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AUTHOR’S PREFACE.

I FEEL constrained to say a few brief words as a preface to the work
which has just been completed, not in the spirit of egotism or to make
excuses, but to ask for this book a candid and impartial hearing,—a full
and just consideration of its theories, as well as its facts, before judgment
is pronounced upon its merits collectively, or its individual idiosyncrasy.

The great body of the book treats on practical subjects, presenting facts
as they exist, in palpable and unmistakable form. This matter is gene-
nally original, and was collected with much time and labor by both the
author and the publisher, as well as by their agents; and on these there
can be no difference of opinion; but in connection there are other subjects,
which admit of many explanations and on which many theories exist.

In treating these subjects, I have selected, according to the best of my
judgment, and adopted those which appear to be most consistent, without
attacking those which are respectfully declined.

I have, however, adopted several new theories, which may be presented
to the mind of the reader at first sight as strange and without support, in
fact. But I ask an impartial and patient examination, since the subjects
presented are eminently worthy of consideration, and, if I am correct, no
hasty decision can make them less true; while the éxamination of new
theories on new and untrodden ground is, at least, as profitable as the
discussion of old ones, which, though investigated from all points, still
remain unsatisfactory and indefinite, and capable of numerous explanations,
no two of which agree.

Three new and principal propositions are here set forth:—

First, that the material forming both the Azoic and Paleozoic formations
of the earth are almost exclusively and directly from voloanic sources.

Second, that volecanic and subterranean heat produced the vapors or gases

which resulted in petroleum, naphtha, ete.
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4 AUTHOR’S PREFACE.

Third, that the hydro-carbons, in the shape of naphtha, petroleum, and
their resulting bitumen, formed mineral coal.

Nature has been a busy worker, and her creations are not as old as
geology would make them. I was led to these conclusions irresistibly by
the facts presenttd, after a careful and extensive practical examination,
rather against my former opinions; but now that I have followed the
NATURAL PROCESSES from point to point, and found all the coincidents to
agree harmoniously withoyt the necessity of calling miracle and phe-
nomenon to my assistance, I do not hesitate to offer the foregoing “ theories”
as substantial facts; but for them I alone am responsible.

In preparing this work, Mr. Bannan, the associate author and publisher,
has rendered valuable assistance in furnishing much of the data, in pre-
paring many of the statistical tables, in reading and correcting proof, in
furnishing liberally material aid, and by using every available means to
expedite the work and make the book practical and valuable.

The copy and drawings have been produced by the writer, who is
responsible for errors of omission and commission. I am aware of many
such mistakes; but I have faithfully endeavored to be correct and con-
sistent, and feel confident that the work will meet with a satisfactory
reception from the candid and impartial reader.

S. H. D.
PorreviLLg, January, 1866,



PUBLISHER’S PREFACE.

TrE work which I have now the pleasure of introducing to the public
has been long contemplated and promised; but the many difficulties of
preparing a book of this character have delayed its publication to the
present time, which perhaps may be the proper moment, since the
demands and the promises of the future both require the work and encou-
rage the realization of its precepts.

My own pressing and constantly-accumulating duties in conducting the
publication of the “MINER’S JOURNAL” and an extensive business esta-
blishment, left no time to prepare and arrange the large amount of sta~
tistical and practical data on mining matters which has been collected in
this office for the last thirty-five years; and I took the first opportunity
to secure the services of a practical miner and engineer, in the person of
Mr. Daddow, to assist me in presenting it in book form to the public.

In this work Mr. Daddow has elaborated the subject much beyond my
original intention or expectation, and has become practically the anthor,
since he has written all or most of the copy, and prepared all the sections,
maps, and plans to illustrate the subjects presented. His practical expe-
rience in mining matters, and extensive acquaintance with all or most of
the COAL, IRON, and orL formations of this country, make him peculiarly
fitted for the work; and I feel confident it will meet with general approba-
tion.

In regard to the new theories presented, I do not commit myself posi-
tively; but, since nothing better than theory exists on those subjects, and
none of the many theories agree or account for all the facts and coincidents,
I feel like giving support to any new theory which promises better results,
a3 I believe those herein presented do.

The main portion of the work, however, presents facts and such
original information as we have been able to collect by an extensive

canvass to the latest date. 'These cannot fail to be interesting and
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instructive generally, and useful especially to the trades and operations
represented.

While the cost of preparing, electrotyping, and issuing this book has
much exceeded my estimates and expectations, I feel gratified in being
able to present the first book ever published which presents in a practical
manner both the extent and character of our mineral resources and the
means of their development. Taylor’s “Statistics of Coal,” which is an
eminently valuable and practical work, but now out of print, gives only a
simple and partial statement of the extent of our coal-fields and their
trades; and while Mr. Taylor was an accomplished and practical engineer,
he did not pretend to give instructions in mining, or to trace and identify
our coal-beds or the coal-fields.

The ponderous and costly volumes of our State Survey, by Prof. H. D.
Rogers, contain a vast amount of useful information and scientific learning,
but to the practical industry of our country they remain a dead letter.
We have endeavored to be brief, plain, practical, and explicit, and to
present facts without color or rhetorical flourish, and devoid of technicali-
ties and mere scientific phrases when simple words would best express the
meaning. '

We hope thus to make the work popular, and as interesting and in-
structive to the general reader as useful and necessary to the miner, the
manufacturer, and the mechanic. The book is, therefore, confidently
offered to the public, not only to meet the demands of the times, but with
a hope that it may inspire our people with a more consistent and uniform
spirit in the development of our mineral resources and manufacturing
industry.

B. B.

MixNer’s JourNaL OrricE, PorrsviriLs, January, 1866.
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COAL, IRON, AND OIL;

o,

THE PRACTICAL AMERICAN MINER.

CHAPTER L

INTRODUCTION,

The Elements of National Wealth—Providences—Coal and Iron—A Comparison—The Value
of Coal—Its Influence on Cities—New Castle—Pittsburg—Dynamio Value of Mineral
Fuel—Its Effects on Industrial Resources—Production of the British Mines—Practical
Illustrations—Manual Power and Endurance vs. Stesm-Power—The Labor of Women in
English Mines—Value of Slave Labor in Peace or War—Anthracite Coal of Pennsyl-
vania—Its Value to our National Resources—Economy and Waste of Mining—Probable
Exhaustion—Limited Supplies and Unlimited Demands—Striking Pioctures—The Fall and
Decline of the British Empire—Oil and Coal—Nature’s Laboratories.

Gop, in his wonderful providence, has blessed our country, above all
others, with the most magnificent profusion of mineral wealth. When
compared with the most favored lands, where coal and iron are essential
elements of national wealth and greatness, our country far surpasses them
all in her exhaustless resources, not only of those great and controlling
elements, but all the essentials to national strength and power which
make an industrious people wealthy, prosperous, and respected.

In every aspect in which we view the wonderful resources of our
country, we find cause for gratulation and admiration, whether we con-
template the productions of the soil, or the vast extent and richness of the
mineral kingdom; the wide and varied scenes of its distribution, or the
topographical features and facilities for its development. These resources,
however, are rivalled by the physical proportions of the land which we
cannot cease to laud and admire,—whose limits extend from ocean to
ocean, and occupy one-eighth (}) of the habitable world, within the
temperate zones.

We may be allowed to speculate a moment on the providence which
preserved, throughout the darker ages, a land so evidently favored with

all the natural blessings and provisions for the good and welfare of man.
2 17
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We cannot fail to recognize that universal Wisdom which orders events
from the beginning and provides for the destinies of nations before the era
of their existence. With this faith as a foundation, we may justly hope
to come out of our present day of trial and pain like gold tried in the
fire; with the country we love united in one common destiny,—purer,
richer, dearer for the incalculable price of precious blood and the immense
amount of treasure it has cost us.

But our task is eminently a practical one, and we neither expect nor
wish to indulge in speculative digressions. The work before us is one
of fact and figure,—usually “dry” work; but we hope to make it in-
teresting to the general reader, as well as useful to the professional and
practical.

The distribution of coal and iron—and at the present day we must not
omit oil—throughout North America, but more particularly the United
States, is wonderfully general and impartial. On consulting the maps,
it will be noticed that our coal deposits dot the features of this country
from ocean to ocean, and in some cascs their immense extent almost
obscures the surface of entire States. Of our three million square
miles of superficial area, the known deposits of coal occupy 200,000, or
one-fifteenth (&) of the entire area ; while the existence of other immense
fields not yet explored is unmistakable.

In comparison with other coal-producing countries, this ranks not only
first, but far superior in that respect to all others.

The United States has one square mile of coal to every 15 square miles
of territory.

Great Britain has one for every 20 square miles of superficial area.

Belgium has one to every 22} square miles of surface.

And France has one square mile of coal to every 200 square miles of
territory.

The value of coal to those possessing and utilizing it is made manifest
by their prosperity and the wealth and power of communities and nations
whose economy is largely influenced by its trade or dynamic value.

England furnishes the most prominent instance; and English cities
located on or near coal, or within its direct influence, flourish, while older
and formerly more prominent places decline. We may mention Glasgow,
Manchester, Birmingham, Leeds, Sheffield, and last, but not least, New-
castle-on-Tyne. To what can we attribute the astonishing growth of
those cities, or the declining condition of Canterbury, Winchester, Salis-
bury, and other towns in the south of England, but to the presence or
absence of coal ?

But we need not look abroad for instances of its influence on cities and
communities, when so many of our own cities and towns owe their growth
and prosperity to the proximity or availability of coal. It is true that



THE DYNAMIC VALUE OF COAL. 19

other causes have, in many instances, given a wonderful impetus to the
birth and growth of towns and cities in the New World. But as the true
promoter of progressive and permanent development, coal is pre-eminently
the first in value or dynamic effect of all our minerals, or the means of
converting them to our use and comfort.

“If you would see what coal can do for a people who turn it to full
account, look at Pittsburg, a city of 150,000 inhabitants, built up by its
mines of coal. There are no drones in its hive; heads and hands are busy.
It lost 330,000,000 by the Rebellion, without shaking its credit. No city
on this continent contains more solid wealth in proportion to its population.
Its prosperity is permanent, for it is based upon the creation of new values.
Possessing in its coal the creative power, it stretches out its mighty arms
and gathers the wealth of half a continent into its lap. It brings to its
farnaces and forges the iron and copper of Lake Superior; glass-sand from
New England, Missouri, and Illinois; lead from Wisconsin and Missouri;
zinc, brass, and tin from beyond the seas. You pass through its gigantic
establishments, and are amazed at the variety and extent of their perfected
productions. Yet all these, from the most delicate fabric of glass to the
ponderous cannon and steam-engine, are in the coal which underlies the
smoky hills of Pittsburg.”* ‘

THE DYNAMIC VALUE OF COAL.

Rogers, in his Geology of Pennsylvania, has given a very curious state-
ment of the force or power derived from the combustion of certain amounts
of coal, which, while it presents an approximate estimate and conveys to
the mind an idea of the mechanical force thus derived, is very erroneous in
statement and fact. He estimates the average duty of the improved Cornish
pumping-engine as equivalent to 100,000,000 pounds lifted one foot high
by the consumption of one bushel, or 84 pounds, of coal, and then takes
the maximum duty as 125,000,000 under the same circumstances. By
dividing the bushel of 84 pounds into the maximum duty, 125,000,000,
he makes one pound of coal raise 1,500,000 pounds one foot high, or
equivalent to the labor of a strong man on the tread-mill during 10 hours;
and thus he estimates that (4) four tons of coal is equal to twenty years of
manual labor, or an average lifetime of hard work. By this ingenious
estimate, 10,000,000 tons of coal are made to supply England each year
with a mechanical force, as applied to the production of steam, equal to
3,500,000 fresh men laboring through 20 years.

We give this singular statement, not only for the purpose of correcting
it,—since it has been widely circulated,—but to show that even a practical
application of this force, as applied to mechanical effect, will increase the
value of manual labor a hundredfold.

# Letter of Professor Daniels to the Chicago * Tribune.”
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The average “duty” of 35 Cornish pumping-engines at work in Eng-
land during 1864 was 500,000 pounds lifted one foot high with a con-
sumption of one pound of coal. But in an estimate of this character we
cannot assume even the average consumption of the Cornish engine to be
the rule, since the consumption of coal to the power produced, by the
ordinary English engines, is at least double. 'We presume that 200,000
pounds lifted one foot high by the combustion of one pound of coal is
nearer to the rule than the exception.

But we will place our figures still lower, and make 10 pounds of coal,
as applied to the production of mechanical power through the agency of
steam, as equal to a day’s work, or 1} tons of coal as equal to a year of
manual labor. 10,000,000 tons of coal, thus applied, adds to the pro-
ductive labor of England a force equal to the exertion of 7,500,000 fresh
men annually!

The amount specified,—10,000,000 tons,—as used for the production
of steam in England, is, perhaps, much below the actual consumption.
It is estimated that 100,000,000 tons of coal were produced by the mines
of Great Britain in 1864, or nearly 90,000,000, as sent from the mines.
Baut all practical miners are aware that a large amount of coal is consumed
at the mines,

In 1861 the production of the great northern coal-field, in Northumber-
land and Durham, was 21,777,670 tons. Of this amount, 19,077,570 tons
were sold or sent from the mines, leaving 2,700,000 burned for home con-
sumption and wasted at the mines. The same proportion used at the mines
generally would swell the amount to over 100,000,000. This vast, almost
incomprehensible, mass of coal has been produced by 300,000 men and
boys at 3000 collieries. )

In 1861 the number of collieries in Great Britain, and their production,
were:—

England.....ccccocevanenane 2074 collieries.......ccoeuurunn. 63,870,123 tons.
Wales..oeeriirereeennennnns 481 B rrerenneeeess 8,661,021 ¢
Scotland.....ccovvvnieiecens 424 LN 11,081,000 «
Ireland......ccoievenennnnnns 73 B erecerremeranee 123,070 «
3052 “ 83,635,214 «

The number of collieries is constantly decreasing, though their pro-
ductions are increasing. In 1860 there were 13 collieries more than in
1861, while the production of coal was one million of tons less.

The great northern coal-field, in Northumberland and Durham, is the
greatest coal-producing district. In 1861 there were 271 collieries in
operation, employing nearly 50,000 men and boys, while the productiom
and distribution of coal from these collieries were:—
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House coal, for domestic uses.......ccecevrvinieeennrnnnnnns 4,493,450 tons.
Ga8 008l...cieiiiiiiiiiiiiiiiciiietettitiitisiittereneitienies 1,717,000 «
Steam coal, small and manufacturing coal................. 4,317,120 «
Distributed on lines........cccceeunirinniancniiiiineans esans 2,300,000 «
Coke consumed in iron trade......ccccuvesecnernnrecennnans 5,000,000 «
Manufacturing.....cceveveviiienienrnnininuiinennenniennininns 1,250,000 «
Colliery and home consumption.......coeerueereeninennnin. 2,200,000 <«
Waste at collieries......eeveveriniiirnirerrncinnincinannnnens 500,000 «
21,777,570

The above is, perhaps, an average distribution of the English coals, and,
it will be noticed, over one-fifth, or 5,000,000, of this amount,—included
in steam, manufacturing, and line consumption,—is made use of for the
production of steam. Krom this data we may safely estimate that one-
tenth, or 10,000,000 tons, of the entire production of Great Britain is
applied to mechanical purposes in labor-eaving operations. The estimate,
therefore, which makes the coal of England add to her resources of labor
the equivalent of 7,500,000 strong men per annum, is not exaggerated.

In fact, when we consider the processes by which our forefathers elabo-
rated their metals and produced their weapons of defence or articles of
general utility with their “stone-hammers” and “water-blast,” we can
form a slight conception of the value of coal for other uses than the pro-
duction of steam. It has been the great means of facilitating invention
and progression,—the Philosopher’s Stone,” which has turned all it
touched to value or use.

Thus, the dynamic value of the coal which nature has stored up in our
mountains is beyond calculation. The latent power which puts in motion
the great forces of nature is heat; and the most available means of exerting
that power, within the economy of nature, at the disposal of man, is in the
carbon of our coal-beds.

We cannot dismiss this subject without giving a practical illustration of
the value of coal in the production of steam as exerted in labor-saving
machinery.

Not many years ago—as late as 1842-50—women were employed in the
British collieries transporting coal from the mines to the surface. The
loads they carried were almost incredible. In fact, the burdens could not
be borne were not the bearers trained to the work from their infancy.

“We have seen a woman take on a load of at least 170 pounds avoirdu-
pois, travel with this 150 yards up the slope of the coal, below ground;
ascend a pit by stairs 117 feet, and travel up the hill 20 yards more to
where the coal was laid down. All this she would perform no less than
twenty-four times each day, traversing a distance of 5} miles in going and
returning.”’* “It was reckoned nothing extraordinary at a Lothian colliery

* See Taylor's Statistics, page 214.
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(Scotland) for a woman to carry on her back from 35 to 40 cwt. of coal
each day a distance of between 300 and 400 yards, the greater part of the
road being not higher than 4} feet, and in some cases a considerable
portion covered with water.”

As late as 1850, it appears, a great number of women and girls were
employed in some of the Welsh mines, though not for the purpose of
carrying coals to the surface, yet perhaps in occupations equally laborious.
It may be considered a hard day’s work for any man, however strong,
to convey the burdens of those women as described in the foregoing
quotation,—that is, a load equal to two tons, of 2000 pounds each, carried
an average distance of 300 yards horizontal, or 200 feet perpendicular. It
would, therefore, require 700 men, thus employed, to transport the pro-
duction of one of our large collieries, producing 500 tons per day, a
distance of 600 fect perpendicular. But a steam-engine of 100 horse-
power, using five tons of coal per day, will do the same work with ease.

Perhaps a still more practical and palpable illustration may be given of
the value of mechanical force developed by the carbon of our coal, or, in
other words, the vast addition to our industrial and national resources
supplied by labor-saving machinery, steam, and mechanical skill.

The chief industrial or productive force of the Slave States was derived
from the labor of their 4,000,000 of slaves. Of these, perhaps not more
than 1,000,000 were productive as full-grown persons; or, the entire pro-
ductive value of men, women, and children was equal to the labor of
1,000,000 full-grown men. This labor, as a rule, was exerted simply as
brute force, without the assistance of skill or mechanical means, but repre-
sented a capital or valuation, according to Southern figures, of 2,000,000,000
dollars. The same amount of force would be exerted by 150,000 horse-
power in steam machinery, costing, at $100 per horse-power, $15,000,000.
Such an addition of force would be of tenfold more value to the 8,000,000
whites of the South than their slave-labor; or, if added to the slave-labor,
under the intelligent development attainable by the slave, the productive
power of the South would be increased a hundredfold, according to the
degree of mechanical skill displayed and the uses to which the power is
applied.

The secret of the rapid decay of Southern resources and means of
defence is primarily in their lack of coal or their appreciation of its value.
Had they developed their mineral resources, which are abundant, and
increased their industrial or productive power by the mechanical force
derived from the judicious use of coal and iron, those 12,000,000 people
would never have rebelled; but, having rebelled, would never have been
brought to submission.

The ability to produce iron in sufficient quantities to supply the wants
of a nation under all circumstances of war or peace, constitutes an element
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of strength never before so fully estimated or exemplified as in the present
contest. Our ability to produce iron is equal to our wants, and, conse-
quently, we make use of that element of strength to its fullest extent,—in
the production of iron-clad ships, the fabrication of superior guns, the
manufacture of the most effective small arms, and an unlimited supply of
rails and rolling-stock, &c. &c. And not only have we the iron in abun-
dance for all those purposes, but our iron and coal enable our mechanics to
multiply their labor or productive ability over a hundredfold, as com-
pared with the productive power of the unskilled brute labor of the South.

The amount of iron produced in the South since the commencement of
the war has not only been deficient for ordinary purposes, but not equal to
the requirements for the materials of war. No railroad iron has been pro-
duced for repairs or otherwise, and but little iron has been spared for the
replacement of worn-out rolling-stock. The ability to produce iron, and
the coit of its production, have both been on a par. All the iron produced
in the South during the last four years, from ’60 to ’64, has been made
with charcoal, either in the rude cold-blast furnace, using from eight to
thirteen cords of wood to the ton of metal produced, or in the primitive
Catalan hearth, with “water-blast,” and, in some cases, the old “stone-
hammer”’ of our ancestors who lived a thousand years ago.

For the production of one ton—2000 pounds—of wrought iron in the
Catalan forge, under ordinary circumstances, 75 days’ labor is required in
the various processes; while the amount of labor required to produce a ton
of iron at our improved rolling-mills does not exceed 20 days from the
miner to the finisher. Nearly the same difference exists in the production
of cast iron between the rude charcoal furnaces of the South and the
improved anthracite furnaces of the North. The rebellion, therefore,
lacked the permanent strength imparted by iron, and decayed rapidly in
consequence. Had the Confederates the means and ability to build iron-
clad rams in proportion to their numbers and mineral resources, our great
superiority on the water would have been neutralized, and their cotton
made available for war pdrposes. But, depending entirely on brute force,
their resources and means of defence have depreciated in ratio with their
loss of able-bodied men by whatever cause.

Virginia contains more coal than Pennsylvania: yet, though the oldest
State, she has never made it available by development, and not one pound
of her coal has been used for the production of iron in the blast furnace
since the commencement of the war, and but a few tons before; the Rich-
mond coal being too impure for such purposes. Tennessee was the only
Southern State in which iron was made from mineral coal; and the produc-
tion there ceased on the occupation of Chattanooga by the Federal forces.

In our description of the coal and iron regions of the Southern States,
we will give the details of their mining and manufacturing status both
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before and since the war. But the facts here presented forcibly illustrate
the value of coal in peace or war.

We may boldly state that the anthracite coal of Pennsylvania has been
our greatest source of strength, whether considered as augmenting in a
hundredfold ratio our industrial resources in the mechanical line, or
supplying the means and material of war, exclusive, of course, of the men
and the money. But even these are influenced to a great extent by the
strength imparted to our national resources through the dynamic agency of
coal.

Philadelphia and New York, and all the manufacturing cities and towns
of New England, have the greatest source of their productive power in
the mountains of Pennsylvania.

Those anthracite basins represent but a spot in the coal area of the
United States,—only 470 square miles of anthracite in a total area of
206,939 square miles. But its present available value is greater than the
entire area of bituminous coal; and all, except the 470 square miles, is
of that class, exclusive of a doubtful and unproductive field of 100 square
miles in Massachusetts and Rhode Island.

Of the 22,000,000 tons reported as the coal production of 1864, nearly
10,000,000 tons were anthracite. But this vast preponderance cannot
always exist in favor of the anthracite mines, when the Western coal-fields
are more fully developed to meet the increasing wants of Western growth
and improvement. The fact, however, that those anthracite ficlds are the
only known or available deposit of the kind, and that the entire East and
a portion of the Northwest, representing a population of over 12,000,000,
draw most of their supplies of fuel from thence, and must continue to do
8o, will always attach superior importance and value to the anthracite coals
of Pennsylvania.

We cannot make even an approximate estimate of their value to our
resources; figures would scarcely convey an idea. We may calculate the
production per acre, and jump at some conclusion concerning the amount
per square mile; but the value of a ton of coal in the mountain, or the
same amount in market, has no relation to its dynamic value in the pro-
duction of mechanical force or motion, its necessity to our manufactures,
its importance to the arts and sciences, or indirectly as a means of power
and strength in peace or war. Yet its marketable value is no small item
in our trade-lists, though comparatively of late development. Its growth
or increase is unparalleled by any trade, except the oil trade of Western
Pennsylvania; and the rapidly increasing demand for this class of fuel
insures a permanent expansion of the trade, equal, perhaps, to the means
of supply.

Though the area be small and insignificant, when compared on the map
with the wide extent of our bituminous fields, the supply is practically
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unlimited for all present purposes. A coal-seam five feet thick will pro-
duce 5000 tons of marketable coal, even under the present wasteful mode
of mining. There can be no doubt of an average of 60 feet vertical thick-
ness of available coal under the entire coal area of the anthracite fields.
This would yield 60,000 tons per acre, or 18,000,000,000 in the 300,000
acres which they contain. But under a more careful system of mining, as
practised in England and elsewhere, and which will be practised here when
coal and coal lands are appreciated at their proper value, one-third more
coal may be obtained from an acre of land than is given in the foregoing
estimate. The amount of hard anthracite coal existing in an acre of land,
as a maximuam, is 1613 tons per foot of vertical thickness, or 96,780 tons
per acre, according to the average estimate of 60 feet total vertical thick-
ness. In the best English mines, from ¢ to & of the coal is left or wasted
in the pillars. Under the same system of mining, we might obtain nearly
90,000 tons of coal to the acre, or one-third more than our present system
will admit of. But we can scarcely hope for the same degree of economy
in operating our large veins.

The natural increase of the anthracite coal-trade is about 2} per cent.
per annum ; and we may anticipate even a larger increase on the pacification
of the country, when an impetus will be given to our manufacturing
interests far greater than that given by the war, under the protection of
fostering tariffs and through the means of our vastly increased capital.

Our present production is 10,000,000 of tons per annum, and in all
probability it will not be less than 15,000,000 in 1870. At this rate of
increase we may live to see the day when our coal-trade will be 30,000,000
tons annually, and perhaps some of us may be able to count double that
amount. But an annual drain of 30,000,000 from our limited area will
exhaust the anthracite coal-fields in 600 years,—a small period in the life-
time of a nation, and but little over our past existence. When compared
with the years of England, France, or China, we find it a short time,

The amount we name is moderate as an estimate, and twenty years may
not elapse before its realization. But our estimate does not cover the whole
consumption by perhaps half the drain on our resources of anthracite. We
may state, without exaggeration, that the drain or actual loss on the original
supply since the commencement of the trade has not been less than
189,000,000 tons, or one-half more than the shipments of marketable coal ;
while our present production of 10,000,000 may be more fairly represented
in the actual drain on our resources by 15,000,000 tons shipped, wasted,
and lost.

The estimate is that one-third of the coal is left in the mine as inacces-
gible, lost in pillars, &c. The waste caused by our present mode of crush-
ing through the “breaker” ranges from 15 to 20 per cent., and sometimes,
under certain circumstances, it has exceeded 30 per cent.; and, in addition
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to these two great items in the waste of our mines, we may mention the
home and colliery consumption, which is, perhaps, from 5 to 10 per cent.

In order, therefore, to produce 30,000,000 annually, the drain on our
mines or resources would be 45,000,000 under our present wasteful system
of mining, since the loss in pillars, waste in fine, and colliery and home
oonsumption, is not less than 53 per cent. of the whole production.

Should the anthracite trade ever approach the proportion of the English
ocoal-trade, our supply would melt away in 180 years. It is not probable
that such proportions will ever bc assumed by this trade, in view of the
vast extent of bituminous coal held in reserve, and the use of unlimited
supplies of petroleum, which will usurp the place of the purest carbons in
many instances. There are facts, however, in this connection, which justify
us in assuming a large demand on the anthracite trade. The anthracite
basins are the only large bodics of available coal east of the Alleghanies—
excepting the small but valuable Broad Top coal, and a few other scatter-
ing semi-bituminous patches—accessible to the Eastern markets. It is not
at all probable that our Western bituminous coal will ever take the place
of a superior article for all ordinary purposes: therefore the great source
of supply for the East will be in the anthracite coal-fields. The six New
England States, New York, New Jersey, part of Pennsylvania, and a
large extent of the South on the Atlantic board, must draw the chief
portion of their supplies of fuel from thence. The area to be supplied
with anthracite is, perhaps, not less than 300,000 square miles, and the
present population 12,000,000. This is exclusive of a large trade which
finds its way northwest to the great lakes and to Canada,—a trade con-
stantly on the increase.

The arca of England, Ireland, Scotland, and Wales is 121,000 square
miles, as a home market for the consumption of 70,000,000 tons, or the
British production, deducting the exports. The area of 300,000 square
miles to which we refer on the Atlantic slopes can support a population to
the square mile equally as dense as that of England.

Under such circumstances, a rapid and vast increase may be anticipated
for the anthracite trade of Pennsylvania. The duration of this invaluable
source of wealth, and the means by which it is economized, are questions
of the greatest importance, not only to individuals but to the state and
country at large; and we propose in the ensuing pages to present the
“economy of mining” in a prominent manner and from the best practical
sources,

The waste of the anthracite mines is a matter of astonishment to Eng-
lish mining engincers on flying visits to those regions. But, domiciled
here, even professionally, they soon become indifferent to that which
cannot be generally prevented, while the apparent abundance seems to
promise an unlimited supply. We do not expect to prcsent a correct
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impression of this wanton waste, or create much interest in the matter
under present circumstances.

But, having shown that the coal in those fields, which at present is
vonsidered inexhaustible, is, on the contrary, in process of rapid exhaustion,
and but limited in proportion to the area and demand to be supplied, we
will try to impress those interested with some conception of the great loss
involved, both private and public, in the present waste of coal.

As we before mentioned, the waste is equal to the “vend.” The value
of the anthracite trade for 1864 is stated at 60,000,000 of dollars,—that is,
its simple marketable or exchange value as a commodity; while its
mechanical value, as affecting our productive ability, is still vastly greater
in the scale of values.

But this item is one that must attract attention. If these coal deposits
represent a body of 18,000,000,000 tons of workable coal, the loss of
half, on the same basis of calculation, is one that those who own coal
lands may be interested in figuring up when their abandoned mines may
cease to yield them princely incomes.

ENGLAND AND HER RESOURCES.

The prosperity of England is involved in the duration of her coal-ficlds.
The exhaustion of her mines must sap the foundation of her strength.
The subject engages the attention of her people; and all available means
are taken to economize this great and primary source of her prosperity

and power.
It is estimated by the staticians of Great Britain, that their available

supply of coal will be exhausted, under the present rate of consumption
and increase, in 300 years from the present time.

A rather fanciful writer—the author of a little English book entitled
“Our Coal and Our Coal-Pits”—thus expresses himself:—

“ Without coal our steam-power would be annihilated, and with that our
prosperity as a nation, and possibly our supremacy. Our steam-engines
would rust unused, for lack of suitable fuel, our steam-vessels would be
dismantled and decaying in dock, and all our processes of manufacture
would be deteriorated; and the future historian of the revolutions of
empires would date the decline and fall of the vast dominions of Britain
from the period when her supplies of mineral fuel were exhausted and her
last coal-field worked out.

¢ An ancient writer has drawn a picture of the exiled Marius sitting on
the ruins of Carthage and musing and mourning in proud grief. A
modern historian has drawn an equally striking picture of a New Zealander
sitting and musing on the ruins of London at the debris of the fallen St.
Paul’s. It has been reserved for the author of this book to conceive the
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picture of some one of his lineal posterity sitting on the top of the ruins
of a great but exhausted New-Castle colliery, and mourning and moralizing
over the fate of fallen Britain. Should such a picture ever be drawn, its
subject will be more pathetic and powerful than that of proud Marius or
the feathered New Zealander.”

COAL AND IRON.

Our introduction has been rather disconnected and rambling, It has
been our aim, however, to present the most practical and striking illustra-
tions of the value of coal to the industrial resources of nations, and attract
attention to the value of our coal-fields.

Our resources in iron are subordinate to that of coal: without a supply
of mineral fuel, our deposits of iron ores would not be available. We
bhave, therefore, given pre-eminence to coal; and in the ensuing pages we
shall confine ourselves to a brief synopsis of our resources for the produc-
tion of iron, as illustrating the value and uses of coal, with such informa-
tion on the subject as may be necessary to present a concise review of the
trade to make it interesting and valuable.

OIL, OR PETROLEUM.

No work on our mineral resources, and particularly mineral fuels, would
be complete without a practical or theoretical notice of our great petroleum
regions. To this end we have collected all the available information on
the subject, and have not only made extensive examinations personally,
but have availed ourselves of the practical experience of others. Petroleum
contains the constituents of coal, or vice versd. The one is solid, the other
fluid. Both are formed principally of carbon and hydrogen; the one with
earthy impurities, the other almost pure. We therefore look upon petro-
leum as a species of mineral fuel, the product principally of our coal-
ficlds, enhancing their value, providing for their development, and, while
it fills some of the uses to which coal has been applied, it increases the
area of its distribution and enlarges the sphere of its usefulness.

In a rapid glance over the field of our researches,—our extensive fields
of coal, our mountains and beds of ores, and our deep fouuntains of mineral
oils,—we cannot fail to be impressed with admiration and wonder at those
magnificent creations of Nature, when we reflect that they are the result
of chemical action and combination carried on in her great laboratory.

The productions of vegetation, whose original magnificence and extent
are beyond comprehension, has been preserved year after year, through
numberless ages, in the most compact and available form for use. Un-
limited beds of precious ores, and exhaustless fountains of invaluable oils,



PRODUCTIONS OF NATURE. 29

are stored away by nature in the treasure-houses of our mineral kingdom.
Those exhaustless sources of mineral wealth are not the result of common
cause§. Ore, coal, and oi/ are not formations resulting from the evident
processes which we all comprehend, and such as we see in common rocks
and slates; but they appear to be the concentrated wealth of all our litho-
logical creations, separated and refined in the great laboratory of Nature,
and stored carefully away in the “caves of the earth” for the use of her
creatures.

There is something grand and wonderful in those great chemical pro-
cesses which stored our earth with minerals, even though we speculate
merely on their cause and effect. 'We can imagine the world of fire which
rolled and struggled for vent in the bowels of the earth, the immeasur-
able volumes of gases which poured from these smouldering fires, the
great volcanic crucibles and the oceanic cauldrons which Nature used, if
we cannot comprehend the modes and laws of her great chemical opera-
tions. The results, however, we see and realize. They give to man the
control of Nature’s domain, and subject all her productions to his use and
pleasure. A proper appreciation of her gifts and provisions for our use
will make us “healthy, wealthy, and wise,” and secure us peace, power,
and prosperity.
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Fia. 1.

THE EARTH.

WE propose to give a brief preliminary sketch of the geology of the
earth, in order to present a clear and comprehensive view of the geology of
coal in the ascending or successive order.

The creation of the earth cannot fail to be a matter of speculation to
30
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those who seek, in material cause and effect, its rule of existence, to whom
it is not given to see the work of a divine power. But, while we ascribe
the creation of the universe to the omnipotent Jehovah, let us pause for a
moment to admire the infinitude of wisdom and power displayed in the
governing influences which control, to our finite minds, the incomprehen-
sible whole, and wonderingly behold the harmony of Nature’s works, the
uniformity of motion, the laws of gravitation, and the actions and forces
of heat, and recognize in the various developments of truth, proven by
constantly-recurring events, the work of a divine power replete with
wisdom and love in all the structures of ‘the universe. :

CREATION OF THE EARTH.

Science informs us that our planetary system existed originally as a
nebulous sphere, vaporized by heat, which appears to have been the con-
dition of the universe under the original laws of creative force. If the
ponderous or solid matter of our system was again reduced to vapor so
light that it would not weigh a grain to the cubic mile, it would not fill
our sphere, even within the orbit of Neptune. We know how readily all
ponderous or solid bodies are reduced to vapor by heat, since water arises
in steam at 212° and platina is vaporized at 2000°, while the lighter
petroleums escape in the atmosphere of winter, and mercury evaporates
in summer heat. But these facts are not more evident to us than the laws
of condensation and gravitation. If heat vaporizes all solid bodies, cold
condenses them ; and we can readily conceive how a nebulous mass of vapor
may contract by condensation and unite by the laws of gravitation, until
masses are formed, from the size of meteors to-the dimensions of worlds.
Larger bodies attract smaller ones. Meteors fall towards the earth, as the
earth is attracted by the sun, and only prevented from falling into it by
the velocity of its motion.

To illustrate further, we may state that motion produces heat, as heat
produces motion or force. The hammer striking the anvil produces heat,
while rock abrading rock strikes fire. But, should our planet be suddenly
arrested in its course, the shock would generate more hecat than the com-
bustion of fourteen times its bulk of coal. Assuming the mass of matter
composing the earth to be equal to water in its capacities for heat, it would
be fused and vaporized by 17,200 degrees, and the earth or its vapors,
after being thus brought to rest, would, of course, fall into the sun, and
be thus further rarefied by an additional degree of heat 400 times greater.*

In this light we can readily comprehend the natural forces or processes
which tend to dissolve or unite all bodies, however large or small. It
must be observed, notwithstanding the readiness of solids to escape in

* Theories of Laplace.
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vapor, that no atom of matter is lost, and that none of the natural forces
are wasted, since they return to the earth, or their original sphere, in equal
weight or force. A common instance may be given in the combustion of
coal under our steam-boilers. Here we see both water and coal consumed,
and can see no return of the products of combustion: yet they return,
nevertheless, in rain or gas to the earth and vegetation,—and not only
return in full weight, but by their dynamic effects give a creative force,
which is employed in a thousand labors by the ingenuity of man. They
create a tempest of steam behind the piston of the steam-engine, equal to
the force of a hundred hurricanes.

Having thus given faint glimpses of the natural causes controlling and
governing the creation of our planetary system, since we cannot be more
explicit, we may now contemplate our earth as condensed from the heated
vapors of the nebulous mass, launched forth from the sun—a fiery ball—
on its endless path through space.

In its swift course through space, or its orbit round the sun, our earth
gradually contracted, and a primitive crust of granite encased the liquid
ball, and gradually the condensation increased the thickness of the igneous
or primitive rocks, as the inanimate earth, clad in dark and chaotic vapors,
pursued its way. But as the crust becomes thick and cool, or no longer
able to keep the surrounding vapors in a state of rarefaction, they return
to the earth in the form of water or liquids; and thus we have the first day
of creation, when light first illuminated the darkness.

When the vapors which shrouded the earth in endless night were con-
densed in rain and now enveloped it in water and steam, the second day of
creation was ushered in, when God divided the waters. But from the first
struggling rays of light which penetrated the vapors, until they were con-
densed from the “firmament” and the sun and the moon gave their light
to the earth, long ages must have intervened; while nature prepared our
globe by earthquake and volcano, in mountains and valleys, for the suc-
ceeding changes which took place during the third day. Then the waters
rushed together in the deep places, and the elevated portions appeared as
dry land, and grass and trees first made their appearance. But though
mountain and sea first appearcd during the third period of creation, the
formation of the sedimentary rocks did not stop then. The subterranean
heat was too great to admit of the existence of animal life in the water or
the air; the earth still quaked and throed with internal fires, and volcanoes
still vomited their lava upon the boiling waters.

During the second period, probably, the metamorphic or crystalline sedi-
mentary strata were formed; and during the third, our paleozoic formation
was deposited, its closing event being the production of the coal measures.

The “fourth day,” or period, broke upon a comparatively quiet world,
rich in its green freshness, and gilded by the first light of the sun and
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moon that had penetrated its dark and vapory atmosphere. The cerulean
blue took the place of the vapory haze, and the great lights of heaven now
“ruled the day” and the night. Still the work of creation went on, and
mountain succeeded mountain, here and there, where lakes and seas had
existed. But the general, almost the universal, production of the stratified
“crust of the earth was limited even before the creation of coal, and almost °
suspended at the close of the fourth period.

The “fifth day” of Moses, or the fifth geological period, is marked as
the dawn of the present or existing animal life: those hitherto created
were low in the scale of beings, and but few were preserved through the
violent changes and commotions of the primitive earth.

The sixth period witnessed the earth in the beauty and perfection of its
finished state, and all animate and inanimate nature existed as it now
exists, to attest the power and wisdom of the Creator.

Having thus rapidly and briefly attempted to run a parallel betwéen our
geological formations and the periods of the Mosaic creation, we shall now
proceed to give a practical, though equally brief, exposition of the geological
formations and periods as they exist in the lithological structure of the
earth’s crust.

GEOLOGICAL STRUCTURE.—PLUTONIC.

The rocks originally forming the crust of the earth, and resulting from
condensation and sublimation, or comparative degrecs of heat and cold,
are known as plutonic, granitic, or igneous rocks. They form the base of
all subsequent formations, and are, in fact, the primary elements from
which all our lithological structure is built or derived, since even the
volcanic rocks are of the same nature and origin.

We find these primary or igneous and unstratified rocks on our lowest
shores and on our highest mountains, while they underlie every other
formation over the entire surface of the globe, as the original crust of the
earth. From its internal depths, where the creative fires ever struggled
for vent, these igneous or volcanic rocks were poured forth in rivers of
liquid lava, porphyries, basalt, greenstone, &c., and deposited through all
subsequent ages and formations. Therefore the plutonic and volcanic
rocks, though primarily the oldest, have become coextensive and cotem-
porary with every period of our geological or lithological strata. The
igneous mass from which they were derived has been the means, or source,
from which all or most of our metamorphic and subsequent sedimentary
strata have been formed, either through the agency of volcanic eruption,
which vented the molten lava into the ancient scas, or the erosion of floods
and storms on the decomposing mountains, which were exposed when thc
waters were gathered together and the dry land appeared.

It is a question which perhaps would not be difficult of solutio:,

3 .
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- whether or not the primary elements—the vapors from which our globe
was formed or condensed—contained the constituents of all subsequent
productions. In fact, we cannot doubt the truth of this proposition, since
it is evident we have neither lost nor gained in the quantity or constituents
of the material elements forming the earth and its atmosphere since the
days of creation.

The sixty-five or seventy chemical constituents of the earth or its matter,
therefore, not only existed in the nebulous vapor forming the earth, but,
of course, they must have existed in the plutonic rocks and the internal
fiery mass of the earth, or the atmosphere surrounding it. We thus find
in the bowels of the earth all the gases, the primary elements of subse-
quent chemical production. They formed, directly or indirectly, our coal
and our coal-oil, and all the forms of vegetation and life which beautify and
animate the works of Nature.

METAMORPHIC.

The second class of rocks are the metamorphic, exclusive of the volecanic,
which are confined to no period, but are distributed through all ages and
formations and are the production of all periods, even to the present.
The metamorphic, gneissic, or stratified crystalline rocks repose on the
granites, or plutonic rocks, which have no stmtlﬁcatlon, but are massive

.and devoid of all regular cleavage. But the gnelss, though approaching
the granites in appearance and constituents, is irregularly stratified, and
evidently a scdimentary rock, or aqueous deposit, but metamorphosed or
crystallized by the action of heat; or, in other words, they were formed
in boiling water, and are the results of volcanic agencies and the debris
of subaqueous plutonic formations. The metamorphic rocks, however, are
not all gneiss: they are widely distributed, and exist in various shapes
and under various names, such as hornblende, mica, talcosc and clay slates,
talcose and hornblendic gneiss, quartz, crystalline limestone, mica schist,
chloritic schist, &c. &c. These rocks exist exclusively in North America
on the Atlantic slope, on the Laurentian water-shed, north of the great
lakes, in the Rocky Mountains, and in the great mountain chain of Cali-
fornia and Oregon. They contain most of our veins of gold, copper, and
magnetic iron ores, and particularly the copper of Lake Superior and
Tennessee and the gold-bearing veins of the Southern States and California.

In Pennsylvania, these formations have been divided by Rogers into
the “ancient metamorphic” and the “semi-metamorphic,” representing the
hypozoic and azoie rocks, or those destitute of the ancient life or fossiliferous
remains, and those (hypo) underlying, or beneath. The semi-metamorphic,
or azoic, are at the base of the paleeozoic, or those rocks which entomb the
ancient life, and which are replete with fossiliferous remains.
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PALZEOZOIC FORMATIONS.

The paleozoic strata, resting on the metamorphic, insensibly change
from the semi-crystalline to the unaltered sedimentary, and are the first
rocks in the order of creation which contain the fossil remains of animal
life. 'We have, therefore, in our foregoing sketch of the Mosaic creation,
made these rocks the production of the latter part of the third day, or
period, in order to conform with the Mosaic account of creation. The
fifth day is the period of the creation of the present or existing life, not the
fossil creations of a past age. The Mosaic account only presents to the eye
such prominent features or pictures of the Creation as the common mind
could comprehend. (For a comparison of geology with the Mosaic or
Biblical account, see Appendix.)

Our palmozoic strata embrace the Cambrian, Silurian, Devonian, and
Carboniferous formations of the English geologists, and occupy one-half
the area of the United States, or nine-tenths of the State of Pennsylvania,
where they range from 10,000 to 35,000 feet in thickness.

The accompanying column or vertical section of the paleozoic strata of
Pennsylvania presents a comprehensive view of the entire formation, from
the gneissic to the carboniferous, including the coal measures.

We have divided the column, according to the nomenclature of Rogers,
into fifteen periods, or formations, and numbered them in the mode adopted
by the early surveyors of the State. We have also given the names
adopted by the geologists of New York and the English equivalents, in
order to present practically to the eye and the mind of all classes of readers
the names and positions of the rocks forming the pal®ozoic strata of Penn-
sylvania. The many new names adopted by the geologists of different
sections for the various strata tend to confuse the mind; but we hope our
present exposition will present them clearly.

PALZEOZOIC COLUMN.
Fra. 2.

-
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THE PRIMAL STRATA.

The lowest series of rocks in the paleozoic column is the Primal, or
Potsdam sandstone, which covers an area almost coextensive with the
gneiss upon which it rests, and is found from the British provinces on
the north to the middle of Alabama in the south, and from the Blue
Ridge on the east to the Rocky Mountains and the mountains of Cali-
fornia to the west.

It is the distinguishing feature of the Blue Ridge on its western slope,
and notes the continuation of this range into Pennsylvania, as the Reading
and Easton hills.

AURORAL AND MATINAL STRATA.

The second and third series are the Auroral and Matinal limestones and
slates. They are of immense thickness, and cover a vast area of territory.
This formation seems to have formed the bed of the ancient Appalachian
sea, and is traceable, by its outcrops, from the valley of the St. Lawrence,
until it is lost beneath the alluvial of the Gulf|, but reappears in the West,
and spreads out widely in Missouri, and on the anticlinals of the Western
coal-fields.

Those limestones and slates form one of the most magnificent valleys in
the world, along the Atlantic slope,—scarcely second to the valley of the
Mississippi, if we consider the productiveness of its soils, the richness
and variety of its minerals, and their general availability. This great
region extends from Canada through New York into Pennsylvania, Mary-
land, Virginia, Tennessce, Georgia, and Alabama.

It is locally known by various names: as, the Newburg Valley, the
Lehigh Valley, by Easton and Allentown, the Reading and Lebanon Val-
leys, the Cumberland Valley, the Great Valley of Virginia, the Valleys
of East Tennessee, and the beautiful valley of the Coosa in Georgia and
Alabama, embracing a length of about 1500 miles, and an average width
of 20 miles, covering an area of 30,000 square miles.

Closc to its eastern borders, over the Blue Ridge, lie the great region of
magnetic ores,—from the Adirondack hills to the Carolinas; while parallel
run the copper belts of the gneissic and primal formations. It is the
great region of hematitic ores, which are largely developed from Pennsyl-
vania to Alabama.

These ores are generally the rich brown, or hydro-peroxide,—except in
a few localities, as at the great magnetic deposits of Cornwall, Pennsyl-
vania. They not only produce the best of iren, but are invaluable as a
mixture into the refractory magnetics. The extent and profusion of these
beds of ore, which extend in almost unbroken veins from end to end of
this great limestone valley, cannot be realized by persons who have not
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witnessed the facts. We have seen masses of this brown ore, that may be
literally termed mountains, in Virginia, Tennessee, and Alabama. It isas
inexhaustible as the great coal-fields which lie along its western border,
and which are almost everywhere accessible, and at some points quite near,
—the Lehigh coal at Allentown, the Schuylkill at Reading, the Swatara
at Lebanon, the Shamokin, Wyoming, and Broad Top at Harrisburg, the
Cumberland at Harper’s Ferry, the Kanawha and New River coals at
“Central” on the New River, the Chattanooga coals at Cleveland and
Dalton, and the Coosa coals in Alabama.

This great valley is drained by the waters of the Atlantic, as far south
as middle Virginia, and is everywhere accessible by river and rail from
the seaboard citics. The Hudson, Delaware, Lehigh, Schuylkill, Susque-
hanna, Potomac, James, and Roanoke Rivers drain it from the east through
the passes of the Blue Ridge; while the New River, the Holston or Ten-
nessec, and the Coosa drain it from the west and south.

The hard and flinty rocks of the Primal series, including the great Pots-
dam sand-rock, forms the eastern confines of the valley, in a continuous and
almost unbroken line, from the Lehigh to the Chattahoochee,—a vast moun-
tain chain that alternately rises or sinks as its strata assume a high or low
degree of angle, but always a mountain, and sometimes stupendous in its
grandeur.

LEVANT, SURGENT, SCALENT, ETC.

The immediate western boundary of this limestone valley are the rocks
of the succeeding or Levant series, but principally the great Medina sand-
rock, that rises in vast proportions in the mountain chain that forms its
western edge. It rises thin and low in Northern New York, but thickens
as it sweeps around the Catskill, and rises grandly as the Shawangunk
of New Jersey, the Blue Mountains and Kittatinny of Pennsylvania, and
the North Mountain of Virginia. It continues its course south parallel
with the valley, high and unbroken, towering stecply from 1500 to 2000
fect over its western edge, a vast mass of rock, often 2000 feet thick. It
is locally known as the Walker and Clinch Mountains of Northwestern
Virginia and Tennessee, and the Lookout Mountain of Georgia and
Alabama.

But this great Levant or Medina sand-rock, and its accompanying
strata, is not merely confined to this single parallel range; it undulates
westward, and rises, in high anticlinals, wave after wave, until lost beneath
the coal-fields of the West, where it thins to insignificant proportions.

SURGENT SHALES, ETC.

Overlying the Levant sand-rock are the Surgent shales, made up of red
calcareous marls, fossiliferous limestones, and calcareous sandstones, con-
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taining several beds of rich fossiliferous iron ore, which is found from New
York to Alabama, but has its maximum thickness or value on the Coosa
in Alabama.

Following the Surgent, in ascending order, we find the Scalent and
Meridians of Rogers, comprising numerous beds of gypseous marls, lime-
stones, shales, and thin sandstones, and which form the valleys that follow
the undulatjons of the great Levant rocks. But though these valleys run
a subordinate range of hills, formed by the outcrops of the Oriskany sand-
rock, or No. VII,—a coarse, calcareous rock, almost a limestone in its
lower beds, but a hard, iron-stained chert where elevated or exposed to
the atmosphere. It forms the celebrated Pulpit Rocks of the Juniata.

CADENT, VERGENT, AND PONENT.

The Oriskany sand-rock appears to represent a place in the Ludlow
rocks of England, and the base of the Devonian period of the English
geologist. It forms a break in the Palwozoic strata, and forms a change
of the ancient life: a new creation begins here.

The Cadent series are made up principally of slates, shales, and lime-
stones, generally highly bituminous, and range from the Corniferous lime-
stone to the Genesee slates of New York. These formations may be
considered as the lower oil-producing rocks, commencing with the cornife-
rous lime, which is saturated with oi/, wherever found, in New York,
Pennsylvania, or Illinois. The following, or Vergent series, comprising
the Portage and Chemung groups of New Yaqrk, are also bituminous in
character, and made up of vast beds of gray, blue, and olive-colored
shales, and gray and brown sandstones, in thin layers or flags, parted by
bands of soft blue slate, and abounding in fossils of fucoids or sea-weeds.

The Ponent rocks are thick masses of red shales and red and gray
sandstones, and are represented by the Catskill of New York and the Old
Red Sandstone of the English.

All these formations have their maximum thickness along the Atlantic
slopes, or the eastern borders of the great Appalachian chain or basin, and
they all thin rapidly as they extend westward, with the exception of the
limestones, which appear to increase in thickness as they approach the
interior of the ancient sea. It is probable, however, that the rocks forming
its eastern boundary will also be found to predominate along its western
margin and on the eastern slope of the Black Hills and the Rocky
Mountains. (?) The old red sandstone is lost in the western basins,

VESPERTINE.

This formation is the lower base of the coal measures. It is the subcar-
boniferous of the English, and contains the proto-carboniferous or false coal
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mcastres,  Its features are bold, characteristic, and prominent, and present
much uniformity around the Anthracite Coal-Basin, the detached portions
of the Alleghany coal-field, and along its castern escarpment.

The vespertine white sandstone is of great thickness. Its Atlantic out-
crop is two thousand feet thick, while the supporting “old red” or ponent
is ncarly a mile in thickness. These immense masses of rocks rise like a
framework of mountains around our coal-ficlds, following them in parallel
belts of red and white with artistic and picturesque effect.

Prof. J. P. Lesley, in his little, but valuable and interesting, “ Manual
of Coal,” from which we have borrowed many uscful facts, thus speaks of
those red and white sandstones as the floor or base of our coal-fields:—

“The THIRD GREAT SANDSTONE of the floor, No. X, is not so remark-
able for introducing a new era of fossil life, as for inaugurating a new
system of groups of mountains along its frequent outcropping, which
keeps them always and everywhere apart from the groups of No. IV.
(Levant), never approaching them within three miles, and usually running
in parallel lines with them at a variable distance of from ten to twenty
miles, the intervals being always filled up with the narrow knobs of the
Oriskany, No. VIL, and the broad, high, undulating, deeply-ravined, and
always cultivated hills of No. VIII.

“On the out or lower side of all these mountains of X., runs an uneven
terrace of the red sand of IX.; and in those regions where the rocks stand
vertical, this terrace rises to a scparate summit of equal height with the
true summit, and beautifully parallel with it; a narrow, shallow crease
divides the double summit, and then the long, straight mountains, with
twin crests of wonderful evenness, but with this difference, that the outside
one is red and the inside one is white, runs along the map like the double
beading of a picture-frame. This is true of all that southeastern outcrop
which encircles the Anthracite Coal-Basins, folding scrupulously in and
out around their long sharp points, crossing and recrossing the rivers and
crecks, and presenting always outwardly, or from the coal, its terrace of
old red sandstone. The same red and white frame is repeated around the
Broad Top Coal-Basin, south of the Juniata.

“The Terrace Mountain is its northern point and western side, and Side-
long Hill is its eastern. The same surrounds the Cumberland Coal
Region. This is the formation which constitutes so many of the long,
straight parallel ridges of Central and Southwestern Virginia. Like
the Medina sandstone last described, it is of immense thickness in the cast
and thins rapidly towards the west. Its Atlantic outcrop is over two
thousand feet thick, hard and white, while its supporting red rocks, No.
IX., are at least a mile in thickness. Only the upper part of this red
mass, however, forms the terrace or supplementary crest, except when they
all lie nearly horizontal. This is the case with the Catskill. Here the
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vast piles ascend in steps a height of three thousand feet, IX. upon VIII.
and X. upon IX., and on top of all the lower layers of XI. But as we
follow this easternmost outcrop south through Virginia into Tennessee,
it slowly thins, as if the original direction of the sediment was from the
north and east. Yet more striking is the case when we pass over to its
inner outcrops. Around the Broad Top, and where it passes down heneath
the Great Savage, it is still a mountain mass, but it rises again in Ohio and
Northern Pennsylvania from its underground journcy so lean and changed
as scarcely to be recognized. It is there a greenish sandstone less than
two hundred feet thick. The whole intermediate space, of course, it
underlies; that is, all Northern and Western Pennsylvania, all Western
Virginia, and the whole southern region of the Cumberland Mountain.
Here it is as thin as in the Catskill region, but here, as there, helps to pile
up the immense plateau which, narrowing as we go southward, domineers
with its lofty terminal crags the plains of Alabama.”

THE FALSE COAL MEASURES,

The false or proto-carboniferous formation overlie the vespertine rocks.
This formation is, perhaps, cotemporary or of the same era with the
English lower coal series, beneath the millstone grit. It rarely develops
in any commercial value in our American formations, but is coextensive
with the Appalachian Coal-Basin. We find thin traces of coal and coal-
slates beneath the red shale or on the vespertine, around the anthracite
formations, and everywhere along its inside or upper face from the Catskill
to the Lookout, and at the base of the castern escarpment of the Alleghany
Mountains thin seams of this coal have been found, and many have picked
and pried into them without profit, except in practical experience. Those
false coal measures, and the thin, imperfect coals they bear, have been
opened or proved near Altoona, on the Pennsylvania Railroad, at the base
of Sidelong Hill, Berkeley county, on the north branch of the Shenandoah,
in Augusta county, and on the New River, in Montgomery county, Vir-
ginia, and in other localitics further south. But the coals of this svstem
have never been developed in workable quantities or of marketable value,
except on the New River, in Virginia; and here we find a truly valuable
deposit of workable and marketable coal. But even here there is no
uniformity of strata, and mining operations are subject to numerous inter-
ruptions from “up-throws” and “down-throws,” and frequent faults of
date and dirt, which mar the coal. Yet this is a valuable deposit, never-
theless, and deserves an extended notice in connection with the coal-fields
of Virginia and the South, and which will be found further on in its
appropriate place, from our own practical experience.
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UMBRAL RED SIIALES.

We have now reached the red shales of our coal-ficlds, so well known,
and so casily distinguished by their peculiar color and thin, soft, and gene-
rally friable nature. This must have been a pure red mud, as it now forms
the softest of rocks, and could only have been the shore deposits of a
quiet sca.

This soft red shale of No. XI. encircles our coal-fields between the
vespertine, No. X., and the next overlying or great conglomerate, No.
XII. of the true coal measures. It is generally cut down by the stream
in low, deep valleys, with the vespertine white rocks towering in mountain
form on one side, and the great conglomerate in almost cqual bulk on the
other. Occasionally these red shale valleys are widened out by the undu-
lation of the strata, and present fertile and cultivated valleys amid the
wild and barren mountains of X. and XII. We may note, for instance,
the Quakake, Nescopeck, Catawissa, Mahantango, and Lykins valleys, as
surrounding the anthracite coal-fields; while others of more or less note
exist around the Alleghany spurs and the detached coal-basins on the
waters of the Susquchanna.

This deposit thins rapidly in a western direction. Though it is 3000
feet thick on the Schuylkill and Lehigh, south of the anthracite fields, and
1000 at Broad Top and on the New River, in Southwestern Virginia, it
is only 200 feet thick in the eastern escarpment of the Alleghany, along
the head-waters of the Juniata, and is lost to view before it reaches the
Alleghany and Monongahela Rivers.

This disappearance is owing more to a metamorphism than a deprecia-
tion. We lose sight of the red shale, but it is simply a change from the
red mud of the eastern shore of the Appalachian Sca to the mountains or
great carboniferous limestone of its interior basins. The limestone pre-
dominates and increases invariably towards the centre of the Appalachian
formations; while the sandstones, shales, slates, and coarse conglomerates
of its eastern margin depreciate in the same direction, and all those
formations become finer in grain as they become changed in bulk and
character. This Umbral limestone, which usurps the place of the Umbral
shale, is very thin on its northeastern edges; commencing in the middle of
the red shales but a few feet thick, it increases in thickness in a south-
western direction as rapidly as the red shale diminishes. But this great
carboniferous limestone—identical, undoubtedly, with the British carbon-
iferous lime—does not appear to diminish in the same proportion towards
the western margin of the ancient or Appalachian Sea. It is found in the
Black Hills and the Rocky Mountains, and even farther west, to the
plateaus of Sonora and the Sierra Nevada, of California, giving positive
evidence of the existence of coal in thosc great western unexplored regions.
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THE GREAT CONGLOMERATE.

This is the fourth great sand-rock in the paleozoic formations, and is
the immediate floor or base of the true coal measures. It is deposited on
the mud of the umbral red shales in the east, where it is of great thick-
ness, and is composed generally of a conglomeration of pure white water-
worn quartz pebbles, from the size of a pin-head to that of a pigeon’s egg,
cemented together by natural processes.

This rock is 1000 feet thick on the eastern and southern edges of the
anthracite coal-fields, but gradually thins in a northwestern direction to a
mere plate of coarse-grained sandstone,—occasionally presenting conglome-
rate pebbles,—from ten to thirty feet in thickness, and extending from
Pennsylvania to Alabama, Missouri, and beyond.

This great bed-rock of the coal-fields is, to a certain extent, indestructi-
ble. It hardens in the atmosphere, and yields not to the action of water.
There are but few rocks which are harder and more tenacious, or which
have yielded less to the abrasion of the denuding forces. We quote still
further from Prof. Lesley’s manual :—

“This much, however is certain, and should excite our admiration as
one of those curious coincidences which may well bear the pame of Provi-
dence, and be received as evidences of the forethought of benevolence,
that we are indebted to this enormous local eastward thickening of the
conglomerate proper and the conglomerates sandstone above it, for our
anthracite treasures.

“Had the rocks beneath the anthracite coal been the mere thin sheets of
sand which they are westward, weakened still further by intercalations of
clay and coal, their outcrop edges never could have withstood the rush of
denuding waters, and protected as they did the mineral fuel within their
_ gigantic folds. What now are groups of long, slender, united, or closely-

parallel coal-basins, would have been, but for this protection, wastes of red
sandstone, or deep lakes in the olive shales of No. VIIL., like those of the
north. The comparatively little coal that has been hardly left in these
small basins would have gone the way of all that vast original deposit
the debris of which lies buried under the profoundest bottoms of the
Atlantic, together with the immensely greater ruin of the formations

underlying and preceding it.”

THE COAL MEASURES.

In this outline sketch we wish to present clearly and in a practical
manner, not only the place of Coal among the rocks, but to illustrate briefly
the extent of our great Appalachian formations, or the immense area of
the American coal-fields within its wide embrace, which reaches from the
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Laurentian basins to the cane-brakes of Alabama, and from the anthracite
ficlds of Pennsylvania to the uncertain deposits of the Black Hills on the
eastern slope of the Rocky Mountains.

The greatest development of the coal measures or the coal which they
contain is on its eastern borders, in the anthracite basins of Pennsylvania,
and the great Alleghany coal-field, which occupies so large a part of its
vast arca; and this scems to be in conformity with the subordinate stratas,
which also have their greatest development along their Atlantic margin.
The average vertical thickness of the workable Pennsylvania anthracites
being sixty feet, while its total or maximum thickness will reach over a
hundred feet; the workable coals of the Cumberland basins, in Maryland,
is thirty-five fect, while the maximum is about fifty feet. The average
workable thickness of the Alleghany coal-field is twenty-five feet, while
its maximum is fifty feet. The average workable thickness of most of the
devcloped Western fields is ten feet, while the maximum may be computed
at twenty-five feet; and thus we find a gradual thinning, of not only the
subordinate strata, but also the overlying coals which they support, from
the cast to the west. But we may here state the fact, our extreme western
margin of this great coal arca is to the present generation a terra incognita
as far as its geology and minerals are concerned, and we cannot say to what
extent the common depreciation has been carried beyond the central basins.

THICKNESS AND AREA OF THE APPALACHIAN COAL FORMATIONS.

In this estimate of the Appalachian coal arcas, we are guided by
Prof. Rogers, who has furnished the latest available information on the
subject.

“The castern half of the continent contains five great coal-fields, dis-
tributed at intervals from Newfoundland to Arkansas.

«The first, or most casterly, is that of the East British provinces,—
Newfoundland, Nova Scotia, Cape Breton, and New Brunswick,—originally
a wide coal-field, broken into patches by uplifts of the older strata and by
the waters of the St. Lawrence Gulf. The surface covered by the coal
measures of the provinces is probably about 9000 square miles, but appa-
rently only one-tenth of this area is productive in coal.

“The second, which I have called elsewhere the great Appalachian coal-
field, commences in Pennsylvania and extends southwest to near Tusca-
loosa, in Alabama. This includes several outlying lesser basins,—those,
for example, of the anthracite coal in Eastern Pennsylvania. It has a
total area of 70,000 square miles,

“The third is the smaller coal-field of the centre of Mlchlgan, equidis-
tant from Lake Huron and Lake Michigan. The area of this may be
given at about 15,000 square miles. It is deficient in coal.
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“The fourth is the great coal-field lying between the Ohio and Missis-
sippi anticlinals, and spreading in the form of a wide elliptical flat basin
from Kentucky north through Indiana and Illinois to Rock River. This
possesses an estimated area of 50,000 square miles.

“The fifth and most west is a long and large coal-field, occupying
the centre of the great basin of carboniferous rocks which spreads from
the Mississippi and Ozark anticlinals west to the visible limits of the
palozoic region, where it is overlapped by the Middle Secondary and
Cretaceous deposits of the prairies. The northern limit of this coal-field is
in Jowa, on the Jowa River; the southern is near the Red River on the
western confines of Arkansas; and the total area of the great irregular
basin is not less than 57,000 square miles.

“Summing up the several areas here defined, we perceive that the
broad coal-fields of North America occupy the enormous space of at least
200,000 square miles, or more than twenty times as large a surface as that
which includes all the known coal deposits of Europe, or probably of the
Eastern Continent.

THICKNESS.

“Comparative measurements of the thickness of these several deposits of
the American coal-fields, indicate a marked reduction from the east towards
the west. Those of the Nova Scotia field, as measured at the South
Joggins, Bay of Fundy, show a thickness of nearly 3000 feet; those of
the southeastern anthracite basin of Pennsylvania, an average thickness
about as great; while the central portion of the great Appalachian bitumi-
nous basin has a depth not exceeding 2500 feet. Those again of the Illi-
nois basin are probably not thicker than 1500 feet; while the last, the
Iowa and Missouri basin, is evidently much shallower, its total depth not
surpassing probably 1000 feet.

“In Nova Scotia, the coal-fields contain, in the Joggins section, in all
about fifty seams of coal, only five of which, however, are of workable
dimensions. These are equivalent to about twenty feet of coal. In the
deepest anthracite basin of Pennsylvania, that of Schuylkill, there are,
where the formation is thickest, about fifty seams in all; but twenty-five
of these have a diameter exceeding three feet and are available for mining.
In the great Appalachian coal-field there appear to be twenty beds in all,
and nine or ten of these are of workable size. Again, in the broad basin
of Illinois, Indiana, and Kentucky, the total number amounts to eighteen;
and it is believed that scventeen of these are of a size and quality suitable
for mining. Only two or three such are believed to exist in the shallow
and much denuded basin of Michigan.

“Still further west, the coal-fields of Iowa and Missouri contain, it is
believed, only two or three beds thick enough to be profitable, while the
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total number of seams of all sizes is probably not more than- twelve or
thirteen.” *

RECENT COAL FORMATIONS.

We cannot properly close this geological sketch of the rocks of the
carth and the place of coal among them, without referring to the coal
formations of a later date than our true carbonifcrous coal measures. Of
those later formations we have several deposits in Virginia and North
Carolina.

The paleozoic strata of this continent are rarely overlaid by the more
recent formations, except in the western and less explored portions; while
in England we find the new red sandstone and magnesian limestone imme-
diately overlaying the coal. It has been reported that we have a small coal
formation known as the Permian,—which belongs geologically immediately
above the true coal measures,—over the coal of one or two of our western
fields. Most of our new or late
deposits lie along the ocean
belts and amid the oldest rocks
of the earth. Thus, for instance,
we find the Jurassic coals of
Virginia and North Carolina
deposited in or on the granite
and gneiss rocks of those
States.

The Jurassic is of later date
than the Permian and Triassic,
and nearly cotemporary with
the Oolitic.

In order to embrace a full
stratigraphical view of Ameri-
can geology, we give an illus-
tration of the formations fol-
lowing the paleozoic in order.
Thiscolumn, it will be observed,
rests on the granite,—an un-
usual and perhaps anomalous
position,—but nevertheless re-
presents the true status of those
formations. The Jurassic contains the coal of Richmond and Dcep River,
while the formations resting in the order of their age above it, are all

Fia. 8.

RECENT FORMATIONS.,

* The reader is referred to Chapter XIX. We have found it necessary to change these
figures.
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deposits of aslate period, and, in this county, are generally found resting
on the older rocks which now bound these ocean shores.

We will merely notice those Jurassic or recent coal-fields in the present
connection, reserving an extended description for its appropriate place in
the ensuing pages.

The RicHMOND COAL-FIELD lies on or in a deep—perhaps volcanic—
depression in the granite. It is about thirty miles long by five miles
wide, and contains one hundred and eighty square miles of coal formation.
The depth of the basin is about one thousand feet; the average thickness
of its coal is about twenty-four feet. It is highly bituminous and gaseous,
disintegrates readily in the atmosphere, and is liable to spontaneous com-
bustion.

The PIEDMONT COAL-FIELD is on the Appomattox, in Prince Edward
and Cumberland counties, Virginia, ranging in a fortheast and southwest
direction from the Roanoke to the James. The formation rests on the
gneiss, and is frequently cut and interrupted by trap dikes. The coal-
bearing strata are, perhaps, not more than twenty miles long by three miles
wide, containing an area of less than twenty square miles of coal. It con-
tains seven or eight seams, ranging from six inches to three feet in thickness,
and not more than nine feet of workable coal, of a sulphurous and earthy
nature. :

The DAN RIVER COAL-FIELD has yet no fixed location or name. It
extends from Leakesville to Germantown, a distance of thirty miles, in
the same general northeast and southwest direction. The formation is in
the vicinity of the gneiss, but is, we believe, underlaid by sandstones and
slates. The coal is semi-bituminous, and contains specimens similar to the
Pennsylvania anthracites. The seams are limited and small. We take
this to be a continuation of the Piedmont basin.

The DEEP RIVER COAL-FIELD of North Carolina rests unconformably
upon the mica slates of the gneissic period, and the material making up
the formations is chiefly derived from the gold belt in the immediate
vicinity. The area underlaid with coal is about forty-five square miles.
Five seams of coal exist, the main one being from five to six feet thick.

We may merely mention here the existence of other mineral combusti-
bles, such as lignite, &c., which are found in still more recent formations;
but, as we do not propose to devote much time or space to their consider-
ation, it is not advisable to extend this geological sketch for the purpose.
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CHAPTER IIIL

FORMATION AND ORIGIN OF THE APPALACHIANS.

The Appalachian Basin—Ancient Appalachian Sea—Eastern Volcaniec Coast Range—Depth
of the Sea—Ancient and Modern Formations—Depression of the Crust—Lateral Con-
traction—The Great Limestone Bed of the Sea—Its Immense Store of Carbon—Carbonic
Acid and Hydro-Carbon—Red Shales—Conglomerates—Coal Measures of the Ancient
Basin—Ancient Rivers—Drainage of the Continent—Plysical Changes—Condensation
—Vacuum—Inverted Strata—Deep Basins.

THE TCOAL VEGETATION COMMENCED.

I~ the present chapter or stage of our work it scems essential that we
should present a concise view of the probable erection of the Appalachian
mountain-chain, and the great basin which by common consent appears
to bear their name, in all descriptions of that ancient sea which formerly
occupied the eastern half of our continent, and which is now occupied by
those great ranges of mountain and valley from the Blue Ridge to the
Rocky Mountains. '

So little is known, practically, of this the greatest mass of the earth’s
physical proportions, that we propose to state simply such facts as are
well attested, or self-evident, in relation to its ancicnt bed, the origin of
the strata which now occupy its decp recesses, and the natural processes
which occasioned the change. We propose to separate fact from theory
as far as possible; but our conclusions must occasionally be theoretical.
Yet, as a preliminary introduction to the origin and formation of our coal-
fields resting in and on those Appalachian basins, it seems peculiarly
appropriate that we should first consider the origin and nature of the older
and supporting formations ; since it will appear evident, as we proceed, that
the production of the first was, to a great extent, neccssary to the forma-
tion of the second.

THE ANCIENT APPALACHIAN SEA.

The margin of this ancient sea is not only now plainly defined to the
eye of the geologist, but an investigation of the fact would lead to the
same result.

In the first place, we do not merely infer, but we know, that originally
the highest portions of the earth were mountains of the plutonic rocks,
granite, &c., and that the boundaries of the ancient seas must have been
those walls of granite,—since the gneiss, or first sedimentary rocks, could
not exist until those mountain-barriers were erected to confine the
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ancient waters, in which only the crystalline or stratified gneiss could be
formed. It'is thus evident that the great zone of granite and gneiss which
extends from Newfoundland, or Nova Scotia, in the northeast, to the end
of the great Appalachian chain in Georgia, or perhaps to Cuba and beyond;
and from the same point, north of the St. Lawrence and the great lakes,
must have been the northeastern and southeastern boundary of the ancient
sea. That this great zone or belt of granite was originally an clevated
mountain-range, cannot be doubted, since it is positive that the waters
which it confined were once as high as the tops of the Alleghanies. We
are not left, however, to bare statcments of this fact, since part of this
great and ancient mountain-range still exists, with, perhaps, much of its
olden grandeur.

We may merely mention the granite hills of New Hampshire and
Maine, before we offer in evidence the vast and stupendous granite moun-
tains which pile up, in successive ranges, along the eastern margin of the
Appalachian basin, in Southwestern Virginia, Northwestern North Caro-
lina, East Tennessee, and North Georgia. Hecre, where the denuding
agencies of the escaping waters had no effect, the castern barriers of the
ancient sea still exist; and, had not the destructive effects of fire and
water operated more violently in the northeast than the southeast, we
should still find those impassable mountains barring our way to the West
and cutting us off from the coal of the inland valleys: in fact, we should
have mountains where we now have plains, and barren hills of granite
where our cities now stand.

In order to strengthen the evidence still more, we may cite the fact that
along this entire line or belt of granite unmistakable evidence is found of
its early volcanic nature. Deep dykes, as the last effects of expiring volca-
noes, are found from Nova Scotia to Georgia,—generally along the eastern
margin of the gneiss, but frequently through it.

The facts here stated must be borne in mind, to properly appreciate the
facts which are to follow. Having given the bounds of the ancicnt sea,
we may now state its depth; and here we are not left to mere conjecture,
for the thickness of the Palmozoic strata which now fill its bed is evidently
the measure of its depth.

The sum of their thickness has been measured pretty accurately by the
geologists of the State. It ranges in the east from 25,000 to 35,000 feet,
or from 5 to 7 miles, in thickness! Now, when we eonsider that the
Paleozoic formations are only part of the sedimentary rocks, which fill the
deep caves of the ancient sea, that the metamorphic or crystalline sedi-
mentary strata still underlies, perhaps to the depth of 10,000 feet, or two
miles more, and that the present elevation of the remaining portions of
the ancient mountain-barrier in Virginia and Pennsylvania is elevated at
least five thousand (5000) feet above the sea,—a base-line we have adopted,—

. ‘
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we can form some conception of the enormous depth of the great sea to
the east. This computation would give a depth of ten miles. But there
are modifications of this estimate, such as the subsequent depression of the
strata, which perhaps may have reduced the depth to two-thirds or one-
half the above vertical line. Yet the fact of an enormous depth still exists,
even in five miles of water!

From the fact of depth, which cannot be doubted, we must assame
another fact, which is no less self-evident,—which is, that the mountain-
barrier, or line of granite, bounding this deep sea, must have had one deep,
perpendicular, or weak side, adjoining the waters on the west; while that
on the Atlantic, or east side, must have existed to some extent in its pre-
sent gradually inclining form, since there is no evidence of change. The
granite still exists, though greatly depressed.

We see now before us a long line of high and steep granite shores,
and a deep, unfathomable sea; and we have the existing evidences that
these mountains were actively volcanic even until a late day, when the
ancient sea no longer existed. The consequence has been that both the
ancient mountains and the sea have disappeared ; the mountains displaced
the sea, but the sea swallowed the mountains.

Here we may introduce an illustration of the rocks which fill the basin,
and the natural causes which led to this result. It will aid in exemplifying
the hypothesis we set forth, and which we hope to prove more by facts
than by mere scientific conclusions, which hitherto have been our rule in
fathoming what scems a natural phenomenon.

APPALACHIAN FORMATIONS.

In the accompanying illustration, Fig. 4, we do not give the details of
the foldings and steep reversed dips of the mountain-chains now filling the
eastern edge of the ancient sea. Such detail would not affect the question,
but would, in the limited space to which we are confined, complicate and
confuse the general idea we wish to impress.

It will be noticed that on the left, or east, the granite rocks still form, on
a lower line, the bounds of the basin; while in the background, on a
higher line, is shown the ancient volcanic belt towering above the Alle-
ghany summit; while the streams of lava from its crest are poured into the
great sea, forming, in the early periods and in the boiling waters, the
crystalline gneiss, and during later eras, the higher sedimentary sand-rocks.

It will be proper to remark, here, that the line represented by the illusx-
tration is a transverse section across the Appalachian chain by Cumberland,
Maryland, and does not fairly present the deep flexures of the east or in
the vicinity of the anthracite coal-fields, whose location are, however,
denoted.
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APPAIACHIAN FORMATIONS,

Fic. 4.

APPALACHIAN FORMATIONS, MODERN AND ANCIENT.

DescRIPTION OF ILLUSTRATION. Modern.—a, the Atlantic sea; b, recent, or cretaceous formations; ¢, granitic and volcanic; d, Mesozoic, new
red, etc.; ¢, metamorphic, gneissic, etc.; g, sandstones and limestones of the valley, or the lower palmozoic formations; 4, slates and shales of the
oil-producing formations; i, sandstones overlying the oil strata, including the old red, and the conglomerate; j, the anthracite coal deposits;
k, Cumberland coal-field ; 7, I, n, Alleghany coal-field ; m, Ohio River. .

The Potsdam sandstone underlays the Auroral limestone. g, and overlays the gneiss, ¢, which must exist to some extent in the entire basin. The
dark vertical trap formations emerge from the granite, and were the means of forming the gneiss.

Ancient.—No. 1 corresponds to a, and is the granite sea-coast line, forming the volcanic boundary of the ancient sea; 2 is a deep view of the
volcanic vent between the granite and the gneiss, which is formed of the vented matter; 8 is the metamorphic, or early gneissic, sedimentary
rooks; 4 corresponds to g, and is the base of the palmozoio; b are the bituminous slates of the oil strata, followed by the massive sandstones of the
old red, and the subearboniferous; 6 is the ancient sea, since filled by the scdimentary deposits represented in g, &, 1, 5, k, I, &c.; 7, 7, is the line
of voloanic vents existing in the plutonic, or granite coast-line, which extends from Maine to Cuba. The form of the ancient structure is, of
course, ideal, and the two views are thus given together in order to convey an impression of the cause and its effects.

The delineation of the topographical features and the precise undulations of the strata is not attempted in the modern structure, since we could
not portray them on so small a scale and preserve a general and comprehensive view of the order of the superstructure.

It will, of course, be noticed that the illustration represents two distinct pictures. The foreground, lettered, should bo entirely removed from the

Jfigured baokground, in order to present each distinotly; but as the latter disappears, the formor takos its place. The modern is the result of the
anciont.
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It is also necessary to remark that volcanic action was not confinnd
entirely, though principally, to the surrounding granite zone. In all pro-
bability, active volcanoes existed in the interior of the basin, particularly
before the formation of the great limestone,—the Auroral, or No. IL., of
Rogers,—as we have shown in several instances; but their location we can
only tell by the anticlinals which now swell the surface. And these are
not positive evidences, since the original surface of the granite floor was, in
all probability, usually corrugated and uneven. Those minor details,
however, do not affect the proposition regarding the origin and formation
of the great basin, which we assume to be as generally sct forth: that the
ancient sea was deepest on the northeast, and bounded by a zone or belt of
volcanic mountains, which produced the material, in part or in whole, now
reposing in its deep gulfs.

As before stated, the granite shores were precipitous, and, consequently,
weakest on the east or sea margin. Hence, voleanic action was confined
to that side, and the mountain-barrier gradually worn down as the waters
became shallow by the filling up of their depth. The “cnormous amount
of material thrown into those deep basins would naturally raise even the
waters of the sca, and as naturally cause not only the general depression
of the crust of the earth in an eastern direction, but wear down the
mountains themselves. The most natural consequence of this raising of
the waters and depression of the land which confined them, was the final
escape of the pent-up sea from its”ancient limits, and the overflowing of
the land to the east; and whether the Atlantic then existed on a level with
the Appalachian Sea or not, the effect would be the same; for the granite
hills of the east, worn on one side by the billows of the Atlantic, and on
the other by the waves of the ancient sea, could not resist their abrading
influences, while the fierce volcanic action still wore down the crater and
still depressed the crust.

But a portion of the ancient barrier resisted the combined attacks, and
still stands to attest the magnitude and grandeur of those ancient limits.
We allude to the mountains of East Tennessee and the adjoining States.
Yet it is singular that the thickest portions of the crust, or where we
might assume the greatest magnitude of mountain border to have existed,
towards the northeast, first yielded to the combined action of the fire and
water. It is, however, only another fact to prove the general truth of the
hypothesis, since the investigations of all our geologists show that the
greatest amount of solid matter now filling the great basin came from a
northeastern direction; and hence the more rapid subsidence of the crust
in that locality, since such would be the natural sequence of the more rapid
ejection of the fluid matter supporting the crust.

We may here observe, this violent change of subterranean matter from
the interior to the exterior of the earth not only lowered the crust of the
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earth in one direction and raised it in another, but had the effect of flexing
and frequently inverting the strata which had been formed in the vicinity
of the deeper basins, and within the influence of the contraction, caused by
the spasmodic action of the internal volcanic heat; that is, the strata
deposited on the sharp axes of deep synclinals, or basins, would be further
deepened by the contraction or subsidence of those basins; while the sur-
face would rather contract, also, than expand under the same influence,
and thus the angle of the strata become greater, and, in many cases, even
inverted. But this we do not assume to be the only causc of the inverted
strata, so prevalent in the East; though we think it the chief or normal
cause.

The sedimentary strata would naturally conform to the surface over
which they were stratified; and as the granite surface is, and apparently
was, generally uneven, the metamorphic or gneissic strata first deposited
assumed the corrugations and angles of the original foundation. These
appear to have been in long lines running northeast and southwest, wide
and broad in the west and centre of the great basin, and narrow, stecp, and
deep towards the east. On those the Appalachian chains were folded,
growing narrower and steeper as the basins subsided, with the general
crust movement towards the east; and, as the crusts of the strata came
closer together, by the general or lateral contraction.

It is very evident that our sedimentary strata were not laid horizontally
when originally deposited, but conformed, as we have stated, to the general
uneven surface of a granitic and volcanic period; yet many of our geolo-
gists assume such to be the general law, and they then assume a natural
impossibility to account for the flexures of the strata in the phenomena of
earthquakes and internal throes or pressure to uplift the mountain-axis.
.But those folds and deep basins must have been formed naturally and
gradually as the current subsided in certain directions, and as the surface
of the earth generally contracted by the condensation of its materials.
When we consider how much the tire of a wagon-wheel contracts on cool-
ing, we can form some idea of what the contraction of the crust of the
earth must be. This contraction first tends to ¢ject the fluid matter of the
interior in volcanic violence. But when the exterior crust has expended its
heat and ceased its condensation, the continued contraction of the interior
crust, or condensation of the liquid mass forming the great bulk of the
earth, the exterior strata must yield in folds, depressing or rising as the
interior condenses. If this effect was common to all parts of the earth’s
crust, and evenly distributed over the surface, the undulations would not be
s great. But such is not the effect, since the weakest points are always
folded first, and the deepest basins are always made deeper by the same
cause, on the same principle, that it is easier to bend a weak sapling
already partially bent, than to bend a tree that is strong and straight.
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Prof. Rogers, in his Geology of Pennsylvania, assumes the great Appe-
lachian besin to have been elevated bodily from the ancient sea, to account
for its drainage and its coal formations. But a moment’s thought is suffi-
cient to dispel an idea so impractical and at variance with the laws of
Nature, particularly when an elevation and depression of half a continent
—whose crust must have been over twenty miles thick—is required to
acoount for the formation of each coal-seam. When we know how wesk
and comparatively thin the crust of the earth must have been at that early
day, when volcanic action was in full vigor in the East, and perhaps, too,
in the West, since it has not, even to this day, entirely subsided, we can
realize how impossible a thing it would have been to lift this incalculable
mass. How much more readily would the pent-up gases have found a
vent through the voleanic channels which had served as an escape so long!

We do not intend to extend this chapter by simply refuting absurd
theories while we are trying to establish a new hypothesis from the existing
facts, but will now proceed to offer additional evidence and give additional
facts to establish this wonderful creation as the result of plain and common
processes of Nature.

Wo will not reiterate the facts already given, but again state the
hypothesis briefly. The strata now reposing in the bed of the ancient
Appalachian Sea were derived chiefly from the voleanic mountains which
bounded its coasts on the east and northeast; and the processes effecting the
sae, as before stated, were natural and simple.

To the perind of the Auroral or Great Limestone, there appears to have
been but little juterruption to the voleanic agencies and the process of
change, or metamerphism of matter, from the fluid lava to the sedimentary
strata resulting therefrom. But at this period there must have been a long
calm, since the Great Limestone could not have been created in the manner.
and from the material of the subonlinate strata. The volcanoes were
comparatively quict, having vented, perhaps, the fluids and vapors which
had formerly existad in a state of tension in the bowels of the earth; and
this asumption is sustained by the fact, that this state of quiet or rest from
violent volaanic action was general, since the limestones were the cotempo-
rary formatica of this period in nearly all parts of the earth.

Izs formation was oo a grand scale in the ancient Appalachian Sea. Its
area was, of course, coextensive with the waters in which it was formed, while
i maximum thickness was a mile! When we consider the boundaries
and extent of this great sea,—whose laindmarks are o well preserved,—
we can form svme idva of the magnitude of the limestone formations of
this era

THE GKEAT LIMESTUNE
I Lmics fodow closely the sacicut boumdaries of the sea, as formerly
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set forth, but is encircled by the rim of metamorphic strata, which was
the production of volcanic agencies to the period of the lime. We may note
the present outcrops of this great ocean-bed. Starting from the southern
portion of Alabama, near the confluence of the Coosa with the Alabama
River, its eastern margin lies along the great valley region described in
Chapter I1.,—forming one of the most beautiful and productive regions of
the continent,—through all the Atlantic States to Nova Scotia. Its course
is then through the Laurentian basins west to Montreal, and thence around
the north shores of Lake Ontario and the Georgian Bay of Lake Huron;
and still further west, sweeping the north and west sides of Lake Michi-
gan, through Green Bay and Winnebago Lake and Wisconsin, until it
reaches the Mississippi. It passes through the northern portions of Iowa,
and thence in an indefinite course to the Rocky Mountains,—along their
eastern slopes to the northern borders of Texas, through which State it
circles back towards the Mississippi River. But its southern limits are not
well defined, nor can we so well determine the ancient limits of the Appa-
lachian Sea towards the south, whether it included the Gulf and was isolated
from the Atlantic by a continuation of the granite boundary through
Florida and Cuba to the Southern Continent, or was on a level and in
confluence with the Atlantic.

We may safely assume that the area of this Great Limestone is not less.
than 1,600,000 square miles, and as safely compute its average thickness
at not less than 1000 feet,—its maximum thickness being nearly 5000 feet,
while its minimum we have never seen less than 1000 feet.

This entire mass contains a vast store of carbonic acid; its maximum
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