the metamorphic rocks to those of the Tertiary
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—extending even to the present time, and is, without
doubt, still undergoing the slow processes of conversion
from an immature state to that reserved for it hereafter in
the undeviating economy of Nature. It is not to be sup-
posed that those who come after us are to be left without
fuel! Their harvest is maturing, while ours is being con-
sumed.

The “dry land” of the metamorphic and Silurian eras
having appeared on the morning of the Third Day, the
earth began at once to bring forward its vegetation. This
consisted, as I before remarked, of flowerless plants, de-
nominated Agamie (or concealed marriage). And it is a
singular coincidence, which should not escape observa-
tion, that no means of fructification have been discovered
in this species—hence the name. Now, while Moses
speaks of the “seeds of the herb and the fruit as being
within themselves in the earth,” he says nothing of the
reproductive organs of the dgamiee, or grasses, but allows
us to infer their sponfaneous growth from the dry land
itself. And such would appear to be the fact. The earth
must have contained within iself the germ that gave
vitality to these grasses, leaving the ““herbs and fruits” to
reproduce themselves by means of fructiferous seeds.
Brongniart says of the Agamic, that it is a term which
only expresses our ignorance—but that the class com-
prises the different families confounded under the names
of algee, fungi, and lichens. They may be described as
forming cellular tissue, or interlacing tubular filaments,
without vessels properly so called; they never present
true leaves, and their organs of reproduction consist only
of very fine seedlings, which appear to develop them-
selves without fecundation, and are immediately inclosed
in membranous conceptacles, analogous to the filaments
of that tissue which composes the whole of the plant.
The only fossil plants of this class known, are some con-
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JServee (slender weeds), and several alge (water-grass and
sea-weed). These weeds or grasses are plentifully dis-
tributed in the shales of the old red sandstone. They are
of rarer oceurrence in the Silurian strata, and have never
been found in those of the metamorphic. The extreme
delicacy of their structure, however, will readily account
for their omission in these rocks. It was only under cir-
cumstances of repose and quiet, such as generally marked
the deposition of the soft shales and mud of the Devonian
strata, and those underlying the coal seams, that their
preservation in a fossil state could be secured. I have
several specimens of both these grasses in my collection ;
and I have seen thousands of them, all tangled up, upon
slabs of slate around the coal mines. Their general
structure, 1 repeat, is very similar to the rank marshy
grasses that flourish on the flats of St. Clair.

In Rhode Island and Massachusetts there is a coal
basin of considerable extent, which occupies a geological
position among the upper strata of the metamorphie
group. The coal, no doubt originally very impure, has
been completely destroyed in consequence of the heat to
which the inclosing rocks were exposed, and the con-
tortions and twisting which they suffered in their ele-
vation.

“In the course of two miles of the cliffs of the east coast,
the conglomerate beds are six times thrown up, and as often
descend below the tide level. Then occur a numerous
suite of twisted and contorted schists, of gray laminated
slates, whose surfaces singularly resemble the grain of
bird’s-eye maple ; and again, another series of green, tal-
cose, contorted schists, crowded with crystals of iron
pyrites; erossed in every direction by innumerable veins
of white quartz, anu succeeded by compaeter beds, which
almost possess the qualities of sandstone. Perpendicular
upthrows and heaves, and again the reverse movements,
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divide the whole series into large and separate sections,
rising above or sinking below water level. The inclina-
tion of the respective masses is continually changing. To
the rocks we have enumerated succeed a melange of meta-
morphic slates, of gray fissile beds, of conglomerate,
quartz veins, and black shales; of veins and filons of
asbestos, and of talcose laminated strata ; undulating, frac-
tured, contorted, inverted—in short, disposed with such
absence of order as to defy the pen and pencil of the
geologist to delineate. * * There are many features
here that have no parallel in our ordinary Secondary
(Paleozoic 7) coal fields. Among these are the vast as-
semblage of talcose waving slates ; the veins and seams of
asbestos, abundant even among the coal shales, and occa-
sionally penetrating the anthracite coal itself; the quartz
veins also in the coal; the unusual appearance of vege-
table remains on these greenish-gray, schistose laminz ;
the traversing veins of white crystalline quartz, and the
plumbaginous nature of nearly all the out-crops of coal.
* * There are three coal seams proved on the western
side, occurring at a distance of ninety feet from each
other, and dipping at an angle of 38° to the centre.
Toward théir out-crops, all the strata evince the effects of
great pressure and squeezing; producing corresponding
irregularities in the thickness of the coal beds.”*

This formation extends into the neighboring state of
Massachusetts. Its plumbaginous character throughout,
is not devoid of interest.t At Wrentham, in Massachu-
setts, are several seams of highly plumbaginous coal. At
Mansfield, Dr. Jackson mentions a bed of.coal which
“was found to have been altered, and was like graphite

= or plumbago.” At some recent openings in Rhode Island,

# R. 0. Taylor.—Statistics of Coal.
t Geological Survey of Massachusetts.
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the coal has been observed to pass either wholly or parti-
ally into graphite. It is remarkably light, spongy, and
cellular (showing the effects of heat), and forms an article
of sale, under the name of Brifish Lustre. Asbeslos occurs
abundantty, running through the slates which adjoin the
coal or graphite bed.

Notwithstanding the overwhelming indications of the
metamorphic origin of this coal, some geologists of dis-
tinction are disposed to rank it with those lying upon the
Devonian rocks. There are, however, some exceptions;
but how any one of ordinary practical geological acumen
can assign it a position so high up, with all the rocks of
the previous group in and around it, is a mystery to
me. The whole formation is surrounded by granite, and
the veins of coal themselves are traversed by asbestos,
talcose schists, and other true metamorphic rocks; while
the changed condition of the coal indicates the heat to
which it was exposed.

Nor is this a solitary example of metamorphic coal.
There are many such formations in different quarters of
the carth; and were the coal which they afford of any
commereial value—were it not converted, as it often is,
into other substances, by the heat which contorted, twist-
ed, and uptilted the strata, there is little doubt but that
the nccessities or the cupidity of man would long since
have revealed and explored many other regions that now
slumber in the original obscurity of their primitive basins.

Some of the anthracite basins of France, Ireland, and
Sweden, are in rocks analogous in age and character, to
those of Rhode Island. Throughout the greater part of
Scandinavia, comprising Sweden, Norway, Lapland, and
portions of ¥inland, the metamorphic and igneous rocks
abound. In the midst of them occur basins of anthracite,
and in some cases, the coal is found lying on the gneiss
rock, with the characteristic metamorphic slates above.
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The coal, of course, is often changed into graphite, like
tha: of Rhode Island; while fragments are not unfre-
quently disseminated in the adjacent slates.

But while the coal is thus found in the metamorphic
rocks, we must not overlook the important fact that these
are always in their {rue geological position—that is, in
immediate proximity to the granite and igneousrocks. If,
indeed, they occurred in the regular Devonian orthe Silurian
group their metamorphic character would of course be se-
riously compromised ;—butitso happensthatthe containing
rocks of the coal rest on the preceding igneous and gran-
ite rocks, and there is thus established a regular geological
order. This is particularly the case in Scandinavia, where
it has before been remarked, that the igneous rocks largely
predominate. It is scarcely less so in Rhode Island and
Massachusetts—the adjacent state of New Hampshire,
being celebrated as the “old Granite State.” Indeed, the
entire surface of New England, with the exception of a por-
tion of Connecticut, iscovered by the primitive rocks; and it
is over these that the coal basin of Rhode Island occurs in
regular superimposed order. The same primitive rocks ex-
tend parallel with the Atlantic coast, from Maine to Geor-
gia; and both anthracite and black lead are found in them,
at different places. The coal basin near Richmond, in Vir-
ginia, although resting on granite, is a recent deposit.
A series of voleanic dikes, during the era of the New Red
Sandstone, metamorphosed a small upper seam of the
coal in this basin, and converted it into coke. The great
bulk of the coal below, however, was unaffected, in conse-
quence of the heathaving been confined to the surface alone.

Inasmuch as the formation of coal from the vegetation
of the Paleozoic period, or Third Day, constitutes its dis-
tinguishing feature, it may be considered advisable to
dwell somewhat minutely on its interesting phenomena—
especiallv in view of the fact, that it forms debatable
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ground in reconciling the accuracy of the Mosaic cosmog-
ony, with existing geological facts and theories.

The whole number of fossil species of vegetation thus
far found in the strata of the earth, is estimated at about
two thousand, of which more than five hundred belong to
the coal measures. The very extensive mining operations,
in the coal basins of Europe and America, are making con-
stant additions to the fossils previously known. In the
anthracite measures of Pennsylvania, at least two hundred
specimens, previously unknown, have been discovered
within the last six or eight years. Ina collection of seven
hundred specimens—(but many of them duplicates, and
referable to the same species,) I have some fifty or more
which appear to be new, and undescribed. In time, by
the additions thus being made, the number of distinet spe-
cies appertaining to the coal strata, must be greatly in-
creased; and instead of five hundred, there will probably
be double that number. .

The fossil plants, like those of living species, are va-
riously classified by Botanists, and there is consequently a
good deal of complication and confusion in dealing with
them. This appears to be one of the necessary concomi-
tants of all the branches of Natural Science, and is per-
haps the only reason why they are so much ncglected by
the popular taste in favor of other and less practical
studies. In the sixteenth century, the celebrated Conrad
Gessner, of Germany, proposed a method of botanical
classification, founded on the nature of the flower and
fruit, and the relation which different species occupied to
the same genera. In other words, he traced species into
genera, and by this means was enabled to describe, with
more intelligence than had ever been done before, all the
plants known at that time. Nearly a century afterward,
an eminent French botanist, named Tournefort, Professor
of Botany in the Garden of Plants of Paris, wrote a work,
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in which he described over 10,000 species of plants, re-
solvable into 700 genera. Among these were several
thousand species entirely unknown to Botany before,
having been collected by Tournefort during extensive
travels on the continent of Europe. In this work, a new
and more precise system of classification was adopted,
which gave to Botany the rank of a distinctive science.
In the year 1734, the celebrated Linnseus appeared, and
he relieved the infant science of much of the confusion of
nomenclature that existed up to that time. The systems
of Linnzus and Tournefort were both founded on the
same, or a very similar basis—Tournefort adopting the
corolla, and Linneus the stamina, for separating the lead-
ing divisions of the classes of plants. By this arrange-
ment, plants having one stamen were ranked under the
class Monandria ; plants having two stamens were classed
with the Diandria ; those with three stamens belonged to
the third class, or Triandria; those with four stamens to
the fourth class, or Tetrandria, and so on. The name
of the class is thus generally expressive of the position
the plants occupy in the scale—though there is a little
obscurity in some of them. The arrangement was simple,
and for that reason popular; but, with the increase of
number, and the complication of structure of the plants
themselves, it finally proved defective. It furnished little
or no information regarding the plants thus classified,
beyond the name of the class to which they belonged. To
find out their peculiar structure, organization, and prop-
erties, other means had to be resorted to; so that, while
the systems were both simple and beautiful, they were yet
of little practical value in the identification of species.
Under these circumstances the system of Jussieu
(embracing two or three distinguished botanists of that
name), called the method of natural varieties, is that now
most generally adopted by botanists. It differs altogether
6
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from ‘those of Linnsus and Tournefort ;—the divisions not
being founded on a single organ, but on a combination of
features characteristic of the plant or family. Agrecably
to this arrangement, plants are separated into {wo great
divisions, the first consisting (as previously mentioned) of
such as are composed entirely of cellular tissue, are desti-
tute of vessels, and whose embryo or germ has no
cotyledons or seed leaves, whence they are termed acoty-
ledonous. They are also named cryplogamic, from the
obseurity of their fructification. The other division is not
only more numerous, but comprises plants of a higher and
more complicated structure. Being furnished with cellular
tissue and tubular vessels, and the embryo having one or
more cotyledons, qr seed leaves, they are called vascular
or cotyledonous, and are sub-divided into dicotyledonous or
exogenous, and monocolyledonous, or endogenous classes.
The first class of the cryptogamia comprise the families of
conferve and alge, which have hitherto been referred to.
The next class, called cellular cryptogamia, comprise the
extensive family of mosses and liverworts. The third
class, vascular dryptogamice, includes the families of
equisetacee, or horse tails; the ferns, very numerous; the
marsailliaceac, or pepperworts; the characee, or charas,
and the lycopodiucece, or club-mosses. A fourth class,
called phanerogame gymnosperms, comprises the fami-
lies of cycadee and coniferce, or fir tribes. The fifth
class constitutes the monocotyledonous phanerogamice,
and includes the families of naiades, of palms, of liliacece
or lilies, and of cannee, or canes. The sixth and last
class, denominated dicotyledonous phanerogamiace, em-
brace the.families of amenfaceae, or the birch tribe, the
. juglandece, or walnut, the acerinee, or syeamore, and the
nympheacecz or the water-lily tribe. These families, it
may be observed, afford an almost innumerable variety of
individual types or species.
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Of the fossil plants comprised under the class crypto-
gamice, and the tribe of equiselacece, perhaps the most
numerous in the coal, are those of the Calamites. They
vary in size from small reeds, not more than the eighth
of an inch thick, to trunks two or three feet in diameter.
The smaller impressions leave a delicately-polished
surface on the slates, and are often strewn over each other
like tangled ribbons. Their general appearance is some-
what similar to the stems of Indian corn, except that they
are more conspicuously furrowed, but like corn they have
regular joints where the leaves were attached, which vary
only with the age or development of the tree. The
leaves were also narrow and verticillate, somewhat in the
mannet of corn ; but they are seldom attached to the stem
of the fossil. -From the fact that these beautiful fossils
are nearly always surrounded by small seams of coal, and
occur in great abundance in nearly every vein, there can
be no doubt but that they contributed largely to its forma-
tion. I have found fine specimens of calamites in the solid
sandstones, over and under the veins of coal. The
woody structure is always converted into shale, but the
outside is coated with a thin seam of pure coal. The
calamites also flourished before the deposition of the De-
vonian coal, and became wholly extinet in the subsequent
era of the new red sandstone. .

Another fossil, very numerous in the anthracite regions,
is that of the equisefum. There are several species, the
most common of which is termed the columnare. They
have a close resemblance to the larger calamites, but their
columns are not so long and slender, and where they are
interrupted by joints, they terminate in two-sided pyra-
mids intersecting each other. The fossils indicate trees
of considerable size, and they are often found surrounded
by thin sheets of coal. They became extinct after
the coal, but reappesred in a greatly diminished form
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during the Tertiary period, and at this time comprise the
small species of plants called the horse-tails, which
flourish in our ponds and river flats.

By far the most numerous, the most beautiful, and the
best-preserved fossils in the coal measures, are those of the
family of ferns. I have more than two hundred specimens
in my collection, belonging to this extensive family.
Most of the species, however, are only represented by
their leaves, or by the slender stems to which they were
attached. Notwithstanding their great abundance, I do
not belleve their vegetation contributed materially, if any
thing, to the formation of the coal. I shall presently give
my reasons for this opinion, since, from their abundance
in the coal measures, nearly all geologists have inferred
that they contributed the great bulk of the solid coal.

The fossil ferns comprise the following genera, all of
which are determined by the character of their leaves or
fronds : pachypteris, or thick fern ; sphenopteris, or wedge
fern ; eyclopteris, or circular fern; glossopteris, or tongue-
shaped fern; neuropteris, or nerve fern; odontopteris, or
tooth fern; anomopteris, signifying secret fern; teeniop-
teris, or wreath fern; pecopteris, of unknown significance;
longchopteris, or spear-shaped; schizopleris, or divided
fern ; olopleris, resembling the ear; and caulopleris, a
stem-like fern.

Nearly all these varieties of the fern have representa-
tives in the coal; but such is the diversity of structure
among them, that a description here would be tedious and
unprofitable. Of the pecopteris, there are no less than
sixty-two species, well identified, in the coal; of neurop-
teris, some forty-three species ; caulopteris, five or six ; and
cyclopteris, seven. Most of the others have from one to
five species, while a few only are unrepresented. Such,
however, appear in the subsequent eras of the new red
sandstone, the oolite, and the chalk, and many, if not all
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of them, survive at the present time. But all the Ferns
now existing are very small and dwarf-like, while it is
supposed that those of the coal attained the proportions
of ordinary young forest trees. This, however, in my
opinion, is very much exaggerated.

The next family is that of the Lycopodiacee, or the
Club-mosses. These are well represented in the coal, and
comprise a series of very beautiful and interesting fossils.
I have twenty-five or more specimens, representing as
many different species. The most numerous are those of
the Lepidodendrons, or scaly tree—so called from the im-
bricated structure of the bark, or their resemblance to the
scales of fish. These trees may indeed be allied, as the
botanists allege, to the club-mosses of the present day;
but it seems to me that a closer relation exists between !
them and our existing yellow pines. Were the tender
shoots of these pines, or those of from one to ten years
old, buried in mud, and then subjected to heat and pres-
_sure, they would stamp impressions on the baked slate
exactly similar to those of certain species of the fossil
Lepidodendrons. In both cases, the imbricated scales
and scars were produced by the detached leaves, or nee-
dles, which originally surrounded the stem in regular
order. The interior of the conical scales or lines is some-
times very curious—the leaf-dots hanging like miniature
chandeliers by means of little threads or chains. The
scars assumed their thomboidal form in~ econsequence of
the bulging out of the leaf-stalk, and the lines that would
otherwise have been continuous, straight, and parallel,
like the ribs of Sigillaria, are thus forced apart at intervals,
and then again united. The variation in the structure of
these rhomboidal cavities or scales, is due to the varying
dimensions and age of the tree. In the young ones they
are small and close together; and the lines describe regu-
lar angles ; but with the increased thickness of the bark,
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and the expansion of the tree, they grew larger and larger,
and always varied with the species.

The Lycopodites are smaller than the Lepidodendrons,
and had their leaves attached to the stem in two opposite
rows, leaving obscure parallel scars in the fossil, after it
became flattened by pressure. The stem of the Uloden-
dron is covered with rhomboidal plates, broader than long,
in the interior of which, or on the raised surface of the
fossil, as the case may be (for there are always two casts -
to every fossil), are large scars, the whole heing very
similar to the cones of pine trees. The Lepidostrobus
is an ovate or cylindrical cone, composed of imbricated
scales, encircling a woody axis, the seeds of which are
oblong and solitary. There is some dispute among
botanists in regard to these cones. Some twenty speci-
mens in my collection are exactly similar to those of cer-
tain species of pine ; and, although the classification seems
to forbid it, I cannot help believing that all these fossils
appertain to the family of resinous pines existing at the,
present time, and that they formed by far the largest por-
tion of the material of which the coal is composed. The
whole family of Lycopodiacee disappeared after the depo-
sition of the coal; but it is supposed that they are repre-
sented by the club-mosses of the present era—a proposition
which, at least, admits of considerable doubt.

It is a singular fact, that the most abundant and the
most important and conspicuous fossil in the coal meas-
ures is that of which the least is known. This is the
family of Sigillaria. Fossil botanists claim forty different
species in the coal. I have at least that number in my
collection, among which are several new species not yet
named or classified. There can be no-doubt whatever
but that these trees, with those just mentioned, furnished
the great bulk of the coal. They grew to enormous
dimensions, rivaling the vencrable pines of our forests.

N
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Their fossils sometimes occur in the shales over the coal
for a continuous length of eighty or a hundred feet; and
I have often scen slabs from three to six feet wide, en-
tirely covered with their deep parallel furrows. I have
never yet met a specvmen of Sigillaria that was not coated
and surrounded with thin sheets of coal. They were
formerly assigned a doubtful position in botanical classifi-
cation, or a position intermediate between the divisions
of Cryptogams and Monocotyledons; but recent investi-
gations seem to justify their association with the Dicotyle-
dons. I can venture no opinion as to the rank to which
they are entitled ; but I am very certain that all of them
secreted resinous or oily juices, and that they were so far
Dicotyledons as to resemble existing species of the pine.
The Sigillaria were conical trees, the bark of which was
deeply furrowed and ribbed. These ribs are from an
eighth of an inch to two inches apart, and run parallel

with each other, lengthwise with the tree. Between the'

ribs, in the concave furrows, are scars at regular intervals.

From the resemblance these scars bear to the stamp of a |

seal, in sealing-wax, they are called Sigillaria. The fur-

rows vary in width, as well as the space between the.

sears, in proportion to the dimensions of the tree. The
scars are the marks left by the leaves after they had be-
come detached ; and this is a characteristic of all resinous
pine trees—the leaves of one year falling off when those
of a new year appear. In this respect, the Lepidodendria,

the Sigillaria, and perhaps the Stigmaria, all resemble the

pines of the present era. The scars of the Sigillaria vary
in different species. Sometimes they are round, or rhom-
boidal ; sometimes there are two, closely attached, and
forming a heart; sometimes they are long and slender, or
consist of two little dots, in the same scar ; sometimes the
scars are half-covered by an arching roof, or are sur-
rounded by circular indentations. Again, there are oc-

i
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casionally two circles, one on top of the other, and the
leaf dot upon the last. Sometimes the scars are placed
in arching cavities, like eyes; while in others, the ribs are
omitted, and the dots are surrounded with delicate lines,
radiating as from a central nucleus, or waving around
them in graceful curves. The fossils are invariably highly
sculptured, and constitute by far the most varied, im-
portant, and interesting class of the ancient flora. The
Sigillaria made their first and last appearance during the
coal period. And the fact is not without significance,
that the three principal classes of the coal vegetation, viz.,
the Calamites, the Lepidodendria, and the Sigillaria, are
all confined to that era—a mere trace only of the former
appearing in the new red sandstone.

Besides the Sigillaria, there is another genus, termed
Volkmannta, of doubtful affinity. They are leaves, with
a striated stem, and articulated; and are usually found in
large whorls. They are supposed to be leaves of the cala-
mite, but I think this exceedingly doubtful. Under the
name of Carpotithes, are included all the fruits of the an-
cient earth, for which no specific names are provided.
These are scarce in the coal, as might be readily inferred
from the character of the vegetation. I have two very
fine specimens, however, which resemble the chestnuts of
our forests. I have frequently noticed an obscure fossil,
varying in size from a chestnut to a walnut, but much flat-
tened, which may be a fruit. The surface is always very
smooth and shining, and the only feature which distin-
gnishes it from a leaf is its thickness. I have also speci-
mens of a fruit, which is perfectly round, and the interior
exhibits a dotted or cellular structure. These are an inch
and a quarter in diameter, and resemble thé large ink-ballg
of the oak more than any thing else that I can now think of.

Of plants of the true Monocotyledonous class, thélfe are
comparatively few in the coal. Of the palm family, the
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leaves of the Flabellaria occur sparingly. They are peti-
olate and fan-shaped, contracting and plaited at their base.
The Neggerathia are more numerous—five or six species
having been found. They are also petiolate and pin-
nated; leaflets obovate and neariy cuneiform against the
edges of the petiole, but toothed toward the apex, with
fine diverging veins. Zeugophyltites is another genus, of
which two species are known in the coal. They are de-
scribed as petiolated, pinnated; leaflets opposite, oblong,
or oval, entire, with a few strongly-marked ribs, confluent
at the base and summit, and all of equal thickness. The
Sternbergia is a slender, naked, and cylindrical stem, ter-
minating in a cone, marked by transverse furrows, but
with no articulations. There are three or four species in
the coal; but they are of doubtful affinity in botanical ar-
rangement. Poacites are all monocotyledonous leaves,
with parallel veins, simple and of equal thickness, but not
connected by transverse bars. There are several species
in the coal. Of fruits, there are two species of T'rigono-
carpum, and two of Musocarpum. So far as known, these
are the only species in the coal measures, properly belong-
ing to the division of Monocotyledons; but the seplants
were very numerously represented during the Tertiary pe-
riod by the families of Palms, Zostera, and Naides, and
by more than one thousand living species at the present
time. They flourish best in tropical climates, and com-
prise the great bulk of the vegetation of those regions.
Intermediate between the Monocotyledon and the
Dicotyledon divisions, are a few families of doubtful affin-
ity, but of considerable abundance in the coal. The 4s-
terophyllites have stems scarcely tumid at the articulations,
but branching; leaves verticillate, linear, and acute, with
a single midrib, quite distinct at the base; fruit, a one-
seeded ovate, compressed, nucule, bordered by a membra-
ncus wing, and emarginate at the apex. Twelve species
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occur in the coal; and they are nof confined, as Mr. Les-
quereux says, in the Geological Report of Pennsylvania,
“to the upper coals.” They are found in nearly every
vein where other fossils abound, without regard to “high
or low coal.” The Annularia is a family which includes
some beautiful fossils, some of which resemble the Astero-
phyllites. The stem contains numerous clusters of leaves,
which radiate around it in the form of a star. The stem
is slender and fragile, articulated, and has opposite branches
springing out from above the lcaves. The leaves are ver-
ticillate, flat, usually obtuse, with a single midrib united
at the Dbase, of unequal length. There are six or eight
species in the coal. The Phylliothera have a simple,
straight, articulated stem, surrounded at regular distances
by a sheath, having long linear leaves, which have no dis-
tinct midrib. There is but one species in the coal. Be-
china have a branched, jointed and articulated stem, deeply
and widely furrowed; the leaves are verticillate, very nar-
row, acute, and ribless. One species only in the coal.
These plants may, perhaps, be ranked as Cycade,—and if
so, they constitute the only representatives of that group
in the coal. They diminished in the new red sandstone,
and increased during the Oolitic era; they again decreased,
and. nearly became extinguished in the Cretaceous, but
again expanded, greater than before, in the upper Tertiary.
They now threw out several lateral branches, which in-
cludes the families of Poplars, Willows, Elms, Sycamores,
Magnolias, Oaks, Birches, Maples, and numecrous other
trees of existing forests. ,

Among the other branches or families of the Dicotyle-
dons, there are but two or three represented in the coal—
but they constitute the most important sources of its
vegetable material. Of these, the Euphorbiacee is repre-
sented by the Stigmaria. This is described by botanists
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as having a stem originally succulent, and marked exter-
nally by roundish tubercles or sears, surrounded by a
hollow, and arranged in a direction more or less spiral,
having internally a woody axis, which communicates
with the tubercles by woody processes. 'The leaves
arising from the tubercles are succulent, entire, and vein-
less, except in the centre, where there is often some trace
of a midrib. There are five or six species in the coal. I
may add to this botanical description, that the Stigmaria
is almost invariably,—in fact, so far as I have been able
to observe, I may say, without qualification, it 7s invari-
ably found in the slates underlaying the veins of coal.
Mr. Lesquereux, however, is of a different opinion, and
says that he found them somewhat plentifully in the top
slates of the mammoth vein at Minersville, and in the
roof of the South Salem vein at Pottsville. I must beg
leave to say to Mr. Lesquereux, that there 4s no mammoth
vein at Minersville, or, rather, that it does not outerop,
and has never been worked there. The necarest white ash
coals to Minersville are those of Wolf Creek, at which
place the so-called mammoth vein is divided into two or
three distinet veins. It therefore has no existence at or
near Minersville. Although it could not, therefore, have
been the mammoth vein to which he alludes, it does not
follow that he is mistaken as to finding the Stigmaria in
the top slates. But when he speaks of finding them in
the South Salem vein ai Pottsville, another doubt arises.
The south veins of the red ash coals, in the Sharp
Mountain, at Pottsville, are tilted over; and that which
- was originally the botfom slate is now the fop slate, It is
therefore.very natural to find the Stigmaria in what seems
to be the top slate of these veins, but, in reality, they are
in the original bottom slate, where they grew; and it so
happens that they there occur in extraordinary abundance
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—they are, in fact, the prevailing fossils on the slope of
the Sharp Mountain.*

Some geologists have suggested that the Stigmaria are
the roots of the Sigillaria. It may be remarked, in sup-
port of this view, that the slate in which the Stigmaria
are found, is materially different from that inclosing the
Sigillaria. The bottom slate of all coal veins is baked
mud and clay, and, on exposure to the air, it decomposes
into ¢rregular lumps. That of the top, and overlying the
coal, is invariably laminated, and readily splits into thin
sheets and slabs. Now, the tree may have had its roots
in the bottom shale, and after the deposition of the coal,
when it fell to the ground, the top slate, in the form of
sediment and silt, may have buried the trunk and its
branches—leaving the vein of coal between them. I have
occasionally noticed, at the coal mines, what appeared to
be the stumps and roots of the Stigmaria; but I never
could discover any traces or tendency to pass into Sigil-
laria. 'The characters of the two families, considered as
fossils, appear to be distinct. The Stigmaria, unlike
many other fossils, is often surrounded by leaves, which
branch out from the stem a distance of from four to ten
inches. These leaves are spear-shaped, soft, and succu-
lent. Some persons have styled them rootlets ; but, if so,
it seems preposterous that they should have served to sup-
port sueh gigantic trees as the Sigillaria. I have several
specimens of Stigmaria, deprived of these leaves, which
I cut out of solid sandstone. It is not possible that they
could have grown there—or at least not lixely. One or
two specimens of the stem are converted into finely com-
minuted sandstone. I think it very likelv #rom what I

~* Mr. L. may, however, bave reference to the old Salem Slopes near
Pottsville, abandoned many years ago. 'If so, I have only to =ay that I
have never deteeted the Stigwaria among the charzctoristie fassils of
that vein.
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have seen of it, that this plant was a species of wine,
which flourished in the soft mud and marshes in imme-
diate proximity to the coal basins, and was thus liable to
be buried beneath the veins of coal, where we now find
it. This view is supported by the observations of several
persons in the mining regions of England, and is only
contradicted by the mistaken inferences of theoretical
speculators<in Geology and Paleontology.

Of Conifera, there are several families in the coal. The
Pinites have axes composed of pith wood in concentric
circles, bark, and medullary rays, but with no vessels ; walls
of the woody fibre reticulated. There are three or four
species in the coal, but the wood only is known. The
Auraucaria have axes composed also of pith wood, in
concentric circles, bark, and medullary rays. Sphen-
ophyllum have branches deeply furrowed ; leaves verticil-
late and wedge-shaped, with dichotomous veins. There
are ten species in the coal. The Coniferous plants flour-
ished to a very great extent in the coal, as well as in the
new red sandstone and the oolite. They disappeared
during the cretaceous era, but came forward in great
abundance in the upper Tertiary. They are now repre-
sented by the extensive family of the pines, and flourish
all over the world, in cold as well as warm climates.

We have thus briefly glanced at the leading families of
the vegetation which furnished the material of which coal
is composed. There are a great number and many varie-
ties of species which it would be tedious and useless to
describe here, since they are nearly all comprehended in
the classes already specified. Thousands of leaves, stems,
fruits, and flowers occur in fragments and matted heaps
in the slates that accompany the coal; and although the
internal structure and woody fibre have been compressed
and superseded, or changed into shale, the pitch or oil
which permeated the pores of the plant has glued them to
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the slates, and thereby imprinted their external characters
as distinctly as an engraving or lithograph on a sheet of
paper.. The comparative anatomist is often compelled to
identify animal species by an isolated tooth or a frag-
mentary bone. In like manner, the fossil botanist has
sometimes to rely upon a scattered leaf or an altered woody
structure ; yet, so regular and undeviating is Nature in
all her works, that the sequel frequently esteblishes the
correctness of scientific generalization, notwithstanding
the obscure data on which, in such cases, he is compelled
to rely. Nor can we, in view of their bearing upon the
past history of the earth, regard these magnificent fossils
as the result of accidental circumstances. There are hun
dreds of coal basins distributed over the surface of the
earth, and these fossils invariably oceur in all of them.
They are therefore too wide-spread and universal to be
regarded as accidental, either in the manner of their de-
posit or their preservation. All the works.of Nature be-
tray a design—an inlellectual plan; and what we some-
times regard as deviations or apparent contradictions of
harmony and uniformity, only expose the feebleness of
our faculties of analogy and perception. The hieroglyphics
of Egypt, Nineveh, and Babylon, inscribed on the marble
panels of their ruined palaces, obelisks, and catacombs,
are perhaps the most ancient memorials of the human race
that have been transmitted to succeeding ages. And
what is theenoral lesson which they teach ? Simply that
the sculptured rocks record faithfully the vanity, folly,
and ambition of nations and of individuals, and survive
the evanescent glory of both! They tell us that the spoils
of victory—the dignities of office—the gains of craft ;—
the buoyancy of youth, and the severity of age;—the
fears of the wicked, the pains of the afflicted, the chains
of the enslaved—that all the pride, and power, and majesty
of long lines of kings, are wholly obliterated in the dust
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of their bones, lé?wing not a vestige behind but the pol-
ished stones upon which they carved their names—faith-
ful but melancholy sentinels on the frontiers of the Past,
to tell marching years the story of their passing away!
And such, in some respects, are these wonderful fossils ;
but they bear no such miserable comment. Instead of
adding to the posthumous glory of man, they reveal the
majesty of the living God! They perpetuate no local or
ordinary event; they do not speak of war, and capt\ives,
and blood ;—but they exhibit pictures of the young earth,
when the creative volition of the great Architect was first
displayed. They are the picturescripts, the universal
hieroglyphies, of Nature, and -record the wise fore-
thought and the unsolicited benevolence of the great
Jehovah !

While we might naturally expect some diversity of
opinion regarding the character of the vegetation the re-
mains of which have been thus preserved in the crust of
the earth, there is an equal if not a greater conflict of opin-
ion as to how it was accumulated into separate seams, and
thence transformed into mineral coal. The geological the-
ories cannot all be correct; but it may be safely assumed
that a certain amount of probability appertains to each,
since they are all based on the vegetable origin of the coal
itself. The theories may be divided into two leading di-
visions,—the first comprising the Peat-bog Theory and
the other the Estuary, or Drift Theory. There are others
intermediate between these, or partaking of some of the
features of both, which we shall notice.

The Peat-bog theory contemplates an extensive level
marsh, traversed by numnerous springs of water, or its
permeation by the waters of an adjacent river or ocean.
During the coal period, it is inferred that such marshes
supported a luxuriant vegetation of the character ‘already
mentioned; that successive crops of such vegetation fall
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down and were buried in the bogs; thit after the accu-
mulation of a great stratum of carbonaceous matter, con.
sisting of arborescent plants, leaves, and grasses, the bog
was overflowed by the adjacent sea, the waters of which
deposited over it layers of mud and silt, which now con-
tain the fossils, and then successive layers of sandstone,
(or limestone,) and clay, and shale. The solid trunks and
woody fibre thus buried between layers of sand, gravel
and mud, which afterward hardened, caused fermentation
to ensue in the vegetable material, thereby converting
it into a species of lignite; and the continuance of pres-
sure and fermentation, finally resolved it into bituminous
coal. After the first seam of coal had been thus deposited,
the waters of the sea were withdrawn, and another peat
bog was again commenced, precisely as before. There
being in some coal basins, as many as from sixty to one
hundred distinct and separate seams of coal, it is necessary
to suppose, on the basis of this theory, that the sea over-
whelmed the successive layers of peat in the order in which
they were accumulated. The idea of such regular and pe-
riodical invasions of the adjacent sea, is rather too stu-
pendous to be seriously entertained. But granting the
probability of the thing, is it reasonable to suppose that
the vegetation, scattered about in irregular heaps of trees
and stumps, and leaves, should be reduced to a uniform
level over the bog, and the mud evenly deposited over it,
without infermizing and ramifying the pores and layers
of the peat? If the peat, before the invasion of the sea,
had already assumed the external form of a smooth and
compact layer, then the sediment might not so readily
have intermixed; but if such a seam had been previously
formed, how are we to account for the splitting of nume-
rous coal veins, and their reunion at irregular intervals?
This is a phenomenon well known to practical miners, but
seldom contemplated by theoretical geologists. A vein of
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coal which is at one point ten feet thick, at another may
be but five feet. This may be explained thus; the seam
of coal parts in the middle, by the intrusion of a sandstone
or other rock, and thus forms two apparently distinct seams
of coal. The space between them often expands from
twenty to eighty yards, and may continue for many miles
before they again converge to each other. The same di-
vision often occurs on sinking downward through a
vein—expanding and contracting, as the case may be, in
every direction in which it is pursued, and varying from
a mere thin slaty wedge, to coarse, well-defined, sedimen-
tary rocks. Now, all this is incompatible with the idea
of a periodical submergence of the peat-bogs, because the
veins thus separated are made to wundulate with the
contraction and expansion of the wedges of rock between
them—whereas, it is necessary to premise, on the basis of
this hypothesis, that the floor of the bog was alwgys per-
fectly level. But, whether level or not, if the sea over-
fiowed the bog, it would scatter its sediment equally, and
uot leave isolated deposits from twenty to one hundred
yards high at one place, and no sediment whatever at the
other places. i

The Estuary, or Drift Theory, is mainly founded on the
objections arising against the other—that is to say, the
utter improbability of the repeated invasions of the sea
and adjacent fresh waters to deposit the rocks that alter-
nate with the coal seams. To account more satisfactorily,
therefore, for the interposition of these rocks, ft is sup-
posed that the vegetation was transported by rivers from
the beds where it grew, and deposited in the basins or
estuaries formed at their junction with the sea. On this
hypothesis, the alternation of marine and fresh-water
deposits, between the veins of coal, is easily accounted
for ; but the liability of the loose and fragmentary material

of the vegetation to become intermixed with the mud and
7



96 THE THIRD DAY—GEOLOG1JAL.

sediment held in suspension by the water, and thus to
destroy the purity of the coal, is an overwhelming and a
fatal objection. The grea# rafts of logs and leaves, as
they were hurried on to the sea, would become coated
and surrounded by mud; and, as they gradually sunk to
the bottom, they would be still further involved in it
But as trees and stumps have been found in an erect posi-
tion, under and immediately above veins of coal, it is
inferred that they never could have been transported in
this manner ; and geologists have therefore been gradu-
ally abandoning the theory. In Nova Scotia, Professors
Darwin and Lyell have detected sixty planes of successive
vegetation among the strata of that region; and in some
of these planes they found fossil trees, in an erect posi-
tion, and in others the stumps and roots of Stigmaria.
These planes of vegetation conform to the stratification
of the inglosing rocks, which lean at an angle of about 30°
to the horizon. Mr. Hawkshaw, of England, in 1839,
described five fossil trees discovered in a cutting on the
Manchester and Bolton Railroad. These trees stood erect
over a bed of coal eight inches thick. The largest meas-
ured five feet in diameter at the base, and was eleven feet
high. He conceived it probable that the trees grew
where they were found. In a subsequent paper, after
having found another fossil tree, standing over the same
coal seam, Mr. Hawkshaw observes: “ If the coal be con-
sidered as the debris of a forest, it is difficult to account
for not finding more trunks of trees than have been dis-
covered in our coal basins; and it is only, perhaps, by
allowing the original of our coal seams to have been a
combination of vegetable matter, analogous to peat, that
the difficulty can be solved.” After Mr. Hawkshaw’s
first communication, Mr. Beaumont, in a paper read to
the Geological Society of London, upon the subject of the
same trees, states several objections to the Drift Theory
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of Coal, and conceives that the vegetation grew where it
is found. He thinks that it must have flourished on
swampy islands, and consisted principally of ferns, cala-
mites, coniferous, and other trees, which operated, through
their decay and regeneration, to form peat-bogs; and that
the islands, by subsiding, were covered over with drifted
sand, clay, and shells, till they again became dry land,
and supported another vegetation; and this process, he
supposes, was repeated as often as there are coal seams !
Dr. Buckland, in commenting on this hypothesis, observes
that “in denying altogether the presence of drifted plants,
the opinion of the author seems erroneous; universal
negative propositions are in all cases dangerous, and more
especially so in Geology. That some of the trees which
are found erect in the coal formation have not been drifted,
is, he thinks, established on sufficient evidence ; but there
is equal evidence to show that other trees and leaves in-
numerable, which pervade the strata that alternate with
the coal, have been removed by water to considerable
distances from the spots on which they grew. Proofs
are daily increasing in favor of both opinions, namely,
that some of the vegetables which form our beds of coal
grew on the identical banks of sand and silt and mud,
which, being now indurated to stone and shale, form the
strata that accompany the coal; whilst other portions of
those plants have been drifted to various distances from
che swamps, savannas, and forests that gave them birth ;
particularly those that are dispersed through the sand-
stones, or mixed with fishes in the shale beds.” In these
views of Dr. Buckland, Sir Charles Lyell would seem to
coneur, as, in quoting the above passage in his Elements,
he says that “it can no longer be doubted that both these
opinions are true, if we confine our attention to particular
places.” Another paper, on the subject of the same fossil
trees found on the Manchester and Bolton Railway, was
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read cotemporaneously with the last communication of
Mr. Hawkshaw. The author, Mr. Bowman, is of opin-
ion “that the theory of the subsidence of the land during
the carboniferous era, receives much support from the
phenomena presented by these fossil trees.” He does not
deny that plants may have been carried into the water
from neighboring lands; but he conceives it difficult to
understand whence the vast masses of vegetables neces-
sary to form thick seams of coal could have becn derived,
if drifted, and how they could have been sunk to the bot-
tom without being intermixed with the earthy sediment
which was slowly deposited upon them. Another diffi-
culty of the Drift Theory, he says, ““is the uniformity of
the distribution of the vegetable matter throughout such
great areas as those occupied by the seams of coal.” Mr.
Bowman believes that the coal has been formed from
plants which grew on the areas now occupied by the
seams ; that each successive race of vegetation was gradu-
ally submerged beneath the level of the water, and cov-
ered up by sediment, which accumulated till it formed
another dry surface for the growth of another series of
crees and plants, and that the submergences and accumu-
lations took place as many times as there are seams of
coal. In reviewing the foregoing facts and opinions, Dr.
Buckland conceives that a luxuriant growth of marsh
plants, as Calamites, Lepidodendra, ‘Sigillaria, etc., may
have formed a superstratum of coal, resting on a super-
stratum of the same, composed exclusively of remains of
Stigmaria; and, in accounting for the marine and fresh-
water strata alternating with the coal beds, he appeals to
the intermitting and alternate processes of subsidence,
drift, and vegetable growth.

Prof. Rogers, in introducing his own hypothesis, says
of the foregoing, “that they do not attempt-to account for
scne. of the most remarkable relationships among the

/
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strata, such as the extraordinary frequency, beneath the
coal beds, of the Stigmaria clay, the very general occur-
rence of laminated slates immediately above the seams.
and the singular contrast whieh these underlying and
overlying rocks present, in the variety and condition of
the imbhedded vegetable remains. Nor do they explain
satisfaetorily why the coal itself contains so few traces of
the forest trees of the period, either in a prostrate or erect
position ; while thin broken stems are mingled with the
fragmentary parts of the Stigmaria, in more or less abun-
dance, In all the coarser rocks.” This is very true. Any
theory which contemplates merely the coal itself, must
necessarily be unsatisfactory, incomplete, and defective ;
for it so happens that the coal is nearly always associated
with, and frequently graduates into, the adjacent slates,
which are also of equal and sometimes greater thickness.
But besides the coal, we must also account for the numér-
ous deposits of soft, unctuous, and shelly coal which occur
so frequently in the vein, and which sometimes extend
several hundred yards in length, entirely displacing and
superseding the pure coal. What is this substance?
That it is not pure coal is sufficiently plain ; that it is not
slale is equally plain; that it is of vegetable origin no one
will deny. I shall not anticipate here the remarks which
I propose to make hereafter ; but I may merely suggest |
that this unctuous shale is the true peat of the peat-bogs ,')‘ +
but that the coal dtself is quite another substance.

Prof. H. D. Rogers, in his voluminous Report on the
Geology of Pennsylvania, promulgates a theory which
comprehends some of the leading features of drift, estuary,
and peat bogs ; and though portions of it are original with
himself, and extremely curious, the whole may be regarded
as a fair exposition of the views now generally held by
geologists on this subject.

“Yet us imagine,” says Mr. Rogers, “the
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covered by the coal formation, to have possessed a physi-
cal geography, in which the principal feature was the
existence of extensive flats, bordering a continent, and
forming the shores of an ocean, or some vast bay, outside
of which was a wide expanse of shallow but open sea.
Let us now suppose that the whole period of the coal
measures was characterized by a general slow subsidence
of these coasts, on which we conceive that the vegetation
of the coal grew;—that this vertical depression was,
however, interrupted by pauses and gradual upward
movements of less frequency and duration, and that these
nearly statical conditions of the land alternated with
great paroxysmal displacements of the coal, caused by
those mighty pulsations of the ecrust which we will call
earthquakes. Let us further conceive, that during the
periods of gentle depression, or almost absolute rest, the
low coast was fringed by great marshy tracts or peat bogs,
derived from and supporting a luxuriant growth of
stigmarice (sigillaria and lepidodendria,) and that along the
landward margin, and in the dryer places of these exten-
sive sea morasses, grew the coniferc, tree-ferns, lycopo-
dicecece, and other arborescent plants, whose remains are
so profusely scattered throughout the coarser strata,
between the coal seams. In this condition of things, the
constant decomposition and growth of the meadows of
stigmarise, would produce a very uniform extended stratum
of pulpy, but minutely-laminated pure peat. This would
receive occasional contributions from the droppings by
the scattered trees of their leaves, fronds, and smaller por-
tions, which, being driven by winds, or floated on the high
tides, would lodge among the stigmarie 'in the marshes,
and slightly augment the deposit. These leaves and
fronds, covered over more or less rapidly by the growing
stigmarie, or varying in their tendency to decay, according
to the abundance or deficiency of their juices, would, when
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thus inclosed, pass at once either to the pulpy state, and
ultimately form coal, or by the more rapid extrication of
their volatile portions, remain as mineral charcoal, and
preserve their vegetable fibrous structure. In both of
these conditions of coal and charcoal, we often find the
smaller parts of plants retaining their organized forms
among the lamine of the purest coal seams. Upon this
view of a gradual accumulation from the stigmarie,
assisted by the deciduous parts of the trees, it is altogether
unnecessary to suppose that any portions, even the upper
layers of the coal beds, derived their vegetable matter
from the stems of the trees themselves. Thus the absence
of trunks and roots from the coal, is reconciled with
the occasional occurrence of their fronds and lighter ex-
tremities. Upon no other hypothesis respecting the
physical condition of the region which produced the coal
vegetation than that here imagined, can I explain the
singular infrequency of fossil trunks standing on or in the
coal, or account for their occasional occurrence, as in the
instances described by Hawkshaw and Bowman. No
other supposition seems to furnish a cause for the absence
or all traces in the coal itself of the larger parts of arbo-
rescent plants, and for their equally remarkable abundance
in a broken and dispersed state in the overlying strata.”*

Assuming such to have been the condition of the
surface during the tranquil periods of accumulation of
each coal bed, Mr. Rogers conceives the alternating strata
to have been produced in the following extraordinary
manner : “Let us suppose an earthquake, possessing the
characteristic undulatory movement of the crust, in which
I believe all earthquakes essentially to consist, suddenly
to have disturbed the level of the side peat-morasses and
adjoining flat tracts of forest on the one side, and the

* Geological Survey of Pennsylvania, vol. iL
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shallow sea on the other. The ocean, as usual in earth-
quakes, would drain off its waters for a moment from the
great Stigmaria marsh, and from all the swampy forests
which skirted it, and by its recession stir up the muddy
soil, and drift away the fronds, twigs, and smaller plants,
and spread these and the mud broadly over the surface
of the bog. In this way may have been formed the
laminated slates, so full of fragmentary leaves and twigs,
which generally compose the immediate covering of the
coal beds. Presently, however, the sea would roll in with
impetuous force, and, reaching the forest land prostrate
every thing before it. Almost the entire forest would be
uprooted, and borne off on its tremendous surf. Spread-
ing far inland, compared with its accustomed shore, it
would wash up the soil, and abrade whatever fragmentary
materials lay in its path, and, loaded with these, it would
then rush out again, with irresistible violence, toward its
deeper bed, strewing the products of the land in a coarse
promiscuous stratum, imbedding the fragments of the
broken and disordered trees. Alternately swelling and
retiring with a suddenness and energy far surpassing that
of any tide, and maintained probably in this state of tem-
pestuous oscillation by fresh heavings of the crust, the
waters would go on spreading a succession of coarser or
finer strata, and entombing at each inundation a new
portion of the floating forest. Upon the dying away of
the earthquake undulations, the sea, once more restored to
tranquillity, would hold in suspension at last only the most
finely-subdivided sedimentary matter, and the most buoy-
ant of the uptorn vegetation—that is to say, the argilla-
ceous particles of the fire-clay—and the naturally floating
stems of the plants. These would at last. precipitate
themselves together by a slow subsidence, and form a uni-
form deposit, exhibiting but few traces of any active hori-
zontal currents, such as would arise from a drifting into
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the sea from rivers. The chief portion of the coarser fire-
clay would settle first, and then the more impalpable
particles, in company with the stems and leaves of the
uprooted vegetation. Thus we may account for the con-
stant reproduction of the peculiar soil of the coal seams,
and for the preservation, particularly in its upper clayey
layers, of the Stigmaria (Sigillaria); the simple conse-
quences of the final subsidence of those materials being
the production of the necessary substratum of another
coal marsh. The marine savannahs becoming again
clothed with their matting of vegetation, and fringed, on
the side toward the land, with wet forests of arborescent
ferns and other trees, all the essential conditions and
changes that constituted this wonderful cycle in the
statical and dynamic processes belonging to each seam of
coal, and the beds inclosing it, would be completed, and
ready to be once more renewed.”*

This, indeed, is a very extraordinary theory. An earth-
quake for every seam of coal! In those basins where there
are from fifty to one hundred seams, large and smali, there
must have been an equal number of earthquakes! In
Nova Scotia there were at least seventy such earthquakes
—yet, singular as the fact may appear, there is little or no
disturbance of the strata! In the Anthraeite regions, ac-
cording to Mr. Rogers’ showing, there are some fifty coal
seams, consequently there must have been fifty or more
successite earthquakes! and these earthquakes were not
confined to a particular region; they are not local in their
operations; but extended alike all over the coal regions
of Russia, France, England, Wales, Germany, and Amer-
ica; and by a singular coincidence, always occurred im-
mediately after the deposttion of a vein of coal! It does
not appear to have occurred to Mr. Rogers, that while

% Geological Survey of Pennsylvania, vol. il
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these carthquakes were arousing the ocean, and causing
him to uproot forests and scatter their trees and stumps
broadcast over the coal, the coal seam ttself would have
suffered material damage! The earthquake must have
been tame and amiable indeeﬂ, if, with the undulations
and the wide fissures they usually produce in the crust,
they did not contort and ruffle the strata of coal, so that
the subsequent layers above would have occurred in un-
conformable order. If earthquakes aroused the ocean in
the terrible manner described, it is at least wonderful how
most of the coal basins maintained their horizontality, and
the regularity of the superposition of one seam over another.
This is, at least, wonderful!

It will be observed that Mr. Rogers has omitted to ac-
count for the phenomenon of the fossil trees occurring »
situ over smallseams of coal. It may be doubted whether
such a phenomenon could exist amid the savage depreda-
tions of the ocean and the wave-like flexures of his earth-
quakes. Yet, they do exist; and there is too much sig-
nificance in them to be cavalierly passed over.

Now, we are told by all the Geologists whose opinions
have been quoted, and by many others whom we have
not thought it worth while to quote, that fossil trees have
been found in the coal measures. They go further: they
state that fossil trees, in an upright position, have been
found below, above, and passing directly through small
seams of coal. All this I can readily believe, because I
have myself seen such fossil trees. The inference created
by the annunciation of the fact of the existence of such
trees on, under, and in the solid coal would naturally lead
to several conclusions, which all the geologists themselves
appear to have arrived at: first, that the coal was derived
from such trees; second, that the trees grew where they
are found; and third, that such trees flourished on the
peat-bogs which they describe. All works on Gedlogy
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teem with descriptions of these fossil trees, and wood cuts
exhibiting the quarries and situations in which they were
found. Since Mr. Hawkshaw’s discovery in 1839, more
than two hundred other trees and stumps have been found
in England, France, Scotland, and Nova Scotia. Nearly
all these occur in the coal measures, either immediately
over, under, or in the coal vein. Those that I have seen
in the anthracite coal regions, are directly over the vein of
coal. Assuming, then, that they all grew on the peat
marshes that produced the coal, is it not singular that none
of the ¢rees themselves should have been converted into coal ?
Is it not incredible that all the trees thus deseribed with
so much learning and scientific acumen, instead of being
coal, are converted into shale, or silex, or carbonate of
lime! Prof. Lyell mentions one solitary instance, among
the numerous fossil trees and forests which he describes,
of trees being converted ¢nfo coal. These were found in a
vein of coal in Wolverhampton, in England. There were no
less than seventy-five trees, with their roots attached, oc-
cupying a space of one-fourth of an acre. The trunks,
broken off close to the root, were lying prostrate in every
direction, often crossing each other. One of them mea-
sured fifteen, another thirty feet in length, and others less.
“They were,” says the Professor, “tnvariably flattened to
the thickness of one or two inches, and converted into coal.”
In the case of Mr. Hawkshaw’s trees, they are described
as having a thin “coating of coal, so friable that it crum-
bled to pieces on removing the shale.” And the solid
trunks of these trees, like all the others described by Mr.
Liyell, were also converted into shale, or sand, or lime.

I have myself seen thousands and thousands of frag-
ments of fossil trees, and occasionally their solid round
trunks ; but mever, in a solitary instance, was the woody
structure converted into coal. I have made inquiry, and
wherever such cases were reported, have gone to some



106 THE THIRD DAY—GEOLOGICAL.

trouble to ascertain the facts. In every instance I found
that the woody trunk, when flattened, was merely
surrounded by coal, but the inferior was converted into
dark shale. The Scientific Association of Pottsville, in
one of their publications, proclaimed that they had dis-
covered fossils 7n the coal, and thus created the inference
that such fossils were themselves coal. On examining the
specimens, I found numerous stems of plants, and limbs
of trees in the coal, and every where surrounded by it; but
tlie stems and fragments of trees were themselves converted
tnto slate. If a scientific body, operating in the midst of
the most prolific coal field in the world, and surrounded -
by specimens of the coal vegetation from all quarters of
the country, could thus inadvertently create a false im-
pression by means of its authorized publications, I feel
that it would be no discourtesy to the well-known judg-
ment and critical scrutiny of Mr. Lyell to infer that, in
this instance, he may also have fallen into an error. I have
seer: the flattened trunks of Sigillaria, extending for fifty
feet over veins of coal, exactly in the manner described
by him; but on close examination they were found to be
Lsurrounded by coal, while the interior woody structure of
'the trunk was ‘nvariably converted into slate. 1 have
observed on more than a thousand occasions, the solid
iimbs of trees imbedded in the slates of the coal veins,
converted into sandstone, iron pyrites, and slate; but
never have I seen them carbonized. And whenever they
occur in the coal itself, which is very rarely the case, they
still maintain their slaty character. But while the interior
of the fossils is always slate, sand, or clay, the oulside is
as invariably coal, especially where the wood has been
flattened by pressure. Of the thousands of specimens of
Sigillaria, Stigmaria, Lepidodendria, and Calamites, that
T have found in the coal mines, I have never yet met any
that did not exhibit traces of coal on the outside, while
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most of them were coated with a thin stratum of it.
This thin coating of coal is supposed by nearly every
geologist who has described it, to be the bark of the tree.
But a moment’s reflection and a closer scrutiny will
effectually dispel this idea. The scars of the Sigillaria,
and the exterior marks of the Lepidodendria and Stigmaria,
were all produced by the detached leaves. They therefore
occur on the bark, exactly as similar scars are produced on
the outer covering of the recent shoots of pine trees. Now
in all fossils the coating of coal is invariably and necessarily
over these scars, and they can seldom be seen af all until -
the coal 7s removed. The coal exhibits no trace of woody

structure ; instead of being fibrous, it is decidedly vitreous,

resinous, and brittle, and invariably increases in thickness

with the line of pressure to which the tree had been ex-

posed. This proves, first, that the coal had been in a soft

and viscid condition; and second, that it was expelled

from the interior woody cells of the tree in the form of

turpentine, oil, bitumen, or a peculiar resinous tar. The

proofs of this are overwhelming and undeviating. Some-

times, indeed, the juices may have heen extracted, for the

most part, before the tree became fossilized, in which case

the amount of coal is small; but whenever the tree was

exposed to pressure while its juices were retained, the

coating of coal on the outside is uniformly present in

greater or less abundance.. I therefore lay it down as a

broad axiom in my experifjace, that pure anthracie coal {
s the chemically-changed resinous matter discharged by

the coal wvegetation; and that it is impossible to detect in

such pure coal any traces of vegetable siructure.

The elementary substances which enter into the com-
position of all vegetables, are confined to a small number
—as oxygen, hydrogen, nitrogen, carbon, lime, silex,
alumina, magnesia, potash, soda, and iron. These con-
stitute the greater portion of the list. Plants, however,
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are endowed with the powers of assimilating and combin-
ing these various substances into compounds, assuming
various forms and properties. The chief of these vege-
table compounds are gum, sugar, farina or starch, gluten,
albumen, fibrina, extract, tannin, coloring matter, bitter
principle, narcotic principle, alecohol, acids, oils, wax,
resins, gum resins, balsams, camphor, caoutchoue, cork,
lignin, or woody fibre, sap, proper juice ; while the simple
or uncombined products are carbon or charcoal, the
mineral alkalies, earthly and metallic oxydes.

It is unnecessary here to remind the reader of the large
fanaily of trees existing at the present era, which discharge
the various kinds of gums, glutens, starches, albumens,
and acids, known in commerce, manufactures, medicine,
and domestic economy. The variety is altogether innu-
merable, and the extent incalculable. But while the
animal kingdom, including the human species, is now
and always have been wholly supported by the vegeta-
tion of the earth, it is a singular fact that the coal vegeta-
tion resembles that now existing only in its ferns and
coniferous trees—trees upon which animals cannot subsist.
We may look in vain among these fossils for any thing
resembling the grains, fruits, nuts, and roots, upon which
animal life is now sustained. "There is no trace among
them of wheat, rice, corn, or the grasses known to agri-
culture. There are no remains of the date, the palm, or
the potato; of carrots, turr.s, radish, cabbage, beet,
lettuce, or rhubarb ; of peas, beans, cherries, strawberries,
or gooseberries; there are none of apples, pears, plums,
quinces, peaches, oranges, and grapes. There were no
flowers, nor nutritious fruits, nor seeds, nor nuts, nor
roots ;—and why was this? The reason is simple and
obvious. There were then absolutely no animals breath-
ind the air on the land, and there was consequently no use
whatever for a vegetation such as we now have in every
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portion of the globe. Would not Moses have made a
fatal blunder, if, with the knowledge we now have of the
coal vegetation, he had inadvertently introduced air-
breathing animals into the picture, as some of our geolo-
gists, with less foresight, have ventured to do? But,
instead of the fruits and flowers and waving gram that
now surround us, the earth then produced trees like those
of the lofty pines, and it was from these that the coal and
various other substances allied to it were mainly extracted.
There was then no immediate use for the vegetation
itself ; but the resinous juices which it secreted were to be
entombed in the crust of the earth for the future purposes
of man ;—to subserve the designs of those great future
eras, when, owing to the changed physical character of
the earth, their production, distillation, and deposition
would have been utterly impossible. The far-seeing
sagacity of the great Author of the world is thus con-
tinually manifested ; and we ‘perceive at every step how
uniformly consistent, great, and harmonious, are all his
decrees.

There can be no doubt whatever that the forests of the
carboniferous peried largely predominated in coniferous
trees, and that our beds of coal have been derived from
their resinous secretions. I propose to give my reasons
for this inference in due season; but in the mean time it
is necessary to understand as nearly as we can the nature
of the trees in question. This may be arrived at, in some
measure, by studying the features of those now existing
which the ancient trees most resembled.

The Coniferee belong chiefly to the class monecia and
polyandria of Linnwzus, and the gymnosperm phanero-
gamie of Jussieu. The existing family has been divided
into thirteen genera, each containing a large number of
species. The genera consist of, 1. Pinus, or the fir;
9. Abies, the spruce; 3.Larix, the larch; 4. Shubertia,
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deciduous cypress; 5. Cupressis, or cypress; 6. Thuga,
or arbor vite; 7. Juniperus, or juniper; 8. Auraucoria,
or New Ifolland pine; 9. Belis, or javelin-shaped; 10.
Agathus, or dammer pine; 11. Ewxocarpus, or cypress-
like ; 12. Podocarpus, or Chinese pine ; 13. Taxus, or the
Yyew. o

The distinet species of the pinus enumerated by botan-
ists are upwards of twenty. None of these bear flat
leaves, but a sort of spines, which, however, are true
leaves. They are mostly evergreens ; but the appearance
of the tree, as well as the quality of the timber, varies
with the species, as also with the situation in which it
grows. Generally speaking, the timber is the more hard
and durable the colder the situation and the slower the
tree grows ; and in peculiar situations it is not uncommon
to find the northern half of a pine hard and red, while the
southern half, though considerably thicker from the pith
to the bark, is white, soft, and spongy.

In the peat-bogs of Scotland, the remains of pine trees
are very abundant; and such is their durability, in conse-
quence of the turpentine they contain, that, where the
birch is reduced to a pulp, and the oak cracks into
splinters as it dries, the heart of the pine remains fresh,
and, embalmed in its own turpentine, is quite elastic, and
used by the country people in place of candles.

The wild pine of Scotland (pinus silvestris) is widely diffused; and is
found growing in a state of nature in many situations. Itis indigenous
in the Alps, in the north of Germany, in Sweden and Norway, and in
Russia. In favorable situations, it attains a height of eighty feet, and
from four to five feet in diameter. The trunk is covered with a thick and
deeply-farrowed bark ; the leaves are in pairs, of a pale.green color, stiff,
twisted, and about three inches long; the flowers are of a yellowish tint,
and the cones are grayish, of & middling thickness, and a little shorter
than the leaves. Each scale is surmounted by a retorted spine. There
are several varieties of this pine. The pinus silvestris is that which yields
the red wood; even young trees of this sort become red in their wood,
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end full of resin very soon. Pines generally are found growing in forests,
or clustered together. In this position they grow tall and upright, with
few lateral braunches, except near the top. This pine very often, though
not in trees completely matured, contains sap-wood next the bark, and
toward the pith is a little spongy. The pines generally occur in much
more extensive forests, and with a far less admixture of other trees, than
any other genus whatever. Though it is not the last timber met with on
the confines of the snow, as we ascend high mountaing, or at the verge of
vegetation ag we approach the pole, yet, after a certain elevation, and
north of the latitude of about fifty degrees, it is by far the most abundant
timber in Europe, America, and Asia. Along the St. Lawrence, and in the
British possessions north, large quantities of tar have for many years
been distilled from it for the European market.

The other European species of the pine are: the Corsican (p. luricio),
which is nearly allied to the Scotch pine. Prof. Thonia considers it
equally hardy with the Scotch pine; but its wood is more weighty and
resinous. It grows wild on the summits of the highest mountains in
Corsica. The Cluster pine (p. pinaster) is a grand and picturesque tree,
and is a great favorite with the Roman and Florentine painters. The
Stone pine (p. pinea) is very commeon in the gouth of Italy. The seeds
of this and the cluster pine are eaten in Italy, both by the poor and rich.
They are as sweet as almonds, but partake slightly of a turpentine flavor,
The wood is not 8o resinous as most of the other species. The Siberian
pine (p. cerubra), the tennebaum of Byron’s Childe Harold, grows higher
in the Alps than any other tree; and is found in elevations where the larch
will not grow. The peasants of the Tyrol make various carved works
with the wood, and sell them in Switzerland, where the common people
are fond of the resinous smell which it exhales. The Canary pine (p.
canariensis) grows in the mountains of the Canary Islands. The wood
is resinous and highly inflammable. < 2

Of American species of the pine, Michanx enumerates ten. Of these,
the Red Pine (p. rubra) is found in Canada and the northern parts of the
United States. It occupies small tracts of a few hundred acres, either
alone or mingled with the white pine. The wood has a fine grain, and is
very resinous. It is largely produced in Maine, and along the shores of
t Lake Champlain. The Yellow pine (p. mitis) is very widely diffused in
North America. It is a beautiful and symmetrical tree, the branches
forming a pyramid at the summit. The concentric circles of the wood
are six times as numerous in a given space as those of the pitch or lob-
lolly pines. The heart is fine-grained, and moderately resinous. The
Long-leaved pine (p. custralis) is also known as the yellow pitch, broom,
and Georgia pine. It is first seen near Norfolk, in Virginia, where the
pine barrens begin; and it extends over the lower part of the Carolinas

8
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and the States of Georgia and Florida. Its mean stature is about sixty
feet, with a uniform diameter of eighteen inches for two-thirds of its
stem. The leaves are a foot long, of a beautiful brilliant green. The
cones are also very large; the seeds are generally abundant, the kernel
being of an agreeable taste, and is voraciously eaten by wild turkeys,
squirrels, and swine. In some years, however, whole forests for hundreds
of miles will not yield a single cone. The wood is compact, fine-grained,
durable, and sysceptible of a fine pelish. It is from this tree that the
principal supply of piteh, resin, and turpentine is obtained; the pine
barrens, being of vast extent, afford an abundant supply of those ma-»
terials, both for home and foreign consumption. I shall speak of the
processes for obtaining these substances very shortly.

The Pitch pine (p. rigida) is another very resinous species, very com-
mon all over the United States, but particularly abundant along tire At-
lantie coast. It is a very branchy tree, and the weod is consequently
knotty. The bark is thick, of 2 dark color, and deeply furrowed. The
concentric circles are far apart, and three-fourths of the larger stocks con-
sist of sap. \

The White Pine (p. strobus) is.one of the most abundant and valuable
trees in America, and derives its name from the perfect whiteness of the
wood. It grows extemsively between the parallels of forty-three and
forty-seven degrees, in almost all varieties of soil ; but attains its greatest
dimensions in. New Hampshire, Vermont, and near the source of the
St. Lawrence. This ancient and majestic inhabitant of the North Ameri-
can forests is still the loftiest and most valuable of their productions; and
its summit is seen waving at an immense distance toward heaven, far
above the heads of the surrounding trees. It is the foremost in taking
possession of barren districts, and the most hardy in resisting the impetu-
ous gales from the ocean. On young stocks, not exceeding forty feet in
height, the bark of the trunk and branches is smooth and polished; but
as the tree advances in age, it splits and becomes rugged, but does not
fall off in scales like that of other pines. The wood is soft and light, and
is extensively used in the United States for architectural purposes, as
also in Great Britain. It is not resinous enough to furnish turpentine for
commerce ; nor would the labor of extracting it be easy, because of its
diffusion in small tracts, and its admixture with other forest trees.

The Firs or Spruces (abies) form another genus of the Coniferce, differ-
ing from the pines in the form and position of the leaves, as well as in
the general aspect of the trees. In the firs, the leaves are generally
shorter than in the pines, and placed solitary instead of in pairs. The
Norway Spruce Fir (abies communis) is a beautiful and stately tree. It
is one of the tallest of European’ firs.. The leaves are solitary, slightly
arched, and of a dark green color, which gives the tree a‘Sombre aspect.
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The cones are cylindrical, five or six inches in length, and contain small
winged seeds. By incision it yields resin and piteh. The tops or young
sprouts give the flavor to “ Spruce beer.” The white, black, and red
spruces are natives of America, and nearly resemble those of Europe.

The Silver Fir (a. picea ) is one of the most beautiful of this family.
When standing alone developing itself naturally, its branches, which are
numerous and thickly garnished with leaves, diminish in length as they
approach the top, and thus form a pyramid of perfect regularity. The
upper surface of the leaves is of a vivid green; and the under surface has
two white lines running lengthwise on each side of the midrib, giving the
leaves that silvery look from whence the common name is derived. The
wood is light and slightly resinous, and inferior to that of the common
pine. The resin of the tree is sold in England and the United States,
under the names of Balsam, or balm of Gilead, although the true balm of
Gilead is produced from an entirely different tree, the amyris Gileadensis.

Pinus Douglasii, This tree grows to the height of two hundred and
thirty feet, and is fifty feet in circumference at the base. It has a rough
corky bark, from an inch to twelve inches thick. The leaves resemble
those of the spruce, and the cones are small. The timber is good and
heavy. This pine abounds in Oregon, California, and Washington Terri-
tory, where it forms extensive forests, extending along the shores of the
Pacific Ocean to the Rocky Mountains. Itis impregnated with resin.

Pinus Lambertiana. This tree abounds in California, where it is dis--
persed over the country, but not in large forests. Like the other, it at-
tains the most extraerdinary dimensions—often exceeding two hundred
and twenty feet in length, and sixty feet in circumference at the base.
The cones average sixteen inches in length. The sceds are eaten, roasted
or pounded into cakes, The tree bears much resemblance to the spruces;
and like them, its turpentine is of a pure amber color, and the timber soft
and white. One singular property of this tree is, that when the timber
is partly burned, the turpentine loses its peculiar flaver, and acquires a
gweetish taste. The Indians use it instead of sugar.

The Laroh (larix communis) is, after the common pine, probably the most
valuable of the tribe. The name seems to be derived from the Celtic, in
allusion to thé resinous juice which it exudes. Dioscorides remarks that
lariz is the Gallic name for resin. Though a native of the mountains of
more northern regions, it thrives extremely well in Great Britain. The
bark of the larch is more than half as valuable as that of oak in tannin,
and the tree yields turpentine by incision. The black larch of America,
(1. pendula) called by the Indians tamaracke, resembles the European spe-
cies both in appearance and the excellent quality of the wood and bark.

The Cedar of Lebanon (L cedrus). This celebrated tree is a native of the
mountains of Libanus, Amanus, and Taurus; but it is not now to be found
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in great numbers. The forest of Lebanon never seems to have recovered
the havoc made by Solomon’s fortyscore thousand hewers, so that there
are now probably more cedars in England than in all Palestine. Itsresist-
ance to wear is not equal to that of the oak ; but it is so bitter that no insect
whatever will touch it, and it seems to he proof against time himself.
The timber in the temple of Apollo at Utica was found nndecayed after the
lapse of two thousand years. Some of the most celebrated structures of
antiquity were made of this tree. ¢ Solomon raised a levy of thirty thou-
sand men out of all Israel; and he seut them to Lebanon, ten thousand
a month, by courses; and he had threescore and ten thousand that bore
burdens, and fourscore thousand hewers in the mountains. And he eov-
ered the temple with beams and boards of cedar. And he built chambers
against it, which rested on the house, with timber of cedar. And the ce-
dar of the house within was carved with knobs and flowers; all was ce-
dar, there was no stone seen.” Thus writes the sacred historian, who
mentions that the same monarch had a palace of cedar in the forest of
Lebanon. Ancient writers notice that the ships of Sesostris, the Egyptian
conqueror, were formed of this timber; as was also the gigantic statue of
Diana in the temple of Ephcesus. The description of the cedar of Lebanon
by the prophet Ezekiel is fine and true: “Behold the Assyrian was a cedar
in Lebanon, with fair branches, and of an high stature; and his top was
among the thick boughs. His boughs were multiplied, and his branches
became long. The fir trees were not like his boughs, nor the chestnut
trees like his branches; nor any tree in the garden of God like unto him
in beauty.”

The Yew Tree (taxus baccata) is a native of Europe, of North America,
and the Japanese isles. The trunk and branches grow very straight; tha
bark is cast annually; the wood is red and veined; it iz compaect, hard,
and elastic. The yew tree was also consecrated—one or more being in
every church-yard, and they were held sacred. In former times, in funeral
processions, the branches were carried over the dead,by the mourners.
Being an evergreen, it was thus made typical of the immortality of the
soul. . :

The Cypress (cypressus sempervirens) obtains its name from the Island
of Cyprus, where it grows in great abundance. Of all timber, that of the
cypress is the most durable, superior even to that of cedar itself. The
doors of St. Peter’s Church, in Rome, which had been formed of this
material in the time of Constantine, showed no sign of decay when, after
the lapse of eleven hundred years, Pope Eugenius IV. took them down to
replace them by gates of brass. In order to preserve the remains of their
beroes, the Athenians buried them in coffins of eypress; and the coffing
1n which the Egyptian mummies are found are usually of the same tim-
per. Like the yew, it was carried in funeral processions, and strewn



EXISTING CONIFEROUS TREES. 115

over the graves of the dead. The White Cedar is a native of America;
its growth is slow; but it is bardy, and forms a good variety in clumps
of evergreens. Arbor vile (thuja occidentalis), when burnt, gives out an
agreeable odor, and was used by the ancients at their sacrifices. It isa
native of Canada. It grows well in swamps and marshes. A Chinese
species (c. orientalis) resembles it, and both are readily propagated by
cuttings, seeds, or layers.

Norfolk Island Pine (auraucaria excelsa) attains a gigantic size, often
measuring two hundred and twenty feet in height. It is 2 native of Aus-
tralia, and presents a magnificent object, with its bright evergreen foliage,
and innumerable waving branches. The leaves are closely imbricated,
inflexed, and pointless. The longitudinal section of the wood, with all
the distinctive marks of the Conifera, exhibits the peculiarity of three
rows-of oval disks. From this circumstance, the fossil trees of Craig-
leith quarry (previously referred to by me) have been identified with the
surauncaria of Norfolk Island. Other fossil trees occurring in coal beds
have likewise been identified with it. Sir J. Baak’s auraucaria (a. tmbri-
cata) is also a beautiful variety of this species.

The Juniper (juniperis communis) is common in all the nortbern parts
of Europe. It flourishes everywhere, but grass will not grow under it.
Wood is bard and durable; the bark is so tenacieus that it may be formed
into ropes, and the berries are used for imparting favor to gins. A gumn
oozes spout;meously from the trunks of old plants. which forms the gum.
sandarack, and in its powdered form is known as nounce. The berries
and tops, by distillation, are largely used for medicines. Bermuda Cedar
Wood is the product of a West Indian species of Juniper. The Red Cedar
(- virginearia) is one of the highest timber trees in Jamaica. The wood
is bitter, and hence avoided by insects. Common Savia (j. sabina) is a
plant which only attains the size of a few feet in Englsnd, but is found
as a tree in some of the Greek Islands. The leaves and tops bave a dis-
agreeable odor, and a bitter, hot taste. These qualities are owing to an
eseential oil, which is obtained in large quantity by distillation. " Gum
Olibanum, snpposed to be the incense of the ancients, and the substance
now used in the Catholic churches, is the product of the juniper licia.
Allied to the Coniferse is the family of plants, Myriea, or candleberry
myrtle. One of these, the sweet gale, is very abundant in kogs and
marshes of Scotland. It is a small shrub, with leaves like the myrtle or
willow, of a fragrant odor and bitter taste, and yielding an essential oil
by distillation. The cones, boiled in water, throw up a scum resembling
bees’-wax, which, collected in sufficient quantity, serve for candles.
Myrica Conifera, or Tallow Shrub, is common in North America, where
‘candles are made from a decoctiog of the berry. It grows in wet soils,

*
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or near the sea. A soap iz also made frnm it, and in the Carolinas it is
nsed for sealing-wax.

The Tallow Tree (Croton Sebiferum) yields a substance very much like
tallow, and in China, where it grows abundantly, candles are extensively
produced from it. The Piney Tree (vateria Indica) growing on the east
coast of Malabar, yields a substance very similar to the foregoing, and is
also very extensively employed in the production of eandles, being supe-
rior, in many respects, to animal tallow. A resin, very similar to copal
" varnish, exndes from the same tree, and furnishes a very durable varnish.
This resin is eften mixed with the tallow, and applied as a snbstitute for
tar in smearing the bottoms of boats.®

L

Such, in brief, are the existing coniferous trees, and
there is abundant reason to believe that they are analo-
gous to those of the coal-bearing period. The leading
characteristic of the whole order, it will be observed (aside
from their structural features), is their secretion of resins,
otls, tallows, and turpentines, in varied qualities. These
exudations, by a distillation presently to be described,
have furnished the various beds of coal, mineral bitumen,
asphalt, and anthracite, distributed over the earth. As I
remarked before, I do not think that the ferns contributed
materially to the formation of the coal, inasmuch as they
secreted no resinous or inflammable juices. It is a curi-
ous fact, that immediately over the coal veins of the Alle-
ghany mountains, which extend over eight hundred miles
in lgngth, the trees which abound most largely in these
resinous secretions, are now found growing in native
strength and vigor, and constitute the prevailing species
of the forests ; while underneath their tall and overarching
tops many species of the fossil Fern are also found in ex-
traordinary abundance! Of the two hundred species of
fossilized Fern in my collection, there are many that can

# I abridge my description of the living Conifers mainly from REind’s
History of the Vegetable Kingdom, and the Library of Entertammg Know-
ledge, London editions,
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be found growing immediately over the rocks in which
they were imbedded! This is.a singular fact, and sug-
gests the idea obscurely intimated by Moses, that the
seeds of vegetation are within themselyes upon the earth—
that is, the seeds of vegetation of a previous age, may be
buried in the soil to germinate anew at subsequent pe-
riods! The comparative absence of the trunks of pine trees
in the coal, may be accounted for on the supposition of their
enormous dimensions as well as distance from the scene
of resinous accumulation; while, on the other hand, we
can trace a close alliance between them and the extinct
Lepidodendria, the Sigillaria, and the Stigmaria. I have
found many cones in the coal, of the most perfect and
dissimilar structure—showing that, like the cone-bearing
trees now living, there were originally many different va-
rieties. DBut the extraordinary abundance and variety
of the Ferns now growing in the coal regions, and their
absolule identity with the fossil specimens, leads me to
believe that, wherever the strata of the coal or Devonian
measures have been uptilted, or brought to the surface,
and the soil preserved in its native condition, free from
obstructions or cultivation, the original seeds of the an-
cient vegelation have again germinated. The very fact
that the words of Moses seem to authorize such an infer-
ence, leads me to give it paramount weight. How else
could these seeds have been diffused ? It will not serve
our purpose to suppose that birds and animals could, by
any possible means, disseminate seeds in such profusion,
and in localities so exactly corresponding with the same
plants and trees imbedded in the shales below! This
would have been next to impossible ; especially as every
geological formation appears to have had originally, and
has still, when unobstructed by cultivation, a vegefation
peculiar to itself. Wherever there is coal, or, rather,
wherever the coal measures outcrop, the ferns ard resine.:
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ous pines abound ; and are frequently found to be similar
to the fossil specimens. These, however, may have been
removed some distance from the place of their growth,
and due allowances should be made in such cases; yet
the great fact still stands forth in its integrity, and seems
to defy any other process of interpretation. ~Wherever
the pines or conifere and ferns now abound, as natives of
the soil, coal, in some form or other, is morally certain to
exist in close proximity.

Upon the basis of this hypothesis, we can readily
account for all the diversity which exists in vegetation—for
primarily, every geological era has furnished in its rocks
and shales the seeds for future generations. The Almighty
Creator scattered the seeds of vegetation in the beginning,
and every subsequent era brings forth its exhaustless
crops—exhaustless, because the soil itself is exhaustless.
It was only at the creation of man that he planted a
garden in Eden, and then, for the first time, Yntroduced
Sfruits and grains, and the varied sorts of nuts, melons,
and esculents, so essential to man and the animal creation.
Previous to that time there was no necessity for fruits,
and the domestic vegetables; land animals, properly so
understood, having had no existence. With the ecreation
of man, however, (or in anticipation of his creation,) an
entire new order of vegetation was introduced, embracing
every fruit and garden and field product now known, and
including all the flowers that bloom and dispense their
fragrance over the earth.

But it may be urged against this hypothesis, that ihe
fossilization of the sceds would utterly have destroyed
their fructifying principle. This, at first thought, would
appear likely; but in the case of the coal vegetation, it
has little force. In the first place, the shales overlying
the coal are not alwayé hard and indurated; and when
they are, a brief exposure to the air decomposes them.
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All the coal shales are, in fact, nothing but baked mud,
but it is mud composed of the very finest particles of
earth. 'When the vegetation grew, the seeds of the pines,
concealed in the resinous cones, were scattered in this soft
mud, and the turpentine and tar with which they were
surrounded served to coat them, and to place around them
an air-tight envelope which would preserve them as
effectually for one hundred million of years as for one
year. The soft mud was afterward baked by the heat
below and the pressure from above, and thus became, in
process of time, compact slate. The same process will
apply equally to sandstones mixed with argillaceous clay
and vegetable mould; and as every geological formation
abounds in these rocks, the preservation of the smaller
seeds, by an air-tight oleaginous coating, is rendered as
probable in one geological formation as in another. In
the case of those trees which bear nuts, as the oaks, the
chestnuts, etc., they had no existence in the Paleozoic
periods, and it would therefore be useless to assume that
they had been similarly preserved. Wheat, it is well
known, has been preserved in the catacombs of Egypt for
several hundred years, and upon being planted, has
brought forth prolific crops. A

Tar, for local use, is produced in all the coal regions;
but in North and South Carolina it forms, with turpentine,
pitch or resin, an arficle of very extensive export to
foreign countries. In the pine forests of those States, the
sap or turpentine begins to circulate in the tree during the
month of March, and the accumulation proceeds and in-
creases with the warm weather, generally attaining the
the maximum in the month of August. When the sdp
manifests itself, incisions are cut in the base of the tree,
beneath which boxes are placed to receive it as it exudes.
Sometimes three or four incisions are made, of variable
depth, and at different spaces—from all of which the tree
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frecely bleeds. The ground around the tree has to be
carefilly cleared of all dry weeds and brush, to prevent
any liability of fire from the inflammable character of the
liqui?, which is often scattered around, through the care-
lessness of those in attendance. At the commencement
it usually requires about two weeks to fill the boxes with
turpentine—each of them holding from one to two quarts
of the liquor. When the exterior sap is extracted, deeper
incisions are again made, penetrating through at least
four of the annual rings of the wood, and thus tapping the
more vital parts of the tree, which, however, will continue
to yield sap for five or six years afterward. When the
receiving boxes are filled, the sap is transferred by wooden
ladles into barrels; and this completes the process. The
turpentine thus obtained is of the purest quality, from
which the oil or spirit of turpentine is afterward distilled.

The process for extracting tar from the yellow pine or
the long-leaved pines of the Carolinas, is exactly similar
to that of coking bituminous coal. A round space is
cleared in the forest, gradually sloping to one side. The
space thus cleared is formed into a concave basin, and the
ground beaten down with mallets to render it hard and
compact. From the centre of the cavity a ditch is dug
in the direction of the outward slope. Billets of pine
wood, stumps, knots, roots, and branches, arenow arranged
in circular form, layer after layer, around the space thus
prepared. The sticks are set up on end, and the pile of
wood and branches terminates in a gradually sloping
dome. The dome thus erected is covered over by leaves,
branches, and loose material, and the whole then inclosed
with a layer of moist clay. A few holes are left around it
for the admission of air. 'The combustible material inside -
is now ignited, and it burns with a slow, smouldering
heat—never being allowed to burst into a flame. As the
combustion proceeds, the tar is liberated from the cavities
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of the wood, and draining irito the centre of the conical
pit, thence issues in a continuous stream through the ditch
or trough running to the outside. Here it is immediately
taken up and placed in barrels, and is thus ready for the
market. In the Carolinas, tar is principally extracted
from dead wood that has fallen by accident, «und from the
tops of the trees that have otherwise no vagjue. The
whole process is extremely simple ; and we may add, was
in practice among the most ancient nations of the earth,
as well as among the more recent. But long before the
Greeks, or Romans, or Egyptians, applied it in their
forests, Nature had exemplified it in her great coal basins.
And it is a singular fact, that all the varied contrivances
of man, for extracting, elaborating, and compounding
different elementary substances in minerals and vegetation
are, after all, but the primary lessons which he has learned
in the great school of Nature. He has done nothing in
the arts of design, in mechanism, dynamics, hydrostatics,
or the crucible, in which he has not been anticipated.
Nature furnishes all his models ; and he is a mere appren-
tice in copying. But his efforts, although necessarily
local and experimental, are sometimes noble and even god- ;
like ; but those of Nature, the great teacher, are always
infallible and universal, and she has entire globes for her
laboratory.

Let us now return to the Devonian basins, which we
described some time ago, and which we left fully prepared
to receive the veins of coal so soon as we could elaborate
them from the ancient vegetation. It was stated that these
basins were in many respects similar to the great inland
seas of the northwest; that the anthracite basin was
much the deepest, and stood at the head of all the others,
somewhat like that of Lake Superior. These coal basins,.
although they did not extend in a direct line, nevertheless
communicated With each other in a manner precisely simi-
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lar to those Lakes. Superior is connected with Lake
Huron by the St. Mary’s river, which is about sixty miles
long, and generally not over half a mile wide. The descent of
the stream is perhaps more than thirty feet, or six inches to
the mile. Lake Huron is connected with Lake Michigan by
the straits of Mackinaw, which are of greater width, but
interspersed with numerous islands and rocky promonto-
ries. Lake Huron thus receives the waters of two great
Lakes, and then passes them into a little shallow Lake,
not over twenty feet deep at any place, nor over thirty
miles wide, by means of the St. Clair river—a stream
some forty miles in length, but a few hundred yards in
width, and perhaps forty or fifty feet deep. From Lake
St. Clair, the waters are passed through the Detroit river
into the basin of Lake Erie. Here they are thrown over
the falls of Niagara, and then, by another very narrow
river, not over twelve hundred feet in width and fourteen
miles in length, they are emptied into Lake Ontario.
They are now again discharged into a river, (the St.
Lawrence), and after expanding somewhat into the form
of lakes, at intervals, are finally emptied into the ocean
—describing another great hasin or gulf before finally
mingling with its saline waters. The distance thus tra-
versed, from the head of Lake Superior to the gulf of the
St. Lawrence, is sixteen hundred and fifty miles. The
distance from the head of the anthracite basins by the
route originally pursued by the primitive lakes and rivers,
to the Missouri river, was nearly the same, and when
they reached this point, they encountered the waters of
the ocean, which then formed a gulf over portions of the
States of Missouri, Arkansas, Mississippi, Louisiana,
Texas, and Nebraska, very similar to that of Mexico or the
St Lawrence.

;  After the Silurian seas had been withdrawn, the great
lakes or basins left behind, began gradually to fill up by

’
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the deposition of the sediment drained from the adjacent
rocks—comprising, at some places, limestone and silt, and
at others, sandstone or conglomerate and silt. The pratries
were now covered with immense jforests of coniferous
trees, the woody cells and fibres of which, like those of
our existing pines and firs, consisted mainly of resinous
and oily secretions. These forests in all probability ex-
tended hundreds of miles around the sloping plains of the
lakes ; and were liable to the same contingencies of ulti-
mate decay and destruction as existing forests. It is
perhaps hardly worth while to remark, that they were, in
every respect, the most enormous fields of vegetation
which have ever yet flourished upon the face of the globe.
While those of the humid plains of Central American and
Brazil may convey an idea of their extent, they certainly
could make no pretensions as rivals. If some of the
pines we have described, can now attain the height of two
hundred and fifty feet, there is no absolute reason why
they should not, at this particular era, have soared still
higher in the air, because all the circumstances that sur-
rounded them were in the highest degree favorable to the
most extraordinary development. The forests of South

America are described as absolutely impenetrable by man ;

while in California trees have recently been found of four|

hundred and fifty feet in height—or nearly twice the

height of our loftiest steeples, and fully equal to the tower
of Babel. While the trees themselves thus tower hun-
dreds of feet in the air, the trunks are surrounded by
younger shoots and weeds, which stand so close together
that even the wild animals have difficulty in traversing
them—some, indeed, more skillful than others, retreat to
the thickets to escape from their enemies. The coal vege-
tation, in addition to tropical prolificacy, was not depre-
dated upon by prowling animals. It grew in undisturbed
luxuriance, and attained such development that those only
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who have witnessed the wild and unchecked profusion of
nature amid the tropies, can form any conception what-
ever of its enormous extent. The atmosphere under
which the vegetation flourished was in many essentials
different from that which we now breathe. The propor-
tion of carbonic acid was enormous, and while this served
to stimulate vegetable growth, it rendered the existence of
animal life impossible. It may not always have been
materially warmer, as is generally supposed by geologists;
but it certainly was more Aumid, and perhaps enveloped
for the most part, in fogs and mists, such as prevail along
the coasts of Newfoundland, where the yellow pines even
now attain their greatest and highest development. DBut
whatever heat existed, must have been mainly derived
from the earth dtself ; as we shall hereafter demonstrate
that solar heat had as yet scarcely established itself upon
the earth. The radiated heat of the ¢nferior would en-
velope the surface in vapors, and these, we have every
reason to infer, contributed largely to the growth of the
vegetation. Growing under circumstances of extraordi-
nary favor, the forests would at times yield to that un-
sparing law which levels every thing with the dust.
Whether by tempests or the overpowering gravity of their
elevated tops, or the prostration of one upon the other—
it is certain that entire forests would finally bend to the
ground, to give place to a new crop. Accumulating thus
on the sloping prairies, constantly moist and wet with the
atmospheric exhalation and condensation, the prostrate
vegetable material would be exposed to fermentation and,
distillation similar to that of the tar pils. Trunks and
fragments of trees, covered over by their branches and
leaves, and the accumulating rubbish of the forest, under
the smouldering fermentation thus evolved by the interior
heat of the earth, would part with their resinous and oily
juices, while the atmosphere would be blackened with the
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smoke and gas. The whole earth was thus enveloped in
the fermenting process. The gases ascending from the
smouldering vegetation, would be arrested by the fogs and
vapors of the atmosphere, and thrown down upon the
earth in the form of soot and lampblack. The soot would
accumulate like Jayers of snow ; and uniting with the oily
liquids issuing from the vegetable mass, would thus be
borne off to the waters of the adjacent lakes. All the
streams, springs, rivers, and lakes were discharging co-
agulated carbonaceous ink. In the absence of solar
evaporation, nothing was lost. As the vegetable mate-
rial went on accumulating, its resinous juices were libe-
rated by spontaneous fermentation, and, both in the form
of liquids and gases, the elements of the vegetation would
be drained down into the lakes or basins. We can thus
imagine the ground which supported these vasts forests of
pine to be literally moist, spongy, and miry with the es-
caping tar, and oils, and smoky soot; and that in every
direction, for hundreds of miles around the sloping plains
drained by the lakes, the pyroligneous liquid oozed out
of the ground in constant springs and streams. The whole
earth, wherever the dry land had yet appeared, was thus
covered with stupendous tar-pits, while the atmosphere,
-already humid with the vapors of radiated heat, was
blackened with ascending smokes or enveloped in snows
of black carbonaceous soot. The surface of the ground,
in every direction, having been thus periodically, if'not
almost constantly under the influence of the resinous fer-
mentation, distillation, and combustion, there was, of
course, but little sand and sediment. It was only occasion-
ally that the stratum of vegetable mould’ would be re-
moved, and the underlying sand and clay exposed. In
such cases the mud and sand would be carried into the
lake, and scattered over the accumulating coal seam, or
distributed in irregular heaps or layers; while the mould
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resulting from the decomposition of trees, and charged
with fragments_of half-decomposed stems and branches,
would in like manner be sometimes reraoved. As a gene-
ral thing, the fine mud and vegetable mould was scattered
uniformly and evenly over the bottom of the lake, during
the occasional pauses in the supply of resinous matter.
The mud thus distributed is now the parting slate between
the benches of the pure coal ; while the faults are derived
from the layers of sand and silt, and the deposits of half
resinous mould and mud into which the pure coal often
degenerates. The rock faults, however, in many cases,
originally existed in the botlom of the lake—the resinous
material merely collecting around and accommodating
itself to them. The resinous matter, as a general thing,
was evenly distributed over the bottom; but there were,
of course, occasional exceptions. Sometimes it would
thin out, and give place to the original clay or sand of the
bottom ; while again it would expand into twice its regu-
lar thickness. These deviations, intrusions, and irregu-
larities comprise what are now termed the faults of the
coal veins—features which are entirely overlooked in all
the other theories of the coal formation.
Now, after the process here described had gone on until

a thick layer of resinous material accumulated (somewhat®
similar to the piteh lake of Trinidad), the outlets or nar-
Tow straits of the lakes became clogged, and the result
was an unusual accumulalion of water. The straits con-
necting the coal lakes were essentially similar to those
connecting the lakes of the northwest; and it is easy to
conceive how these could be temporarily choked up so as
to temporarily impede the passage of the water.  The
formation of a sand-bar, rendering the water shallow, as
in the case of the Lake St. Clair; or the drifting of logs
and trees into the narrow perpendicular necks of the
river (like that of Niagara), would readily suffice. This
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is a phenomenon of such frequent occurrence in all our
mountain streams, that I take it for granted it will appear
self-evident in this connection. The waters of the Missis-
sippi and the Missouri, by freshets or temporary ob-
structions, are sometimes diverted from their course, and
overflow the surrounding plains for forty and fifty miles.
The passages of the coal lakes, thus obstructed in the
narrow rivers, the waters would at once overflow the whole
surrounding forests. 'The effect of this is readily percep-
tible—all the rubbish of the forests, with the leaves,
branches, stems, and logs, and the great bulk of the mud
and mould of decomposed vegetation, would be removed
and borne off tnio the lake. Upon the subsidence of the
water, they would settle over the vein of coal; and the
debris thus collected now forms the top slate in which are
JSound all the fossil tmpressions known of the coal vege-
tation. 'The inquiry of the geologists for large trees, and
their surprise at not finding them <n the coal, is thus
easily explained. The trees that exuded the resin were
really but seldom displaced, while the overflowing of the
water did little injury to the forests themselves beyond
the removal of their loose and scatlered lrees, limbs, leaves,
and vegetable mould.

As the waters of the lake forced their way through the
connecting straits, and subsided to their customary level,
they again began to wear down the adjacent shore, and
received the debris of the mud and sand exposed in con-
sequence of the removal of the decomposed vegetable
mould. This process continued with aetivity until the
forests had accumulated another layer of resinous mate-
rial. In the mean time, however, the low flats immedi-
ately adjoining the lake brought forward their crops of soft
and succulent vegetation, the most conspicuous of which
was the plant called Stigmaria. Recent investigations
have led some geologists to suppose, as I have already

0
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remarked, that this plant is the root of the Sigillaria.
But I am of a different opinion. I have every reason to
believe that it was a species of vine, which extended itself
over the low and half-submerged flats along the margins
of the coal lakes; and that it was borne off in the water
and deposited before the regular supplies of resinous mat-
ter reached the lake—hence it is almost invariably found
under the veins of coal. The phenomenon of finding trees
in an erect position, in this under clay or shale, may be
explained in the same way. They grew on these marshy
flats, like the trees on the flats of St. Clair; and the wear-
ing away of the shore on which they stood, during times
of high water, caused their removal into the lake, where
they would natually settle to the bottom in an erect posi-
tion. 'This is daily exhibited in the Mississippi, and the
Amazon river in Brazil. Trees are undermined by the
water, and they fall down and are borne off by the
stream, their foliage maintaining them in an erect position.
Sometimes their roots find a lodgment in the bottom of
the river, and they are thus supported until sufficient sand
has gathered around them to enable them to stand erect
after the subsidence of the water. The whole phenomena
of finding trees penetrating through the coal vein, and of
lying over and under them, is to be explained in this way.
They are the results of accident, not of geological law.
All the trees ever found in these situations, had they been
converted 4nlo coal (which they mever are), would not
have made a seam as thick as a sheet of paper in the great
basins in which they occur. But the fact that they never
furnish coal at all, except where they have been flattened
by pressure, and their resinous sap thus squeezed out, is
conclusive that their solid Woody fibre contributed nothing
directly to its formation.

It is hardly necessary to observe that the process here
described was repeated again and again, upon the deposi-
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tion of every subscquent layer of coal. Indeed, it was
often partially carried out without the ¢nterposition of the
coal—for the alternating strata show many little veins of
slate and leaders of impure coal which have been derived
solely from the vegetable mould of the forests. Again:
The overflowing of the forest was nof an absolute essential
to every seam of coal. By no means. These overflowings
were irregular, and generally terminated, for the time
being, the flow of the oils and resins. For this reason, the
seams of coal vary in thickness from a few inches to forty
feet—the latter, however, are invariably separated into
benchesor lamine of coal, varying fromone inchto three feet.
These benches may be regarded as separate veins, because
they are parted by layers of slate, mud, or sand, which
sometimes run into very thick strata. We have already
alluded to this fact, and mention it again only to show
that no regularity is claimed for the floods. They some-
times oceurred during the deposition of the largest veins;
but whenever they did'occur, the debris of the forests and
the surrounding rocks was invariably brought into the
lake. Again: Some of the veins of coal were deposited
without the occurrence of floods at all. In these cases
there is, of course, a comparative absenee of fop slates and
of fossils. 'The vein of coal is then often overlaid by
sandstone—or limestone — the immediate debris of the
basin terraces. The liability of the submergence of the
forests was, however, very great. The sloping prairies
were in no instance elevated more than from five fo ten
feet above the level of the lakes. The Mississippi river,
for more than fifteen hundred miles, does not descend at
an average of over half an inch to the mile. Even the
Ohio, which emerges from and traverses a great mountain
slope, has a fall of only four or five inches to the mile. A
flood of ten'or fifteen feet on the lower Mississippi, will
inundate the surrounding country for a distance of twenty
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or thirty miles. The adjacent plantations are protested
by means of levees; but when a crevasse occurs, the
mighty river extends itself for many miles over the level
prairies, and carries off fences, logs, and all the loose
rubbish it encounters. The river is often diverted from
its regular channel by the deposition of sand-bars or other
obstructions ; and so it was with those of the coal lakes.
Their liability to such obstructions, as well as to great
freshets, is sufficiently apparent by the known circum-
stances which involve, to a greater or less extent, all ex-
isting streams. These we can see and clearly comprehend;
and if similar contingencies be allowed for the primitive
rivers and lakes, we have no further difficulty whatever in
accounting for the varied strata alternaling with the seams
of coal, nor for all the other phenomena associated with
them. We can thus dispense with terrific earthquakes,
voleanoes, upheavals, and depressions of the land, and
satisfactorily explain all the circumstances of the origin
and deposition of the coal, according to existing principles
of natural causes and effects.

But I have thus far been describing only those basins
which are of fresh-water origin—as the anthracite regions
on the eastern slope of the Alleghanies. All the bitu-
minous coal on the western slopes of those mountains
contain marine as well as fresh-water fossils, I lave
already observed that, at the beginning of the Devonian
period, the estuaries of the sea extended over the whole
region of country now comprising these mountains, and
that they were gradually receding westward, to the great
gulf which overflowed Nebraska, Texas, Louisiana, and
several other southwestern states. When the coal forests
attained their vigor, these arms of the sea were met by the
drainage of the land. The basins began to be separated
by shoal water, then by sand or concretionary limestone
bars; then the waters of the sea were wholly withdrawn,
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and the bars cut through by connecting rivers. The high
tides may still have penetrated far eastward, especially as
the basins were yet on a comparative level with the sea;
but when the coal began to accumulate in the wupper
basins, its influx was separated by longer intervals, and
the quantities of marine fossils show a consequent dimi-
nution and an ultimate thinning out in that direction.
The veins of fossiliferous lime in the coal measures of
McKean, are seldom over two feet in thickness; on the
Monongahela, and at Cumberland and Broad Top, they
vary from two to twenty feet; while at Wheeling they
expand to forty, fifty, and sixty feet in thickness. There
are, however, local variations; sometimes the limestone
does not occur at all in the eastern basins, while it may
appear at other places three or four feet thick. The coal
is deposited in thin seams, and was perhaps cut off by the
influx of the sea, since the fossiliferous limestone occurs
directly over some of the veins, without the interposition
of the carbonaceous shale. This is a very common fea-
ture in all the bituminous basins, not only in the United
States, but elsewhere throughout the world. The coal
itself, in Missouri and Illinois, is penetrated by cubical
lamina of silex, thus showing its presence in the water
of the basins wherever the coal was deposited.

In going westward, we find the sea lingering for long
periods in the coal basins. Indeed, in many cases, the
coal was deposited in calcareous or silicious waters, some-
what modified by the drainage of the land. The absence
of fish and crustaceous animals in the coal, can be ac-
counted for from the fact of its waters having been im-
pregrated with the prevailing tar and pyroligneous juices
of the vegetation. TUpon the destruction of the vegeta-
tion, and the purification of the waters, all these animals
again made their appearance—though never in great
abundance. That the waters of the sea, during the coal
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measures, never reached so far up as the anthracite
basins, is evident from the absence of limestone, and of all
the marine fossils which are found in those below. The
veins in the upper bituminous basins are few and thin. The
coal material, instead of being deposited in the immediate
basins, on the margins of which it grew, was borne down-
ward by the current, and helped to form the larger veins
at Pittsburg, Cumberland, and the Monongahela. Below
these points, a thinning out again occurred, which subse-
quently formed the separating axis or rim between two
basins ; and thus all the region from Pittsburg, Wheeling,
Pomeroy, Kanawha, and Alabama was cut up and divided
into numerous basins, connected by narrow straits, pre-
cisely like the fresh-water lakes of the Northwest. The
estuaries and tides of the sea were gradually withdrawn
as the upper basins filled up ; and the number of distinet
veins they contain is in proportion to their depth and the
time occupied in the filling up. The anthracite basin was
very deep. When the coal began to accumulate, it could
not have been less than fifteen or eighteen hundred feet.
The depth of Liake Superior is one thousand; and not-
withstanding the extraordinary purity of its waters, and
their freedom from sediment, it must originally have been
at least twice the present depth. The depth of all the
other lakes is considerably less—that of St. Clair not
being over twenty feet, while the surrounding flats, em-
bracing millions of acres of surface, have apparently just
emerged from the water. And it was thus with the lower
and some of the intermediate coal lakes; but while many
of them, like St. Clair, filled up at an early day, the an-
thracite basin continued deep, like Superior, and it went
on quietly accumulating its coal, layer after layer.

The numerous deposits and veins of asphalt, chapapote,
bitumen, petroleum, pitch, condidum, and other liquid and
solid combustibles, occurring in various gquarters of the
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globe, may here be briefly referred to in further illustra-
tions of the formation of coal. The celebrated pitch lake
of Trinidad, lying npon one of the West Indian Islands
of that name, is said to be three miles in circumference ;
but its thickness or depth is unknown, from the difficulty
of measuring it. It occupies the highest land in the is-
land, and emits a strong resinous odor, sensible at a dis-
tance of ten miles. Its first appearance is that of a lake
of water; but when viewed at a nearer point, it seems to
be a surface of glass. In hot weather, it liquifies to the
depth of an inch or more, and cannot then be walked
upon. The geological data in the vicinity exhibit traces
of volcanic action; and not only in the lake itself, but in
the neighborhood, are seen holes and fissures, somctimes
containing liquid bitumen or petrol oil. Fissures of great
length, from four to six feet wide, traverse the surface of
this lake, in every direction, and are generally filled with
water. The consistence and general appearance of the
pitch or bitumen, when bard, is similar to that of coal,
only the color is rather greyer. It is very brittle, and
breaks into small cellular glassy fragments. Some of the
more elevated parts of the surface are covered with thin
brittle scoriee. The pitch is used for coating ships, and
thereby protecting them from that pest of the West Indian
seas, the feredo, or borer; it is also applied as an ordinary
varnish, and in some other minor uses. Not far from this
lake, and near the sea shore, both coal and schistose plum-
bago are found in considerable abundance. Lignite, or
brown coal, also exists. Near the same island, south of
Cape de la Brea, is a submarine volcano, which occasion-
ally boils up and discharges a qnantity of petroleum.
Another occurs on the east side of the island, which throw
up on the shore masses of bitumen, black and brilliant as
jet. It would appear that the island is underlaid with
seams of petroleum oils and gas, which are thus injected
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to the surface by the expansive force of the latter. The
pitch of the lake evaporates the carburetted hydrogen,
thus parting with a portion of the oil with which it was
originally associated. This is sufficiently manifest in the
fact that efforts long since made to use it as ordinary
vegetable tar or pitch, have failed to make it available or
profitable, because it requires too much oil to be mixed
with it. The substance is passing, by gradual transitious,
from its original condition of petroleum into that of bitu-
minous coal.

The Chapapote of Cuba, commonly called coal, is mined
in the same manner as the latter mineral, and appears in
several positions in the rocks in the vicinity of Havana and
Matanzas, in enormous deposits. It occurs in the fissures
of stratified rocks, in wedge-shaped veins, enlarging from
the surface downward, thereby indicating its origin from
below, among magnesian and metamorphic rocks of ser-
pentine, diorites, and euphotides, accompanied with quartz
and chalcedony, and sometimes copper. The heat which
metamorphosed the rocks also expelled the petroleum,
which thus solidified in the caverns and fissures of the
upper strata. Chemical essays of this chapapote show:
of carbon, 34,97 ; volatile matter, 63.00; ashes or cinders,
2.03 =100. A mine situated six miles from Havana, and
which was described by M. Castales, in 1842, was found to
contain a deposit forty-eight yards deep, perpendicnlarly,
and more than one hundred and eighty feet in horizontal
extenf. The bottom, however, had never been reached,
but the explorations made indicated one of the greatest
deposits of mineral asphalt or bitumen ever found in the
world. 'While the chapapote exists in many places on the
island, whenever a disturbance of the strata has occurred,
Slowing springs of petroleum are no less abundant. Some
of these springs have been known for more than two cen-
turies. Indeed, the whole island is penetrated with bitu.
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minous matter to a most surprising extent. Even the solid
quartz, the serpentine rocks, and the veins of chalcedony,
have cells and cavities filled with liquid pitch; and the air
is scented with it when these rocks are broken by the blows
of a hammer. In this respect it resecmbles the mineral
piteh found filling the cavities of chalcedony and cale-spar
in Russia.* Even in the bay of Havana, the shore, at
low water, abounds with asphalt and bituminous shale in
sufficient quantity for the paying of vessels as a substitute
for tar. It is stated that, in buccaneering times, signals
used to be made by firing masses of this chapapote, whose
dense columns of smoke could be recogunized at a great
distance, and served as signals to vessels at sea. Itisa
matter of history that Havana was originally named by the
early visitors and settlers, Carine,—‘‘ for there we careened
our ships, and we pitched them with the natural tar which
we found lying in abundance upon the shores of this beau-
tiful bay.”t Petroleum leaks out in numberless places, in
this delightful island, and it is astonishing that it bas thus
far excited no particular notice, except as a natural phe-
nomenon. M. Bousingault, in a dissertation on the bitu-
mens of France, remarks that the only contradictory fact
opposed to his conclusion that the geological position of
mineral pitch is in formations referable to the super-creta-
ceous group, is that given by Alexander Von Humboldt,
who, in his travels in South America, saw at Punta
d’Acaya, on the coast of Caraccas, petrolenm issuing from
mica slate, and extending far out into the sea. To these
exceptions might be added many more, for all the springs
of petroleum and of mineral pitch in the West Indian Is-
lands, and in South America, are associated with metamor-
phie rocks, or rocks very nearly as old as mica slate. DBut
it does not necessarily follow that the oil itself is of cotem-
porary age, although it might be assumed that the unctuous

# Allen’s Manual of Mineralogy. i 1 Early History of Cuba.
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touch of mica and felspar may proceed from contact with
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