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PREFACE.

Tes work is strictly confined to one subject, and that is
expressed in the title. It is intended to be a collection of the’
principal useful facts and discoveries in regard to the Coal-
Regions of the United States, their geographical situation, their
topography, geology, and development, or their commercial
and economical relations, properly classified for study or refer-
ence. Each of those States, within whose borders coal has been
found, has at considerable expense cansed geological surveys
to be made of its own territory, conducted by some of our best
geologists, who have spent years in examining and studying
the coal-fields. These Government surveys are the basis of
this work, and there can be no better authority on this subject.
None of them are as complete as they should be, and some of
them were very unwisely abandoned in an unfinished condi-
tion; yet, the numerous ponderous volumes of reports pub-
lished, although not very attractive books to the general reader,
contain a store of useful facts about coal, which should be con-
densed and digested in a convenient hand-book. The difficul-
ties met with in collecting these materials have proved that
there is a want of correct information accessible to the public,
in a cheap and popular form, in regard to many of our coal-
regions, particularly those producing bituminous coal. The
older State Geological Reports are expensive and rare; all of
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them are out of print, and there are but few, if any, of even
our best public libraries where complete sets of all that have
been published can be found.

The results of these surveys are here extracted with great
care and patience from a mass of matter on other subjects than
coal, much of it of a technical character, or only of local inter-
est, and arranged in a systematic and methodical manner. In
order to produce an impartial and authentic history of the coal-
regions of all the States, the descriptions of them given by
their own authorities are generally reproduced, as nearly as
the necessary condensation and change of form would admit;
these official materials being to the history of the rocks what
the dispatches of the general and the diplomatist are to the
history of nations. Many additional facts are also given, the
results of more recent observations of many other writers, or
picked up in the course of sixteen years of active employment
in a large coal-business, and in visiting many of the more im-
portant coal-regions. But a book of this kind, containing
only the observations of any individual, however extensive his
knowledge, would be of very little value. On the contrary,
this is intended to be a sort of encyclopedia of all that is
known on the subject, that is permanently important and valu-
able, as ascertained by many competent persons in all parts
of our country. While our scientific men are absorbed in
original investigations, others may do a good work by collect-
ing and arranging in & new form for popular use the materials
they furnish on special subjects like this. It is evident, how-
ever, that this book is more the work of a coal-merchant than
of a professional geologist, and it has reference throughout to
. practical and useful results. By thus collating the accounts
of all our great coal-fields in one view, we cannot but observe
the regularity of the laws or system on which Nature has
formed them, and we also get a comprehensive idea of the
physical force of our country, accumulated for the use of
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man among the strata of the earth. This collection of coal sta-
tistics will serve, therefore, not only to gratify curiosity, but
also to exhibit, it is hoped not in an exaggerated or too flatter-
ing a form, our national wealth or resources in our supply
of fuel.

Among the other more obvious reflections which will occur
to those who may take an interest in the kind of information
here given, will be the magnitude of our coal-fields, which in
that respect are without a parallel in the world, containing in
all 192,000 square miles, besides the lignites of the Far West ;
the vast quantity, the great variety, and the wide distribution
of our stores of coal ; their accessibility for mining purposes, in
being so near the surface ;' the facilities afforded for their cheap
transportation to long distances; also the want of coal in other
very extensive districts of our country, and the important
questions connected with their supply. It will be noticed, too,
that, while the exhaustion of the English coal-fields is being
discussed, how little has really been done here in the way of
mining our coal, and how powerless is all this fuel in the
absence of population with intelligence, energy, industry, and
the necessary capital, guided by science. Among the impor-
tant advantages of our coal-fields are those of a climate where
severe labor can be endured, where fuel is most in demand;
and that of a Government strong enough to protect our rights,
and wise enough to permit the best development of our own
natural resources.

To American readers it is quite superfluous to refer also to
that glowing picture of the future which we are all so much
accustomed to draw for ourselves, or to speak of what we will
do, and what we will make of all that is around us, with the
aid of the latent power in reserve in our coalfields. This
work is confined to facts and contains but few reflections, but
it furnishes abundant food for thought to the philosopher and

the statesman. We seem to have before us a long period of
1 All the coal being witbin mineable depths.
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peace. The material prosperity of the country will hereafter
engross the attention and efforts of our people, and constitute
an important part of our history. The coal-regions of America
are, therefore, a subject of national importance, and worthy of
the attention of every well-informed person.

For the benefit of those who have but little knowledge of
geology, some general information, applicable to all the coal-
regions, is given in the Appendix on the origin and place
among the rocks of coal-beds. This, as well as Chapter VI.
on the characteristics of coal-seams, should properly be read by
non-geological readers before the accounts of the coal-regions.
A chapter on the conditions of success in the coal-trade, one
on the combustion of coal, and one on the iron-ores of the coal-
measures, with the latest statistics of the coal mined in the
United States, and in foreign countries, are also added at the
close of the volume. Some of these statistics are later than
those given in the text.

Prof. J. 8. Newberry has furnished the best portions
of the chapter on Ohio, particularly the section of the eoal-
strata, in advance of his final report, and has added kind words
of encouragement during the progress of this work. Profs.
Cox, of Indiana, Worthen, of Illinois, and White, of Iowa, have
all furnished useful statistics and information not contained in
their published reports of the geology of those States. The
recent geological surveys in those four great coal-producing
States render this a suitable time for a publication like this.
Dr. J. W. Foster has, with the concurrence of Messrs.
Griggs & Co., the publishers of his ¢ Mississippi Valley, its
Physical Geography,” etc., allowed the use of his “ Geological
Sketch of the United States,” given on page 2. Acknowledg-
ments are also due to numerous railroad officials and other
gentlemen who have responded to inquiries for information as
to the geology and coal-trade of various parts of the country.

If any of the scientific gentlemen, whose work has con-
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tributed to this piece of mosaic, feel aggrieved by any want
of due credit, or any erroneous statements, they will please
attribute it to the difficulties of such a task as this, performed
amid the cares of business, and not to any wrong intention.
Corrections of any errors found in the work, which, in such a
mass of facts and statistics on a subject of this character, and
in a country so little developed as ours, must unavoidably
occur, and further information as to any of the coal-regions,
are respectfully solicited.

All coal, both anthracite and bituminous, carried to tide-
water, is sold by gross tons (2,240 lbs.). West of tide-water,
net tons (2,000 lbs.) are customary. The United States census
reports are in gross tons for all parts of the country. The sta-

tistics in this work conform to the above.

J. M.
Towaxpa, Pa., March, 1878,

PREFACE TO THIS EDITION.

Tae present edition embodies numerous corrections sug-
gested by several of the State geologists and others; also & sup-
plement containing information collected since the publication
of the previous edition, including the statistics of coal mined

during the last year.
g y J. M.
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THE IMPORTANCE OF COAL.

“ Op other bulky articles in which commeroe is carried on, manufacturing indus-
try commonly returns to us some part of the identical substance which it had re-
ceived as a raw material, something visible and tangible of which our senses can
still take cognizance, which arrests our attention,recalling our minds to the original
oondition of those materials by which our wants are supplied or our senses gratified.
On the contrary, the material which furnishes motive power is either wholly over-
looked or soon forgott The eva t mov t of machinery which trans-
ports materiuls from place to place, or transforms them from one shape to another,
leaves nothing visible or tangible on which our senses can dwell. We see around us
the fabrics which were ordered from Manchester a short month ago, and we handle
the yellow bars and dust which left San Francisco within the last forty days” (a. o.
1849) ; *‘but of the miraculous power which has winged their way hither we see no
traces on the surface, and are prone to forget the usetul lubor of the black masses by
which we are 50 largely benefited. A piratical act has been committed, or a hostile
invasion is attempted or intended, and the arm of our national power is stretched
forth to thwart the designs of wicked men ; but, without the aid of this dark, forbid-
ding mineral, the interposition of that arm would be all too tardy, its efforts alto~
gether unavailing.””—Warter B. Jonnsox.

-4 Coal,” says Prof. J. 8. Newberry, ‘* is entitled to be considered as the mainspring
of our civilization. By the power developed in its combustion all the wheels of
industry are kept in motion, commerce is carried with rupidity and certainty over all
portions of the earth’s surface, the useful metals are brought from the deep caves in
which they have hidden themselves, and are purified and wrought to serve the pur-
poses of man. By coal night is, in one sense, converted into day, winter into sum-
mer, and the life of man, measured by its fruits, greatly prolonged. Wealth, with all
the vomforts, the luxuries, and the triumphs it brings, is its gift. Though black,
sooty, and often repulsive in its aspects, it is the embodiment of a power more
potent than that attributed to the genii in Oriental tales. Its possession is, there-
fore, the highest material boon that can be craved by a community or nation.

% Coal is also not without its poetry. It has been formed under the stimulus of the
sunshine of long-past ages, and the light and power it holds are nothing else than
such sunshine stored in this black casket to wait the coming and serve the purposes
of man. In the process of its formation it composed the tissues of those strange
trees that lifted their scaled trunks and waved their feathery foliage over the marshy
shores of the carboniferous continent where not only no man was, but gigantic sala-
manders and mail-clad fishes were the monarchs of the animated world.”

Coal is to the world of industry what the sufis to the natural world, the groay
source of light and heat with their innumerable benefits. It is not only the prinei-
pal generator of steam, but steam is also dependent on iron, and the manufacture of
iron on coal: therefore, these three most powerful among the physical agents of
modern advancement have their source and basis in the coal-mine.] Here, then, in
these dark and gloomy caverns, and their coarse and rude productions,is a good
subject for thought; and on a cold winter's evening when we enjoy the pleasant
warmth of a fine coal-fire, while our apartments are illuminated by the gas from coal,
we should endeavor to have intelligent ideas of the sources from which, and the
means by which, these and so many other great comforts are derived; and, aboveall,
we should see another instance of the wisdom and goodness of Him who hath in so
wonderful a manner placed beneath our feet in exhaustless quantities and in an im-
perishable form the ‘‘stored-up fuel of a world.”

1






THE COAL-REGIONS OF AMERICA.

I.
A PRELIMINARY GENERAL SURVEY.

Or the thirty-seven States composing the United States of
America in 1874, the following contain no coal whatever of
any kind, viz.: Maine, New Hampshire, Vermont, Connecti-
cut, New York, New Jersey, Delaware, South Carolina, Flori-
da, Mississippi, Lounisiana, Wisconsin, and Minnesota. Several
others, not named above, nominally contain coal, but it is of no
commercial value. Among these are Massachusetts and Rhode
Island, where a hard, worthless kind of anthracite is found.
North Carolina has two small coal-fields of Triassic age, a later
formation than the Carboniferous, but they are far in the inte-
rior, not at all productive, and will probably never be of more
than local importance. The State of Virginia has, near Rich-
mond, a field of coal, of the same age as those of North Caro-
lina, which was once the most productive and important in the
country, but it has long since lost its place in the coal-market.
Georgia has a small area of the coal-formation in the north-
western corner of the State, not entitling it, however, to be
counted among the great coal-producing States. There are,
therefore, very extensive districts in the United States destitute
of coal, and many of them the most thickly populated and the
largest consumers of fuel.” There are four great carboniferous
coal-fields in the United States. The first and most important,
in all respects, is called the Appalachian, or, more properly, the
Alleghany, and is of continental dimensions, being 875 miles

1 8ee @eological Map, on page 3.
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in length; extending through important parts of seven States,
in a northeast and southwest direction, from 30 to 180 miles
wide, and producing a great variety of the best qualities of coal.
It covers the western part of Pennsylvania, the eastern part of
Obhio, the western corner of Maryland, nearly all of West Vir-
ginia, the eastern part of Kentucky; it crosses Tennessee, and
ends in the central part of Alabama. It is quite remarkable,
however, that several of the largest producing regions are mere
outliers, or detached, island-like fields on the borders of this
great coal-region. The northeastern fragments are the anthra-
cite basins in the northeastern part of Pennsylvania, the small-
est in area, but the most important and productive of all. Also,
along the eastern borders of the ficld are the Blossburg, Clear-
‘field, Broad Top (Pennsylvania), and Cumberland (Maryland)
basins, and there are similar very productive detached basins
on the northwest, on both sides of the line between Pennsyl-
vania and Ohio. The Pittsburg and Westmoreland district
produces the largest quantity of bituminous coal, but this ap-
pears to be, at present, the only very productive region in the
main body of this great coal-territory.

The second coalfield occupics the central part of the State
of Michigan, and, although spread over a large surface, it is in
ferior in importance to all the others, having only a thin seam
of coal of a poor quality.

The third great coal-field is of enormous dimensions, cover-
ing two-thirds of the large State of Illinois, the western part of
Indiana, and the western part of Kentucky. The best coal from
this field is found in Indiana, and, although none of the coal it
produces, with this exception, is equal in quality to the best
Pennsylvania coal, yet it affords a great abundance of very
cheap and valuable fuel.

The same remark applies to the fourth coal-field, which cov-

_ ers the southwestern part of Iowa, the best portions being along
the Des Moines River. It also extends southward over a large
area in Northern Missouri and into the eastern part of Kansas,
the seams of coal being generally thin in all these States. Al-
though it runs into the southeastern counties of Nebraska, it is
feared the coal, if there be any, is there too thin for mining.
From Kansas it spreads southward into the Indian Territory-—
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how far is not known ; but a coal-field, which is probably a por-
tion of it, is found in the western part of Arkansas, on both
sides of the river of that name ; and there is another in Texas,
at Fort Belknap, in the northwestern part of that State.

The only ather carboniferous coal-fields in Amnerica, in addi-
tion to those enumerated, are those of Nova Scotia and New
Brunswick, and the latter is of no practical importance.

Of the parts of these coalfields contained in each of the
States, a separate account will be found in this volume. But
there are large portions of all of these vast regions which have
been so imperfectly wrought, or even explored, that they at
present ouly furnish subjects for speculation as to the extent of
our undeveloped resources, and for conjectures as to the future
greatness of our highly-favored country. They will, therefore,
occupy much less of our attention than their great number of
square miles would seem to require. If their present impor-
tance and productiveness only were considered, many of them
might be entirely omitted. Pennsylvania is at present the
great producer, and, speaking in a general way, may be said to
supply the United States with coal. Maryland sends annually
to tide-water a little more than 2,000,000 tons of coal ; West
Virginia about 250,000 tons ; Ohio ships from Cleveland annu-
ally about 500,000 tons, besides a large home consumption.
With these exceptions, and the supplying of St. Louis from
Illinois, no other State sends any considerable quantity of coal
to market, outside of its own boundaries. A few of them pro-
duce quite largely, for their home consumption, in localities too
remote to be reached by Pennsylvania coal. Of these, Illinois
has probably the largest production ; that of Ohio is increasing
rapidly, as is also that of Indiana. Pennsylvania mined, con-
sumed, and sent to market, in 1871, about 24,000,000 tons of
coal, of which 15,000,000 tons were anthracite and 9,000,000
tons were of the various kind of bituminous coal. This State,
therefore, indisputably stands preéminent in respect to the pro-
duction, as well as for the variety and unequalled quality of its
coal.

None of the United States Territories, and none of the States
on the Pacific coast, contain any coal of the Carboniferous age,
but they afford an abundance of the kind of fossil fuel called
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¢ lignite,” which is of inferior heating-power, of a much later
age, found in newer and geologically higher rocks, formed long
after the great coal-fields of the Eastern States. This lignite,
which is found in the earth like coal, and has its appearance
and uses, and is, therefore, entitled to be called coal, occurs in
greater or less quantities 'in all, or nearly all, the States and
Territories between the Missouri River and the Pacific coast,
which compose more than half of the territory belonging to
the United States. The principal localities where it i6 now
most in demand, and found of the best quality, are along the
lines of the Union Pacific and Kansas Pacific Railroads, in the
southern part of Wyoming and the northern part of Colorado
Territories. It is also abundant on the Northern Pacific Rail-
road. There is a controversy among geologists as to whether
its age is tertiary or cretaceous, and its quality is better than
that of any of the lignites or coals of the same age in Europe
or elsewhere. After completing the accounts of the four great
carboniferous coal-fields, these cretaceous coals, or lignites, of
the Far West in the Rocky-Mountain regions, and on the Pa-
cific coast, which furnish a species of fuel so different in its
character, and supplying a region of country so remote from
the other, will be separately considered.




IL
ANTHRACITE COAL-FIELDS OF PENNSYLVANIA.

Tax different kinds of coal in the United States might be
divided into almost as many varieties as there are of trees in
the forest ; but, as it is here proposed to treat the subject in a
matter-of-fact way, and in its commercial rather than its scien-
tific aspects, it will answer our purposes to speak of them in
general terms as anthracite, semi-bituminous, and bituminous,
the first being situated farthest east in Pennsylvania, and the
others extending northwestward in the order mentioned.

By far the most important and the best-known coal in this
country is anthracite. It is the universal fuel for domestic
use in the United States, in preference to all other kinds of coal,
without much regard to their comparative cost, and it is also
extensively used for other purposes. Every one knows it and
uses it where it can be had ; all feel more or less interested in
it, and a very large portion of the coal-trade consists of it. Ax-
thracite, or stone coal, is called glance, or blind coal, or culm, in
England, and is the common hard coal of America. Its pecu-
liarities consist in its being so largely composed of carbon, from
85 to 93 per cent., with less than 11 or 12 per cent. of volatile
matter, which in fact is rarely found to amount to more than
7% per cent., while its average quantity in our anthracite gen-
erally may be stated at about 6 per cent., and nearly the whole
of this appears to be water. In the extreme west ends of the
basins, however, a semi-anthracite is found, containing as much
as 10 or 15 per cent. Anthracite has a specific gravity of
from 1.39 t60 1.61. In its structure it is massive and compact,
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the softer varicties having a tendency to lamination. Its frac-
ture is conchoidal in the hardest varicties only, but sometimes
irregularly so; in other cases, with a tendency to columnar
fracture. Its color is jet black, the hardest kinds metallic black,
sometimes grayish black,and it almost always has a bright, glassy
lustre, and oceasionally a beautiful iridescent color. It is less
easily kindled than other kinds of eoal, and often decrepitates
when kindling, and burns with but little lame. With an insuf-
ficient supply of oxygen in burning, it protiuces a short, blue
flame, the product being then carbonic oxide ; but when properly
burnt it has great heating power, and leaves but little ashes,
retaining its form, although the softer varieties break if burnt
rapidly, but it never melts, swells, or forms coke. Its hardness
is an invaluable quality, enabling it to be transported to any
distance without injury from handling or exposure, although it
is attended with some waste from breakage. It does not soil
the hands, and, from its cleanliness, the absence of smoke, soot,
and dirt, it is universally preferred for domestic use. Without
exaggeration, it may be said that, as a house-coal, the world can
produce nothing to compete with it at the same price. All
those who have been accustomed to its use, pronounce it the
perfection of domestic fuel.

Although there is a formation containing anthracite coal in
Rhode Island and Massachusetts, that is a better subject for the
studies of the geologist than for the labors of the miner, being
of so hard and inferior a quality as to be unfit for use, or found
in a form so unfavorable for working that it is not mined or
sént to market. The marketable coal from the other States is
all bituminous; therefore Pennsylvania possesses a monopoly
of this most valuable article, anthracite coal. ¢ The exclusive
ownership of this important and popular species of fuel in large
quantities within short distances of the seaboard,” says R. C.
Taylor, “is a possession of inestimable value, and places Penn-
gylvania in an enviable position. It is difficult to say what
number of population its production alone will hereafter sus-
tain, or to what degree of power and importance it may ulti-
mately elevate this State.” Many years ago Prof. Silliman
called it a great national trust. The peculiar and valuable
qualities of this coal, the very large quantities produced finding
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THEIR LOCATION AND EXTENT. 9

a market over a very extensive territory, the very small region
of country in which only it is found, the great number and size
of the beds, the extraordinary form in which they lie in the
ground, and the no less extraordinary character of this wild,
barren, mountainous coal-region, make it the most interesting,
curious, and important of them all.

Location and Extent of the Anthracite Regions.—The North
Branch of the Susquehanna River, sometimes called the East
Branch, one of the most striking features on the map of Penn-
sylvania, is formed by the junction of the Chemung and Sus-
quehanna, in Bradford County, just within the northern boun-
dary of the State. Thence it pursues a southeast course for
about 100 miles to Pittston, cutting a valley about 500 to
1,000 feet deep, first through the Chemung group, and farther
south through the Old Red Sandstone or Catskill group, the dip
of the formations being toward the south. There is no coal
whatever in the part of the State northeast of this portion of
the river; but at Pittston the river strikes the inside centre of
the third or Wyoming and Lackawanna coal-field, which lies in
a northeast and southwest direction, in the form of the moon
in her first quarter, with the convex side toward Philadelphia,
and the upper horn pointing toward the northeast corner of the
State. The Lackawanna Valley coal-region is northeast, and
the Wyoming Valley coal-region is southwest of Pittston, both
being parts of one uniform and symmetrically-formed basin,
only distinguished by the streams by which they are drained.

The Lackawanna River, an inconsiderable stream, rises not
far from the northern line of the State, in the highlands, be-
tween Susquehanna and Wayne Counties, thence running south-
ward, it breaks into the coal-field at its northeastern extremity,
where the coal-measures are considerably elevated, as they are
also at the southwest end of the basin ; and, passing through the
centre of this northeastern half of the field, which is called the
Lackawanna region, it unites with the Susquehanna, where it
breaks through the northern boundary of the coal-basin at
Pittston, about ten miles above Wilksbarre. The main river
then makes a right angle and pursues a winding course through
the middle of Wyoming Valley, the coal-seams being hundreds
of feet below the bed of the river, and passes lengthwise



10 ANTHRACITE COAL-FIELDS OF PENNSYLVANIA,

through the coal-field to Nanticoke, a distance of 15 miles from
Pittston. It here, curiously enough, passes out of the coal-
field to the north, breaking through the mountain-barrier which
bounds the basin, and then severing the mountain lengthwise
by resuming its former course for eight miles outside of the
coal-basin to the mouth of Shickshinny Creek. It there again
turns to the south, again enters the coalfield, and, running
across it, passes through the southern boundary, leaving undis-
turbed the southwestern end or point of the coal-deposit,
200 feet above and west of the river. The river thence
pursues a southwesterly course to Northumberland, where it
unites with the West Branch, and then runs nearly due south
to Harrisburg. The Susquehanna, as above described, may be
considered as the dividing line between the anthracite and
bituminous coal, excepting only a small portion of the field,
from Pittston to Nanticoke, extends about one or two miles in
width across it to the west side. This Lackawanna and Wyo-
ming Valley is the location of the third coal-field. Proceeding
southward to the second coal-field, our attention is directed to
the Lehigh River, an important branch of the Delaware, which,
from its head-waters, east of the Wyoming region to Mauch
Chunk, forms another of the obvious natural boundaries of
these coal-regions. All the hard anthracite coal in the United
States, and, practically speaking, in the world, comes from this
emall central part of the eastern portion of Pennsylvania, east
of the North Branch of the Susquehanna, and west of the Le-
high River. The north horn of the Lackawanna coal district,
however, extends much farther north than the sources of the
Lehigh. Neither the Lehigh, the Susquehanna, nor the Schuyl-
kill, is navigable. A map showing the whole of the anthra-
cite coal-fields would include a long, irregularly-shaped tract,
extending in a northeast and southwest direction between the
Lehigh and Susquehanna, 100 miles in length and 30 miles
in breadth at its widest part, in which the coal formation
proper, consisting of scattered fields and basins, would con-
stitute but & small part of this area. The coal is found in
at least twelve or more detached and separate fields, of a basin-
form; three of them (the Mahanoy and Shamokin being con-
sidered as one) are large, and the others are much smaller.

-~
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They are irregular in their outlines, and contain coal in an ex-
traordinary number of seams and beds, some of them of an
astonishing thickness. The great number and size of the
seams, and the form in which they are found among the rocks,
constitute as marked a distinction between these regions and
the bituminous, as there is in the appearance and characteristics
of the coal produced in each region.

As there are some errors prevailing in regard to the geog-
raphy or topography of this part of Pennsylvania, it may not
be amiss to state that the anthracite regions, although in a
mountainous country, are not on the Alleghany Mountain.
The southeastern margin of that important range of mountains
runs nearly parallel with the Lackawanna and Wyoming coal-
field, but northwest of it, and crosses the North Branch of the
Susquehanna, between Pittston and Tunkhannock, and the first
of the six great coal-troughs of the Alleghany field occurs on
Mahoopeny Creek, in Sullivan County, where a soft, free-burn-
ing semi-anthracite is produced.

The mountains of the anthracite regions, on the contrary,
are a continuation of the Catskill Mountain, which every trav-
eller on the Hudson River sees between New York and Albany.
From that locality it runs to Mauch Chunk, Pennsylvania,
being composed of a geological formation below the coal, which
is remarkable for its great thickness and the rapidity with
which it thins out and disappears altogether in a western direc-
tion, extending but little more than half-way across New York,
and in great thickness only over the eastern part of Pennsyl-
vania. The upper of its three members nearly runs out, and the
other two in diminished size run under the Alleghany Mountain
coal-basins. This great Catskill Mountain forms the foundation
of the anthracite regions, and in Pennsylvania geology it is di-
vided into three parts, called the Ponent red sandstore, Vesper-
tine sandstone, or conglomerate, and Umbral red shale, or two
great red shales with a white sandstone between them, and
over all lies the conglomerate base of the coal-rocks. The
Vespertine and Umbral are subcarboniferous.

Taking a general view of these mountains, we find the por-
tion of them where the coalficlds are situated has only three
broad or flat-topped mountains, according to Prof. Lesley’s
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topography,’ viz., “ the Broad Mountain, five miles wide and 15
long, which separates the Pottsville and Mahanoy basins; the
Beaver Meadow Mountain, eight miles wide and 15 or 20
long, on the top of which lie side by side the numerous little
but important Lehigh coal-basins; and the Nescopeck Moun-
tain, between the second and third coal-fields, which is crossed
by the Lehigh Valley Railroad, and merges itself eastward into
the great Pocono table-land. With these three exceptions, the
mountains of this region are all sharp, rocky-sided ridges, or
walls of steeply-inclined strata of sandstone, surrounding the
several coal-basins in beautifully symmetrical curves.”

For the sake of convenience, these anthracite regions are
now usually divided into three coal-fields or districts. The
first, southern, or Schuylkill coal-field, is one continuous, un-
broken basin, except the detached field of Mine Hill. The
second district includes the Shamokin, the Mahanoy, and the
Lehigh basins, embracing all the other small fields and basins.
The third is the large, unbroken northern or Lackawanna and
Wyoming region. A general preliminary view of each is first
necessary. The first or Schuylkill coal-field may be considered
as furming a long, narrow trough or basin, enclosed by a con-
tinuous mountain, called the Locust and Broad Mountain on
the north, and the Sharp Mountain on the south. Nature has
made several deep cuts in these mountain-barriers down to the
bottom of the valley, through which various streams pass, form-
ing the drainage of the country, affording also very convenient
locations for railroads to carry the coal to market. The most
important of these, on the south side, are the Little Schuykill,
at Tamaqua; the Schuylkill River, at Pottsville; the West
Branch of the same, at Minersville ; and the Swatara Creek, at
Pine Grove. Farther west are the Wiconisco and Stony Creeks.
On the north side are Leggett’s Gap, and three or four others.
In approaching this coalfield from Philadelphia by the Phila-
delphia & Reading Railroad, the great system of double moun-
tains and valleys, which everywhere encircles the coal-basins,
is seen in all its magnitude, in fine natural sections at the sev-
eral gaps through which the rivers and railroads find their way.

1 4 New Topographical Atlas of the State of Pennsylvania, with Desoriptions,”
etc. By Henry F. Walling and O. W. Gray. Philadelphia, 1872,
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The second coalfield, including the Shamokin, Mahanoy,
and Lehigh basins, occupies the summit or highest ground be-
tween the waters of the Schuylkill on the south, the Lehigh on
the east, and the Susquehanna on the west, in the midst of a
dense chain of mountains extending across the entire country
between the two last-named rivers. It lies at an average dis-
tance of ten miles north of the first coal-field, and nearly par-
allel to it. It is also, like the others, enclosed or bounded by
a continuous range of double mountain-barriers, commencing
about three miles west of the Lehigh, and ending in the forks
of the Mahanoy Creek, in Northumberland County, about five
miles east of the Susquehanna. On the south, these ridges are
called the Spring, Mahanoy, and Locust Mountains. On the
north, parts of them are called the Shamokin, Catawissa, McCau-
ley, and Green Mountains. There are also numerous other
anticlinal axes within these general boundaries which subdivide
the district into the several important smaller basins of which
it is composed. There are many different local names for all
the mountains, and for different parts of the same mountain.

The third, northern, or Wyoming and Lackawanna, is the
largest and finest of the anthracite coal-basins, and is the only
portion having any pretensions to beauty. It reposes in the
bosom of the beautiful valley, as before mentioned, in the form
of a long and very narrow, perfectly-shaped crescent or slightly-
bended bow, the eastern or northeastern horn extending be-
yond Carbondale, and the southwestern extending just across a
bend of the Susquehanna River, at Shickshinny. It is a solid,
unbroken field-of more than 50 miles in length, while its great-
est breadth is 5 miles and its mean breadth 3% or 4 miles,
and it contains 198 square miles. It is situated wholly in the
county of Luzerne, and is completely shut in by mountain-
barriers called the Shawnee Mountain on the north, and the
Wyoming Mountain on the south, the only natural outlets be-
ing at the points where the Susquehanna River enters and
leaves the valley, cutting the bounding-ridges to their base.
Numerous railroads, however, find their way over the moun-
tains, to carry the coal to the Eastern and Northern markets.
The coal-seams have the basin-form which the surface presents,
and conform to the undulations, which are not unfrequent.
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They do not rise, however, to the summits of the mountains,
but only to a moderate height up the slopes. They extend
to an unknown depth below the.bed of the river in the central
portions of the basin, several hundred feet below the level
of the ses, and are contracted in width and elevated at both
extremities, just as if the strata had been first formed in an-hori-
zontal position, and Nature had then made an effort to fold
them together like a vast volume with a conglomerate binding,
and had only been partially successful.

From the foregoing descriptions, it will have been observed
that the basin or oblong trough-shape of these anthracite coal-
fields applies to their external appearance as well as to the
geological structure of the coalseams. The height of the
bounding ridges or margins of all the larger coal-basins may
be stated, in a general way, as not less than from 1,000 to
2,000 feet in elevation above the valleys or lower portion of
the troughs; and, all the basins being formed on the same gen-
eral pattern, the coal-seams always have a tendency to rise
toward the extremities of the basins, where the outer walls
come together and pinch out the coal. The lowest places on
the mountains are selected for the passage of railroads, where
no natural gaps are found. Of these railroad summits on Wyo-
ming Mountain, on the south side of the third coal-basin, that
of the Lehigh and Susquehanna, which is the lowest, is 1,092 feet
above Wilkesbarre, and the latter place is 538 feet above tide-
water. In regard to the mountain boundaries of all these ba-
gins, it should be noticed that, if we extend our view beyond
their immediate margins, we find a second and higher range of
sandstone mountains, separated from the first by a red-shale
valley, and they have been appropriately called the double
frame of the coal-basins. The upper or inside one is the con-
glomerate base of the coal-measures, the secqnd formation is &
red-shale valley named by Rogers the Umbral red shale, and
the third is the second mountain, and is his Vespertine sand-
stone. Next is his Ponent red sandstone, the last three being
the equivalent of the Catskill, and outside of all occur the Che-
mung and other well-known formations. These Umbral and
Vespertine rocks correspond in position with the subcarbonif:
erous limestones of the Western States. Some coal-fossils are
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found in them, and they are therefore subcarboniferous in a geo-
logical sense, but worthless as regards the production of coal.
On the north side of the Lackawanna end of the third coal-field
alone, the red shale being thin, the two mountains are pressed
together, forming here but one mountain. .Aill the anthracite
regions, except Wyoming and part of the Lackawanna Valley,
and all the extensive intermediate country, are too sterile to be
cultivated.

The total area of all the anthracite coal-basins is as follows :

Square Milee.
1. Southern or Schuylkill Basin and Mine Hill ........ccce00aenens 146
2, Shamokin, 50; Mahanoy, 41; and Lehigh Basins, 87............ 128
8, Wyoming and Lackawanna Basin .......ccoveeerocecannnscane 198
Total area of all the anthracite basing...c.cco0veecncnanss 473"

It is sometimes difficult to make people believe that all
the anthracite or common hard coal of America, which is used-
everywhere, of which more than 19,000,000 tons are annu-
ally mined, and which is sent for use almost all over the West-
ern World, really all comes from this one small locality in
Eastern Pennsylvania. If these regions were all brought to-
gether into one body, they would only form a small county,
twenty miles wide and a little less than twenty-four miles long.
This area appears insignificant when compared with the vast
dimensions of some of the bituminous coal-fields to be de-
scribed. But, when we come to inquire into the number and
thickness of the coal-seams, if we were to calculate the quantity
of coal per acre, examine into the relative quality of the coals
as to their commercial value, and look at the tonnage of each
region, we shall see that the number of square miles covered
by the coal-measures is of very little importance, unless viewed
with reference to the workable thickness of coal and the other
circamstances mentioned.

The wide distribution of coal on the North-American Con-
tinent is of most importance to the country on account of the
fuel being thus found in the locdlities where it will be needed,
and many of which could not be supplied with good coal at a
reasonable cost from any great distance, from the want of cheap
water transportation. In this aspect it is of more value to the
country than in the tens of thousands of square miles ot coal

1 By P. W. Sheafer’s Surveys.
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area. But we must not be deceived by large figures; for, as
the small islands of Great Britain are of more importance in
every respect than vast, thinly-populated countries like Africa
or South America, so this small anthracite region should be
considered as compared with the immense thin sheets of bitu-
minous coal, or still larger fields of very poor lignite, which
make such a show on geological maps of the United States.

Formation of the Coal-Basins.

There is but little doubt that all the anthracite coal-fields
are but the several portions of one great formation which, pre-
vious to assuming the present basin-form, constituted a single
continuous body or mass of strata. This is evident from a
careful comparison between the same parts of the series in each
separate basin. The same conglomerate rock underlies all the
~ basins, and, notwithstanding the irregular forms into which it
is now thrown, it observes a regular and manifest diminution
in the size of the pebbles of which it is composed, and in the
thickness of the stratum, as we pass from the Sharp Mountain,
on the southern side of the southern basin, to the middle and
northern basins. In the former it is 1,400 feet thick at Tama-
qua, and 1,031 feet at Pottsville, and at Pine Grove consider-
ably less; and in some localities some of the pebbles are of the
size of an orange and larger. Farther north the materials as-
sume a smaller and more uniform size, and the entire mass
becomes homogeneous, passing into a nearly pure quartzose
conglomerate. At Girardsville it does not exceed 800 feet, at
Shamokin Gap 700 feet, at Nanticoke about 300 feet, and at
the west end of the same valley, at Beech Grove, about 200
feet is its total thickness. This is evidence to prove that it was
all formed in one connected and continuous stratum. A sedi-
mentary rock, too, could not have been formed with the steep
dips of some of these coal-basins.

Another strong point of resemblance is in the series of coal-
seams and their accompanying strata. There is one great coal-
seam which lies near the base of the coal-measures, commonly
the fourth above the conglomerate, and there is but one of this
magnitude. It occurs in each of the basins, and in the same
part of the series, with its neighboring strata bearing a close
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resemblance in each, with an exact identity in the vegetable
fossils of the slates. This, with the want of identity with those
in the higher portion ef the series, furnishes ground for the be-
lief that, where this Mammoth seam, as it is called, occurs, it
is but a remaining part of an originally more widely-diffused
deposit belonging to all the basins. This great seam also de-
creases in thickness in going northward, being 50 feet thick at.
Summit Hill, 28 feet at Pottsville, 24 feet at Beaver Meadow
and Hazelton, the same at Wilkesbarre, and 14 at Pittston. It
also diminishes in going from east to west.' There is also a
general resemblance in the series of coal-seams of the lower
coal-measures and their intervals of rocky strata, where they
occur in all the basins, making proper allowances for the pro-
gressive changes always discernible in strata when traced over .
extensive areas.

The usual shape and structure of all the several great an- °
thracite tracts of this State are those of long and irregular
basins. They have doubtless assumed this form from the ele-
vation, on all sides of them, of the underlying rocks of the coun-
try in a series of nearly parallel belts, from which the strata dip
in opposite directions, or, as they are technically called, anti-
clinal axes. The coal-strata are now found only in the interme-
diate spaces between the lines of upheaval, in these basins or
troughs, the strata dipping from both margins inward, some-
times at a high angle, caused by the tilting upward of the under-
lying formations, and the destruction, by the action of water, of
the broken portions of the coal-strata which ouce covered the
upheaved intervals, between the basins which, consequently, are
now barren of coal. These two grand causes, subterranean
elevation, and superficial denudation by water, fixed the limits
and produced the form, and the singular positions and disturb-
ances of the anthracite coal-regions. ’

In addition to this violent upheaving action of the strata
outside of or around the coal-basins, enormous parallel wrin-

1 The statistics and more valuable ideas in regard to the geology of both the an-
thracite and bituminous coal-fields of Pennsylvania, where not otherwise credited,
are derived from H. D. Rogers’s final report of the “ State Geological Survey,” 1858
(D. Van Nostrand & Co., New York), and his six annual pamphlet reports of prog-
ress from the years 1886 to 1842, A full note on this work, with the names of all

Prof. Rogers's assistants, will be found at the close of the chapters on Pennsylvania.
2
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klings of the coal-measures themselves have taken place within
the coal-basins, causing great intricacy in the internal structure
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of many parts of these regions. There are
also great dislocations of the strata, the
results of the same subterranean move-
ments. A general idea of the structure of
the region is sufficient for the reader, who
will understand that these lines of upheav-
al were between where the several coal-
basins now are found, and that the bodies
of coal which were preserved for our use
are those found in the deepest portion of
the basins, and that the deeper the basin
the larger is the number of coal-seams.

Baut, another explanation seems neces-
sary to those who have not seen, or studied
the geology of this wonderful region, name-
ly: that the anticlinal or upheaved moun-
tains are entirely removed over many ex-
tensive localities, and that where, if an
upheaval only had occurred, a very high
mountain of broken coal-measures would
have existed, we now, as a general rule,
find deep valleys cut down into the forma-
tions below the carboniferous rocks, even
the heavy strata of conglomerate which un-
derlaid the coal being entirely swept away,
with not a vestige of these great forma-
tions to be seen, and in their place are red-
shale valleys which were, originally, thou-
sands of feet below their present level
The coal-basing are but fragments of a
far greater formation, and the underlying
formations are in an equally fragmentary
condition, with enough of each remaining
to show the remarkable structure of the re-
gion. It is certainly difficult even to im-
agine what has become of the vast moun-
tains which have been removed and cast
into the midst of the sea.
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To a visitor, nothing is more surprising than the high steep
ridges which traverse the interior of the Schuylkill, Shamokin,
and Mahanoy coal-fields. The usual description of them as
basine or troughs, bounded by mountains, prepares him for
altogether a different-looking country from the one he finds.
They are, in fact, valleys filled, wherever they are wide enough
to admit of it, with long hills running east and west, with
slopes often of great steepness, and these hills or ridges are of
very congiderable height, sometimes rivalling in elevation the
outside or boundary mountains. The entire coal-fields are
filled with them : these in the first, or Schuylkill basin, are very
irregular in their length and position ; those in the second coal-
field are more regular ; while those of the third or Wyoming field
have assumed some system, a8 will be hereafter described. There
is an evident gradation in the degree of force spent in producing
them, which has become less as you go northwestward. This
is especially observable in the third field, so that, when we go to
the Lackawanna end of it, we see a much more uniformly-shaped
trough or curving valley with comparatively few undulations,
contrasting strongly with the Sharp Mountain west of Potts-
ville, which is thrown over toward the coal-basin past the per-
pendicular.

The Form of Anthracite Coal-Seams.

To understand the extraordinary form in which the anthra-
cite coal-seams are disposed, we must, therefore, not only ima-
gine the general structure of these troughs, or rather canoe-shaped
basins, with their sharp, elevated ends, a feature which applies
to all of them, but we must also bear in mind the corrugations
or wrinkles which sometimes attain to great size, and which
characterize the interior portions of each basin, particularly the
large and more southern coal-fields. The general course of
these folds and flexures of the strata is east and west, or, as we
pass from south to north, we would generally run across these
waves, and, in going east and west, we would traverse the bot-
tom of the troughs or synclinals, or the crests of the folds or
wrinkles, called anticlinals in mining phraee.

The series of strata consists of numerous noble seams of coal,
from 6 to 50 feet in thickness, with other smaller ones, of which
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no notice is taken. These coal-seams, with fire-clay floors and
black-shale roofs, are separated by alternate layers of sandstone
and sometimes shales from 10 to 500 feet thick, each coal-seam
and each layer of sandstone corrugated and folded alike. “Thus,
each sheet of coal extends for itself, and by itself, as far as the
valley does in which it lies, cleaving down through the moun-
tain from summit to base, from end to end, passing under the
adjoining valley, and reascending through the length and
breadth of the mountain on the other side. Each coal-bed does
this independent of each other, while conforming to each other’s
motions, but never coming into conflict, or even actual contact,
however near, except in faults.”* In Rogers’s State Geological
Report, a large quarto volume is nearly filled with details as to
the coal-seams and minute descriptions of the numerous flexures
of the anthracite formations as they were then known, with
their saddle-like upheavals or anticlinal axes, and their trough-
like down-throws or synclinal axes. Daddow and Bannan, in
¢ Coal, Iron, and Oil,” have also put on record later accounts of
these, the knowledge of which is indispensable to anthracite-
coal operators, but to enumerate them would be tedious and
very uninteresting to the general reader. In the Lackawanna
region, and the more northern parts of the Wyoming Valley,
these flexures do not occur in such great size, the seams of coal
are more regularly disposed in a general uniform basin more
nearly approaching the horizontal form of bituminous coal-seams,
and affording opportunity for more simple methods of mining.

Number and Size of the Coal-Seams.

In the anthracite coal-regions of Pennsylvania we find this
valuable substance in an abundance, for the amount of surface
occupied, not surpassed in any part of the world. At Pottsville,
in the deepest portion of the first coal-field, all the seams are
supposed to be fully represented, although some of them attain
to greater size in other parts of the regions. The reader, with
the least imagination, can perceive that, with the basin-shape of
these coal-fields, a shallow basin cannot contain as numerous
seams of coal as a deep one, the thickness of the intermediate

1 ¢« Manual of Coal and its Topography,” ete., by J. P. Lesley, Topographical
Geologist. Philadelphia: J.B. Lippincott & Co.,1856. 12mo, pp. 224. (Out of Print.)
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rocks being the same. But it appears like one of the compen-
sating and equalizing provisions of Nature that the numerous
coal-seams in the deep basins are thinner than the fewer beds in
the shallow basins, which are much larger. The depth of the
basins, however, depends on the power of the compressing forces
which formed them. The thickness of the coal-seams is owing
to the local distribution of the vegetable material of which the
coal was formed. In practice, it is the one or two larger seams
that are all-important. In this country, the best coal, and the
cheapest to mine, is first taken. Where the Mammoth bed is
found 14, 20, 25, or 30 feet thick, all the coal is mined in that
alone, even if in doing so all the smaller seams should he de-
stroyed, on the principle that it affords an abundance of coal
for our day, and future generations can take care of themselves.
As a general description, it might be said that, in the deepest
part of the first or Schuylkill coal-field, there are 15 coal-seams,
each from 3 to 25 feet, in all 113 feet in thickness, of which 80
feet is considered marketable coal. These seams extend to a

considerable extent throughout the three fields or basins, so far
" 88 their depth admits of their existence, there being everywhere
numerous separate beds, some of them compound strata of great
size, which in other localities are separated, with many other
smaller ones of ample size for profitable working.

Taking the several anthracite districts in a general view,
Prof. Rogers reports that the first coal-field possesses an average
thickness of 100 feet of coal, and the second and third would
measure about 60 feet, and the general average of all the regions
together would be about 70 feet, and the separating strata of
rock between the several coal-scams vary from 10 to 500 feet
thick. The formations are of too irregular a character, how-
ever, to admit of any very accurate general statement of this
kind, and mining-engineers differ very much in their estimates
of the total quantity of anthracite coal in all the regions. DBut
all agree that the quantity is large, and that the waste in min-
ing, and in the process of breaking, by which the coal is pre-
pared for market, is enormous.

On page 23 is Daddow and Bannan’s table of the names
and thickness of the anthracite seams in the Pottsville district,
beginning with the lowest.
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The annexed section of the coal-strata at
Pottsville has been kindly loaned by Messrs.
Daddow & Bannan, from their valuable work,
¢ Coal, Iron, and Oil.” A, the lowest seam,
is not valuable or workable. B, or the Buck
Mountain, is a very important bed, 25 to 30
feet thick, at Plymouth, and in some of the
Lehigh basins. The third seam, C, is not usu-
ally workable, except in the small New Bos-
ton basin and in the Mahanoy region. D, the
Skidmore or Wharton, is a good bed, 6 to 12
feet thick. E is the Mammoth, the largest
and best of sll the anthracite coal-beds, from
12 to 70 feet thick ; but its best size is about
30 feet, as in the Lehigh basins, producing
more coal than when at its maximum size.
In parts of the Mahanoy basin it is 70 or 80
feet thick. Sometimes benches of coal occur
in it 10 or 12 feet thick, without a marked
parting of bone or slate (Daddow). In
some localities it is divided, and an upper
bed of seven feet is separated from it. This
E bed corresponds with the upper bed of
the lower bituminous coal-measures, F with
the small seams in the barren measures, and
G, or the Primrose, with H, or the Dittsburg
and Cumberland bed, in the sections for
Pennsylvania, Maryland, West Virginia,
and Ohio, given on pages 211, 252-256,
277, and 318. The upper anthracite-beds,
from H to N, or some of them, are repre-
sented by the Redstone, Sewickly, and
Waynesburg beds, in the sections men-
tioned. In the Maryland section, page 252,
seven coal-seams, large and small, occur
above H, or the Big bed, of that region. The
identity of the anthracite coal-beds with the
bituminous throughout Pennsylvania, Ohio,
Maryland, West Virginia, and Eastern Ken-
tucky, may be considered as well established.
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Coal-Seams. Coal-Measures.
Namen,

Maz. Mia, Max, Min, .
A | Alpha.......... 4 1 50 10
B Buok Mountain. . 30 [} s 88
C | Gamma........ 8 2 180 40
D | Skidmore....... 12 4 150 40
E | Mammoth...... (13 12 100 23
F | Holmes. . [} 8 800 41
G | Primrose....... 16 [ 150 44
H | Orchard........ 8 4 160 92
I | Little Orchard... 4 2 100
J | Diamond ....... 10 5 800 85
K | Tracy.......... 12 6 250 150
1L | Little Tracy. 4 2 100 50
M| Gate.oouornnans 16 [] 200 150
N | Sand Rock...... 4 2 150 100

205 60 2,178 820

A simple statement of the thickness of the coal-seams, meas-
ured at right angles, will not give a correct idea of the quantity
of coal in a given area, as an horizontal seam of anthracite coal
is unknown. Take, for example, the Nesquehoning or Rhume
Run mines, in the eastern end of the first coal-field, where
the seams are vertical ; after descending to a great depth, they
rise to the surface, and then descend and rise again, forming
across the field, or in a north and south direction, three syn-
clinals, or basins, with two anticlinals or saddles between them.!
The sections of all parts of the anthracite regions present these
waving and doubling lines and extraordinary undulations. The
usual calculations of the number of square miles of coal multi-
plied by the thickness of the seams, and the product reduced to
tons, are therefore of no value, unless we first bring these basins
and saddles to an horizontal surface, and thus very greatly in-
crease their area. On the other hand, we may very much exag-

*gerate the quantity of workable coal; for, if we examine the
quantity actually worked, we will observe that vast quantities
of coal are wasted. Thus, at the Rhume Run mines, above
mentioned, a line drawn across the numerous undulating seams
of coal would measure 297 feet, of which 133 feet is workable
coal, while but one of the numerous seams, called the Mammoth,
is actually worked. There are localities where the force used,
in throwing the coal-seams into their present vertical and wav-

1 See plate on page 24

o
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ing positions, has seriously injured the quality of the coal. But
far greater than all is the waste in unmined coal, and of that
which is mined, in preparing it for market. The foregoing
tabular statement of the number, names, and thickness of the
larger workable anthracite coal-seams, omitting numerous small-
er ones, is well worthy of careful study by all who are interested
in any of the coal-regions of America, as it is, in fact, the alpha-
bet of all the coal-seams. The correlation of the Alleghany
and Illinois coal-fields is doubted, but the identity of the seams
throughout the whole Alleghany coal-region is becoming more
evident as investigations are extended, and the characteristics
of each seam, in localities where it has been well developed,
serve to throw light upon what may be expected of it in ether
and even very distant places. The table which not only gives
the maximum and minimum thickness of the coal-seams, but
also of the coalmeasures or rocks separating the coal-seams
from each other, is from Daddow and Bannan’s book, ¢ Coal,
Iron, and Oil,” to which readers are referred for further de-
tails as to the characteristics of the different seams and numer-
ous statistics and descriptions of these wonderful regions, with
a treatise on mining, and descriptions of mining machinery.*
In examining this extraordinary display of mineral wealth,
the eye is attracted by the Mammoth bed. Its great size, the
superior quality of its coal, and its cheapness of mining, have
attracted the miner also, so that three-fourths of all the coal
sent to market is taken from this favorite bed, without much
regard to true economy or the permanent value and future de-
velopment of the property. It will be observed that there are
many seams found from gix to nine feet thick. A very fine seam
is worked in the Wyoming Valley, of a thickness of 24 feet and
upward, and in other regions are some much larger, one of
the most remarkable of which was the old Summit Hill mine,
of the Lehigh Coal & Navigation Company, where, for a long
time, it was worked in an open quarry of 10 acres in extent, 70
feet in depth, owing to a doubling together of the strata, the
seam being actually 55 feet thick measured at right angles, of
which more than 40 feet was ‘of the very best quality of coal.

14 Coal, Iron, and Oil ; or, the Practical American Miner, a Plain and Popular
Work on our Mines and Mineral Resources,” etc. By 8, H. Daddow and Benjamin
Bannan, 1866, (Published and for sale by B. Bannan, Pottsville, Pa., 8vo., pp. 808.)
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In all, 850,000 tons of coal were thus taken out, so that every

available acre of land produced 85,000 tons of excellent coal.

This mine is now on fire, and has been burning since the year
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1857. At the edges of the basins of all these regions the num-
ber of seams is less, the upper ones being washed off. The pre-
cise number and aggregate thickness of the beds of coal in some
parts of these anthracite regions are matters of some doubt,
especially to determine which are repetitions of the same bed.
There are also numerous thin seams, which, while they might
be valuable elsewhere, are here neglected on account of their
small size, Throughout the anthracite regions they are almost
always called veins, but that term properly applies to irregular
fissures running across the rock-strata filled with mineral sub-
stances. Coal is always in seams running with the rocks, and
the larger seams are called beds.

Description of the Coal-Basins.
The First, Southern, or Schuylkill Coal-field, extends in a

continuous body in an east and west direction, inclining a little
toward the southwest, from a point near the Lehigh River at
Mauch Chunk, to a point near the Susquehanna River, six miles
north of Harrisburg ; its extreme length is 73 miles, with a
mean breadth of two miles and a maximum breadth of five miles.
North of, and near the centre of the main field, directly north
of Pottsville, is the small detached field called Mine Hill, which
is 14 miles long. This southern coalfield is principally in
Schuylkill County, but the eastern point, the Lehigh Naviga-
tion Company’s mines, is in Carbon County, and the ends
of both the western forks or extremities of the field are in
Dauphin County. It is everywhere penetrated by railroads,
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Movuxr PeAR INCLINED PLANE AT MAUCH CHUNK, Pa.—Built in 1826, being, with its gravity
rallroad, and several other connecting planes, at that time, the longest railroad in the United States,
and the first, except that at Quincy, Mass., which was completed two months earlier. This “ Switch-
Back " Raliroad, as it is called, has been superseded by s tunnel at Nesquehoning, and is now only
used for excursions.



28 ANTHRACITE COAL-FIELDS OF PENNSYLVANIA.

consisting almost exclusively of the Philadelphia & Reading
Railroad and its numerous branches, leading to all the collier-
ies, but none of the great limes of through-travel, either east
and west, or north and south, pass through it, except the Cata-
wissa Railroad, which crosses it at Tamaqua.

The Southern, or Schuylkill coal-basin, extending from the
Lehigh to near the Susquehanna, is very irregular in its con-
figuration and structure. For convenience, it should be divided
into districts commencing at the east or River Lehigh end, and
going westward. "

First, we have the ZLehigh and Little Schuylkill district.
Although the coalfield, as correctly represented on a map,
approaches within about a mile or two of the river Lehigh, it
is high above it, the east point of the field being at least 1,000
feet higher, and it lies in the embraces of two high contiguous
mountains, which seem to have been united for its protection,
without any gap or opening at the Lehigh Valley. Here are
situated the famous switch-back railroad and inclined planes of
the Lehigh Coal & Navigation Company, by which the coal
is carried over this high mountain-barrier to market. These
two mountain-ridges diverge from the knob, on the river Lehigh,
called Mount Pisgah, and extend westward, gradually separating,
but with no considerable deviation from straightness, as far as
Tuscarora and Middleport, about 19 miles, and with no break
of continuity, except the simple notches which give passage to
the streams, especially the gap at Tamaqua, for the passage of
the Little Schuylkill. This geologically beautiful division of
the coalfield has a trough-like structure, gradually expanding
and deepening toward the west, and is confined on each side by
steep and regular mountain-slopes. The ridge on the south
side is the Sharp Mountain, on which the average dip of the
coal-seams is about 80°, while the dip on the Locust Ridge, on
the north side of the valley, is between 50° and 60°. These two
mountains thus form the eastern elevated prow of a vast canoe or
trough, the coal-area, from-'a mere point at the east end, widen-
ing to about a mile and a half opposite Tuscarora. The coal-
seams are here developed in their greatest magnitude, and are
situated in the sides of both mountains, and run with the moun-
tain-slopes down to the bottom of the valley to an, as yet, un-
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known depth, and extending in a similar manner up the side
of the opposite mountain, but with & number of subordinate
folds or flexures, in some of which the coal-seams are vertical.
‘Within this first district are a number of smaller localities which,
as they are often spoken of, should also be mentioned, com-
mencing at the east end and continuing westward. Nesque-
honing is 8 mining village north of and outside of the east end
of the field, where a small stream, called Rhume Run, passes
out of the coal-valley into Nesquehoning Creek, a tributary of
the Lehigh. A railroad tunnel now passes through this moun-
tain. Summit Hill is on the top of Sharp Mountain, on the
south side of the basin, where the first mine was opened in the
great quarry before described, where the seam was doubled
together in a large mass of coal. From this point in the
valley, westward, the surface is drained by Panther Creek,
which runs westward, past Coaldale and Greenwood, to the
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Little Schuylkill at Tamaqua. The latter stream there cuts
through Sharp’s Mountain, and flows over the red shale, and
through the second mountain. The region above described pro-
duces the famous “ Old Company’s” iron-melting Lehigh coal,
and is usually reckoned with the Lehigh small basins, as the coal
is similar.

The second of Prof. Rogers’s division is the Schuylkill and
Swatara District. There is an abrupt widening of the coal-
basin at Middleport, and this district extends from this point, a
little north of westward, to the forks of the basin north of Pine-
grove, at Lorberry Creek, the north fork of the Swatara. This
portion of the field is 22 miles long, and in its central and widest
part about four miles broad. Mine Hill is its northern and Sharp
Mountain its southern boundary. In the Sharp Mountain, the
rocks have been uplifted and tilted over beyond the perpen-
dicular, so that they lean over, as it were, northward, against
the coal-measures in an inverted position, crushing and destroy-
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ing the coal-seams, so that, instead of dipping northward, or into
the basin, they dip at a hlgh angle toward the south, and in
some places they are perpendicular. This most extnoxdmxry
condition of things extends from opposite Middleport, nine miles
east of Pottsville, to near the extreme western end of the Dau-
phin prong of the basin, a distance of about 30 miles. The
structure of the northern boundary, Mine Hill, on the other
hand, is anticlinal, dipping southward into the Schuylkill basin,
and northward into the Mine Hill basin. The Locust Mountain,
which forms the northern boundary of the first district, ranges
from Middleport, more northwestward, into Broad Mountain,
while Mine Hill rises near Tuscarors and ranges westward, in
an almost straight course, being a well-defined ridge, exposing
the conglomerate under the coal on its summit. It separates
the Schuylkill Valley, or Pottsville coal-field, from a smaller
basin on the north, which is called the Mine Hill basin. It is
nearly opposite the east end of Mine Hill, where the Sharp
Mountain exhibits the remarkable change in the position of its
crest before mentioned, suddenly shifting to the south more
than half a mile, and, abruptly widening the coal-field, thence
westward, the whole mountain, as one mass, being violently
dislocated, laterally. The south rim of the basin appears to
have been broken by a greater force having been exerted against
it on the eastern than on this central portion.

This wider, middle part of the coal-field, contains a number
of subordinate anticlinal flexures, or saddles, some of them in
the form of inverted folds of the coal-measures, several miles in
length, besides many local contortions and irregularities of the
dip. This district includes the most important part of the
Schuylkill basin, drained by the river of that name, having
Pottaville for its central point; also, Port Carbon, St. Clair,
Minersville, Swatara, and Tremont, with numerous collieries,
and mining towns, and its surface is very much diversified by
the undulating character of the strata. The more southern
basin, in which Pottsville is situated, is the largest. Daddow
gives its dimensions as one mile wide and 50 miles long.

Rogers, in his second annual report, describes the ponderous
conglomerates of Sharp Mountain as overtilted, and leaning in
an inverted attitude on the coal-seams, which must lie buried in
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a more or less crushed condition for several thousand feet be-
neath its base. In consequence of the disruption of the coal-
measures, and the overtilting of their strata, the coal-seams have
sustained a greater or less degree of crushing action, the result
of a sliding of the beds in the plane of their stratification. In
such a movement, the greatest amount of crushing force would
take place in the coal-beds, which are the weakest layers, and
the strata have experienced an unequal lateral bulging, and the
coal-seams show the effect of a rubbing pressure to an extraor-
dinary degree. A piece of coal larger than a nut can scarcely
be found, that does not give proof that its parts have been vio-
lently crushed. The coal crumbles into flakes, and the roof
and floor sometimes approach nearly to touching, and at others
recede beyond the proper space which should divide them.

The compressing force seems to have been exerted most
strongly from the south or southeast, as the crests of the waves
seem to be urged forward from that direction, and consequently,
throughout the Schuylkill region, the inclination on the south
side of the basins is considerably the more abrupt. The dips tow-
ard the north exceed those toward the south. The intelligent
miners are aware of the relative unproductiveness of the north-
dipping portions of the strata. There are places in the other
anthracite regions, also, where portions of the coal are crushed
and destroyed by these disturbances, and even reduced to pow-
der. These circumstances are evidence that the coal could not
have been originally deposited in its present basin-like form,
and that it was in some measure hardened at the time the dis-
turbances of the strata took place. It illustrates what is seen
in Rhode Island, and among the squeezed-up fragments of
anthracite in Virginia.

But too much space has been given to this, which is only
one of the curiosities of the subject. The real wonder of this
famous Pottsville region is the great Mammoth bed of coal,
which is often a8 much as 30, 40, and in some places even 50
feet in thickness, and which lines the slopes of these bleak, bar-
ren hills, Millions of tons of the finest coal have been mined
from it above water-level, and, as you pass through these val-
leys, near the summits of the hills can be seen long lines of
fallen-in outcrop, showing where the great coal-bed has been
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robbed of jts treasures from the foot to the summit of the
ridges. The mining in the older mining-districts is now done
by slopes and shafts below water-level.

Nothing in the geology of the anthracite regions is more
remarkable than the tenacity of the strata, which, as a general
rule, follow each other faithfully through all the numerous
foldings and undulations, without great faults or sudden breaks
by which strata usually far separated are brought together. The
English coal-fields show numerous faults, one of the most cele-
brated of which is the 90-fathom dike in the Newcastle coal-
field. Some of their faults are 30 miles long, and in other
localities smaller faults occur every few yards. Along the east
margin of the great Alleghany coal-field in Virginia, Tennes-
see, and Alabama, from some cause the formations, which in
Pennsylvania present these remarkable swells and convolutions
of all the strata in a body, are there characterized by true faults
or cracks, some of them 100 miles long, bringing up some of
the oldest formations against the edges of the most recent.

The third division of the southern basin is the separate and
emaller synclinal trough of Mine Hill. It is between 13 and
14 miles long, and from a fourth or half a mile wide at its east
end to & mile where it is broadest, and has a fine thickness of
coal. Its north boundary is Broad Mountain, into which, in-
deed, its two extremities may be said to penetrate, and it forks
at its west end into two branches by the intrusion of the
Peaked Mountain.

The fourth and fifth divisions of the main coal-field consist
of the two prongs which form its western ends. These are
caused by the intrusion from the west of a broad anticlinal belt
of conglomerate, and still lower rocks, forming the Little Lick
or Stony Mountain, and the valleys west of it. This caunses the
basin to separate into two long and narrow synclinal troughs,
the more southern of which is called the Dauphin basin, and
the more northern the Wiconisco or Lykens-Valley basin.

4. The Wiconisco basin, or northern and shorter of these
western extremities of this anthracite coal-field, is nearly 17
miles long, and in width, measuring from one outcrop of the
conglomerate to the opposite one, is from a mile and a half to
three-quarters of a mile, tapering gradually to a point, with &
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structure very similar to that of the first or Tamaqua division.
Its bounding ridges are the Big Lick Mountain on the south,
and the Bear or Thick (sometimes called the Short Mountain)
on the north, both of them with their strata dipping toward
the coal-measures, with a synclinal axis along the centre of the
trough. Rausch’s or Klinger's Gap is the outlet on the north
gide, and near the centre of the field, and Bear Gap on the
south side, through which the railroad is built.

5. The Dauphin basin, or southern fork of the Schuylkill
field, is about 27 miles long, and has a breadth of nearly a mile
at its eastern end, but contracts gradually to half a mile be-
tween Rausch’s Gap and Yellow Springs Gap, and still farther
westward it tapers away to a very narrow belt; the bed of the
valley rising all the way, until the coal-measures terminate in
a long and acute point at an elevation of many hundred feet
above the valleys outside of the bounding mountains. The
end of the coal-measures, as they are pressed and folded to-
gether between their two mountain-barriers in the high, nar-
row mountain-trough, is within four miles of the Susquehanna
River. The outside mountain, separated by the red shale from
the coal-basin, is the Second Mountain end seen on the east
side of the river Susquehanna above Harrisburg, at the little
town of Dauphin, where the Northern Central Railroad bridge
crosses the river. Peters’s Mountain, farther north, called the
Fourth, is the northern outside mountain, and the cove on the
Perry-County side is formed by their junction at their extremi-
ties. The Third Mountain contains the coal-basin between
them. This Dauphin basin is a simple, compressed synclinal
trough, the strata on the south side dipping perpendicularly,
while those on the north side decline south at an angle of 45°.

‘We thus find that both the west and the east ends of this
great Schuylkill coal-basin terminate in elevated mountain-val-
leys, each with its two mountain-rims coalescing, the one high
above the Lehigh at Manch Chunk, the other high above the
Susquehanna at Dauphin. Travellers on either of the two fine
railroads along the Lehigh River, the Lehigh & Susquehanna,
or the Lehigh Valley Railroad, unless informed, would never
suspect that the high mountain which presents its end above
Mauch Chunk, crowned with the tall chimneys of the inclined

38
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plane, held within it a mountain-valley filled from side to side
and from end to end, and extending eastward more than 70
miles, with the most wonderful seams of the finest coal in the
world, in an abundance and richness altogether unequalled.
In the same manner the western termini of this wonderful
coal-deposit are enclosed by the same mountains turned up
edgeways, as their southern and northern boundaries, and clos-
ing around their ends, with their numerous seams of coal also
turned up on their edges, running deep down into tne bottom
of these basins to unknown depths, where generations to come
will follow them in search of fuel. It should be noticed, too,
that as the Lehigh River cuts through the outside mountain-
frame, and runs, at Mauch Chunk, at the foot of the coal-bearing
mountain, leaving a loop-shaped fraction of the mountain east
of the Lehigh, so also the Susquehanna River cuts off loops
from both of the forks of the west end of the same mountains,
leaving similar fractions of the Vespertine Mountains on the
west side of that river, in Perry County ; that of the Lykens-
Valley or Wiconisco fork lying between the Susquehanna and
the Juniata opposite Newport, and the other forming the cove
opposite Dauphin.

- We must not leave the Schuylkill or first coal-field without
a word as to its appearance. A further notice of this will be
given at the close of this chapter, but no reader who has not
seen it will believe its wonderful sterility. Its soil will produce
absolutely nothing in the way of rewards to the husbandman.
A more unpromising-looking country cannot be found in the
State, except its sisters Mahanoy, Shamokin, and the Lehigh
- basins. The entire area of the various parts of the Schuylkill
coal-field is estimated by P. W. Sheafer, a distinguished geol-
ogist and mining engineer of Pottsville, as follows :

Length. Bquare Miles,
Mauch Chunk to TamAQUA .. ccovereeacenees 14 miles. 16
Tamaqua to Pottsville . tetresenas 16 ¢ 86
Pottaville to the forks of the basin. . ........ 14 « 58
North Fork, or Lykens-Valley Prong ........ 17« 16
Bouth Fork, or Dauphin Prong ....ceoveese. 27 “ | 18
Area of Schuylkill Basin, .. coeeceevesee|oecsescreccccene 188
Mine Hill Basin 18 miles, 8
Total area of first coal-field ....o.vvvev]veeoreenecenenns 146

e ————— e T A
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It may aid the memory to retain the figure on the map of
this southern coalfield, by noticing its resemblance to a rude
drawing of an open-mouthed alligator without legs, with his
tail toward Mauch Chunk, the Mine-Hill field is his dorsal fin,
Tremont is the eye, Pottsville the heart, and the Philadelphia
& Reading Railroad, with its numerous branches, represents
the veins and arteries.

Second Coal-Field.

The Shamokin and Mahanoy portions of the second and
middle coal-field, Prof. Rogers says, are essentially one great
coal-field, there being no belt of any older rocks than the coal
conglomerate and that of no very great width, partially sub-
dividing the two regions. The names by which these two large
and important fields are commonly known are derived from
the two creeks by which they are almost exclusively watered.
The eastern district, south of the dividing ridge, called Locust
Mountain, is drained by Mahanoy Creek, which empties into
the Susquehanna River at Port Trevorton, and is called THR
Manmanor Recron. It is 25 miles in length, with a mean
breadth of less than two miles, and contains 41 square miles.
Its southern boundary is the Mahanoy and Broad Mountain,
and on the north it is bounded by the Big or Head Mountain.
Its western extremity is bounded on the north by the Locust
Mountain, which penetrates between the Mahanoy and Shamo-
kin basins without entirely separating them on the north side.
The nearest station on the Lehigh Valley Railroad to this di-
vision of the two regions is Centreville. This basin is nearly
all in Schuylkill County, the west end only being in Northum-
berland and Columbia Counties.

The Mahanoy coalfield consists of a rather thh rolling
table-land, between the summits of its bounding mountains, the
outer barriers of the coal-measures. It contains undulations,
but, unlike those of the Schuylkill basin, they are characterized
by remarkable symmetry. It is traversed longitudinally, or in
a nearly east and west direction, by three and probably in some
quarters four nearly parallel gently-swelling ridges, dividing the
region into about four very moderately-depressed valleys. These
valleys are so many almost regularly-formed little coal-basins
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in which théf [coal-measures, as a general rule, have a very gentle
d1p toward the interior of each basin, or away from the bound-
ing ridges. The ridges contain broad, rounded, obtuse anticli-
nal axes, having the dips on both sides symmetrical, exposing
on their summit the conglomerate beneath the coal. On these
ridges no coal is found ; but some of the valleys, on the other
hand, are richly supplied with coal ; two or three of the seams,
which are those at the base of the formation, being of great
thickness, though the -total depth of the coal-measures is con-
siderably less than those of the deepest part of the Schuylkill
basin.

The mining done in the Mahdnoy coal-field, since Rogers’s
reports were made, has proved the very remarkable size of the
coal-seams in this basin. The two great coal-carrying railroads,
the Philadelphia & Reading and the Lehigh Valley, both pene-
trate the Mahanoy coalfield, the former from the south, and
extending mainly along the lower or central and southern
side of the basin; and the latter, which was afterward con-
structed, &adgring from the east, and extending along the north
side of the basin. Both have numerous branches, leading to
the various collieries. The important mining towns of the
Mahanoy region are Mahanoy City, Shenandoah City, Girards-
ville, Ashland, Preston, Locustdale, and Centralia, some of
them large and important places. This sketch of Mahanoy is
necessarily brief; but this is one of the best and richest of the
great anthra coal-basins. Being less accessible than the
first or SchuylkN] region, mining was commenced here later,
and a larger portion of its valuable treasures of fuel remains to

be developed.

The Smaxoxry Basy is drained by the Shamokin Creek,
which empties into thé Susquchanna River at Sunbury, and is
the western portion of the second or middle coal-field. This
field is 20 miles in length with a mean breadth of two and a
half miles, and its area is 50 square miles. This, with the 41
square miles of the Mahanoy, makes the total area of the mid-
dle coal-field 91 square miles, besides the small Lehigh basins.
The Shamokin basin is nearly all in Northumberland County,
with a few collieries at the east end in Columbia County. It is
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bounded on the south by Locust Mountain, separating it from
the Mahanoy, and extending to the extremity of the basin ; but
the west end of it is frequently called the Mahanoy Mountain.
On the north the boundary is the Thick or Shamokin Moun-
tain. The western end of the great Shamokin coal-field is not
unlike the east and west termini of the Schuylkill field. The
north and south dipping ranges of uptilted conglomerate, which
form the margins of the basin, unite together in a high knob,
between eight and nine miles west of Shamokin Gap, and about
10 miles west of the Susquehanna at Port Trevorton, in a direct
line. From the western terminus of the Shamokin coal-field
eastward there is a regular basin of coal-measures of uncommon
width and depth. The Shamokin field consists of three sub-
basins, according to Rogers, while Daddow’s section indicates
more, and it affords a fine display of numerous coal-seams of a
good workable size.

There is little doubt that there are thirteen separate scams
of coal in the Shamokin coal-field, all of which have been cut
and worked at some point to a greater or less extent ; but there
is no place where so many are found of a workable thickness.
In respect to all these coalfields, it should be understood that
the exploring for and opening of coal-seams are attended with
considerable expense ; and, if a few seams of sufficient size and
producing a good quality of coal are found, there are but few
coal operators or companies who care to expend money in ex-
plorations to prove the entire contents of the coal-measures.
The upper seams, being most accessible, are generally first
worked. Nos. 11 and 12, numbering from the bottom of the
basin, are red-ash coals ; and No. 13 is generally too near the
surface to be cared for. Nos. 10, 9, and 8, the next in descend-
ing order, are all good workable seams; Nos. 9 and 8 being
called the Twins, and are supposed to be the Mammoth, which
is separated into two seams. These three are extensively
wrought, and vary in thickness from 7 to 10 feet. The dip of
the coal on the north side of the basin, or the south dip, as it is
called, will average 25°; the coal-seams rising to the summit
of the mountain, 730 feet above water-level in the valley, in
perpendicular altitude, at the town of Shamokin, affording &
very large quantity of coal above water-level. The depth of the
basin has not been ascertained by mining.
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The branch of the Lehigh Valley Railroad which passes
through the Mahanoy coal-field- extends westward to Mount
Carmel. The Northern Central Railroad extends from Mount
Carmel through the Shamokin basin, passing out of it through
a fine natural opening on its north side, called Shamokin Gap,
at the town of Shamokin, and thence to the main line of that
road at Sunbury.

The Philadelphia & Reading Railroad extends through
the Shamokin basin, and out by Shamokin Gap, and thence
pursues its course westward along the red-shale valley to Tre-
vorton, where it receives a tributary, from the collieries in the
basin, and thence it runs to Port Trevorton on the Susque-
hanna, 41 miles north of Harrisburg. The first mountain be-
low Sunbury, on the Northern Central Railroad, is the outside
rim of the Shamokin basin, which here terminates, whereas the
two west prongs of the first or Schuylkill basin extend across
the Susquehanna, as before described.

It appears, by Mr. Bannan’s statistics for 1871, that in the
first and second coal-fields, exclusive of the Lehigh basins, there
were 209 collieries in operation, which in that year produced
5,124,780 tons of coal, mined, prepared, and sent to market,
snd about one-sixth of this quantity is estimated to have been
wasted in the coal-breakers.

The Lehigh Coal-Basins.

The Lehigh coal-ﬁelds consist of seven narrow basins lying
contiguous to each otHer, separated by six antichnal axes or
undulations of the dip, and containing the lower coal-beds of
the series, one of which is of great size and importance. The
Lehigh River, between White Haven and Penn Haven, is the
eastern boundary of this important region. These basins may be
compared to a like number of long and narrow troughs lying in
contact, and parallel to each other, ranging generally S. 65° E.
to 8. 70° E. These are separated from each other in every case
by parallel anticlinal ridges of conglomerate rock, or, when that
has been carried away, from a deeper denudation than usual,
they are then divided by narrow valleys of the red shale. The
latter is the common structure of the eastern and western ex-
tremities of the coal-fields, where we find the coal-basins termi-
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nating abruptly in s prow-shape@ form in those conspicuous
mountain-spurs or high promontories which stretch eastward
and westward from the elevated level of the coal-field into the
lower red-shale valleys of the Lehigh and Catawissa.

The Lehigh coal-basins, although small in area, are very
productive and important, and afford an excellent quality of
coal. Thia group of basins, taken together, is bounded on
the south by the red-shale valley of the Quakake, on the east
by the valley of the Lehigh River, and on the north by that of
the Nescopec. Its railroad outlet is by several branches of the
Lehigh Valley Railroad, leading from the main line at Penn
Haven, on the Lehigh. The country consists of a high, rolling
table-land, of a maximum elevation above the sea of a little less
than 2,000 feet.

The more southern of these coal-basins is that of Beaver
Meadow, bounded by Spring Mountain on the south, and Buck
Mountain on the north. The greatest length of the coal-meas-
ures is about seven miles, with an average breadth of one mile,
though at Jeansville it is one and a fourth mile wide. The east
end of the general basin separates into two prongs. It contains
the old Beaver Meadow mines, no longer worked, with those of
Tresckow, Jeansville, Yorktown, Audenreid, Honeybrook, Cole-
raine, and Spring Mountain. Beaver Meadow basin is situ-
ated at the corner between the three counties of Carbon, Schuyl-
Kkill, and Luzerne, and a small part of it is in each. The other
upper Lehigh basins to be described are in Luzerne County.
Rogers next describes a North Beaver Meadow basin on Dreck
Creek, lying on the north slope of Buck Mountain, which is
comparatively unimportant. The third of the Lehigh coal-
basins is that of Hazleton, in the southern corner of Luzerne
County, the most capacious and important in the district. Its
western end forks at Cranberry into two long branch basins, di-
vided by a ridge of conglomerate. The main or large coal-seam
of the Hazleton basin has a length of from five to five and a half
miles, and a maximum breadth west of Hazleton of nearly three-
fourths of a mile. The lower seams are a mile wide, and much
longer than the above. In this basin are situated some impor-
tant mines at Stockton, and those of A. Pardee & Co., at Ha-
zleton. Hazleton village is one of the best-looking of these
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mining-towns. It is situated directly on the coal-basin, the
shales of which seem to afford a better soil than is usual in the
anthracite regions.

Rogers estimated a total area of 1,700 acres of the great
Hazleton bed, which yields of merchantable coal a thickness
varying from 15 to 17 feet, equivalent to a net product, with
good mining, of 20,000 tons to the acre, a production which im-
plies an aggregate of marketable coal in the basin of 34,000,000
tons. The great bed consists of three main seams or benches of
coal, yielding five feet of coal in the lowest, seven feet in the mid-
dle and the upper one, gix or eight feet separated by slates of
irregular thickness.

The configuration of this Hazleton basin, or the more
central part of it, embracing the large coal bed, will be under-
stood, says Prof. Rogers, when we state that the average
degree of dip northward, along the southern outcrop, is about
25°, until it approaches its east end, where it is as steep as 45°.
The north outcrop of the same coal exhibits at the various col-
lieries south dips varying from 20° to 30°, except at Carter’s
slope, where the outcrop shows a stecpness of nearly 50°. On
the north side of the basin the dip appears to flatten in descend-
ing toward the centre or bottom of the basin, whereas the curve
steepens in the Stockton colliery on the south side. It is sup-
posed that the centre of the basin is more or less undulated,
from the absence of a considerable series of coal-seams which
should overlie the great bed, and which are not found here.
The basin, however, is remarkably free from faults or disturb-
ances, to cause a waste of coal in mining, and the reader will
observe, from the above description, that, small as is its area, it
must have great depth. There is now a slope on the Big seam
800 feet in perpendicular depth below the surface. The full
depth of the basin is estimated to be 1,500 fect. The Big seam
is 80 feet thick, of which 18 feet is prime coal. Hazleton is a
very small basin, but there is probably no more valuable coal-
field of the same size in any part of the world.

The Buck Mountain is the eastern extremity of the Hazle-
ton basin, although the coal-field itself is far east of the other
productive parts of the basin. This is an old and well-known
mine. The coal-seam displays 16 feet of excellent coal, ac-
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cording to Daddow, and is not the Mammoth, but B, a lower
seam, and produces a quality of coal well adapted for steam-pur-
poses.

Of the other small coal-basins of the Upper Lehigh region,
situated north of Hazleton and on the waters of Black Creek,
but little was known at the time of our State geological survey, .
but they have since been quite extensively developed. First
north of Hazleton is the Big Black Creek basin, which Daddow
reports as 12 miles long, with .an average width of half a
mile, containing the fine productive collieries at Eckley, Jeddo,
Drifton, Ebervale, and Harleigh, the coal of which goes to mar-
ket by the Lehigh Valley Railroad, through a tunnel in Council
Ridge, which separates it on the south from the Hazleton basin.
On the east end of this field, the Buck Mountain Coal Company
have collieries, with planes over Council Ridge.

The Little Black Creck basin, seven miles long by three-
¢ighths of a mile wide, contains the Milnesville Coal Works.

Black Creek empties into the Nescopec Creek, which runs
into the North Branch of the Susquehanna, opposite Berwick,
and the LZower Black Creck basin lies west of those last named.
It is 10 miles long by half a mile wide, and is as yet undevel-
oped by collieries sending coal to market. The Danville, Ha-
zleton & Wilkesbarre Railroad was completed through this
basin in 1872.

Northwest of the Lower Black Creek basin is another small,
insulated, undeveloped coal-basin, on the summit of McCauley’s
Mountain, situated about nine miles east of Catawissa. Rogers
reports it as about two miles long and a fourth or a third of a
mile wide, with at least two large coal-seams. North of Eckley
and Jeddo is situated the Green Mountain basin, to which runs
the Nescopec Branch of the Lehigh & Susquehanna Railroad.
Rogers reports it as being composed of two basins, two
and a half miles and three-quarters of a mile long respectively,
and a half and a quarter of a mile wide. Daddow gives
the dimensions as seven miles long and three-eighths wide.
The line of elevation, bounding the south side of this basin,
crosses the Lehigh River in the neighborhood of White Ha-
ven, and runs about west by south to the great bend of the
Little Mountain, near Catawissa. The small coal-field of Mec-
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Cauley’s Mountain is in the same basin farther west. The flex-
ures of the Lehigh basins extend to the lower rocks, and can be
seen along the Lehigh River, in travelling by either of the fine
railroads between Mauch Chunk and White Haven. Only
branches of these railroads run to the coal-basins.

The following is Daddow’s list of the names by which the
Lehigh basins are known, their length, width, and area in
square miles :

1. Beaver MeadoW....ooeceeeceee 11 ? 8}
2. Hazleton.....ccceeeeeecnnces 14 3 10
8. Big Black Creek..... vessnsane 18 + [}
4, Little Black Creek....coc0u0ee 7 4 3¢
5. Lower Black Creek............ 10 ¥ 5
6. Green Mountain.. .......cc00uee 7 4 2%
7. McCauley's Mountain, and others, 8
Total area Lehigh basins, ..eveaviecscecsescs sone 87

The area of some of the Lehigh basins is said to have been
increased by recent explorations.

The total production of Lehigh coal, in the year 1873, was
3,243,168 tons, and, since the opening of the trade, 49,160,635
tons. In a recent publication, Mr. Lesley says that, in the Le-
high basins north of Hazleton, the Buck Mountain, or lowest
notable bed (B) of the series, is the great bed of the collieries,
in thickness running from 20 to 30 feet, and in quality excel-
ling all the other anthracites. Nearly north from this point, at
Plymouth, in Wyoming Valley, this bed also attains the ex-
traordinary size of 24 feet.

This is merely a rapid sketch of some of the most important
coal-regions on this continent. It is impossible to do justice to
them within the limits assigned to this volume. The reader
must look at the statistics showing their large production of
coal, and, if he desires further details in regard to any of them,
he must refer to Rogers’s final report, and the other work al-
ready mentioned, which is more especially devoted to the an-
thracite coal-regions.

The peculiar importance of this Lehigh region, and the east-
ern extremity of the southern or Schuylkill field at Mauch
Chunk, consists in the valuable qualities of the coal which they
produce. Almost everywhere in America, the first branch of
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manufacturing business that is established, even in the smallest
villages, is a foundery for the manufacture of articles made of
cast-iron. For this purpose, pig or ordinary cast iron must be
melted, and for this work Lehigh coal must be used, if it can
possibly be obtained. In the most remote parts of our country,
in the States on the Mississippi River, on the Pacific coast,
in the interior of our far Western Territories, all through
the South, as well as in the more populous regions and large
manufacturing cities on the Atlantic slope, Lehigh coal is one
of the great necessities of manufacturing. No coal-dealer, any-
where in the country, has a stock of coal to supply all his cus-
tomers, if he has no Lehigh. Its special qualities consist in its
large amount of carbon, its purity, and its hardness. By pass-
ing a strong current of air through it, when ignited, an intense
heat can be procured, sufficient to melt cast-iron. The coal is
sufficiently hard not to fall in pieces, and thus stop the draught,
but retains its form until it is consumed, owing to the absence
of the water found in other anthracite coal. Lehigh coal is also
used very extensively for domestic purposes and for steam, but
it is more difficult to kindle, and less easily managed, than the
softer anthracites. Where the genunine Lehigh coal cannot be
procured for foundery purposes, the other and softer varieties of
anthracite are substituted, and, where "they are out of reach,
coke from bituminous coal is used.

The third or northern coal-basin is separated from the mid-
dle field by the great anticlinal axis of the Wapwallopen Hills,
by which the rocks of four of the great formations below the
coal are brought to the surface. O either of the railroads from
White Haven on the Lehigh River to the summit of Wyoming
Mountain, a very extensive view of this region can be seen, par-
ticularly that extending for many miles to the west, all of which
is destitute of coal.

General Geological Structure of the Third Coal-Field.!

The general configuration of the Wyoming basin is a wide
and shallow trough, deeper in the middle than at the sides, yet
deepening so graduslly toward the centre as to be, if we disre-

1 Condensed from a report, by H. D. Rogers, on the coallands of the Delaware,
Lackawanna & Western Railroad Company.
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ard the subordinate undulations of the strata, approximately
flat. This prevailing levelness of its bed or floor, notwithstand-
ing the considerable angles of dip, frequently more than 30°, is
at once apparent when we compare the great width of the val-
ley, four or five miles in its middle district, with the very moder-
ate depth of 1,200 or 1,500 feet, or perhaps 1,800 feet.

Within the general basin are a number of nearly parallel
lesser troughs or basins, with intervening saddles or anticlinal
waves in the coal-strata. The same coal-seams and other strata
are repeated from one wave to another, so as to maintain, de-
spite the local steepness of dip, this average uniformity in the
depth of the coal-field at any given cross-section.

The whole coal-valley may be likened to a flat-bottomed
boat, tapering gradually from the middle toward each extremity,
and as gradually shoaling up in those directions ; but the boat is
not a straight one, as it curves constantly, crescent-like, toward
one side ; and the resemblance is further deficient in the bottom
not being smooth, but ridged with the waves above spoken of.
This shoaling or thinning, by superficial removal of the coal-
measures toward either end of the trough, though locally modi-
fied by the undulations, is not a uniformly progressive feature,
but advances more suddenly and then more slowly along cer-
tain portions of the valley. Thus it seems to proceed rather
rapidly from Wilkesbarre, northeastward, past Pittston; and to
be almost arrested thence along the Lackawanna Valley from
near the mouth of Spring Brook, until we pass beyond Scran-
ton ; while a more rapid lifting out of the strata seems again
to commence near Leggett’s Gap, and to continue steadily to
the termination of the basin at Carbondale.

General Features of the Undulations of the Third Basin.

The anticlinal and synclinal waves or saddles and troughs
of the strata have a remarkable parallelism throughout the en-
tire range of the basin, irrespective of the bending course of the
main valley and its including mountains. Those of the Lacka-
wanna Valley range about north, 67° east, and are parallel to
each other ; those in the vicinity of Wilkesbarre differ from the
former about 6°,6 ranging about north, 72° or 73° east. It is
only in the lower or west end of the valley that these rolls of
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the strata are parallel, or even nearly so, with the main course
of the valley, approaching to a coincidence in direction with
the mountain forming the southern side of the basin. As we
proceed thence northward, the obliquity of the undulations
to the line of the basin and its barriers grows comspicuously
greater.

There is a curious declining gradation, observable in the
sharpness of the successive undulations, as we proceed from the
southwest to the northeast along the basin. Not only does each
anticlinal of the southeastern side of the valley grow gentler or
flatter in its dips as you follow it eastward, but the successive
ones are fainter and fainter as you cross them obliquely in going
toward the northeast. Those, of all the lower or western end
of the valley, from Beech Grove to Nanticoke, show inclinations
as high as 45°; those between Nanticoke and Wilkesbarre show
dips exceeding 30°; while, following the Lackawanna division
of the basin, we have no longer any thing approaching this last
steepness of flexure, except just near the ends of the saddles;
but rather a low, broad waving of the rocks, growing feebler
and feebler as we advance, until, passing Seranton into the dis-
trict between it and Archibald, regular undulations become al-
most imperceptible, and are lost in the very gradual dips into
the middle of the general trough, from the two borders of the
valley. Accompanying this progressive smoothing out of the
waves or corrugations of the strata from the southwestward
toward the northeastern end of the whole basin, there is a like
gradual transition or declension in the topographical features—
from sharp and narrow-crested ridges and deep hollows to
rounder and gentler spurs and valleys ; and, along the Lacka-
wanna, to wide - topped summits, bluffs, and open, denuded
plains.

The main feature in the individual waves is the steepening
of the dips on both sides of the anticlinals as we advance from
the mountain-sides, where they originate out into the central
tracts of the valley to near their terminations, which are there-
fore comparatively abrupt. Thus, between Wilkesbarre and the
Lackawanna, the anticlinals, as traced from the eastward, will
be seen to grow steadily sharper and sharper in their dips until
they approach the Susquehanna, in the neighborhood of which
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they nearly all subside by rounding rapidly off. The river it-
self seems to have been unable to pass the successive barriers
presented by the ridges in the strata, and to have been thus
forced toward the outlet of the drainage of the valley, the wide
notch in the northern mountain-barrier at Nanticoke.

Besides the long, parallel, tapering anticlinal waves coming
very acutely off from the mountain-borders of the basin, there
are numerous shorter and narrower ones, having the form of
oval keels or saddles, which do not run into the mountains, but
lie more or less insulated between these. From Scranton to
Carbondale these become the prevailing type. In the upper-
most parts of the Lackawanna basin the flexures of the strata
are less continuous waves or ridges, than a succession of these
elongated elliptical swells, some of them bulging into consider-
able steepness, but the chief part of them low and gentle waves.

There are also small, irregular, subordinate rolls, or short
and narrow but not always flattish wavings of the strata on the
flanks of the principal anticlinals. In the Wyoming and Lack-
awanna coal-fields, and other regions of oblique anticlinals, they
are themselves oblique to the axes of the great waves which
sustain them. These secondary rolls are numerous near Wilkes-
barre. In some of the other anthracite regions, however, these
secondary flexures, whether on the backs or sides of the main
saddles, or in the troughs between them, are parallel with the
principal undulations which support them.

The undulations in the Wyoming and Lackawanna coal-
field exhibit the same feature, of a greater steepness of dip on
the northwest sides, which characterizes the chief part of the
secondary flexures of the Pottsville basin. But, inasmuch as
all the inclinations of the rocks in this northern district are far
gentler than those of that southern basin, in the same propor-
tion is the inequality less in the slopes of the opposite sides of
the anticlinals. It is much more conspicuous in the southern
or western end of the Wyoming Valley than in the Lackawanna
Valley, where all the flexures are flatter.

Such is the structure of this curiously-fashioned, beautiful
coal-field of the Wyoming and Lackawanna Valley. Some ac-
count of the coal-seams, as they are displayed in its various
parts, is now necessary.
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A stratigraphical examination of the anthracite measures of
Pennsylvania calls for their division into two groups: a lower
series, distinguished by the white or very pale color of the ashes
of nearly all the coal-seams; and an upper series, including
coals as remarkable for yielding only pinkish or red ashes. Be-
tween these groups there usually exists, especially in the south-
ern or Pottsville basin, a small transition group of two or three
beds of gray ash or pinkish-gray ash coals. The general resem-
blance between the anthracite and bituminous coal-measures in
the upper, lower, and intermediate comparatively barren meas-
ures is evident, as well as in the position of the larger coal-seams
Band E. The lower strata, both in the anthracite and bitu-
minous coalfields, abound in fossils of the larger species of
plants, especially in Lepidodendra, or those trees having a scaly
appearance of the stems, produced by the separation of the leaf-
stalks ; while the upper seams are characterized by the smaller
herbaceous species, most generally the herbaceous ferns. These
scale-plants have their greatest development at the formation
of seam B, after which they gradually diminish, and are scarcely
ever found above coal E, or the top of the lower coal-measures.

Prof. Rogers, in his final report, expressed the opinion that
no correlation between the anthracite and bituminous coal-
seams can be established ; but later geological writers and min-
ing enginecrs have no doubt about their identity.

As to the number and size of the coal-seams in various lo-
calities, a general account only will be here given, sufficient to
satisfy the reader of their great abundance and the productive-
ness of all these regions. The lower coal-group contains, where
it is fullest and best exposed, some ten independent coals; but
there are not usually more than five of these of such dimensions
and purity as to fit them for profitable mining. They are all
liable to great fluctnations, both in size and purity. As to the
size of the coal-seams, it should be understood that, while the
great scams, from 18 to 24 feet thick, may excite the admira-
tion of the reader, yet any anthracite coal-operator would prefer
three or four separate seams, of six to nine feet each, to one of the
larger dimensions, as seams of this moderate size can be wrought
to better advantage, and a larger proportion of the coal can be
mined.
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COoal-Seams of the Scranton Coal-Field.

Taking the vicinity of Scranton as an illustrative example
of the number and size of the coal-seams of the third coal-field,
and commencing at the lower layer of coal in the series, we first
meet with coal A, in two bands, as it always is in both the an-
thracite and bituminous fields. Here the lower is two feet and
the other one foot thick, divided by a bed of shale four feet thick,
and the seam is seldom fit for mining. Coal B is 85 feet higher,
and is four feet of quite pure coal, but is not mined. Next in
the series, and 31 feet higher, is coal C, called at Scranton the
lower six-feet bed. This coal never rises to the surface, even on
the highest anticlinal ridges, and six feet above it there is some-
times a two-feet seam. Coal D is 81 feet higher, locally called
the eight-feet bed, and is fully of that thickness. It is overlaid by
a rider seam, often four feet thick, separated by a shale varying
from one to four feet. This seam D. is very valuable and under-
lies the whole field of the Scranton property. Above the last-
named bed, at an interval of about 11 feet, there lies a smaller
seam of two feet in thickness; this is improperly called E.
Separated from the last by from 7 to 12 feet of shale and sand-
stone, we next meet the Big seam of Scranton, or the 14-feet
coal, called locally F, but which is properly E. At the base of
the hill, near the Lackawanna, its thickness is almost 15 feet.
North of Scranton it is 14 feet, and yields good coal, some.
benches of which are of superior quality. At Leggett’s Gap it
is mined 12 feet in thickness, and it spreads widely underneath
a large portion of the Scranton section of the basin, being lifted
and depressed in the undulations which traverse the coal-field.
Between 55 and 60 feet above the preceding lies the coal G,
often called at Scranton the upper six-feet bed. It is very ac-
cessible, but other and larger beds are wrought in preference.
Coal H is the 10-feet seam so called, and its prevalent thickness,
wherever it has been mined or even proved in the Scranton
coal-field, justifies the title. It is situated about 75 feet higher
than the bed G, above described. This seam contains more than
the ordinary proportion of good fuel, and the miners extract
usually nine feet of it for the market. Coals I and K are some-
times called at Scranton the upper seven-feet and five-feet seams,

4
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and present the unusual facilities for mining above water-level,
which belong to the valuable 10-feet bed below them, from
which they are separated by about 85 or 90 feet of strata. These
two seams are 20 feet apart. Above the coal K there is gen-
erally, at a somewhat variable distance, averaging 12 feet, a
thinner bed called L, the size of which fluctuates from two to three
and a half feet. Coal M is the highest coal-bed in the Scranton
series, which measures some eight feet in thickness ; and its ex-
tent is not considerable, as only the higher parts and most syn-
clinal or trough-like-dipping summits of the table-land can con-
tain it.

In reviewing the foregoing description, we cannot but see,
in a clear light, the remarkable productiveness of this portion
of the lower coal-measures. The whole of this great store of
admirable fuel is found, too, within about 400 feet of the sur-
face. In fact, throughout the whole of all the anthracite coal-
regions, the accessibility of the coal, even taking the greatest
depth of the deepest basins at their supposed maxima, is one
of the most important advantages. Taking the four middle
beds at Scranton, D, F, G, and H, which lie within a thickness
of strata of 200 feet, and spread beneath every acre of the
coal-field, we find their least total thickness is 36 feet, their
yield in thickness of good coal is upward of 25 feet, and their
productiveness per acre 42,000 tons. Taking only the larger
workable beds, and allowing for the wastefulness always prac-
tised amid such abundance, Prof. Rogers, in his report on the
Scranton district, sums up his account with the following state-
ment :

Coals. | Least Thicknees. Good Coal leld of Qoo Coul
K 5 feet. 8 feet. 4,000 tons.
I 7 " 3 7,000 [}

H 10 13 7* [ 12,000 “

G 6 8 « 5,000 «

F 12 ¢ 9 « 15’000 «

D g8 « 6 10,000

C 6 ¢ 43 « 7,000
54 874 60,000

The foregoing details have been given in regard to the
Scranton district, as it is one of the best-known and most pro-
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ductive coal-regions. There are other localities, such as Ma-
hanoy, Shamokin, and Wilkesbarre, where there might be a
more remarkable display made of coal-seams, in larger number
or of more extraordmary size.

The A seam is in the conglomerate, and is not well deﬁned
The largest development of B, or the Buck-Mountain seam, in
the Wyoming Valley, is in Plymouth, on the north side of the
Susquehanna, from Nanticoke for four miles northward, at the
Harvey, Thomas, and Smith mines. Here it works of a thick-
ness of 20 to 24 feet of good coal. This is along the west rim
of the basin. At a distance of eight miles above Nanticoke, on
the north side of the river, its thickness is reduced to six feet,
and thence to the head of the valley it is hardly of workable
size. Crossing the river at Nanticoke to the south side, this
seam B at Lec’s mines is twelve fect, and it holds that size up
to Warrior Run, thence it is 6 to 12 feet to Laurel Run, above
Wilkesbarre. Between Pittston and Scranton, at Spring Brook,
it is reduced to two feet, and at Scranton and Dunmore it is
from two to three feet, sometimes four.

At Wilkesbarre an anticlinal brings the Mammoth seam up
to the surface, where it was for a long time mined in open
workings at the Baltimore Company’s old mines, where great
arches, 24 feet in height, were cut out of the cliff in the open
daylight, at the very summit of the anticlinal wave. Rogers’s
report contains beautiful engravings of this mine. Nearer the
river, the Lehigh Valley Railroad Company have lately sunk a
shaft to the same Mammoth seam to a depth of 525 feet, which
is just the level of the sea. This is an unusually deep shaft for
this region. Another was at one time sunk farther south in
Wyoming Valley 830 feet, or 325 feet below the level of tide-
water, without reaching to the large coal-bed. No coal has
been mined there, as a supply can be had at more convenient
depth in other localities. At Wilkesbarre the Mammoth seam
is known as the Baltimore vein, from the name of a coal com-
pany who formally worked it there extensively. It is here 24
feet thick, and extends for a mile and a half, when it becomes
split. At Solomon’s Gap, south of Wilkesbarre, it is 16 feet in
thickness, and at Pittston and Scranton 14 feet. On the north
or west side of the valley it is divided into two seams, known

\
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as the Bennett and Cooper, each being six or eight feet thick. At
Wilkesbarre there are five workable seams above the Baltimore
vein. Of these, the third, in ascending order, called the Hilman,
is extensively worked, and is six to nine feet thick. What is
known as the Pittston-checker vein is above the Hilman. This
and the 14-feet seam are both worked about Pittston.

There is a great variety of opinion among the miners and
coal-operators as to the identity of these different coal-seams ;
and the great changes they undergo, as before described, afford
abundant room for errors and conjectures. With the progrees
in mining, more accurate conclusions will be attained.

The total production of the Wyoming and Lackawanna Vgl-
leys, or the third coal-field, in the year 1373, was 10,047.241
tons, carried by nine railroads and one canal; or 51 per cent.
of the whole production, which, by Mr. Bannan’s statistics,
was 19,585,173 tons of anthracite. Since the opening of the
trade, this region has produced 97,750,853, and all the regions
257,062,601 tons.

THE PROPRIETORS.

A very natural inquiry now arises as to who are the owners
of all these 472 square miles, or 302,080 acres of anthracite coal.
The design of this book is to record what is of permanent inter-
est and importance. In this country, property changes owners
very rapidly, as we have no laws of primogeniture, and no en-
tailed estates. A list of coal-operators for this year would not
answer for next. DBut another system prevails, by which large
estates are accumulated, and remain permanently under a single
management. There are incorporated companies, established
under the laws of the State for the purpose of building canals
and railroads, or for buying and owning coal-lands, mining the
coal, carrying it to market, and selling the same ; and in some
cases they are authorized to buy and deal in coal, or, as is now
quite usual, one corporation will be authorized to do all of these
things, or any of them. After accumulating sufficient capital,
these companies invest their surplus money in buying the stock
of other coal companies or other railroad companies in Pennsyl-
vania, New Jersey, or New York, and extend their operations
to distant cities and States, chiefly with a view to securing, ex-
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tending, and. increasing the market for their coal. The mag-
nitude to which these companies have grown would have been
altogether incredible in the days of small things in the begin-
ning of the coal-trade.

To give an inventory of the great possessions of these gi-
gantic mining companies would be useless; as & company own-
ing twenty coal-breakers when this is written may, before it
reaches the reader, own fifty, so rapid is the absorption of the
property of individuals going on. For example, in the year
1871 a company called the Philadelphia & Reading Coal Com-
pany, which is generally understood to be identified with the
Philadelphia & Reading Railroad Company, commenced the
purchase of collieries and coal-lands in the first or Schuylkill
coal-field, and has already become the owner of nearly all of
that region and the Mahanoy, with large possessions in the
Shamokin. The Lehigh Valley Railroad Company has found
it necessary to abandon its original policy of being exclusively
a carrier of coal, and has purchased large quantities of coal-land
in the Wyoming and other regions. The Northern Central
Railroad Company has also secured very extensive coal-lands
in Shamokin, in the form of stock in a company called the Min-
eral Railroad & Mining Company. Others of the important
railroad companies, and the Pennsylvania Canal Company, are .
also protecting themselves against & loss of tonnage by buying
or obtaining the control of large tracts of anthracite coal-lands.

Among the largest of these coal-mining companies are the
Delaware & Hudson Canal Company, the Delaware, Lackawan-
na & Western Railroad Company, and the Pennsylvania Coal
Company. The former was the pioneer in the coal-business,
and commenced in 1829, in the northeastern extremity of the
Lackawanna coalfield, at Carbondale. But they have passed
far beyond that limited sphere, and now own very important
tracts of land and collieries in nearly all parts of the third coal-
basin, besides railroads leading from Carbondale to Canada.

The Delaware, Lackawanna & Western Railroad Company
was originally located at Scranton, where a great city has grown
up since 1854, when the first railroad was completed and the
first coal sent to market. This company owns very extensive
bodies of anthracite lands in both the Lackawanna and Wyo-
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ming Valleys, and they have railroads measuring much more
than a thousand miles in Pennsylvania, New Jersey, and New
York.

The Pennsylvania Coal Company confine their operations
more particularly to the mining and selling of coal, their prin-
cipal collieries being in the vicinity of Pittston. There are
also quite a number of other large corporations owning smaller
quantities of coal-land, among which are the Pittston & Elmira
Coal Company, whose property is near Pittston, the Wilkes-
barre & Seneca Lake Coal Company, and the-Wilkesbarre Coal
& Iron Company. There are also some large individual owners
and operators, particularly in the Lehigh basins.!

The External Appearance of the Anthracite Regions.

As some readers may never see the anthracite regions of
Pennsylvania, the most extraordinary and interesting in the
world, some further description of their external appearance is
desirable. T%e third coalfield is sometimes improperly called
the Lackawanna, and sometimes the Wyoming. The former
name properly applies, as already stated, to the upper or north-
eastern half, and the latter to the lower or southwestern half

.of the field. In the central and southern part of it we find the
famous and really beautiful and fertile valley of Wyoming,
which forms a remarkable contrast to the wild and barren ap-
pearance of all the other anthracite coal-regions. From Pitts-
ton south it is almost twenty miles long, and from four to five
miles wide, and was described as follows, by Prof. Benjamin
Silliman, in 1830, when it was more beautiful than at present.
Large tracts of the coal-lands are now owned by coal companies,
by whom the cultivation of the soil is neglected, so that now

!} There is an annual pamphlet published by Bannan and Ramsey, editors of the
Potisville Miners’ Journal, called the “ Coal Statistical Register,” at a cost of about
thirty cents per copy, which gives the statistics of the anthracite coal-trude from
the beginning, with lists of all the collieries and coal-operators in all of the regions,
with many valuable statistics of the bituminous coal-trade, and other interesting in-
formation on the subject of coal. Mr. Benjamin Bannan has been the editor of the
excellent newspaper mentioned, for more than forty years, and to him we are in-
debted for the collection and preservation of accurate statistics of the anthracite
coal-trade from its origin. Readers desiring details of this character can procure
them by sending for the * Register ” for the last year.
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the visitor may ‘perhaps consider the following as too flattering
a description : “ Mining districts are rarely rich in soil, the
sterility of the surface being compensated by the mineral treas-
ures below. Seldom are both advantages combined ; we see it
occasionally in some of the coal districts of Britain, and in this
respect the valley of Wyoming is particularly happy. It is rich
in soil and in the best agricultural advantages. Its extensive
meadows are unrivalled in fertility and beauty, and its undu-
lating surface, between the meadows and the mountains, is a
fine region for grass and wheat. In a word, splendid and beau-
tiful in the scenery of its mountains, rivers, fields, and mead-
ows; rich in the most productive agriculture, possessed by the
still surviving veterans and by the descendants of a high-minded
race of men ; full of the most interesting historical associations,
and of scenes of warfare where the precious blood of fathers,
husbands, and sons, so often moistened their own fields—the
valley of Wyoming will always remain one of the most attrac-
tive regions to every intelligent and patriotic American.

“Its form is that of a very long oval or ellipse. It is bounded
by grand mountain-barriers, and watered by a noble river and
its tributaries. The first glance of a stranger, entering at either
end, or crossing the mountain-ridges which divide it, like the
Happy Valley of Abyssinia, from the rest of the world, fills him
with the peculiar pleasure produced by a fine landscape com-
bining richness, beauty, variety, and grandeur. From Pros-
pect Hill, on the rocky summit of the eastern barrier, and from
Ross Hill, on the west, the valley of Wyoming is seen in one
view as a charming whole, and its lofty and well-defined boun-
daries exclude more distant objects from mingling in the pros-
pect. Few landscapes can vie with the valley of Wyoming.
Excepting some rocky precipices and cliffs, the mountains are
wooded from the summit to their base; natural sections fur-
nish avenues for roads, and the rapid Susquehanna rolls its
powerful current through a mountain-gap on the northwest,
and immediately reccives the Lackawanna, which flows down
the narrower valley of the same name.

“ A similar pass between the mountains on the south gives
the Susquehanna an exit, and at both places a slight obliquity
in the position of the observer presents to the eye a seeming
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lake in the windings of the river, and a barrier of mountains
apparently impassable

¢ From the foot of the steep mountain-ridges, particularly on
the eastern side, the valley slopes away with broad sweeping
undulations in the surface, forming numerous swelling hills of
arable and grazing land ; and, as we recede from the hills, the
fine flats and meadows, covered with the richest grass and
wheat, complete the picture by features of the gentlest and
most luxuriant beauty.”

S. A. Packer, in his report to the Legislature, describes the
Wyoming and Lackawanna Valleys as follows: “ While the
first and second coal-fields present a thin, barren, sterile soil,
small portions of it only being susceptible of cultivation, the
third field presents a rich, deep loam, embracing the beautiful
and fertile valley of Wyoming, one of the most productive and
excellent agricultural districts in Pennsylvania. Alike rich in
its agricultural productions as abundant in its mineral treas-
ures, the same acre of land may furnish employment for both
_ the agriculturist and the miner. While the farmer is occupied
upon the surface, at the handles of the plough, in preparing the
rich soil for its seed, or the field waving with rich luxuriance
bends before the sickle, the miner, like the antipodes of another -
region, may be actively engaged in the interior beneath his
feet, in mining and bringing forth the long-hidden treasures of
the earth. The different branches of industry, therefore, may
here not only be placed side by side, but literally one on top of
the other. It has the appearance it would present if the con-
tents of some vast lake above had been emptied into the
Wyoming Valley, thus covering the coal formations with its
present rich alluvial deposit. The alluvial soil is found to ex-
tend somedistance up the valley of the Lackawanna. The soil
toward the lower end of Wyoming Valley, as at Shawnee
Flats, is finer or of a more loamy and sandy nature, while farther
up, as between Kingston and Pittston, where the less buoyant
particles of the sediment may be supposed to have first settled,
the deposit is more gravelly and stony. Advancing up the Lack-
awanna, the soil gradually becomes thinner until we reach Car-
bondale, where there is not the slightest appearance of alluvial
soil, and where the natural face of the country assumes a char-
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acter similar in all respects to that of the first and second coal-
fields.”

The Susquehanna River has its source in the interior of
the State of New York, more than 200 miles above Pittston.
A valley has been formed for its passage, by the action of
water, and gradually deepening as.it passes south. Wyoming
Valley is indebted for its fertile soil to the material borrowed
from the Chemung group north of it,and which was swept into
its deep sandstone basin, levelling up its anticlinal ridges in
the riverflats during the drift period or by the flood of water,
riot of the present river, but of the running off of the ocean
as the continent was elevated, or as the water subsided
in some change in its level. The argillaceous shales of this
Chemung group farther north are 1,200 to 1,400 feet thick,
and form the best agricultural lands in Bradford County and
all Southern New York. But for this water transportation of
soil which fertilized the valley, it would have been as barren
and dreary a wild, and as unfit for any of the purposes of man,
as the Lehigh Mountains at Eckly and Jeddo.

The Lackawanna Valley, as before stated, is very much in-
ferior to the Wyoming in point of beauty, and the soil is com-
paratively sterile. It has an undulating surface, forming small-
er valleys within the greater outside boundaries. These for the
most part, especially from Oliphant to Carbondale, are barren
hills and ridges covered with bushes, very little better for
agricultural purposes than the Lehigh and Mahanoy country.
But such has been the great and rapid development of its min-
eral wealth in the mining of cosal and the manufacture of iron,
that the busy city of Scranton has sprung up within a few years,
besides a number of smaller places, and the whole valley from
Pittston up to Carbondale presents a most cheering scene of
activity and incessant industry, above and below the ground,
by day and by night. If the Lackawanna has not beauty and
romance, it has, in common with the Wyoming Valley, what is
far better, the substantial realities of life. Some one has said
that the saddest sight in the world is a poor man begging in
vain for work. On the other hand, happy is the country whose
industrial interests are prosperous, and which always offers
good wages and plenty of employment. The many noble



58 ANTHRACITE COAL-FIELDS OF PENNSYLVANIA.

mines, railroads, blast-furnaces, rolling-mills, and the numerous
branches of business they here bring with them, show what
can be done in developing the resources of a country by the cap-
ital, enterprise, and perseverance of associations of individuals.
Passing out of the Wyoming Valley toward the second and
first coal-fields by either the Lehigh Valley or the Lehigh and
Susquehanna Railroad, getting a fine view of the valley as we
cross the mountain, we find a region extending from the Lehigh
River on the east to the Susquehanna River on the west, about
100 miles in length, including these two coal-regions, which
cannot be surpassed for its wild and barren scenery. All soils.
are supposed to have been formed by the decaying and decom-
position of the rocks. Now, in the anthracite regions there are
formations of very coarse sandstone, and conglomerate rocks
of great thickness, which in the times of geological convulsions
formed the strong casket which preserved the black diamonds
from destruction. But their hardness and the absence of lime
and clay, in these as well as in the red sandstones and shales
beneath, rendered them unfavorable to the formation of a fer-
tile soil. Hence you may travel for miles in the Schuylkill,
Mahanoy, and Lehigh coal-regions, and the country adjacent,
without seeing a productive farm, a green field, or a single
sheaf of wheat. For along time before the discovery of the
coal, it must have been a matter of wonder what such a wilder-
ness country was made fbr, and but for that discovery it would
be uninhabited to this day. Here and there some feeble at-
tempt at farming has been made, but with little success,
for few signs of crops are visible. Far as the eye can reach
from the summit of any of the mountains are the same barren
soil, the same rude mountains, and deep, narrow, stony valleys,
covered with scrubby oaks and other bushes. All the valuable
timber along the railroads and about the coal-works has been
cut, and the country is studded with the limbless, charred
trunks of hemlock-trees, which add greatly to the forbidding
aspect of this desolate-looking country. Even in the imme-
diate vicinity of some large towns in these coal-regions, con-
taining several thousand inhabitants, there is not even an acre
oi pasture-land to be seen, no fields of grain or grassy hill-sides,
meadows, or orchards, not even fenced fields, for the land is not
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worth fencing. It is only in highly-favored places or by means
of great labor, and perhaps by the importation of better soil
and careful cultivation, that a spot can be prepared for a flower-
bed or a garden.

The numerous coal-works, of which there are hundreds, do
not add any thing to the beauty of the landscape, for this is
altogether a utilitarian region. After seeing one or two of
these high wooden structures called breakers, you have seen
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them all. Many of them are only half covered, exposing their
skeleton-like trestle-works, the whole vast structures blackened
with coal-dust and every one accompanied by its huge pile of
culm, or coal dirt and elate, indicating by its size the quantity of
coal that has been produced from the mine. This may well be
called the black country. Some of these piles of refuse fine coal
are of mountain-size, and the beauty of Wyoming Valley itself
is in danger of being destroyed by the heaps of this rubbish
thrown out of the coal-mines. In the location of anthracite
coal-works it is an important consideration that provision be
made for disposing of the vast quantities of fine coal formed
by the wasteful process of breaking up the large masses of
coal by passing them between two strong iron rollers armed
with powerful teéth to reduce them to the various sizes re-
quired for different uses. (See Plate on page 61.)

But to the eye of practical science these rocky hills and this
pebbly, barren soil, with these undulating strata of conglomer-
ate rocks, afford the greatest interest. They are composed of
the ruins of some quartz formation which existed in former ages.
By what force was it broken into fragments, and how much
time was required to wear and grind off the sharp edges and -
corners and reduce them to the smooth round pebbles which
we now see, from the size of a mustard-seed to that of an
orange, and to cement them together into the vast stratum,
which in some localities is more than 1,000 feet thick?{ As
has been already said, there is no perfect coal-field to be found ;
only fragments have been left to us, and this great, hard, under-
lying rock forms the basins in which parts of it have been pre-
served, and these barren mountains in and around the coal-
regians, with the coal-beds which they have saved for us, are
but the remains of the much larger formations which have
been destroyed.

‘We can well excuse the want of beauty here, for beneath
that barren soil and under those frowning mountains lies
buried greater real national wealth than all the glittering
mines of California. Unfruitful as may be the soil in these
coal-regions, we find here that man lives not by bread alone,
for there is here a teeming population who ¢ sow not, neither do
they reap.” Deep down in the bowels of the earth thousands
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of dusky-lookilig miners toil on in their murky caverns by the
light of their little lamps. They know no night nor day, in
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choosing their hours of labor, uncaring for wind or weather,
summer or winter, which are all the same to them ; and while
procuring fuel for others they need none themselves, for the
temperature of their workshop is always the same. There may
be to some eyes more intcresting spectacles, but certainly there
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are few better things for mankind than a branch of productive
industry like this, furnishing honest and well-paid employ-
ment to a great multitude of men.

The foregoing picture of the country between the Lehigh
and Susquehanna, occupied by the first and second coal-fields,
does not apply to some of the cultivated valleys surrounding
them, which are below the coal-measures; and the exterior ap-
pearance of the bituminous coal-regions farther west 18 also
altogether different. Immediately south of the anthracite coal-
region, after passing through the Blue Mountain, which is next
outside of the double frame or boundary of the coal-regions, we
come into the great and fertile Cumberland, or Kittatinny Val-
ley, which extends 1,500 miles in length, and from 10 to 20 in
width, across the States of New Jersey, Pennsylvania, Virginia,
and Tennessee, following the Alleghany coal-field through-
out. Its inexhaustible limestone soil makes it the great food-
producing region, while its deposits of iron-ore and limestone,
8o near the great supplies of fuel, make it, in Pennsylvania,
along the lower Lehigh River, our greatest iron-manufacturing
region, not to mention its other minor productions. ¢ Ail
Southeastern Pennsylvania, owing to the absence of the harder
species of rocks and coarse sandstones, and the presence of
limestone and other softer rocks, presents a variety of pleasing
scenery, possesses & fertile soil, and has been justly called the
garden of the Atlantic slope.”

The Sullivan County Region.

Taking leave of the anthracite region of Pennsylvania,
producing the ordinary hard anthracite coal, we pass west-
wardly and northwestwardly over an intermediate space be-
tween that and the bituminous coal-region of about 40 miles, in
which no coal is found except the semi-anthracite basin in Sul-
livan County, Pennsylvania, on the head-waters of Mahoopeny
and Loyalsock Creeks,and which is in the first of Rogers’s six
coal-basins of the great bituminous coal-field.

According to Prof. Lesley’s topography, the first of the five
great northern finger-points of the Alleghany Mountains begins
in the southeastern part of Susquehanna County. Like all the
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others, it is a flat-topped mountain 1,000 feet high, with the
coal-formations on its summit, laid down on top of the Cats-
kill group, which forms the mountain-base of the anthracite
regions. The southeastern escarpment or slope of the Alle-
ghany runs from the starting-point mentioned, southwestwardly
to the North Branch of the Susquehanna River near Tunkhan-
nock. From this point it runs nearly straight south 63 degrees
west 40 miles, and is called the North Mountain. It is a little
west of the front margin of this portion of it that we find this,
the first of the bituminous coal-basins of Pennsylvania. But
the influences which converted the coal of Wyoming and Lack-
awanna into anthracite had not yet entirely lost their power,
and the coal here found is anthracite, but of a soft, free-burning
kind, showing in a beautiful manner the gradual progress from
the harder species of coal through all the intermediate stages,
so far as samples from each locality are preserved for our use.
The Sullivan anthracite or semi-anthracite is a peculiar species
of coal which, lying midway between the anthracite and semi-
bituminous regions, possesses precisely the character which its
situation requires, having the fracture and somewhat the ap-
pearance of semi-bituminous coal, but burning in all respects like
anthracite of a very pure, soft variety, and it possesses this val-
uable property, that the fire never goes out until the coal is
entirely consumed. It is a surprising illustration of the uni-
farm gradation in the character of our coals in a northwestand
southeast direction. In addition to the general uses of an-
thracite coal for domestic purposes, from its peculiarities it may
be destined to fill some important place in the useful arts. The
coal-seam has a good workable thickness, and affords opportu-
" nity for cheap mining. Its far northern position, with good
railroad grades to the Western New York market, gives the
region important advantages. The Sullivan anthracite began
to find its way to market in 1871, by the Sullivan & Erie Rail-
road, which connects the mines with the Pennsylvania and
New York Railroad, an extension of the Lehigh Valley Rail-
road, at a point near Towanda.

It will hereafter be seen that this first coal-basin passes in a
southwestern direction along the valley of the West Branch, but
destitute of coal-seams, except in isolated patches, until it
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crosses that river, where it develops into importance in the
semi-bituminous coal of the Snow-shoe, Phillipsburg, and
Johnstown country, and thence extends its two branches in
Somerset County to the southern line of the State.

In answer to the important question as to the existence of
anthracite coal elsewhere than in Pennsylvania, it may be here
stated that, although this favorite species of fuel in Pennsyl-
vania is carboniferous, yet anthracite does not belong to any
particular geological age, but is produced by the transformation
of fossil fuel of any kind. There isa small coal-field near Santa
Fé in New Mexico, which a volcanic overflow resting on
a bed of lignite, elsewhere of no value, has converted into
anthracite coal. There is a gimilar instance in the British pos-
sessions on Queen Charlotte’s Island, on the Pacific coast. At
Los Bronces, in Sonora, Mexico, beds of Triassic coal are con-
verted by local voleanic action into anthracite of fair quality.
The coal-field of Arkansas contains one thin bed of semi-an-
thracite coal. These are the only beds of anthracite as yet dis-
covered outside of Pennsylvania, Rhode Island, and Massachu-
setts, and they are probably not extensive or likely to be of
great importance. It is not impossible that others may yet be
discovered in the far West. It is well known that there is an-
thracite in Wales, also in Ireland, and in France, but it is nowhere
mined on the large-scale or sent abroad tomarket. An account
of these deposits is given in the following chapters. With these
and other unimportant exceptions, it may be said there is no
other good, hard anthracite coal now known ; certainly there is _
not a single coal-breaker elsewhere in the world than in the
northeastern part of Pennsylvania.
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RHODE ISLAND AND MASSACHUSETTS.

Tre following account of the anthracite coalfield of
Rhode Island and of Bristol County, Massachusetts, is taken
from a report made to the Legislature of the latter State by
President Edward Hitchcock in 1858. It had long been known
that anthracite existed in Rhode Island and the adjoining
southern part of Massachusetts, it being first noticed in 1760,
but in consequence of some peculiarities, both in the coal and
the rocks, geologists have been slow to settle its exact position
in the geological scale. The same has been the case with some
coal-deposits in Europe, the culm or anthracite deposit, for in-
stance, of Devonshire. So for a long time the anthracite of
Pennsylvania was thought to belong to an older deposit than
the true coal-measures. But the progress of science has cleared
up some of these difficulties, and given us more exact rules for
determining questions of this character.

There is a large tract in Bristol County and a part of
Plymouth County, Massachusetts, and covering the whole of the
island of Rhode Island, and a strip on the west side of Narra-
gansett Bay, embracing not less than 500 square miles, that is
a genuine coal-field of the carboniferous age, but that has expe-
rienced more than usual metamorphic action. It is so covered
with detritus that it is extremely difficalt to fix its limits. The
discovery of the beds of coal was also rendered very difficult by
the deep coating of drift that envelops the whole region, and
most of the discoveries of coal have been made quite accident-
ally. The great irregularities in the thickness of the coal-beds
and the plication of the strata have also been serious obstacles.

The metamorphic action to which this deposit and the coal
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itself have been subject is twofold, first mechanical, secondly
chemical. The mechanical force seems to have operated upon
the strata containing the coal, in a lateral direction, so as not
only to raise them into a highly-inclined position, but also to
produce plaits or folds, such as would be formed if several sheets
of paper lying upon one another were taken into 8 man’s hand,
and by pressure on the opposite edges were crumpled, so as to
form ridges and hollows. In Pembrokeshire, in Wales, the
coal is folded in this form, and squeezed into the outer or upper
and lower curves of the flexures, while between them the roof
and floor of the beds come almost into contact, so that the coal
can hardly be traced. The same effect has been produced upon
the coal-strata of Massachusetts and Rhode Island, as well as in
the great Appalachian coal-field of Pennsylvania and Virginia.
The ainers are familiar with these irregularities, and they con-
stitute some of-the most serious difficulties with which they
meet. In the Aquidneck mine, at the north end of Rhode
Island, the bed of coal that had been worked in some places is
pinched up to a width of not more than one foot or two feet,
while in other places it has a thickness of from 10 to 15 feet.
Another peculiarity is here noticed, which is difficult to de-
scribe intelligibly without drawings; it is this, that the fold-
ings do not run either perpendicularly or parallel to the strike
or direction of the strata, but obliquely. Hence when a thick
mass of coal is reached, it passes into the earth between the
strata in an oblique direction, and other expansions as well
as contractions of the bed will run parallel to it. This fact will
be of some practical value, but perhaps its chief interest lies in
its scientific bearings. Another effect of the plicating force has
been to shatter the beds and crush the coal, so that, when dug
out, it crumbles too much and produces a great deal of fine
coal. Sometimes the coal appears as if it had been severely
squeezed, and made to slide along between the strata. Itisa
common impression, among those familiar with these mines,
that the force came from the northwest, that is, the rocks in
that direction were crowded against those lying to the south-
east. But, in the Aquidneck mine, the direction of the folds,
which are somewhat southeastwardly, would indicate the press-
ure either from the northeast or southwest.
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The chemical metamorphoses which these rocks have expe-
rienced consist mainly in such effects as heat would produce.
This coal-basin is in a great measure surrounded by unstratified
rocks, such as granite and syenite, which all geologists now ad-
mit to have been once melted. No examples are seen in which
they have sent veins into the coal-strata, a fact that seems to
indicate that the latter were not deposited till after the granite
and syenite partially cooled. Yet along the margin of this coal-
field, especially at Newport, all along the west shore of Narra-
gnnsett Bay, at Smithfield, Cumberland, Wrentham, Bellingham,
etc., we find the slates very much metamorphosed, so as only
heat could have done it. It is inferred, therefore, that these
slates were deposited while yet great heat existed in the sub-
jacent unstratified rocks, and, although the coal strata may be
newer than the metamorphic slates, yet they also show a great-
er degree of induration, and in some instances more of crystal-
lization, than is common in undisturbed coal-fields; and cross-
seams or divisional structures are also more common than
usual. These, too, are now usually referred to the action of
heat. The coal also from this basin has greater specific gravity
than most anthracite, bearing a proportion to the Pennsylvania
anthracite of 1.75 to 1.55. It has a tendency more than usual
to break into cuboidal fragments, and has more the shining as-
pect of crystalline minerals. In some of the mines the mets-
morphic action has been so great as to obliterate all traces of
organic remains. This is so remarkably the case at a coal-bed
seven feet thick in Worcester, that no trace of vegetables has ever
been discovered there, and the anthracite has a still more stone-
like aspect, is heavier than that from Rhode Island, and is par-
tially converted into plumbago. Yet even this most geologists
would not hesitate to pronounce a genuine coal-formation.
But in other parts of the Bristol and Rhode Island coal-field
vegetable remains are found in connection with these coal-beds,
which make it almost certain that they belong to the coal-
measures of the carboniferous system, such as calamites, an
ancient reed with a pointed stem and fluted surface, and stig-
maria, which are the roots of trees which grew in the clay soil
below the coal. These to the geologist are the most decisive
arguments on this subject. For it is a principle, now settled
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beyond controversy, that each geological formation has its
peculiar organic remains, and the coal-formation contains those
that distinguish it from all other deposits. The rocks of the
region correspond essentially to those of the coal-measures,
being a dark-colored slate, often much indurated and more or
less charged with carbon, lying in immediate contact with the
coal, especially beneath it, with its surface highly glazed as if
by heat or friction ; also coarse light and dark-gray sandstones,
coarse gray conglomerate, and other varieties, which can be
identified with those of other coal-fields, though more metamor-
phosed than is common. The evidence is too strong to resist,
that this deposit in Rhode Island and Massachusetts is a
genuine coal-field- of the carboniferous series, of the same age
as the great coal-deposits in our own country, in Pennsylvania,
West Virginia, Ohio, Michigan, Illinois, and Iowa; and of
those of England, Scotland, France, and Belgium. The only
difference seems to be that this is a metamorphic coal-field.
And the tendency to & northeast and southwest direction in the
beds, as well as the high dip, lead strongly to the conclusion
that it is only a detached portion of the great Appalachian coal
field which stretches through the Middle States.

The following tabular statement presents in a small space
the leading facts respecting the principal localities where coal
has been discovered and mined in this field :

LOCALITIES. Moo | Thickness of Bads. | Bértke of Bods. Dip.
Mansfield Centre, Mass 1 |A few inches. [N. E. and 8. W.|N. W, large.

¢ Hardon, 7 |10 feet. €& I58°N.W.

“  New, © 18 | ffeetmax.| * « « [30°to70°N. W.

Wrentham, “ D S E. and W, 45° N,
Raynham, “ o1 ]S feet. N. 50° E. 45° 8. E.
Cumberland, Rhode Island.| 2 | 15 to 28 feet.|N. E. and 8. W (45° W,
Valley Falls, “ 5 | 6to 9feet.N. 50° to 60° [E. 80° to 45°.
Providence, u“ 1 |10 feet. N. W, and 8. E.|45° N. E.
Bristol, “ ) S A N. E. 148° N. W.
Portsmouth, Case’s * 8 |18 feet max. |N. E. and 8. W,]40° to 90° S. B.

“ Aquidneck, “ 3 | 2to20 feet|N. E. 28° to 85° 8. E.

The Portsmouth or Case’s mine, situated in the northeast
part of the island of Rhode Island, was opened in 1808, which
was earlier than the Pennsylvania mines were explored. At
that time the mode of burning anthracite was not known, the
coal was not sought after, and the mine was abandoned. It
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was resumed in 1827, again abandoned, again opened in 1847,
and again abandoned. Three beds were discovered, all of
workable thickness,and the one last wrought was 13 feet thick.

At the Aquidneck mine, two miles west of the above, three beds
occur, varying in thickness from 2 to 20 feet. It was worked
in 1853 to the depth of 623 feet, and thence six gangways ex-
tended 844 feet each. Large sums of money appear to have
been spent at different times in different localities, but, owing
to the causes already mentioned, in giving the description of
the coal, and to its being found in a form so unfavorable for
mining, these enterprises have invariably resulted in disappoint-
ment. A gentleman in Newport, familiar with the business, in-
formed Prof. Chas. T. Jackson, who made the geological survey
of Rhode Island, that upward of $40,000 were spent in the
Portsmouth mine, a large sum for those days. He describes
the coal as anthracite and very curiously checked by natural
joints leading to a rhomboidal structure, this being the result
of an imperfect crystallization effected by heat at the epoch of
its elevation from a horizontal position. Masses of coal of
considerable magnitude may be easily broken off, but they
divide readily into rhomboids an inch or two in diameter.
The chemical analyses of the coal show from 77 to 84 per cent.
of carbon, from 7 to 10 of water and volatile matter, and from -
5 to 6 of ashes. Prof. Jackson’s analyses of the coal from the
mine at Mansfield, Massachusetts, gave 90 to 92 per cent. of
carbon, 2 to 4 per cent. water and volatile matter, and 4 per
cent. of ashes. Of course, there is no trade in this Massachu-
setts and Rhode Island coal, and so long as better qualities of
coal are produced and sold at moderate prices, or until some
special use or market is found for this peculiar coal, it cannot
be regarded as of any commercial value. The largest produc-
tion has been from the mines about ten miles north of New-
port, where the whole quantity mined to the year 1856 was
60,000 tons.

The formation, as has been said, reposes on a coarse conglom-
erate, which rests immediately on granite or hornblende rocks
of the primitive series. This, however, as well as rocks of a
similar appearance, in the East Virginia and North Carolina
coal-fields, is now thought by geologists to consist of Silurian
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and Devonian rocks dislocated and altered, or metamorphosed
by volcanic or other agencies which have destroyed all organic
remains, and given them the appearance of primitive rocks.
‘Walter R. Johnson, in his researches on American coals, gives
us the following further interesting account of the Rhode Island
coal-field :

“The near proximity of igneous agencies appears to have
exercised an important influence not only on the position, but
on the present character of the anthracite of this formation ;
for, while it has thrown the beds into a highly-inclined posi-
tion, it has expelled the last vestige of vegetable matter, decom-
posed the sulphuret of iron, and changed the color in some of
the beds to a nearly steel blue. The vegetable impressions are
in these cases to a great extent obliterated, and the traces of
them only appear at the surfaces of deposition. In other beds,
the impressions are more perfect, and their genera and species
are more readily made out.

“ An idea has been formerly current that the coal-forma-
tion of Rhode Island and Massachusetts is of a more ancient
date than those of Pennsylvania, but the identity of fossil re-
mains seems to determine the geological period of both to be
the same. And in this we have analogies sufficiently numerous
in our own country to induce us to believe that all the coal-
formations are essentially contemporaneous, and that, whether
they rest on granite, as in Rhode Island and Massachusetts;
onthe older members of the secondary, as in the anthracite
fields of Pennsylvania ; or on the mountain or cliff limestone of
the Western States, the coal-series has everywhere been the
product of the same period in the history of our planet, which
was highly prolific in vegetable life, of which the remains were
deposited on whatever member of preceding formations was
exposed in a condition to receive them.”

A remarkable instance of this is shown in a single coal-
field, that of Illinois, which in its northern part rests on St.
Peter’s sandstone, a member of the Potsdam or lowest in the
series of fossiliferous rocke ; and as you pass southward, the coal-
formation rests successively on each of the formations up to the
Chester limestone, its true base, where all the formations are
complete. This was caused by the gradual rising above tho
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surface of the water of the northern part of the area during the
formation of those lower rocks.

¢ The anthracite of Rhode Island appears to have been sub-
jected not only to & high temperature, but also to intense press-
ure, and to have been much comminuted by the friction of
one member of the formation sliding over another in the up-
tilting which the strata have evidently undergone. The coal
being in all such cases more tender and friable than the sand-
stone, slates, and limestones, becomes the unguent in the joints
of stratification, and the results of its power to facilitate the mo-
tions of the strata as they are partially folded is first & pulveru-
lent portion in contact with either the top or the bottom rock
of the bed; second, a high polish imparted to some of the
sliding surfaces of the more durable coal ; third, an irregularity
in the thickness of the coal-beds, the indentations of the upper
and lower rocks being not infrequently found opposite to each
other, forming thick places in the coal-seam, and containing
much of the broken material which has been displaced from the
parts where the prominences of the rocks come nearly in con-
tact and almost shut up the seam.”

He adverts to the facts that, owing to the great amount of
drift or diluvial matter covering the coal-formation, its limits
have not been traced with much precision, the mining opers-
tions are in general very troublesome, and expensive for the
same reason, a8 well as on account of being carried on below
water-level, in irregular, uncertain seams; and worst of all that
very little of the coal hitherto obtained has been of merchant-
able quality.

Daddow and Bannon, in ¢ Coal, Iron, and Oil,” show very
conclusively that “the various attempts to develop these New
England coals have all resulted in failure, not from the want of
means and experience, but because the beds were too unre-
liable and irregular to permit the production of coal with
economy, or in competition with mining operations in Penn-
gylvania.”



IV.

ANTHRACITE COAL NEAR SANTA FE, NEW
MEXTCO.

TaE occurrence of anthracite coal in workable beds in the
Western Territories, near the gold and silver districts, is of such
great importance that the following detailed description of
it is given in full from R. W. Raymond’s Report, as United
States Commissioner of Mining Statistics of the States and
Territories west of the Rocky Mountains, for the year 1870.'

The anthracite mines of New Mexico are at the Old Placer
Mountains, or near the northwestern foot-hills of that range,
about 23 miles southwest of Santa Fé, and respectively four
and a half and six miles from the mining-town of Real de
Dolores.

It is well known that anthracite beds occur in almost all
formations, though they are mostly found in the older rocks of
the paleozoic era, and always in localities where these rocks
have either been considerably disturbed by eruptions and up-
heavals subsequent to the deposition of those strata, or where
hot, molten masses, though they have not disturbed the origi-
nal stratification of the neighboring rocks to any considerable
extent, have, at & former period, exerted metamorphosing in-
fluences on them. Thus the fact has been satisfactorily es-
tablished in many coal-beds of great extent that they may in
one locality consist of a true anthracite, while in another lo-
cality, remote from the causes of metamorphism, the same
beds, determined as such by the enclosing strata and the fossils
found in them, may contain bituminous coal or even lignite.

1 ¢ Mines, Mills, and Furnaces,” by Rossiter W, Raymond. Published by J. B.
Ford & Co., New York,1872,
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An entirely analogous case is presented by the anthracite beds
of the Placer Mountains.

True anthracite has a specific gravity of 1.4 to 1.7, its hard-
ness is 2 to 2.5, and it contains 85 to 93 per cent. of fixed car-
bon and volatile matter, after drying, 3 to 6 per cent. Itis
amorphous, of conchoidal fracture, brittle, has a sub-metallic
lustre, iron-black to grayish and brownish-black color, and,
when pulverized, forms a black powder. It ignites with diffi-
culty and at a high temperature, but when ignited produces an
intense heat. The coal from the coal-mines to be described in
the following account presents all these qualities, and there is,
consequently, no doubt that it is really anthracite.

At present two mines, one and a half mile distant from
each other, are opened by the New Mexico Mining Company.
A wagon-road leads from Real de Dolores in a northwestern
direction around the foot-hills of the Old Placer Mountains to
the new anthracite mine. Before reaching the mine the road
leads through a ravine parallel to those where the coal-bed is
exposed, and about 250 yards distant from them. Here the
outcropping rocks consist of nearly horizontal layers of massive
sandstone, which is covered with an overflow of porphyry. A
dike of the same rock is found on the lower side of the crop-
pings of the Cunningham gold-mine, from where it has been
traced with slight interruptions over six miles to the old an-
thracite mine, forming a cap on the massive sandstones of the
coal-bearing formation. The new mines are situated at the
junction of two small ravines, forming a larger one, which de-
scends gradually, first in a northeastern, then in a northern di-
rection, toward Galisteo Creek, two and a half miles distant
from the mines. The lower wall of the coal-bed is nearly level
with the bottom of the arroyo; and, as the dip is about 15°
southeast toward the ravine, the position of the bed is certainly
an exceedingly favorable one for opening and working. It has
been opened in two different localities on the eastern side of
the south branch of the ravine, at the junction of the two
smaller ones, and on the western side of the same branch about
50 feet south of the first opening. The first one follows the
dip of the bed for a distance of about 35 feet ; the incline, five
feet high by five feet wide, is excavated in solid anthracite, and



74 NXEW MEXIOO.

shows the bed to be of great regularity. The following strats
accompanying this eoal-bed are exposed to view in this locality,
from the bottom of the ravine to the top of the hill:

Carbonaceous shales .........cccceecccencacacaanncas 1 foot.
ADIAracite. ....ccciaeeecccencacaccacancascnccncannas b feet.
Carbonscevus shales .........ccccecececnaas ceascancs 1 foot.
Indurated elay........cccnieievnccecaccoteccccancacns 4 feet.
Laminated argillaceous sandstone, containing fossils.... 25 feet.
Massive sandstone. ... ....ccceceaecnccenccncaccacaans 100 feet.

In the second locality the coal is opened by three tunnels,
two 25 feet long and one 40 feet long, showing the same strike
and dip of the bed as the incline. The anthracite, however, is
only four feet thick, while the thickness of the shale varies
from three to four feet.

About 280 tons of coal have been taken from this mine.
It shows all the qualities of a true anthracite, contains 87.5 per
cent. of fixed carbon, and, when burning, shows only the
ghort, blue flame of carbonic oxide. The steam-boiler of the
engine propelling the New Mexico Mining Company’s stamp-
mill has been successfully heated by it. A hundred pounds
brought to Santa Fé were used by Mr. Bruckner in his assay-
ing-furnace, in order to test the heating powers practically. He
found that a white heat was reached in a very short time, and
that this heat lasted about three times as long as that pro-
duced by an equal weight of charcoal. As the material does
not coke in the least, it is evident from this test that it is per-
fectly adapted to use in blast-furnaces, though it will require a
higher pressure of blast, on account of its density, than charcoal
or coke. As far as its application for all practical purposes is
concerned, it is undoubtedly fully equal to Pennsylvania an-
thracite, and really the best fuel discovered so far in the West.

The second coal-mine is situated about one and a half
mile southwest of the one just described. Between the two
mines exists a8 bed of excellent fireclay, some of which was
tested by Mr. Bruckner, in Santa Fé. He made a scorifier out
of it, and smelted lead and borax in it in the hottest anthracite
fire. It neither cracked, nor was it attacked in the least by the
flux, so that this test speaks well for its use as fire-proof mate-
rial in farnaces.
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Between the fire-clay and the following sandstone stratum
a bed of iron-ore is found. Both carbonate of iron and hema-
tite are present. Ores of this, as well as bowlders of magnetic
iron-ore, and large deposits of the same, abound in the moun-
tains of the Old and New Placer. Thousands of tons of large
bowlders of great purity can be collected, for instance, near the
old anthracite mine, away from the different extensive deposits
of magnetic iron-ore which occur in the same locality.

The second anthracite mine, spoken of above, is opened by
a tunnel 90 feet in length, driven into the coal-bed near the
entrance of a steep ravine, the sides of which are nearly per-
pendicular. It is started near the bottom, and on the west side
of this ravine, rising with the dip of the strata, which, as in the
locality spoken of first, is 15° to the east. The following suc-
cession of strata, commencing at the bottom of the ravine, is
visible: Anthracite, two feet; slate, ten inches, diminishing
toward the breast of the tunnel; anthracite, one foot six
inches; alternating layers of shale, iron-ore, and sandstone,
varying from five to nine inches in thickness ; laminated argil-
laceous sandstone, containing fossils; and twelve feet of mas-
sive sandstone, overflowed by felspathic porphyry. The latter
rock forms the east bank of the ravine from top to bottom.
About 100 tons of anthracite of an excellent quality have been
taken out and are lying on the dump. . Long exposure to the
atmosphere through summer and winter has not altered its
compactness in the least. It is of jet-black color, and contains
88 per cent. of fixed carbon, and 5 per cent. of ashes of a
brick-red color.

Although roving bands of hostile Navajoes visit this local-
ity sometimes, and even have their usual camping-place at the
coal-mine, the splendid opportunity offered here for procuring
a cheap and superior fuel for the surrounding mining-districts
will undoubtedly be more extensively made use of very soon.
For those who intend the erection of metallurgical and espe-
cially smelting-works for the beneficiation of the more rebellious
gold and silver ores, and also for copper and iron smelting es-
tablishments, the occurrence of those anthracite beds is of the
utmost importance, and will no doubt be duly appreciated.

At the south side of the Old Placer Mountains, at a dis-
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tance of 10 miles from the above-described coal-beds, an an-
thracite vein has been opened in the second arroyo east of the
rancho near the spring on the Tuerto Dolores. There are
two pits of a depth of about six feet. The first one shows the
following section: Shale, two feet; anthracite, ten inches;
shale, eight inches; anthracite, two feet. The strata course
north 37° east and dip 76° northwest. The second pit is lo-
cated within 100 feet from the first, and contains only a six-
inch seam of coal, which contains a great deal of sulphur.

Another coal-bed is exposed near Galisteo Creek, but, as the
locality could neither be visited nor a specimen procured from
it, its nature and the quality of the coal could not be deter-
mined. Indications of coal-oil are said to exist here, as well as
two miles north of Santa Fé, where a layer of coal mixed with
iron pyrites occurs.

Among the many different localities where coal-veins crop
out in this Territory, are the following: On the reservation of
the Pueblo Indians, near Taos, at the foot of the Pueblo Moun-
tains; in the Raton Mountains, on the Vermejo River, near
Maxwell’s, where the beds are six feet thick; on the Purga-
toire River, near Las Vegas, at the Rio Puerco, in the San
Mateo Mountains, and in numerous places west of Fort Win-
gate; a large bed also exists near Fort Craig (San Pedro).
Most of these beds have been ably described by Dr. John L.
Leconte, in his notes on the geology of the survey for the ex-
tension of the Union Pacific Railroad, eastern division, from
the Smoky Hill River to the Rio Grande. - (Philadelphisa,
1868.) .

Coal has been used to a very limited extent so far. The
Vermejo and San Pedro coals are used for blacksmithing, the
latter also for domestic purposes at Fort Craig. The anthracite
from the Old Placer, it has already been stated, is used for the
heating of a steam-boiler. None of the New Mexico coal has,
so far, been used for metallurgical purposes, although some of
it is very well adapted to such use. No attempt has ever been
made to smelt iron, although ores exist in great abundance and
of great purity in the immediste vicinity of anthracite coal,
and contiguous to fire-clays and limestone.



V.

FOREIGN ANTHRACITE COAL.

As but little is known, in this country, in regard to the
anthracite coal produced in England and on the Continent of
Europe, the following particulars are here given from the report
of the Parliamentary Commission, made in 1871.

Anthracite coal is obtained in England, at Bidwell in
Devonshire, at Walsall in Staffordshire, in the western divis-
ions of the South Wales coal-field, in Ireland, and near Edin-
burgh. Anthracite coal is also found in the coal-fields of France,
especially in the departments of Isdre, the High Alps, Gard,
Mayenne, and of Sarth, and it is also raised in Belgium.

In South Wales anthracite. coal was used in 9 furnaces in
blast, in 1864, out of 23 built; the quantity of anthracite iron
made being 26,565 tons, out of a production of 839,502 tons.
The whole quantity of anthracite coal mined was 509,475 tons;
viz., 146,000 tons in Pembrokeshire, and 363,475 tons in Car-
marthen and Glamorganshire. Of this, 847,000 tons were
shipped, and 162,475 tons were used for household purposes,
for iron-works, and sent off by railway to be used principally
for malting. The principal production of anthracite coal in the
kingdom of Great Britain is that in Wales.

It is well known to geologists that the Paleozoic strata of
England underwent great movements and denudations after
the formation of the coal-measures, especially that one great
line of disturbance ran from the south of Ireland, skirting the
coast of South Wales, passing south of Bristol, and visible as
far a8 Frome, where the highly-inclined Palsmozoic strata are
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lost beneath horizontal strata of later date. This disturbance
was accompanied by fracture and enormous lateral pressure,
which crumpled up the older rocks along the line of strike,
and in places along the same line elevated the fractured strata
into ranges of hills. In England, the main chain due to this
disturbance is that of the Mendip Hills in Somersetshire.
These forces affected the strata to a greater or less distance
from the line of disturbance, tilting them up at a high angle,
which gradually decreases as the distance from the line of dis-
turbance increases. This elevation of the older strata was fol-
lowed by an enormous amount of denudation, whereby the
edges of the strata so disturbed were worn and planed down to
such an extent that in many cases masses of strata many thou-
sand feet thick were removed before the deposition of any of
the secondary strata commenced. —(Report of Royal Com-
mission.)

This description of the disturbances of the more southern
of the coal-fields of England, Wales, and Ireland, will apply to
our American Appalachian country, which presents the same
common features from New Jersey to Alabama. And as, here
in Pennsylvania, the coal found within the influence of the more
violently-disturbed strata is anthracite, and that farther north-
west is semi-bituminous, and that still farther true bituminous,
so we find the same law applies to the character of the coal in
the disturbed district of Southern England, Wales, and Ireland.
In Wales, the changes are more rapid, opposite sides of the
same basin producing anthracite on the south, and bituminous
coal on the north, while in America the changes are more
gradual. Another point of resemblance is the greater steep-
ness of the north dip, or the dip of the south side of the
basins, and next to the source of the disturbance, than that
on the north side, which is also a universal rule in Pennsyl-
vania.

No coal has ever been found in England south of the dis-
turbances spoken of, running through Munster, Leinster, South
‘Wales, and Somerset, just as we find none southeast of the more
violent of our Appalachian flexures, except some squeezed-up
fragments. The existence of coal in the south of England was
one of the problems referred to the Royal Commission, and on
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which they made the report in 1871. Although the report was
in favor of the theory of the existence of coal in that locality, it
was in opposition to the protest of Sir Roderick I. Murchison,
the most distinguished English geologist. The “Memoirs of
the Geological Survey” describe the same series of coal-beds
becoming so altered in their horizontal range that a set of beds,
bituminous in one locality, is- observed gradually to change to
anthracite in another. Taking the coal-measures of South
‘Wales and Monmouthshire, we have a series in which the coal-
beds become not only more anthracite toward the west, but
also exhibit this change in a plane which may be considered
as dipping south-southeast at a moderate angle, so that in the
natural sections we have bituminous coals on the high grounds,
and anthracite coals beneath. This fact is readily observed,
either in the Neath or Swansea Valleys, where we have bitn-
minous coals on the south, and anthracite on the north.
Though. the terms bituminous and anthracite coal have been
applied to marked differences, the changes are so gradual that
there is no sudden modification to be seen. To some of the
intermediate kinds the term “free-burning ” has been given,
and thus three chief differences have been recognized.

The term culm is applied to an inferior kind of anthracite,
only worked for making lime, or for mixing with clay, or to
the small pieces of anthracite obtained in working the true
anthracite beds, and the same term is applied generally to
English anthracite in their parliamentary returns. Anthracite
is also called blind coal, glance coal, and Kilkenny coal. An
average of several analyses of Welsh anthracites shows 91.5 car-
bon, 6.7 volatile matter, and 1.8 ashés, showing more volatile
matter and less ashes than ours. In Wales, the anthracite
coal-seams vary very much in thickness. In Pembrokeshire,
the Kilgetty seam is only from 11 to 13 inches thick, and in
some parts of South Wales they are as much as 15 feet thick.
In Pembrokeshire, veins as small as 11 inches are worked for
the coal alone, which is anthracite of an excellent quality,
used chiefly for malting purposes and hop-drying, and ex-
tending over a very limited area. Itis worked in pits where
no thick seams are worked, and at 180 yards’ depth often con-
taining a large quantity of water. It brings a very large price,
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and is near the shipping-point, but it is used to only a very
small extent. The product of Pembrokeshire was stated in 1868
to be 134,000 tons a year. The thinnest seams that are worked
for general consumption are about two feet three inches, or two
feet four inches. The veins worked in the meighborhood of
Llanelly exclusively for the coal are about 22 inches thick;
the Golden vein is from 22 to 26 inches, the Fiery vein is 36
inches, and 8o on, up to five feet, which is the big vein.

The dip on the south crop is 16 inches in a yard toward
the north, and it is only three inches in a yard along the north-
ern crop toward the south. On the north crop the coals are
generally hard and strong, and on the south crop they are
generally very soft. Some of the southern seams are from eight
to 15 feet thick, and such is the loss from mining by the old
pillar-and-stall system, that they only produce 9,000 tons per
acre.

There are about 28 to 30 seams of anthracite coal, of which
about six are worked. Anthracite coal is very little used, there
being but little demand for it. It is of “ enormous thickness,”
to quote the langunage of the witnesses, and any quantity of
it may be had, yet the quantity worked is only *“about 400,000
tons a year.” It is used for iron-making to & small extent, but
not for steam, in England, except locally at the engine-boilers
at the pits. It is not sold to any extent, being chiefly used
for malting and drying hops, and for burning lime in the
neighborhood of the mines. But, even in Wales, the railway
commaunication is now 8o good that other coals are easily taken
to the limestone districts to compete with the anthracite small
coal. It is, however, perhaps the best of all lime-burning coals.

Scarcely one-fourth of the coal-field of South Wales is
anthracite ; there is, however, a very large quantity of this coal.
It is the lower series of seams irrespective of depth that is
anthracite, according to some of the testimony. None of the
small anthracite coal is brought out of the mines, except acci-
dentally, being of no value. The commission reports the
South Wales coalfield as containing 32,456,000,000 of tons
unmined, besides 4,109,000,000 of tons at a depth exceeding
4,000 feet, or too deep for mining. It embraces 36 per cent. of
all the unmined coal in England, Scotland, Wales, and Ireland.
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The proportion of this that is anthracite was not definitely as-
certained, but is stated in a general way, by a mine-inspector of
the region, as less than one-fourth.

In Ireland, the anthracite coal is in the southern part of the
island, in Leinster and Munster. In the former, about eight
collieries are at work, and in the latter about 12. The returns
of 1866’68 show more anthracite than bituminous coal pro-
duced in Ireland, the former being about the amount of the
product of one of our Pennsylvania anthracite breakers, viz. :
in 1866, 68,750 tons anthracite, and 55,000 of bituminous; in
1867, 78,000 anthracite, and 50,000 bituminous; and in 1868,
74,500 anthracite and 52,450 of bituminous coal. In 1869, the
quantity of both was 127,923 tons, showing a very uniform
production.

The culm or unproductive anthracite coal-basin of Devon-
shire, in the southwest part of England, is practically of no
‘importance. The attempts to work the beds have always
failed to reward the adventurers with any profit. It is broken
up in contortions, and an incredible number of synclinal and
anticlinal lines. Its geological age has been a matter of dis-
pute. The anthracite is much mixed up and interwoven with
black shales, among some of which are remains of land-plants.
The deposits of carbonaceous matter are extremely irregular.
The middle or great anthracite bed upon which all the chief
workings have been carried on is described as varying from six
inches to 14 feet in thickness, the average being about seven
feet. The returns are 5,036 tons produced in 1856 and 4,173
tons in 1857. This description of the Devonshire coal-field is
what our knowledge of those of Ireland and Wales, farther
north on the line of the great disturbances of the region,
would have led us to expect as to its value.

Edinburgh used, in 1868, 5,500 tons of anthracite for the
manufacture of glass, which is the whole product. There is
a great upheaved district of the older rocks, extending from
Berwick southwestward, north of which the coal-measures are
again found. They are broken up into several distinct fields,
partly by the uprising of the lower coalless strata, and partly
by the interference of vast masses of igneous or trap rocks (the
whin of England), sometimes bedded and at others injected as

6
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dikes. The production of anthracite in such localities is thus
accounted for, as the region is also much dislocated by faults
and interfered with by 1gneous rocks.

The Staffordshire coal-field lies along the original margin
of the coal-basin in that direction. There are no returns of
anthracite produced there. Of the coal used in London only
1,143 tons are anthracite, and that by the Houses of Parliament.

The anthracite trade of England, Wales, Scotland, and
Ireland, is therefore less than 600,000 tons, a very small por-
tion of their whole production, which in 1869 amounted to
107,299,634 tons.
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BITUMINOUS COAL.

Characteristics of the Seams and Msthods of Mining.

Twrs work is not intended to teach technical and theoretical
geology, nor the art of mining; but there are a surprising num-
ber of persons who have never seen a mine of any kind, and
who have very erroneous notions on these subjects. Some gen-
eral account applicable to all the regions, therefore, appears to
be necessary of the form, size, and other characteristics of bitu-
minous coal-seams, and the more simple methods of mining.

There are no veins of coal ; for, although that term is very fre-
quently used by miners and others, it is incorrectly applied to
coal, and may lead to erroneous conclusions. Coal invariably
runs with and parallel to the strata of rock among which it is
found ; while veins (Fig. 8) are the fillings of cracks or fissures
usually running across the strata or lines of bedding of rock, or
intersecting them. Coal, on the contra-
ry, is always found in thin layers or
seams, from a few inches up to a couple
of yards in thickness; the larger beds
are exceptional; it is always stratified
and found among and between stratified
rocks, and is quite as regular as veins
are the reverse. (See plates,pp. 24 &137)
Several of these seams of coal are usually
found above one another and separated
by layers of rock of different thick-
nesses. A seam, then, is a thin layer in-
serted among the larger layers of & rock ,dmaite Veits traversing Clay Siate,
and differing from them in composition.

Seams are called beds when they are of considerable thickness,

Fe. 8.
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and a layer is & considerable member or bed in a stratified
rock. A stratum consists of several layers of one kind, which
form a rock as it lies between other kinds ; and a formation is
a series of strata comprising those which have a general similar-
ity in their fossils or organic remains. Several of these forma-
tions when naturally classed together are called & group, and
several groups form a system. In reference to time, the terms
used are epoch, period, and age ; which correspond with forma-
tion, group, and system. By a coal field or basin is meant a
region of country usually basin-shaped or trough-shaped, that is
underlaid by beds or seams of coal.

Coal-seams are like the leaves of a book, for, as you know
that each leaf runs through the volume, so as & general rule
when you have found a seam of coal and ascertained its strike
—that is, the course a level line would run across it if all the
covering were removed, and its dip or the course of its greatest
degree of descent—you may depend on its running on regularly
through the hill or land as far as the ground will permit it to
run in that direction. The regularity of coal-seams, when un-
disturbed or found in their original position, the persistence
with which they continue to run in the same direction for long
distances, and preserving the same size and peculiarities, is very
remarkable. They are much more persistent than the beds of
rock with which they are associated; sometimes even a very
thin seam, “the rider” as the miners call it, above some larger
workable bed, is found to be expanded over the whole extent
of the coal-region ; and such is the similarity of the seams of
coal and their intervals of rock in widely-distant places, that
geologists have been enabled to trace and identify them, both
large and small, for distances of hundreds of miles.

Of course, this rale is to be considered as applicable in a
general way only. The exception is, that, although the coal-
seam is generally continuous, it is sometimes broken. The coal-
field, instead of being, as we supposed, in one book, is in fact
found to be in several volumes, and they are not regularly dis-
posed. The binding of all is the same, the same kind of rock
being over the coal and the same under it in each separate
field ; and the coal itself is the same, but some parts are higher
than others, or lying at a different angle to the horizon, or at
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the same angle when the fault is vertical, and, after exhausting
the coal in one part of the land, we find no more until we have
searched for it on a higher or lower level. These irregularities

are very common in England, much more so than in America,
and are called faults, and sometimes a mass of rock is found
introduced between two of these fields, forming what the miners

call a dike. There are many very large coal-regions in this
country where these faults and irregularities are altogether un-
known.

he. 1,

The strata of rock in the coal-measures and the seams of
coal, a8 a general rule, are parallel, and when they vary from
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each other the lower seams of coal are more likely to be irregu-
lar and disturbed than the upper. A knowledge of the form
of the neighboring strata of rock is therefore very important,
as it determines that of the coal, and is more easily obtained
than the latter. When a correct section of the rocks and
seams of coal is once obtained, it may be relied upon as extend-
ing through the region, although the thickness of the strata
may undergo-changes.

How Coal-Seams lie in the FEarth.

In England coal is usually found in nearly horizontal seams,
but it is far underground, a large part of the island being covered
by the newer rocks much later than the coal. Their shafts are
1,000 to 1,500 feet deep (the deepest colliery in England is 2,376
feet), and mining has been extended far under the sea. In the
United States, east of the Missouri River, there is very little if
any territory containing the coal-measures, with any later rocks
than the Carboniferous over them. Our coal is generally near
the surface, and, compared with other countries, it is surprising
how little rock-cover we have over some very large coal-regions.
There are many nearly horizontal seams of coal in America ;
those of bituminous coal are generally found in that position,
affording great facilities for mining and drainage. These nearly
horizontal seams, however, are generally parts of very wide
and gently-curving basins, other parts of which perhaps have
been removed by denudation. Sometimes the lower seams are
broken up into numerous very small basins, with very steep
inclinations and with an irregular thickness of coal, while the
upper seams, like the Pittsburg, have an astonishing extent and
regularity, so that an experienced surveyor and leveller car
survey off the portion of the hill-tops which will contain the
coal with sufficient accuracy to erect coal-works, almost without
sinking a trial-pit to prove the level of the seam.

The Number and Size of Coal-Seams.

It is important to know the quantities in which coal is
found, or, in other words, what are the number and thickness of
the seams of cosal, and what size is required for a workable
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seam. To the unpractised, the finding of several beds of coal
npon the same land appears to be a striking circumstance.
Sometimes they are near each other, but usually they are sepa-
rated by many feet and even hundreds of feet of rock. Here,
Providence has not only blessed the earth, but has added bless-
ing wpon blessing, and, in these busy scenes of underground
labor, we find a resemblance to the various stories of a large
factory above-ground with its groups of workmen in their sev-
eral apartments far above each other’s heads. In the follow *ng
chapters the number and size of the coal-beds in each region
are given in detail.

There are no mountains of coal, except as a strong hyper-
bolical expression. There is a small mountain of iron-ore in
Missouri ; but the beds of coal, although quite regular and con-
tinuous, are very small compared with the other strata of the
earth. Coal-seams are found as thin as a sheet of paper, and
of all thicknesses up to the gigantic beds on the Lehigh Moun-
tains, some of which are more than 50 feet in thickness. The
bituminous coal-seams are ususally from three to six feet in
thickness in America, with exceptional instances of larger beds,
such as that at Pittsburg, which is eight feet, and that at Cum-
berland, Maryland, which is 14 feet, and a 12-feet seam in
Ohio ; but generally all the coal in these large beds is not
taken out to the full thickness. (But ses p. 507.)

Workable Seams of Coal.

As to the minimum size of coal-seams that are workable,
Mr. Smyth, in an English work on * Coal and Coal-Mining,”
gays that he has measured a seam of coal thdt is worked in
the Radstock district, in Somersetshire, England, as little as
11 inches. The late report of the Royal Commission included
all coal-seams one foot in thickness. Seams of good coal 22
inches in thickness have been worked in Pennsylvania on a
small scale. Such thin seams are worked, if at all, by taking
out a part of the upper or lower rock with the coal 8o as to
make more room. A seam of good coal three feet in thickness
is well worth working, and miners call from two to three feet
of clean coal in America, and from a foot and a half to two
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feet in England, 8 workable seam. Small seams like these are
also worked in Kansas. Of course, in the vicinity of larger
beds of equally good coal, smaller ones are neglected, as the
miners cannot compete in the market with those who work
seams of considerably larger size with less labor and expense.
The thickness of the coal is not in itself conclusive as to the
quantity that can be produced in any given area. A three-feet
seam will produce 4,840 tons to each acre of land, as each cubic
yarl of coal in the ground will produce a ton of coal ; but the
next question which arises is, How many of these 4,840 square
yards in your acre can be successfully mined, and how much
of your coal is marketablef In the Blossburg (Pennsylvania)
region they have four and a half feet of coal in the Bloss seam,
from which most of the coal produced is now mined, and it has
an excellent hard roof and floor. After the rooms or breasts
are all worked out, the pillars can be all drawn or taken out,
and all the coal in the ground can be mined and taken away as
clean as a farmer removes the hay from his meadow. The
“ run-of-mines ” coal is sold to iron-works, and for locomotives
and other steam-purposes; the.larger or lump coal is used in
glass-works, and for other special purposes ; and all the fine coal
is sold at an equally good price for blacksmithing. This is one
of the best instances of the mining and useful application of
the whole product of a coal-field, and, when the upper seam is
exhausted, the same process can be applied to the lower seams
on the same land.

On the other hand, in the Cumberland (Maryland) region
the coal is 14 feet thick, but, for want of a good roof, or in some
places from the supposed inferior quality of the upper and
lower part of the coal-bed, only the middle part, from seven to
nine feet in thickness of the very best coal, is mined. This, it
is true, is & fine thickness of coal ; but, unfortunately, the soft-
ness of the coal in this great bed, and the want of a strong,
self-supporting roof, render it necessary to make the breasts
or rooms only from 13 to 15 feet wide, and then a pillar is left
in of 50 feet in width, as smaller pillars would crumble down,
and these pillars cannot be successfully drawn, for fear of bringing
on a fall of the roof, a thrust, or crush, as the miners call it.
It will be seen that only a small proportion of the coal in each
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acre can here be mined, and that the apparent disproportion
between the great and the smaller seam of coal is less than at
first appeared.

In the anthracite region the amount of minable coal is also
small in those great beds, compared with the whole quantity in
the ground, owing to the large pillars that must be left to
support the mine. Three separate seams of six feet are better
than one of 18 feet. Then, when we look at the loss attending
the breaking of this hard coal, which is said to be fully 15 per
cent., and often very much more, we will see that the propor-
tion of marketable coal bears such a small proportion to the
quantity which Nature had provided for us, as renders it any
thing but a pleasant spectacle.

There are some sorts of bituminous coal, too, in which there
is & great loss and waste on account of the market only de-
manding coarse, or lump coal. This is the case in the Pitts-
burg region, and in Ohio, where coal of a large size only is
used, and a large portion of the slack or fine coal and nut-size
is either abandoned in the mine or sold at a nominal price,
barely sufficient to pay transportation. In America there is
wastefulness enough above-ground, but it is not to be compared
to that in mines.

Divisions in the Seams of Coal.

The thick beds of coal everywhere are seldom found to be
of a uniform character or of clean coal throughout, but the
various parts produce coal of somewhat different appearance
and quality. A part may be more pure and free from sulphur
or earthy matter, making less ashes than an upper or lower
layer of the same seam, and many mines obtain or preserve
their good reputation by the care taken in only mining or send-
ing to market the purest and best part of the coal. Beds of
coal are also frequently separated by interlying layers of slate
of greater or less thickness, or by layersand balls of sulphuret
of iron, which add greatly to the expense of mining, and re-
quire great care in picking out the pieces of these impurities
which are broken in digging or blasting the coal. The care-
lessness of the slate-pickers, who are often small boys, fre-
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quently entails upon the owners losses of money in the quality
of the coal as. well as of reputation. To a limited extent, there-
fore, coal, and especially anthracite, is a manufactured article.

Instead of slate, parts of the seam may be what is called
“bony,” which is caused by what was originally a muddy or
earthy material, instead of forming a separate seam of slate,
having become mixed and incorporated with the vegetable ma-
terial of the coal itself in the process of its formation, producing
a hard, dull-looking kind of coal, which is more difficult to
separate from the good coal than the slate, and is equally
worthless.

In bituminous and semi-bituminous coal, and in a less de-
gree in anthracite, every seam is composed of an aggregation
of small, well-marked horizontal layers, of perhaps about one-
twelfth part of an inch in thickness or more. In addition to
the main parting at the roof and floor, the coal-bed has gener-
ally other horizontal partings of the seam into different divis-
ions. Then there is often another system of perpendicular part-
ings, which are variously denominated “ backs,” or ¢ dip-joints,”
and sometimes “slips.” In the mines in the Blossburg region,
these slips run south 13° east, and, as that suits the dip of the
coal also, the gangways.are run on that course, and such is their
regularity, that the miners can keep their proper direction by
them, so that the use of a compass is seldom required. In
some kinds of coal there is a third kind of parting, at right
angles to the last, called ¢ strike-joints,” or “ cutters.”” When all
of these occur, the coal can be mined out in cubical pieces, as is
the case with the Pittsburg seam. When the system of joints
is more perfect, the coal sometimes comes out like the ¢ block-
coal ? of Youngstown, Ohio, and Sharpsville, Pennsylvania.
‘When the subdivisions are more numerous, they cause the coal
to break into smaller cubes, and thus injure its quality, but all
of these fractures or divisions of the coal lessen the labor of the
miner, and they are always in planes, except in the hardest
anthracite, and in cannel-coal, where the fracture is con-
choidal.

Uniform Quality.—Another peculiarity of coal-seams is,
that the quality of a seam of coal is, a8 & general rule, the same
throughout. J. P. Lesley compares it to a roll of broadcloth
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in this respect, of which, if youn unroll a yard or two, you have
a fair sample of the quality and texture of the whole piece.
There is, it is true, 8 selvage to it, but that you understand is
not cloth. So the worn and exposed edges of 2 seam of coal are
sometimes found mixed with the loose dirt or soil, and are not
properly coal, but as soon a8 you clear that off and come to the
coal itself, where it lies beyond the reach of the action of the
frost, in its proper place between the rocks, well saturated with
water, by getting a fair sample of it, you can determine its
quality, which will be found to be very much the same as far as
it extends. The miner may improve in the mechanical part of
his business, slates may thin out, and the coal may be better
prepared for market sometimes than at others, but, unless traced
over quite an extensive region, the coal itself is generally the
same to the end as it was in the beginning.

The purity of coal-seams, in the entire absence of particles
of earth, sand, or other foreign materials, in the better varieties
of coal, is very remarkable. Few productions of Nature are so
free from foreign matter a8 coal, for we find it in the earth just
as you use it. The miner of gold or silver must separate it
from the earthy impurities and gross substances with which
it is mechanically mixed, and, in the case of iron and other met-
als, not only must the ores be separated or cleansed, but they
must be smelted, and undergo expensive and laborious opera-
tions, to separate them from those substances with which they
are chemically combined, before they are fitted for use. But
coal is found carefully deposited between smooth, clean, hard
rocks, excluding all dirt, mud, or other injurious impurities.
It is at once ready for the fire, and, if only separated from the
surrounding impurities among which it is found, is certainly
one of the most perfect works of the Great Hand which formed
it. A production of the earth that is so useful it is manifest
was intended for the use of man. As the perishable vegetation
of our day disappears, or is removed for the cultivation of the
soil, we find ourselves furnished with a better fuel, which has
been safely laid away in rock-bound store-houses, in the most
secure, compact, and imperishable form, for even the water
which saturates it while in the earth preserves and improves its
qualities. .
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Mining.—The edge of a coal-seam is not generally covered
with rock, unless the coal has been casually removed, and the
upper rock has dropped down and closed the opening. Usually
the rocks and seam of coal are found broken square off together,
and the edge is covered with loose soil, formed by the disinte-
gration of the coal and the rocks above it ; and the black pow-
dery dirt of the coal, mixed with other soil, is sometimes the
means of the discovery of the seam, but, more frequently in
thin seams, the edge is covered by the ordinary soil nearly to
the face of the seam, which here often shows its maximum
dimensions. These edges, or out-crops, will appear on the
side of a mountain, and many of the large eastern American
coalfields are found on the summits of broad, flat-topped
mountains, forming elevated table-lands, with no very great
height of rocks above the coal-seams. In these situations the
dip of the coal is first ascertained, the mines opened on the
lower side, 8o as to take advantage of the descent to bring out
the coal on a railroad-track, and to drain the mines of water.
If the country is not favored with mountains and valleys, as on
the prairies of the Western States, access is had to themines by
sinking shafts or large wells to the necessary depth, and steam-
power is used to elevate the coal and pump out the water. In
China, where no such machinery is known, the water is carried
out by an inclined shaft, the work being done by blind men,
on account of their cheapness, one of these standing in each of
the hollowed-out steps and bailing the water from his step to
the one above him,

An elevator, as it is called in a factory, or in one of the large
hotels or stores in our cities, will give a good idea of the ma-

_chinery*used in a coal-shaft, except that the latter is cut in the

rock underground, instead of being erected in a building, and
is divided into two parts, for ventilating purposes.

In our anthracite, and occasionally in bituminous, coal-
regions, mining is done by slopes, which are simply inclined
planes or sloping tunnels underground, generally cut in the
coal-seam. After descending to a convenient depth, gangways
are turned off to the right and left, in a nearly horizontal man-
ner, and from these breasts, or rooms, are opened up the coal-
seam. If the coal-seam is sufficiently inclined, as anthracite
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generally is, the coal is worked ¢ on the run,” as it is called, or
by being allowed to fall by force of gravity down the smooth
rock-floor of the chamber into the mine-cars.

The other, and, in the eastern bituminous coal-fields, the
common, method of mining bituminous coal is by drifts, when
the coal is above water-level, or can be drained, and the coal
taken out without the use of machinery.

In opening a mine by a drift, the loose soil covering the

Fie. 18,
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edge of the seam is first removed, and a passage is made, lined
with timber and plank as far in as the face of the coal, where it
is found under a solid rock roof. (See Figs. 14 & 15.)

In examining the seam of coal which it is proposed to work,
one of the most important items to consider is, whether it has
a good roof, as the layers of rock immediately above the coal
are termed. A hard, strong, self-sustaining roof is of the utmost
importance in mining, and the safety and economy with which
the mine may be worked depend very much on this. Your
black diamonds, to be valuable, must be in a rock-bound casket,.
and the roof should be impervious to water ; therefore, see that
you have rock as well as coal, for sometimes an apparently good
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outerop of coal is found with but little covering of rock over it,
or with so shaly and crumbling a roof that the coal cannot be
profitably mined. There may be a sufficient depth of covering
over the coal to warrant you to expect good coal, but the strata
immediately over the coal may be fragile clay-slate, or shale, the
former being such as breaks into thin and even plates like roof-
ing-slate, and the latter being also fragile, and breaking into
plates, but more unevenly. In such cases, the expense of timber
supports may be ruinous, or, in working a seam of this kind, an
important part of the top of the seam of coal must be left un-
mined, to strengthen the roof, and the production of coal per
acre is thereby very much lessened. The shale or slate over coal,
however, is often very hard and strong, and then it makes a
good roof. Frequently the sandstones, or, in the Western
States, limestones, are in immediate contact with the coal over-

Fie. 14, e, 15,

head throughout the coalfield; or, in a part of it, the roof may
be sandstone or limestone, and, in other parts, slate or shale.
A regularly-bedded limestone or sandstone is the strongest roof,
and admits of making wider chambers in the mines, requiring
fewer props and less timbering. Sometimes the coal adheres
very closely to the roof, which demands more labor in mining
than where there is & good parting and the coal separates readi-
ly from the roof-rock.

The depth of cover, or rock, over the seam of coal to the
surface of the ground, necessary to form good and minable coal, .
varies, in different localities, from ten to thirty feet, or more,
and varies, also, with different kinds of coal. In this, as in
many other particulars, it is best to be governed by the expe-
rience of other mining-operations in the region.

The floor, or bottom, of a coal-seam is almost always fire-
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clay, and, if it prove to be soft, it is as unfortunate as a bad
roof, as the wooden props, used in supporting the mining-cham-
bers, and even the pillars of coal left in mining, will be forced into

Fire. 16,
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Horizontal length of section, 174 feet. The upper seam, or main coal, here worked out, was 680 feet below the surface.
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the ciay by the weight upon them, and the bottom-clay, when
wet, rises up and fills the mines, which is called a creep. Fortu-
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nately, this is not of very frequent occurrence; it is sometimes
seen in Illinois, but, generally, the fire-clay has indurated into
shale or hard rock. This fire-clay is sometimes several feet
thick ; it is often quite pure, and is then valuable for the manu-
facture of fire-brick; and in it are often found the fossilized
roots and stumps of carboniferous trees, showing that it was

Fre. 17.

Fossil Tree at Right Angles to the Planes of Stratification.~Coal-Measures, Nova Scotia.

the subsoil of the vegetation of which the coal was formed. On
the coasts of Nova Scotia may be seen eighty-one different
small seams of cosal, in more than twenty of which stumps of
trees are seen standing erect with their roots in the fire-clay,
and their trunks at right angles to the original plane of strati-

Fie. 18.

Erect Foesil Trees.—Ooal-Measures, Nova Scotia.

fication, and their tops apparently rotted off at the surface of

the ancient water or bog. In the sandstone which fills their

interior are sometimes found fern-leaves, which had evidently
7

\
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entered with the sediment after the stumps had decayed and
become hollow, and while they were still standing under wa-
ter.

It is surprising to observe how many fortunate contingen-
cies must combine in a coal-seam to furnish a valuable body of
coal. To this must be added a far larger number of circum-
stances to make a prosperous business, as will be noticed in the
chapter on the conditions of success in the coal-trade. But,
while few coal-seams are perfect in all respects, there are scarce-
ly any of the difficulties mentioned which cannot be overcome
by the application of the necessary ekill, labor, and expense.

From what has already been said, such readers as know
nothing whatsoever about mines will have learned that coal is
not found in masses extending to the surface and excavated
like building-stone from great open quarries. Such instances
as that at the open mine at Summit Hill are very rare indeed,
and could only exist to a limited extent in the infancy of the
mining-business. As this account is written for all, it may be
well here briefly to describe the plan of a coal-mine of the most
simple kind in a nearly horizontal seam. First, a narrow tun-
nel is mined out in the coal-seam, only wide enough for a rail-
road-track, for a large or a very emall car, according to the
thickness of the seam of coal. In thin seams, these railroads
are very diminutive. From the main gangway, branch-roads
are made to the right and left, and from these are opened wide
chambers, as large as the strength of the roof-rock and the
hardness of the coal will allow, and in these the roof is usually
temporarily supported by wooden props, as well as by pillars,
or portions of the unmined coal left in proper position for the
purpose of support between the chambers and between them
and the roads or gangways. Thus our coal is mined out under-
ground, each miner working by the light of a lamp, and con-
stantly making his workshop larger and larger, with a solid
rock-roof over his head, a rock-floor beneath his feet, and the
side-walls of black, unmined coal. (Se¢ plate on page 145.)

The mining of anthracite coal is done chiefly by blasting.
The work of mining bituminous coal is done by cutting beneath
the coal-seam as far as the miner can reach with a very sharp-
pointed slender pick, and also along the side of the chamber.,



VENTILATION OF A MINE. 99

Then, by driving in wedges horizontally along the top, the mass
of coal is thrown down. Powder is occasionally used in small
charges, instead of wedges, but the use of it is objectionable, on
account of the coal being thus broken too fine and causing too
much waste where it is desirable to have lump or coarse coal. -
The manner of working coal, however, depends upon the size
and peculiar character of the bed, and is therefore very different
in the various regions and even in different mines in the same
region, but it is work which requires skill and practice, particu-
larly in the mining of bituminous coal.

In opening a mine a single gangway is first driven in the
coal-seam, @ ¢, but it is very soon found that mining to any
extent cannot be done in this way, as, after going in a short
distance, say about 100 yards, the air becomes impure, so
that a man cannot labor, and even life cannot be sustained. To
obviate this difficulty, a second gangway, b d, must be made
parallel to the first, with a cross-passage, ¢ b, communicating
from one to the other at the farther end. 'When this is done,
fresh air will come in at one opening, cross over and pass out
at the other. This second gangway is called the air-course,
but it is made to begin from a shaft, U, over which a chimney
is erected, and, when necessary, a fire is kept burning at the
bottom of the shaft. The draught thus produced* carries up the
air, and thus fresh air is forced to pass into the main gangway
or entrance of the mines, D, or the down-cast in the shaft, and
in succession through all the passages and chambers in the
mines, by preventing communication between them except in
one direction. As the gangway and air-passages are extended,
new openings, ¢ d, communicating from them to the other parts
of the mine, are opened, and the old ones, a b, closed.

A very interesting point in regard to the ventilation of
mines is the dividing, or, as the miners call it, splitting the air.
‘When mines became extensive, the forcing all the air in one
current through all parts of the mines was attended with in-
convenience and difficulty ; the progress was slow, and all the
impurities of the whole mine were carried through every part
of it. Itis found, however, that if a current of air is allowed
to select between two passages, both communicating with the

1 Fig. 19. * Fig. 20.
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upeast or ventilating chimney, it will not all take the shortest,
but will divide itself, a portion going through one set of head-
. ings or breasts, and the remainder through the other set.

Fra. 19,

Each separate split of air should commence a8 near as possible
to the mouth of the drift or downcast shaft, and be brought out
as near the upeast shaft as possible. The form of the air-courses
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should be such as to afford the largest area to the emallest pe-
rimeter. The friction of the air against the walls is the great-
est obstacle to ventilation, and this increases as the squares of
the velocity. The advantage of splitting the air is, that the
quantity of air carried is greater than with a single gangway,
because the movement is slower, the friction of the moving col-
umn of air on the walls is therefore much less, and much more air
is moved in the same time by the same draught-power. Nothing is
so expensive as speed, and nothing so cheap as a slow movement.

“ IloLixG Coar."—The collier, lying on his side, with his neck bent i1n & most painful position, makes
an horizontal cut with bis pick at the bottom of the seam.

.~

“ PuTTERS, 0O TROLLEY BoTvs," 1 ENGLAND, FORMERLY.




VIL
THE FIRST OR ALLEGHANY COAL-FIELD.

THE most important feature of the North-American Con-
tinent in connection with our subject is the Alleghany Moun-
tain, which is called the Cumberland Mountain in the South,
and which contains, or rather is the eastern boundary of, the
largest and in all respects the most important of the American
coal-regions. The whol® length of this mountain is about 1,300
miles, but the portion containing coal, extending from the
northern part of Pennsylvania to near the central part of
Alabama, is aboat 875 miles in length; and the more northern
part, containing no coal, may be left out of view. The most
remarkable peculiarity about this mountain is the great regular-
ity of outline of the east or rather southeast summit of the
ridges. It is not of an unusual height, and does not vary much
in altitude, being usually about 1,000 feet above the adjoining
valley and about 2,000 feet above the sea, but it pursues a
remarkably straight course, sometimes hardly diverging from
8 direct line for a distance of 50 or 60 miles. Throughout
its entire length it pursues a uniformly northeast course, and
from the North Branch of the Susquehanna in Pennsylvania to
the line between Tennessee and Alabama, where its southern
extremity is severed by the Tennessee River, it is one con-
tinuous, unbroken range of high table-land, except where it is
in a great measure divided in West Virginia by the Kanawha
River and its branch the New River, and throughout this whole
length there is no clean cut through the range. The highest geo-
logical formations are the coal-measures, which dip westwardly
at a steeper angle than the inclination of the mountain, and
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bring in other and higher beds as the distance from the moun-
tain increases. In Southern Pennsylvania several other ridges
occur west of the Alleghany Mountain, called Negro Mountain,
Laurel Hill, and Chestnut Ridge, about 10 miles apart, and each
about 10 miles wide at the base crowned by conglomerate
rocks.—(J. T. Hodge, in “ American Cyclopsedia.”)

This great Alleghany coal-region of Western Pennsylvania
and Virginia narrows down through Tennessee, and tapers in
several parallel fingers into Georgia and Alabama. Its eastern
edge is well defined from the North Branch of the Susquehanna
in Northern Pennsylvania down to Chattanooga, everywhere
overlooking,from the crest, along that immense line, the deep
older secondary valleys between it and the great concentric
curve of the Highlands in New York, South Mountain in
Pennsylvania, Blue Ridge in Virginia, and Smoky Mountain
farther south. Its western edge is everywhere more uncertain
and meandering from its gentle dips, irregular denudation, and
thinning out of those immense deposits of sandstone and con-
glomerate which fringe its eastern edge with parallel subordi-
nate mountains. This great coal-region may be said to have
no spurs on its eastern, but innumerable spurs on its western
margin. Toward the northeast, the rising of its sub-basins in
that direction brings it to an end along the line of New York
State in six long, slender parallel fingers, on the top of which
the last remnants of the lowest seams of coal linger, and are
mined at Blossburg, Towanda, Ralston, and the Mahoopeny
in Pennsylvania. Such is also necessarily its manner of termi-
nating southward in Georgia and Alabama, in the three or four
long mountain-prongs the Lookout, Raccoon, and Huntsville
Mountains, which all retain upon their summits fragmentary
patches of the coal, including the one, two, or three lower beds.
—(J. P. Lesley.)

Although it will be necessary to describe the coal-regions as
they are divided by State lines, yet it is important, in the first
place, to get a correct general idea of this, the first or eastern
coalfield as a whole. “This great coal-field,” says Rogers,
‘“almost the largest expanse of continuous coal-measures in the
world, possesses a length of 875 miles, and a maximum breadth
between its eastern outcrop in Southern Pennsylvania, and its
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western in Northern Ohio, of about 180 miles, while it covers
about 56,000 square miles of the earth’s surface.””' It extends,
as has already been said, from Northern Pennsylvamia to
Middle Alabama, parallel with the Appalachian mountain-
chains east of it, many of whose ridges rise within its borders
and insulate valleys of the coal-bearing strata.

A good general idea of its stracture can be obtained by a
careful study of the rivers by which it is drained, assisted by
brief descriptions of its formation. The geological counterpart
of the Alleghany Mountain on the east, is found -on the west
side of this great eoal-basin in the anticlinal axis passing
through the west end of Lake Erie, where it forms several
islands, and which extends thence in a southwestern direction
past Cincinnati, and thence through the central part of Ken-:
tucky and Tennessee. For, although there is no mountain now
appearing on the surface, it being a low and broad axis of
elevation, there has evidently been a vast upheaval of the lower
rocks ; so that, if we can imagine theirregularly-disposed upper
deposits of drift and soil removed, or the denuded formations
restored, we would see this as the western rim of this great
basin from which all the rocks of Eastern Ohio dip eastward,
just as from the eastern brow of the Alleghany Mountain they

- dip westward and those of Northern Pennsylvania south-
ward. The outer borders of this vast basin in Ohio, from Cin-
cinnati to the Scioto River, contain no, coal, which is confined to
the interior space or eastern part of that State, where the strong
foundation of conglomerate rock has preserved it for our use.
On the western border, in Ohio, the Scioto River is seen borne
off southward by the outcrop of the conglomerate, while the
drainage of the conglomerate upper surfaceis eastward into the
bosom of the basin. On the northern boundary, in Pennsyl-
vania, of what is left of the coal-basins, the West Branch of the
Susquehanna cuts through and across the northern finger
points.

Along the uniform eastern, or rather northeast and south-

! The following are the areas of the portions in each State, viz.: Pennsylvania,
12,774 ; Maryland, 550; Ohio, 10,000; West Virginia, 16,000; Eastern Kentucky,
8,083 ; Tennessee, 8,100; and Alabama, 5,830, or in all 88,737 square milea. Those
of Pennsylvania and Eastern Kentucky are the result of surveys and careful calcu-
lation ; the others are estimates, and probably some of them are not very accurate.
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west boundary of the Alleghany Mountain, hundreds of miles
long, no streams of any magnitnde flow out of it eastward, its
straight, sharp edge.forming the most uniform divide or water-
shed on-the continent. As we follow it farther south, we see
the Tennessee River following along its eastern outcrop, seek-
ing in vain for & passage westward, from Virginia to Alabama,
until it finds it at the great rift throngh the narrow neck
of this vast coalfield at Chattanooga just as the North and
‘West Branches of the Susquehanna cut across its narrow
northern extremities. But the rivers and streams in the in-
terior of this area show in a most striking manner its basin-like
fornr as far south as West Virginia, and its general structure.
The Alleghany River drains it from near the south border of
New York down over the south-dipping strata through the
northern central part of the basin. The Beaver River and
other smaller streams perform the same office a little farther
west, while, a8 before noticed, in Ohio, the Muskingum River
and other shorter, smaller streams within the coal-basin empty-
ing into the Ohio, indicate the dip of the rocks in that quarter.
But the strangest of all is the anomalous course of the Monon-
gahela River, almost the only one in the United States which
flows northward, not belonging either to the system of rivers
which flow into the Atlantic nor apparently to those which
flow into the Mississippi, but simply the water-way for the
interior of this great coal-basin, running northward to the Ohio
with but little fall, and keeping in the same geological level in
the Barren Measures midway between the upper and lower
systems of coal-seams. Its neighbor, the Youghiogheny, empty-
ing into it from the southeast, indicates the same basin-like
formation.

Then, finally, the Ohio makes a détour northwestward
around the upper coal-measures and runs down the middle of
the great coal-field against the shales of the Barren Measures,
as far as Burlington, at the Kentucky line, and then turns and
breaks across the lower rocks toward Cincinnati. South of
the Ohio, on the west side of the basin, the Kanawha cuts
another course through the rim of the basin, making a large
amount of the coal-seams more accessible, and its valley with its
branch the New River, as before noticed, being the only water-
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course through the coal-measures from east to westin the whole
length of the field. The Big Sandy and the head-waters of the
Cumberland are thrown off westward ; and, finally, the south-
ern detached Alabama coal-field, dipping southward, shows the
structure and inclination of the strata by the course of the Big
Warrior and its branches, with a fall of 1,000 feet down to Tus-
caloosa. There is no sheet of water within the boundaries of
this great coal-field deserving the name of & lake. Further de-
tails on this subject will be given in considering the several
regions separately. The reader is particularly referred to
Prof. W. B. Rogers’s fine description of the general plan and
structure of this vast coal-formation, which will be found under
the heading of “ West Virginia.”

In looking over this very extensive region of country, which
is so richly supplied with mineral coal of every variety, and
observing the great number and fine size of the seams, many
readers will be liable to over-estimate the real present value in
a commercial sense of the land which contains it and the acces-
gibility of its mineral treasures. Let us, therefore, make some
corrections.

It is easy to define on 8 map the varieties of the surface,
such as mountains, valleys, and prairies, or even the nature of
the soil and surface-rocks, or the geological formations, but,
until the treasures beneath the surface have been developed by
mining or searching for them, all that a geological map can
show as to the coalfields is, to define the limits of the system
of surface-rocks in which experience has proved that coal may
be expected to be found. This system of rocks, called the Car-
boniferous, is generally several hundred feet in thickness,
and embraces not only the beds of coal and the rocks imme-
diately over them, but also those upon which the coal is placed
which forms the foundation or floor of the coal-formation.
These lower rocks belong scientifically to the Carboniferous
formation, because they contain fossils of coal-plants. Occa-
gionally small seams of cosl are found in them. Sometimes
these formations are of very great thickness, covering a wide
area outside of the coal-seams, and therefore form a proper
subject for deduction when we come to scrutinize the area of
actual coal-producing territory.
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In many places, too, the coal is found only on the highest
ground, perhaps on the summits of the hills or mountains, the
valleys being destitute of coal. But the small scale on which
maps are drawn does not permit the proper representation to
the eye of these barren, intermediate spaces, or, from the want
of full and correct geological surveys, we have no proper data
for the corrections. In some localities there may be one large
or upper seam of coal which, either from its size, or the supe-
rior quality ef its coal, is, in the present state of the coal-mar-
ket, the only one that is available or valuable, and which may
cover a comparatively limited area, while there are other lower,
smaller, less valuable seams, or of inferior quality, but extend-
ing over a far greater extent of territory, or perhaps buried at
an inaccessible depth, and which are scarcely ever mentioned
or thought of by the land-owner. A good example of this is
the great Pittsburg seam, and the Barren Measures, more than
300 feet in thickness, which are immediately beneath it. The
latter has a wide extent, covering often very large areas to a
great depth where the topography is such as to postpone for a
long time the probability of the deeply-buried lower coal-meas-
ures being mined.

Add to all this the want of railroads, or navigable streams,
or other avenunes to market, the large amount of capital re-
quired to make such improvements, to open mines, and carry
on mining operations, the many contingencies and risks attend-
ing the coal business, which are given more in detail in a sub-
sequent chapter on the coal-trade, and the want of demand for
the fuel within a proper distance, for, after all, coal is only
valuable where there is & consumer. A

These are some of the reasons which should lessen the envy
which those who have no coal might feel toward some of the
possessors of these coal-regions. In some respects, coal in the
ground, like a good soil on the surface, is not valuable in itself
or alone, but is only a place where that which is useful to man
can be produced by the expenditure of labor. Still, with all
the corrections that may be made, this great Alleghany coal-
field is one of remarkable and even of wonderful extent, almost
the largest and most valuable in the world, and, considering
the anthracite regions as a part of it, it produces every possible
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variety of the best qualities of fuel. ¢ No political economist
now would dare to estimate the present or future riches of a
people and their resources without taking for a basis of his cal-
culations the facilities for procuring & supply of coal. The most
celebrated geographers and philosophers of our time have as-
serted that the Continent of North Amerieca, and especially the
valley of the Mississippi, would at -a future day become inhab-
ited by the densest and most civilized population of the world,
because it has in its extensive coal-fields the largest amount of
coal, that originator of industrial life.”—(Lesquereux.)

Another very interesting subject in connection with this
great coal-field is, the distribution of the several kinds of coal
produced in its various parts.

Northwestern Gradation of the Coal.

The variety in the kinds of coal found in different localities,
suggests the inquiries as to whether it is fortuitous, or whether
there is any general law by which it is governed ; what is the
law, and how is the effect produced?! In a universe governed
by law there must be some system to the coal-formations.

One of the most obvious phenomena in regard to our Penn-
sylvania anthracite coal-fields is, that the hardest coal ie found
in the east ends of the first and second coal-basins, contrasting
very strongly with the soft, free-burning, semi-anthracite of
their west ends. The line of gradation in softness might, at
first glance, appear to be from east to west, perhaps on account
of these two fields lying nearly in that direction. But a little
observation will show us that, in fact, the course of this pro-
gression is from the southeast toward the northwest. A line,
crossing this course at right angles, and thus corresponding
nearly with the general course of the Atlantic coast, would
represent the crest, as it were, of the wave of change.—Upon
a geological map, the southeast-northwest course would first
strike the stony anthracite fields of Rhode Island and Massa-
chusetts, in which, under a high temperature and intense press-
ure, all volatile matter has been expelled, and all vegetable
impressions obliterated.

The next coal-field, as we move the line northwestward, is
the Old Lehigh Navigation Company’s mines near Mauch
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Chunk, then the Hazelton Beaver Meadow, and other Lehigh
basins, before referred to, producing the hardest anthracite,
which is of peculiar value for foundery purposes, in melting pig-
iron. A little farther northwestward comes the Pottsville
coal, of a medium hardness; and here also, by this rule, we are
in the line of the Great Northern, or Wyoming and Lacka-
wanna coal-field. This third coalfield lies in nearly a north-
east and. southwest course, and, according to the theory pro-
posed,-it should produce throughout its entire length from the
same seams, 8 nearly uniform quality of coal as regards its
hardness. This is found to be the case. If therebeany ob-
servable difference, that produced by the Delaware & Hudson
Canal Company, in the north horn of this crescent-shaped field,
should be a little the hardest, and that from Nanticoke and
Shickshinny the softest. That produced in the central part of
the field at Scranton and Wilkesbarre shounld, in obedience to
this theory, be of the same general character as that from the
same seams of the Mahanoy and of the widest portion of the
Schuylkill basins. As we move our line farther northwestward,
it first passes the extremity of the southern fork of the first
coalfield, then that of the north fork, while the line has not
much passed Shamokin in the second field, leaving the Trevor-
ton end of that field the softest of all the anthracite coal in the
three regions—as it is known to be. It is thus described in
the State Geological Report: ¢ Passing the meridian of the
Shamokin Gap, the coal acquires a sensible quantity of inflam-
mable gas, carburetted hydrogen, characteristic of the bitumi-
nous and semi-bituminous class of coals, and the proportion of
this ingredient seems rapidly to increase as we draw near to
the extremity of the basin.' It seems to exist in the coal in
the gaseous form, or, if a portion is in a condition of liquid
bitumen, it is in quantity too minute to cause the coal to soften
and forin coke. The coal is therefore to be regarded as an
anthracite, but of modified properties.”

It might have been noticed, in passing, that the character
of the coal produced in the two prongs at the west end of the
Schuylkill basins forms no exception to the supposed rule, being
a little harder than the Shamokin, and softer than the Pottsville.

1Mr Daddow thinks there is no gradation, but a sudden change in the anthracite.
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Passing northwest over an intermediate space in which no
coal is found, we next meet with the detached semi-anthracite
coal-field on Birch Creek, Sullivan County, Pennsylvania, which
possesses the character which its situation requires, having
the fracture and general appearance of semi-bituminous coal,
but burning in all respects like anthracite of a soft, free-burning
variety, being even softer than the Shamokin.

The semi-bituminous coal-field of Blossburg and Barclay, in
Northern Pennsylvania, the next in order, and that of Broad
Top, in the southern part of the State, and the Cumberland
coal-region in Western Maryland, as well as the intermediate
basins of Snowshoe and Phillipsburg, Pennsylvania, all pro-
duce coal of the same general description, and all lie in the
same northeast and southwest course. This zone of coal is of
a transition kind, and the changes seen in all coal elsewhere,
southeast or northwest of this line, seem to show that this is
the only part of the country in which this peculiar quality of
dry semi-bituminous coal, making a good, hollow fire for the
blacksmith, may be expected to be found; but it might be
looked for anywhere on the east side of the Alleghany coal-
field southwest from Cumberland, Maryland, even down to
Chattanooga or Tuscalooss, Alabama, although the southern
extension may represent & more central part of that great field.
The Tennessee coal, by its analysis, must be semi-bituminous.

The insulated character of the Pennsylvania semi-bitumi-
nous fields does not permit us to fix their original width, but
this coal seems to extend into the southeastern edge of the
main body of the Alleghany field, and becomes more bitumi-
nous toward Johnstown.

Prof. H. D. Rogers ascertained by analysis in 1837 that the
quantity of volatile matter in the coal of the great Alleghany
coalfield increased in a northwestern direction from 16 per
cent. in the southeast to 50 per cent. on the Ohio River. He
further reports that this progression is observable in the same
bed, as, for example, the Pittsburg seam, which containe 15
per cent. on the Potomac, in the Cumberland basin, 31 per
cent. at Blairsville, and 43 per cent. at Pittsburg and on the
Kanawha. The Brier Hill coal, in Ohio, which has since been
developed, contains as much a8 40 per cent.
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In the northwestern part of the Alleghany coal-region near
the State line at Youngstown, Ohio, and about Sharpsburg, on
the Pennsylvania side, is found this peculiar and very valuable
laminated splint coal, known in the region as “block-coal,”
highly esteemed for smelting iron in the Mahoning Valley.
It also commands a large market at and from the ports of Erie
and Cleveland, as a grate and steam coal in the West. The
Big Muddy coal mined at Carbondale, Illinois, and brought out
to Grand Tower, on the Mississippi River, below St. Louis, and
that of Chester, are of a quality somewhat similar to the cele-
brated Ormsby and Brier Hill coal above described, and lie
nearly in a southwestern dlrectlon from the Youngstown and
Sharpsburg region.

A good quality of coal occurs at Brazil, in Clay County,
Indiana, between Terre Haute and Indianapolis, on the east
edge of the Illinois coal-field, which has been successfully used
in blast-furnaces. This is the much-talked-of block-coal of
Indiana.

The Nova Scotis and New Brunswick coal-regions are in
the same coal parallel with some parts of the Alleghany re-
gions, producing bituminous coal of the same quality. The
supposed meridian line, when traced for long distances, like all
Nature’s lines, probably assumes a curving form, conformable
to the great flexures of the continent.

But, a8 we extend our observations farther to the northwest
into the other coal-fields, we meet with other important changes
in the character of the coal, the most noticeable of which, as
affecting its economic value, is the presence of a largely-in-
creased quantity of water and sulphur. The coal of the Alle-
ghany coal-field is so uniformly dry that the quantity of water
it contains is scarcely ever noticed in the tables of analysis.
For all the useful purposes to which coal can be applied, that
produced in the great Alleghany coal-field, extending from To-
wanda and Blossburg in Northern Pennsylvania to Tuscaloosa,
Alabama, and from Mauch Chunk, Pennsylvania, in the east,
to Massillon, Ohio, in the west, is very far superior to any other
coal on this continent.' The coals of the Illinois and Missouri
regions are highly charged with water, those of northern
llinois containing as high as 12 per cent. ; hence, and because

1 Exoept the Indiana and Nova Scotia coala,
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they are so sulphurous, they disintegrate rapidly on exposure to
the atmosphere. :

Moving our parallel farther northwestward, we come to a
zone of inferior coal, mined at Jackson, Michigan, and at
Belleville, Illinois, St. Louis being supplied from the latter.
Also, farther northwest, we have that produced along the
northern part of the Illinois coal-field, at Wilmington and La
Salle; and southwest from them is Bevier, in Missouri, five
miles west of Macon, on the Hannibal & St. Joseph Railroad.
They are equally sulphurous, and contain so large a percentage
of hygrometric moisture as to fix them in the same class beyond
question. But as yet there appears to be but little evidence of
any gradation in the Illinois, Iowa, and Missouri coal-fields.
They appear to have been beyond the influence of the meta-
morphosing agencies which improved the coal farther toward
the east. But there is evidence of their effect in Arkansas,
where a semi-anthracite or semi-bituminous coal is produced.

Heat was, no doubt, the agency referred to. Thereis no evi-
dence of volcanic action in the coal-regions, nor was it required.
The correlation of forces is now generally understood, heat being
the result of force or motion. In this case it was developed by
the plicating of the strata for at least seven miles in depth, just
as the temperature in a mine is greatly increased by what is
called a creep (s¢¢ p. 96)." The metamorphism of the coal-beds
is measured approximately by the degree of disturbance of the
strata in the district. It was greatest toward the ocean, being
in excess in Rhode Island; and its work was well done to serve
the purposes of man at Mauch Chunk and Pottsville, at Bloss-
burg and Cumberland, at Pittsburg and Youngstown. But the
Appalachian revolution was confined to the Appalachian or
Alleghany coal-field, and .did not cross the older Silurian axis
at Cincinnati. The Mississippi Valley has its endless prairies,
unbroken by mountains and valleys at the expense of the good
quality of its coal, for it appears Nature could not give both
together.

1 In one instanoe, in Wales, the heat produced by this cause was so great, that
it was feared it would set fire to the coal.
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PENNSYLVANIA BITUMINOUS REGIONS.

» PrxxsyLvasia has, within her borders, not only all the
valuable anthracite coal of America, but she possesses the finest
field of bituminous coal, not surpassed by any for the beauty
of its structure, and affording every variety of that description
of coal of the best qualities, and in a very accessible form. To
avoid misapprehension as to the sitnation of this coal-region, a
glance at the eastern part of the State outside of the bitumi-
nous coal-region is first necessary. The southeast angle of the
State, from Philadelphia northwestward to Harrisburg and
Reading, may be considered as a fertile, undulating plain, rising
gradually to an elevation of from 150 to 300 feet, composed of
both the oldest and the newest rocks of the State. This plain
of the Atlantic slope is bounded on the northwest by the
South Mountain, which runs from Easton to Reading, and then
with a long interval begins again west of the Susquehanna be-
tween Cumberland and York Counties, and runs through
Adams County into Maryland and Virginia under the name of
the Blue Ridge. This ridge is,in Pennsylvania, a stony, nar-
row mountain, only 400 to 500 feet high above the adjoining
valleys, and composed of primary rocks and Potsdam sand-
stone, the lowest in geological position of fossiliferous rocks.
Proceeding northwestward, crossing the Cumberland Valley,
which is from 10 to 18 miles wide, composed of Trenton lime-
stone and Hudson River slate, the next two formations in
geological order, we now come to a series of ridges and nar-
row valleys, the first of which is the Blue Ridge, called by the
Indians the Kittatinny, or Endless Mountain, being a continu-
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ous mountain which nowhere subsides, but only here and there
shifts its crest-line by a jog or set-off, and has no interruption
except at the five river-passes or water-gaps, by which the
rivers Delaware, Lehigh, Schuylkill, Swatara, and Susquehan-
na, flow through it. With these exceptions it is one continu-
ous mountain, about 500 feet high, from Rondout, on the Hud-
son, southwestward through New York, New Jersey, and
Pennsylvania, to Franklin County, on the borders of Mary-
land, a distance of about 240 miles. It is composed of Oneida
conglomerate, with Medina sandstone on its western slope, or
forming its second ridge. Going on northwestward this moun-
tain is succeeded by a complex chain of long, narrow, very
level sandstone mountain-ridges, separated by long, narrow,
parallel shale and limestone valleys, which are the result of an
elevation of the strata or earth’s crust in long, slender, parallel
waves, and of the wearing away of those waves by water.
This is a region more than 50 miles wide, embracing the coun-
ties of Bedford and Fulton on the south line of the State, and
extending northeastwardly across Pennsylvania to Wayne and
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Pike Counties, and composed of the other geological forma-
tions below the coal, but including the anthracite coal-regions.
This remarkable district shows a degree of disturbance caused
by upheavals in a wave-like form, and a bending or forcing of
these vast waves together apparently by a force, applied from
the southeast, which is truly wonderful, the waves being often
thrown over past the perpendicular, and then the broken and
exposed edges of the strata worn and washed off or denuded
in & manner and to an extent which nothing that we now see
in Nature would enable us to understand.
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The effects of these disturbing forces are visible to a less ex-
tent throughout the great bituminous coal-region west of the
district described, and it is mainly on this account- that this
reference tothem has been made. Nearly the whole of this wide
mountainous zone of the State embraced between the Cumber-
land Valley and the principal ridge of the Alleghany Mountain
should be called the Appalachian region This term has some-
times been applied to the whole of the great bituminous coal-
bearing table-land which traverses the United States from New
York to Alabama, but, for the sake of greater exactness, the
latter region should be designated as the Alleghany. The two
systems of mountains are entirely different, both in their ap-
pearance and geological structure.

Pennsylvania and New York Geological Nomenclatures in the Ascending

Order.
Pa. Non. H. D. Rogers's Nomenclatare, Pa. New York Nomenclature,
Gneiss Huronian, Laurentian, or Pri-
mary
I | Primal slates Potadam sandstone ]
“" “ mdswne' “ 3
IL | Auroral calc. sandstone Calciferous sand-rock
. Chazy limestone
“ | Auroral magnesian limestone | | Birdseye
¢ | Matinal limestone Black River ¢ o
Trenton “ 3
III. | Matinal black slate tica slate !
“ “  blue Hudson slate 3
IV. | Levant gray sandstone Oneida conglomerate g
“ “® “ sh"nyunk gri‘ a
“ % white Medina sandstone @
V. | Surgent red shale Clinton group
“ rf:a.nting in Pennsylvania) | Niagara limestone
« « “ onon ult gro“ﬂm
VL | Scalent limestone Lower Helderberg lime- J
“ | Pre-meridian limestone stone —_—
VIL | Meridian sandstone Oriskany sandstone )
“ (wanting in Pennsylvania) | Cauda-galli grit
“ “ « Schoharie grit o
VIIL | Post-meridian limestone Upper Helderberg 3
“ | Cadent lower black shales Marcellus shales
“ “«  «  olive shules Hamilton r E
“ ¢ upper black slates Genesee =
“ | Vergent gray sandstone Portage group B
“ & olive shales Chemung * (=]
IX. | Ponent red sandstone Catskill
X. | Vespertine “ “
XI. | Umbral red shale “ u“ .
XIL | Seral conglomerate Carboniferous ¢ Wanting in
XIIL | Coar-Mzasures “ N.Y.
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Of the sixty-six counties in Pennsylvania, the following
twenty-five contain no coal whatever, viz.: Philadelphia, Dela-
ware, Chester, Montgomery, Bucks, Northampton, Lehigh, Berks,
Lebanon, Lancaster, York, Adams, Franklin, Cumberland, Mif-
flin, Juniata, Perry, Snyder, Union, Montour, Monroe, Pike,
Wayne, Susquehanna, and Erie. They are all situated in the
southeastern part of the State above described, except Erie, which
is in the northwestern corner. The anthracite coal of Pennsyl-
vania is situated principally in the four counties of Dauphin,
Schuylkill, Carbon, and Luzerne; with smaller quantities, the
borders of the basins in Northumberland and Columbia Coun-
ties, and there is semi-anthracite coal in Sullivan and a little in
Wyoming County.
Fra. 98,

~ / 4
r

Map of Pennsylvants, showing the Positions of the Axes of the Folds in the Strata.

Six counties contain detached fields of semi-bituminous coal :
Bradford, Lycoming, Tioga, Huntingdon, Bedford, and Fulton.
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The following twenty-seven counties in the western and north-
western part of the State contain bituminous coal, a portion
of which along the eastern margin of the field is semi-bituminous,
viz.: Somerset, Fayette, Greene, Washington, Westmoreland,
Cambria, Indiana, Armstrong, Alleghany, Beaver, Lawrence,
Butler, Clarion, Jefferson, Clearfield, Blair, Centre, Clinton,
Cameron, Elk, Forest, Venango, Mercer, Crawford, Warren,
McKean, and Potter, or in all forty-one coal-producing counties.
Of 8o vast a coal-region with a very intricate structure, only a
general account can be given in the limits of this volume. Its
total area is 12,222 square miles, besides 80 miles in Broad
Top, and 472 in the anthracite fields, making a total of 12,774
square miles of coal of all kinds in Pennsylvania.

General Geological Sketch.

The counties of Greene and Washington, and parts of Alle-
ghany and Westmoreland, in the southwestern corner of the
State, although not the highest above the sea, are much the
highest geologically. This is owing to the strata of rock dip-
ping or sinking into the earth, from the northeast toward the
southwest, faster than the surface descends. Taking our posi-
tion on the highest land in Greene County, we shall there ob-
serve beds of shale and sandstone, and several thin seams of
coal, that are not to be found in any other part of Pennsyl-
vania; but, if we trace them toward the north or northeast, we
shall observe that they rise nearer the surface until they run
out, and lower seams of coal can be seen to appear in the ra-
vines and sides of the hills, which again give place to others in
their turn. Near the West Virginia line, on the Monongahela
River, below the small seams mentioned, is a fine bed of coal,
six feet thick, called the Waynesburg, which is above the Pitts-
burg bed. (See fig. on page 224.) Going northward down the
river, this soon gets higher and higher in the hills, until it runs
out; and the Pittsburg bed, which is about 228 feet lower, and
is near the water’s edge at Brownsville, gradually rises until, at
Pittsburg, it is 800 feet above the river, and in the northern
part of Alleghany County it disappears on the tops of the hills.
Then in going farther north we find the country covered with
a series of red and blue shales and sandstones with no good
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coal-seams, but soon after, in ascending the Alleghany River,
the upper seam of the lower coal-measures appears in the
bottom of the river, which is the lowest ground; and so on in
going northward each of the lower seams appears, spreads east
and west, is seen for a certain distance, and then runs out in
the air. In the more northern counties of the State only the
lower seams of coal are found on the highest summits of the
mountains, and that only in detached fields or comparatively
small fragments of basins.

This coal-region must be viewed in three aspects: First, as
it was formed by the various strata of rock and seams of coal
being laid down upon each other; second, as it was affected
by internal forces, which heaved up portions of it along certain
lines in an irregular manner, in a waving form, throwing it into -
a series of great arches succeeding each other from the south-
east toward the northwest; and thirdly, as it was afterward
affected by forces acting on its surface, which removed parts
of the upper strata and coal-seams, exposing lower rocks and
‘coal-seams, leaving only fragmentary portions, or cutting deep
channels through the coal-measures or roecks which are now
occupied by rivers and smaller streams.

1. T%e Series of Coal-Strata.—The lower cosl -measures,
by which are meant the rock-strata and coal-seams, are about
600 feet thick on the Alleghany River and the counties adjoin-
ing, and contain five principal seams of coal, designated in the
ascending order by the letters A, B, C, D, and E, of which B
and E are the largest and most reliable. At least three-
fourths of the field contains only these lower coal-measures.
Next above occur the Barren Measures, which are from 407 to
578 feet in thickness, including two thin seams of coal, F and
G, one or two feet thick. Above these occur the mpper coal-
measures, from 200 to 240 feet thick, the bottom of which is
the first seam of coal, which is the famous and very productive
Pittsburg seam H, above which, as before mentioned, is the
‘Waynesburg. Above the upper coal-measures are 900 to 1,000
feet more of strata in Washington and Greene Counties, with
some thin seams of coal, but, as none of them are workable
in this state, these may be properly called the upper Barren
Measures. There is in the northwestern part of the State a
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series of coal-measures below that above described as the lower
coal-measures, and some coal also occurs in a similar situation
in a few other localities, but this is only of rare occurrence.
The bituminous coal-seams of Pennsylvania are never as large
as the anthracite. They vary in thickness from one to two
yards, and in a few instances in some localities they are three
and four yards in thickness. Three feet of pure coal is con-
sidered a workable seam.

2. Upheavals into Coal-Basins.—Throughout the whole
field east and northeast of the Pittsburg district, and to a less
degree in the latter, the rock-strata and coal-seams are not
horizontal, nor do they even form one general basin, but they
are formed into a number of vast flexures or waves, the lines
of which run in a general northeast and southwest direction,
dividing the field west or northwest of the Alleghany Mountain
into six great troughs or basins. The first two on the east
side run across the whole State, and the first is subdivided in
Somerset County by Negro Mountain ; the second is bounded
by Laurel Hill and Chestnut Ridge toward its southern end.
The other four are not observed in the counties in the south-
western part of the State, where they strike the Barren Meas-
ures. As the upper coal-measures in the Frostburg (Maryland)
region are greatly affected by these flexures, the age of
these disturbances is evidently later than that of the up-
per coal-measures. Their absence in the Pittsburg region
is therefore because they never extended to that locality.
But that district has some smaller subdivisions of less eleva-
tion.

The result of this peculiar structure of these ridges with
the basins between them, together with the general rising of -
the strata as we proceed northward, is, that the coal-basins be-
come shallower and contain fewer coal-seams within them in
a northeastern direction. Toward the south the coal-seams
arch over from one basin to another, but farther north the coal-
strata on the backs of the upheaved portion are broken up
and washed away, and coal is only found in the bottoms of the
troughs, in long fingers of coal, as in Clearfield, Jefferson, and
Forest Counties; and finally, farther northeast, these are
broken into detached patches irregularly disposed and occupy-
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ing only the highest knobs on the highest mountains, as at
Blossburg and Towanda.

8. Denudations.—But the topography of this whole coal-
field is only in some localities governed by its geological struct-
ure. Over much of its area another important feature is, that
it is everywhere trenched by ravines and by more or less deep
valleys, the result of extensive denudations by water, and cut
out without reference to the flexures described, and the basin
or rather trough-like structure is not observed in the general
features of the country, but only in the position of the rocky
strata. This peculiar topographical and geological structure,
while it has robbed the State of much of its mineral fuel, has
given ready access to the coal, and is of great importance for
the purpose of its development.

This general preliminary view of the whole field is first
given, in order that the more full descriptions which follow
may be better understood. The field will be hereafter de-
scribed by its natural divisions into basins, the importance of
which will have been observed in the fact that in these locali-
ties, the centre lines as it were of these great inverted arches,
is found the largest quantity, and in the more northern por-
tions of the field the only coal that has escaped the general
destruction.

Northeastern Part of the Field.

From the southern boundary of the State, in Somerset
County, to the North Branch of the Susquehanna, in Luzerne
County, the southeastern base of the Alleghany Mountain con-
stitutes a remarkably well-defined margin of the coal-field. It
forms the east line of the northern half of Somerset, and the
whole of the east line of Cambria, and includes the western
townships of Centre. DBut, on the north, it is a much more un-
dulating chain, of more broken outline, too irregular to admit of
description, which stretches from Towanda almost due west-
ward by Blossburg, Smethport, and Warren, and thence with a
greatly reduced height is deflected somewhat to the south by
Meadville and Greenville until it crosses into Ohio. Along the
northern side of the basin from the Chemung group upward in
the series to the coal-measures inclusive, the strata have a gentle
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dip toward the south, leading us into higher and higher beds of
rocks as we recede in that direction from the New York line,
where the shales and thin-bedded sandstones of that group cover
the surface over all the southwestern parts of that State. In
Crawford and Mercer Counties, where the lower strata lie to the
northwest of the coal, the prevailing dip of all the rocks of the
series is toward the southeast, but along the Alleghany Moun-
tain, or on the southeastern margin, their prevailing inclination
is either northwestward or northward, being thus in every in-
stance inward as respects the central portion of the great trough
enclosing the coal. But while this is strictly true, as a general
rule, of the strata along the edges of the basin, it is always
necessary to observe that within this boundary there exist a
number of anticlinal axes, some of:them of great length and
elevation, others low and insignificant, forming throughout the
entire region an almost endless succession of more or less gentle
undulations. The northeastern part of this grest plateau is a
very interesting part of it, as it extends, in that direction, five
long, projecting spurs, each having the structure of an elevated
flat basin, bounded on both sides, and at its rounded northern
extremity by a steep slope descending into an external valley.
These five spurs are so many partially-insulated coal-basins,
the extremities merely of the long, parallel belts of the coal

measures which farther toward the southwest merge together
and deepen into the great bituminous coal-field of the State. They
are the result of five anticlinal waves of the strata entering the
region from the northeast and expiring within the coal-fields.
The structure of these mountain-basins and anticlinal valleys
may not be at once apprehended by the reader without this fur-
ther explanation. The crust of the earth seems to have been
folded into a series of waves, like sheets of paper pressed
lengthwise in 8 man’s hands, until, in this northeastern part of
the coalfield, the crust was broken at the top of the waves.
These broken rims of the basins became then the more destruac-
tible parts, the fissures of the broken mountains being here
deepest, and, when exposed to the great diluvial currents poured
southward, the soft or broken strata were in a position or state
to be most easily ploughed up, and carried off by the action of
denuding water, which has first planed them down, and then,
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finding its way to the soft mud-rock or shales beneath, it cut
deep valleys, where, but for this agency, there would have been
the highest mountains. At the same time the synclinal or bot-
tom of the basin was protected from being washed away by the
position in which it was thrown, and by the comparatively
sound although somewhat bent form of its strata. Hence, we
have in this northeastern part of the Pennsylvania coal-region,
in the counties of Bradford, Tioga, Lycoming, Potter, etc., our
valleys on what were to have been the summits of the mountains,
and our coal-basins on the summits of the present mountains,
which were the ancient valleys.'! Another curious fact is, that
. every one of these five mountain-spurs, in which the great coal-
field terminates, is cut to its base by one or more cross valleys
- or ravines through which large streams flow, such as the West
Branch of the Susquehanna River, and its tributaries, Loyalsock,
Lycoming, and Pine Creek. While the general surface of the
upper table-land is level, these ravines are many hundred feet
in depth, and with very steep slopes. The course of the valley
of the upper North Branch and of the West Branch of the Sus-
quehanna River give us an incorrect idea of the real mountains
and valleys as originally formed in the structure of the solid
portions of the earth or geological strata, which run from north-
east to southwest across the State through its great bituminous
coal-region.

The traveller along the branches of the Susquehanna, par-
ticularly on the North Branch, must be struck by its singular
course in utter disregard of the old mountains which seem to
have once run across its stream. Few of the Appalachian
rivers, says Prof. Rogers, can boast of a greater amount of at-
tractive valley-scenery than the North Branch presents through-
out its whole course from the Great Bend near the State line in
Susquehanna County through Southern New York, and thence
through Pennsylvania to the Wyoming Valley. It owes its
eminence in part to the beautiful manner in which its terraces
of northern drift or gravel have been strewn and shaped at the
last retreat or rush of waters across the continent.

4 See plate on page 167.



IX.
SEMI-BITUMINOUS COAL-REGIONS.

BEerore proceeding to the description of the great bituminous
coalfield of Western Pennsylvania, as it is divided into basins,
it will be convenient to describe some of the apparently detached
coal-districts along the northern borders, which, although sita-
ated in the second and third basins, yet from their vicinity to
each other, the similarity in the quality of the semi-bituminous
coals they produce, and which all goes into the Northern market,
may very properly be viewed and considered together. These
are the Blossburg region in Tioga County, the McIntyre at
Ralston in Lycoming County, and the Barclay or Towanda in
Bradford County.

Several other semi-bituminous coal-districts situated farther
south, and along the eastern margin of the Alleghany Mountain,
in the first basin, will be described in this chapter, namely : the
Snowshoe, in Centre County; the Phillipsburg, on the line
between Centre and Clearfield Counties ; Johnstown and others,
in Cambria County ; and the Broad Top, in Huntingdon and
Bedford Counties. After disposing of these, the main body of
the coal-field farther west, producing common bituminous coal,
can be described in a connected narrative.

1. BLOSSBURG.

The approach to the Blossburg region is from the north.
The Tioga River rises in the ravines that are cut down through
the coal-basin, and unite at that village. Thence the Tioga
Valley runs due north to Corning, New York, following the
anticlinal axis between the third or Blossburg, and the fourth
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or Cowanesque basins. This valley affords an admirable route
for a railroad, and just in the right direction toward the pop-
ulous and coalless State of New York. Seventy-five miles of
railroad carries the coal to Seneca Lake, where it is received
into 200-ton boats that carry it, by the Erie Canal and its
branches, to Buffalo, Oswego, Troy, Albany, and all inter-
mediate places.

The long, uniformly straight lines which characterize the
eastern margin of the Alleghany Mountain are nowhere found
around this its northern margin. On the contrary, we find
long, narrow prongs, with long, narrow coal-basins on the sum-
mit of each. But these finger-points of mountains are so cut
by ravines and deep valleys that only a geologist can define the
lines of the coal-basins-by observing the inclination of the
strata, and tracing them for long distances. The general incli-
nation of the formations is southwestward, and, on the State
geological map of New York, a beautiful section is given from
the St. Lawrence River, at Ogdensburg, to Blossburg, Penn-
sylvania, showing how in that short distance we can pass over
every formation, all of them represented, and rich in fossils,
from the primary system, through sll the Silurian and Devo-
nian, up to the Carboniferous.

- So new is the coal business in America, that, although this

region was only developed by the building of a railroad in
1840, it is one of the oldest of our productive coal-regions, and
its annual production is now rapidly approaching 1,000,000
tons, all coming from three mines immediately around Bloss-
burg. There are few other places in the United States where,
at present, there is so large a production of bituminous coal from
within the same limited area. As this is the first bituminous
coal-district to be described, after giving its geology, some par-
ticulars will be entered into in regard to the mines, which will
serve to furnish the reader with a general impression in regard
to the coal-works of all the other bituminous coal-regions.
These details will, therefore, not require to be repeated in
other cases.

Richard C. Taylor, of Philadelphia, was the most distin-
guished geologist of his time, and the author of a large and
valuable work called ¢ Statistics of Coal,” published in 1848,
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containing a history of the coal-regions and coal-trade of the
whole world. A revised edition, by S. 8. Haldeman, was pub-
lished in 1855. In the year 1832, Mr. Taylor made a mineral
and geological survey of the Blossburg region, and a survey of
the Tioga Railroad, which was subsequently built from Corn-
ing, New York, to Blossburg, Pennsylvania. His account of
the coal and iron-ore in this region, which was printed at the
time, has been confirmed by the discoveries and mining de-
velopments since made, and the substance of his report will be
here given as a proper description of the Blossburg region,
which is the northern extremity of the third basin of Rogers :

“In taking a general view of this distriet, it will be seen
that the Tioga Valley, at Blossburg, forms a kind of central
point or area whence. diverge irregularly a number of small
valleys or deep ravines. All these valleys, to the number of
twelve, rise with a rapid inclination above the level of this area
until they intersect the mineral strata of the surrounding
mountains, at elevations between the lowest and the highest, of
from 200 to more than 880 feet, and the usual elevation of the
suramits or table-lands being 500 or 600 feet above Blossburg.
Coal and iron-ore of different qualities prevail extensively, and,
where thus intersected by deep ravines, occur under the most
favorable circumstances for mining and for transmission upon
railroads. The approaches and position of most of these sites
were surveyed, sections of the mineral beds and the interven-
ing strata were drawn, about 25 miles of the surrounding
ravines were surveyed and explored, levels taken through the
woods for the purpose of establishing the identity and hori-
zontality of the beds,and the area around Blossburg, compre-
hending a circle about five miles in diameter, was examined in
almost every point. Almost every valley to which we have
referred is capable of maintaining its contributions of these
important products to the principal line.”

Three of these little valleys diverging from Blossburg have
since become the routes for three separate branch railroads to
the various mines of the three coal companies who now mine
and send to market the celebrated Blossburg coal. The first
on the east side is the Morris Run branch, four miles in length,
to the mines of the company bearing that name. The second,
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also on the east side, runs up the valley of Fall Brook six miles
to the mines of the Fall Brook Coal Company, situated nearly
east from the Morris Run. The third is the branch railroad of
the Blossburg Coal Company, which, also diverging from the
main Tioga Railroad at Blossburg, curves off to the westward,
. passing up the valley of Johnson’s Run four miles, to the
mines of that company, at Arnot, which is nearly due west
from Morris Run and Fall Brook, and the three lying nearly
on & due east and west line. (Ses map of Blossburg region,
page 125.)

Mr. Taylor incidentally mentions that the first coal dug in
the district was opened in the fifth coal-seam, by Aaron Bloss,
an early settler at Blossburg, whose name was given to the
mining village which afterward sprung up, and also to the
township, and has thus been immortalized and become known
for thousands of miles, and will go down in the history of the
coal-trade so long as Blossburg coal is used, or wherever the
name serves as the generic name for this species of coal.

Enough was ascertained by Mr. Taylor of the geological
structure of the country to show that no serious impediments
to practical operations can be contemplated from the prevailing
inclination of the strata. On the contrary, he remarks, it is
well known that such a depression is as likely to facilitate as to
retard an extensive system of mining when the sites for com-
mencing these operations are judiciously selected. He reports
the existence of as many as nine different beds of coal, vary-
ing in thickness from 1§ to 4} feet, and- one as much as 6} feet,
at the outcrop, within a range of about 230 feet of rock-strata.
He assumed the modest quantity of 100,000 tons as the max-
imum future annual production, which, during the last year,
has been exceeded by more than eightfold that quantity.
Some of the districts beyond the limits of his surveys, and
which, from a mere reconnaissance, he reported as containing
coal, have since proved to be very productive, among which
are the lands of the Fall Brook Coal Company. The veri-
fication, after so many years, of the report made by Mr.
Taylor at a period, forty years ago, when the whole coun-
try was covered by forests, and so little opportunity for exami-
nation was afforded by actual mining on the ground, as to the
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locsality, the quantity and quality of the coal, is calculated to
inspire us with great respect for the opinions of well-educated,
experienced, and really scientific geologists.

After referring to the coal-seams as apparently intersected,
five or eix miles from Blossburg, in the valley as far as beyond
the forks of Fall Brook, he points out the existence of coal on
the Lycoming Creek at Ralston, where the McIntyre mines
now are, also on the head-waters of Towanda Creek, where
Barclay now is, and on the Loyalgock Creek, where the Sul-
livan County field has since been developed, and pronounces
that at Towanda as “in all probability forming the extreme
northeasterly limits of the bitnminous coal -region of Pennsyl-
vania,” ag it has proved to be.

No Coal north of Blossburg.—As this geological report
was made long before any State geological survey had been
begun in New York or Pennsylvania, and while the science
was really in its infancy, there were not wanting those who
thought that coal might exist in the State of New York, and
this is also mentioned, in the preface to the Geological Report
of that State, as a prevalent opinion at the time among non-
scientific men. As a practical lesson worthy of preservation,
the following calculation was made by Mr. Taylor, showing the
mposslblhty of the occurrence of coal north of Blossburg tow~
ard or in the State of New York :

‘“ Beyond Blossburg toward the north it would be in vain
to search for the coal-strata ; for, independent of the geological
character of the country being dissimilar from the Carboniferous
formation to the south, there is no ground lofty enmough to
contain them in that direction. Near the State line a moun-
tain must be 4,100 feet high above the Tioga River to receive
them, supposing those seams to be perfectly horizontal. Suf-
ficient data, however, are at hand to show that, as the dip of
stratification is almost without exception toward the south, we
must add the amount of dip or inclination to the absolate alti-
tude of the highest land there, ere it would be elevated enough
to be capped with the coal-measures. We need not here apolo-
gize for the introduction of these details, when it will be ad- -
mitted that an attention to the inclination and direction of the
rocks is of essential importance toward an accurate knowledge

9
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and development of the geological structure of any mineral
region.” He then calculates the dip of the rocks, from Bloss-
burg to the State line, and. shows that it would require a
mountain 5,125 feet (or nearly a mile) high, to contain the coal-
measures. Then tracing the southern dip of the strata into the
State of New York to, the Narrows near where Corning now
is, he shows that 1,050 feet more would be required there, or
6,175 feet, whereas the hills are not one-tenth of that height.
He extended his examination some 60 miles farther north into
the State of New York, or 100 miles north of Blossburg, and
found a general depression of the strata toward the Tioga coal-
field, although they were in some places horizontal.

“This calculation is entered into with a view of showing
the futility of the expectation, not uncommonly expressed, of
tracing these coal-beds in a northerly direction beyond the
limits at which they are at present discoverable. Consequently
there is no probability that any portion of these mineral beds
are prolonged in that direction, and we must continue to
regard the district of Blossburg as the real northern termina-
tion of the great Alleghany coal-field.”

All of this was fully confirmed by the Geological Survey of
the State of New York, published ten years later, in 1842, and
ia the section given of the strata from Ogdensburg, New
York, to Blossburg, before referred to, showing to the eye
what Mr. Taylor had described in his report in 1832. It was
also in this survey of the Blossburg region that Mr. Taylor
first discovered in America, in the valley of Tioga River, the
Old Red sandstone, since called the Catskill group, and thus
furnished one of the first links in the chain, or the first reliable
starting-point in American geology, and for which Prof. Hall,
in his New York report, gives him full credit.

The coal-mines at Blossburg were visited by Sir Charles
Lyell, the celebrated English geologist, in 1841, and, in his
“Travels in North America,” he gives the following interesting
account of them: “It was the first time I had seen the true
coal in America,and I was very much struck with its surprising
analogy, in mineral and fossil character, to that of Europe; the
same white grits or sandstones as are used for building near
Edinburgh or Neweastle ; similar black slates, often bituminous,
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with the leaves of ferns spread out, as in an herbarium, the
species being, for the most part, identical with British fossil
plants ; seams of good bituminous coal, some a few inches,
others several feet, thick; beds and nodules of clay, iron-stone,
and the whole series resting on a coarse grit and conglomerate
containing quartz-pebbles very like our Millstone grit, and
often called, by the American as well as English miners, ¢fare-
well rock,’” because, when they have reached it in their borings,
they take leave of all valuable fuel. Beneath this grit are those
red and gray sandstones corresponding in mineral character,
fossils, and positions, with our Old Red.

“I was desirous of ascertaining whether a generalization,
recently made by Mr. Logan, in South Wales, could hold good
in this country. Each of the Welsh seams of coal, more than
ninety in number, has been found to rest on a sandy clay or
firestone, in which a peculiar species of plant, called stigmaria,
abounds, to the exclusion of all others. I saw the stigmaria at
Blossburg in abundance, in heaps of rubbish extracted from an
horizontal seam. Dr. Saynisch, the president of the mine,
kindly lighted up the gallery that I might inspect the works,
and we saw the black shales in the roof adorned with beautiful
fern-leaves, while the floor consisted of an under-clay, in which
the stems of stigmaria, with their leaves and rootlets attached,
were running in all directions. The agreement of these phe-
nomena with those of the Welsh coal-measures, 3,000 miles
distant, surprised me, and led to conclusions respecting the
origin of coal from plants, not drifted, but growing on the
spot, to which I shall refer hereafter.” He accordingly wrote
a letter to Dr. Fitton, on “ The Blossburg Coal-district and Stig-
maria,” which appeared in the proceedings of the Geological
Society of Great Britain, vol. iii., p. 554, dated September 2,
1841. Sir Charles Lyell afterward visited the Summit Hill
Mine, at Mauch Chunk, and discovered the same fossil plants
in its roof and floor, indicating the identity in age of the bitu-
minous and anthracite coal-beds.

An illustration of the fossils referred to by Sir Charles Lyell
is given on page 135, which was accurately copied, and of exact-
ly the natural size, from an unusually perfect fossil found, in
1871, in the roof-slates of the Blossburg Coal Company’s mines
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at Arnot. The reader should also refer to an ideal view of a
marshy forest of the coal-period, given on page 133, showing a
variety of plants of which the fossils occur in coal-shales.

The Tioga Railroad, from Blossburg to the New York State
line, and its extension, called the Corning & Blossburg Rail-
road, from the State line to Corning, New York, the two togeth-
er 41 miles in length, were completed in 1840, and 4,235 tons
of coal sent to market, which were followed by 23,966 tons in
1841. Previous to that time, the whole sea-coast used the Rich-
mond (Virginia) coal for blacksmithing and the manufacture of
wrought-iron in all its branches. The Cumberland (Maryland)
coal first found its way to market over the Baltimore & Ohio
Railroad, in 1842. The Blossburg region was therefore devel-
oped at an early period in tfe history of the coal-trade, in fact,
before coal of any kind was needed in large quantities for any
purpose, there being, at that time, only 800,000 tons per annum
of anthracite coal sent to market.’

Up to the year 1860, the use of Blossburg coal was confined,
with unimportant exceptions, to blacksmithing and the use of
three rolling-mills at Troy, New York, wood being the fuel used
for steam purposes, and that in a small way only, in the State
of New York. In 1861 the tonnage amounted to 112,712 tons,
besides 40,835 tons from the Barclay region. From that pe-
riod, being the commencement of the war, manufacturing, of
various kinds, requiring the use of coal, sprung up in the inte-
rior of the State of New York, especially rolling-mills, the rail-
roads commenced to use coal instead of wood in their locomo-
tives, and the salt-manufacturers at Syracuse also substituted
coal for wood in their salt-blocks.

The general geological section in the Blossburg region con-
sists of 333 feet of strata, including five workable seams of coal,
four of which have been worked at various times in the district,
and three of them are now worked. The lowest, or Coal A,
known among the miners as the Bear Creek vein, is from 3 to
5% feet thick, and was worked, as well as the Bloss seam, at the

! The late James R. Wilson, of Tioga County, Pennsylvania, and formerly of
Philadelphia, was the pioneer in this, which was one of the boldest enterprises of
thos: days ; and his brother, G. R. Wilson, of Buffulo, New York, was the first, and
for more than thirty years has been one of the largest, dealers in Blossburg coal.
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Nxzvzorrezis FLEXUOSA, literally, “ bending nerve-fern,” so named from the veins of its loaflets.
The fossil fern, here represented of the unatural size, was taken from the roof-slates of coal-
seam D, at the mines of the Blossburg Coal Company, at Arnot, Pennsylvania.
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old Blossburg mines, at that village, by W. M. Mallory, pre-
vious to 1858. It produced & good steam-coal, but it frequently
thinned out, and it is not now worked in this region. (Ses Sec-
tion at Arnot, page 137.)

The most important seam, and which is worked at all the
mines, is B, which is called the Bloss vein, which is from 13 to
29 feet above A. From this seam most of the coal of the re-
gion is produced. It is sometimes interlaid with a thin seam
of slate, and, when this occurs, an allowance is made, to the
miner, of a certain sum, for each inch of slate, added to his usual
price per ton for mining. This system is a very just one, on
account of the additional labor. At other localities, in the
same mines, this slate disappears, and the seam presents a clean
bed of pure coal, from 44 to 5% feet in thickness.

The next seam, which is worked to a limited extent, is 25
to 80 feet higher, sometimes less, and will here be called Coal b,
but, on account of the heavy bed of fire-clay on which it rests,
it is commonly called the Fire-clay vein. It is a variable seam,
from 1% to 3%, and sometimes 5, feet thick, when impurities
occur in the middle. It appears to be a rider or satellite of
seam B. It produces good coal, and, when it appears in its
best form, it is a valuable seam. It is now being mined only
in portions of the field. Coal C occurs from 7 to 18 feet higher,
and produces a specles of cannel-coal. In Western Pennsyl-
vania, this seam C is the great deposit of cannel-coal, wherever
that variety is found. DBut cannel-coal is always liable to be-
come degraded into bituminous shale, and that is its character at
Blossburg. This seam is always stigmatized, in this region, as
the Dirty vein or the Slate vein. 1t is regarded as worthless,
and has never been mined.

Next in the ascending order, at an elevation of from 7 to 20
feet above the last, is a small seam, only useful as a geological
landmark, Coal ¢, or, as the miners call it, the Monkey vein,
on account of its small size, which is from 1% to 3% feet. It has
never been opened for mining purposes.

Coal D is called at Blossburg the Seymour vein, in honor
of ex-Governor Seymour, who was a land-owner where it was
first wrought. It is from 3 to 4} feet in thickness, always free
from slate, and produces a bright, beautiful-looking coal, of a
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columnar structure, and an excellent blacksmith-coal. It is
worked in a portion of the region. Its elevation above the
last-named seam is from 30 to 67 feet, but, like all the other
intervals of rock, this is sometimes much less. Its elevation
above the Bloss seam is from 114 to 162 feet. About 50 feet
above the last is Coal E, commonly called the Rock vein, on
account of the heavy, coarse rock over it, which is sometimes
conglomeritic. This seam is from 2% to 38 feet thick, and, in &
few localities, it is of a better size, but it has never been worked.
Fifty-six feet of rock has been measured over this seam, but
without coal, and it is not improbable that the foregoing series
embraces the whole of the lower coal-measures of Pennsylvania.
Several smaller seams of coal, of about one foot in thickness,
sometimes occur, of which no mention has been made.

The sections at various places in this and the neighboring

districts prove what has been before noticed, the remarkable
uniformity of the coal-seams from mine to mine, even the very
small ones all preserving their characteristics everywhere suf-
ficiently to be identified by the miners after a very little exami-
nation. On the contrary, the intervals of rock undergo con-
stant and rapid changes, both in their size and the materials of
which they are composed. Sandstones, shales, and conglomer-
ate, are substituted for each other in the same geological hori-
zon, so that no enumeration that could be made of them would
be of much value. If they are governed by any law, the strata
of rock seem to thicken up in passing along the basin from north-
east to southwest, and the materials of which they are formed
must have been carried by numerous currents running across the
basin, or northwest and southeast, 8o as to afford a variety of rock
formed of sand, mud, and pebbles, on the same geological level
in going from northeast to southwest, or down the present basin.

Fair Brook ViLLage AND Mmves.—The first coal was
shipped from the mines of the “ Fall Brook Coal Company”
in March, 1860, and there have been produced and shipped
from them 1,951,600 tons to January 1, 1872, The country
for several miles around was a pathless wilderness, covered with
heavy timber. There are now at Fall Brook 238 tenement-
houses, all owned by the company, costing $120,000; 20 other
buildings, including an hotel, store, offices, barns, storehouses,

1
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and shops, costing $35,000; coal-shutes and other coal-fix-
tures, $50,000; steam saw-mill, $13,000; and the clearing of
land cost $18,000. These, it will be observed, are all outside
expenses preparatory to mining coal, while a vastly larger sum
has been expended underground. The opening of the mines,
before commencing the mining proper, cost §75,000. What is
called mining plant, consisting of mine-cars, mine-locomotives,
tools, iron, etc., cost $50,000, besides $14,000 for mules, horses,
wagons, etc., necessary for carrying on the business, and
$35,000 for iron in mines for tracks, frogs, switches, etc.

These items will give the reader an idea of the expenses to
be incurred in preparing to mine coal on an extensive scale, to
. all of which must be added the cost of the coal-land and an
extensive body of timber-land, the construction of railroads,
the purchase of railroad-cars, locomotives, and building and
furnishing of machine-shops, besides working capital for carry-
ing on the business of mining, transporting, and selling coal.
It is necessary to have at least two acres of timber-land for one
of coal-land, in order to supply luinber and timber for mining
purposes, such as props, for the safety of the miners, and the
protection of the mines.

But the mines are the important part of the establishment.
The method of working the mines is called square work. The
gangways are driven seven feet wide, and have back or
parallel headings six feet in width at right angles to the gang-
ways, there being 10 yards of pillar left on each side of the
gangways. The breasts, or rooms, are worked off the back
headings 18 yards wide, forming two breasts together, or in
each range, and they are driven 60 yards in distance, and a
pillar 15 yards wide is left between each range of breasts.
The breasts are worked thus narrow because of an upper seam
of coal 40 feet above the lower one, which is worked simulta-
neously, and the pillars are left closer together to insure the
safety of the upper seam and the men and operations there.
In another drift, where it is not intended to work the upper
seam, the breasts are worked 24 yards wide, and pillars 18
yards wide are left between each range of breasts.

After the breasts are all worked out in this manner over a
given territory, the place is finished by taking out the pillars
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also. This is done by first splitting them, by driving a heading
through the middle of them, six feet wide; then commencing
inside or at the farther end, the remainder of the pillar is
mined out by drawing back the pillars, which are about 20
feet wide, on each side of this heading, which affords a place
of safety for the miner and the mine-car should the top come
down. By this method the loss of coal is practically nothing,
as not more than two per cent. of these pillars is lost in draw-
ing them, while, of the much larger amount mined in the
breasts, headings, and gangways, scarcely any thing is lost. This
method of mining, however, can only be practised where a good,
hard, self-sustaining roof is found, like that at Fall Brook.

The maximum quantity of coal a good miner will cut is six |
tons per day, or 150 tons per month of 25 days, although but
few miners work more than 22 days per month. In headings,
a fair average miner will drive about 28 yards per month, say
about 110 tons of coal, and for this work he is paid by the yard
as well as by the ton.

In one of the drifts, where mules are used, the tram-road
has a gauge of two feet two inches; the mine-cars weigh 380
pounds, and hold 1,050 pounds of coal. This car or wagon is
of a very convenient size, being easily handled. With a double
track for nearly a mile underground, there is no difficulty in
bringing out of this drift 1,000 tons per day. With a single
track and sidings, not much more than half that amount could
be carried.

In another drift the road is two feet nine inch gauge, in or-
der to run mine-locomotives and to test the economy of their
use as compared with mule-power. The mine-cars here weigh
580 pounds, with capacity for holding 1,500 pounds of coal.
The proportion of dead weight to the coal carried increases
with the width of track. Mr. James Herron, the manager of
these mines, says, as the result of his observation and experi-
ence in mining operations, that, for coal-seams of nearly 5 feet,
such as those at Fall Brook, a tram-road of two feet four inches
gauge, with a mine-wagon of the capacity of 1,200 or 1,300
pounds of coal, with flange-wheels and a T -rail, would secure all
the advantages obtainable in economy and convenience for
hauling of coal from the mines to'the shutes.
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Two mine-locomotives were used in one of the drifts at
Fall Brook, but their use inside of the mines has been discon-
tinued, and that of mules substituted. The experience here
was, that where up-grades occurred in the mines, or a large
business is to be done, requiring much steam, the difficulties
endured by the engineer and brakeman from the smoke, steam,
and especially the carbonic acid produced by the engine in a
confined place, Jike the gangways in coal-mines, become in-
tolerable. Counting also the wear and tear and incidental ex-
penses, it was found that more coal could be brought out of the
mines in the same time by mules and fully as cheap. Where,
however, the road.is nearly level, and the slight grades that
exist are in favor of the loaded mine-wagons, and no brakemen
are required, mine-locomotives can be used with satisfaction
and economy, and when tram-roads of considerable length are
required out of the mines they answer a good purpose, or in
lofty gangways in the large anthracite coal-beds.

The number of miners, laborers, mechanics, etc., directly
employed in mining coal and in labor connected therewith at
the mines, in producing 250,000 tons of coal per annum, which
is the present production at Fall Brook, preparing it for mar-
ket and putting the same in railroad-cars, is about 450, and the
number of persons, men, women, and children, directly sup-
ported by the production of that amount of coal, will reach
1,800. '

The Fall Brook Coal Company was founded by the late
John Magee, formerly of Bath, N. Y., afterward of Watkins,
N. Y., and the property is now exclusively owned by his heirs.
A portion of the railroad by which the coal is carried to Wat-
kins belongs to this company, together with locomotives, cars,
extensive shipping-docks on Seneca Lake, canal-boats, and
other property connected with the transportation of the coal.
They also own the mines at Antrim, and the railroad from
Corning to them. General Geo. J. Magee is the president, and
John Lang treasurer. The company’s office is at Watkins, N. Y.

Morris Rexn MiNes axDp Vierage.—These mines are near
the centre of the township of Hamilton, recently erected,
which comprises the easterly part of the old township of Bloss.
The tract of land pertaining to these mines contains about
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7,000 acres, occupying the whole width north and south, and
about three miles in length of the Blossburg coal-field. The
village is located in the valley of Morris Run, which has been
cut down through the coal-measures by the waters of the
creek, thus affording an easy entrance to the coal and drain-
age for the mines. This village contains 847 dwellings, three
school-houses, a store, office, hotel, market, saw-mill, town-hall,
and forty-four other buildings, together with three churches,
namely, Congregational, Methodist, and Baptist, having a
population of 2,250, and, excepting only the churches, is owned
wholly by ¢ Zhe Morris Run Coal Company.”’ These im-
provements have cost, independent of mines and movable fix-
tures, about £500,000.

The principal seam of coal, B, or the Bloss vein, is of vary-
ing thickness, not exceeding five feet. At the lowest part of
the basin it lies nearly level, rising with an increasing ascent
toward the outcrop, both to the north and the south. The
greatest dip thus far observed is one in six—equal to an
angle of nearly fen degrees, but usually the dip is much less.
The floor of the mines is of hard fire-clay, slightly undulating.
There is no explosive gas in these or in any other mines in
this region, and so perfect is the ventilation that during the
past eight years there has been no delay ner loss of time on
that account. The roof is almost invariably good; props are
set in rows about 4% feet apart each way. The system of
mining is known as the ¢ post and stall,”” the gangways are
made nine feet wide for a single track, affording room at the
sides for men and mules to pass the cars. The parallel gang-
ways are 400 feet apart, and, between these, chambers are
worked transversely, 96 feet wide and separated by pillars 45
feet in width. Pillars 30 feet wide are left on both sides along
the gangways. The overlying strata are from 50 to 250 feet in
depth, and, as the pillars sustain the weight without crushing,
the roof being good, the entire deposit of coal is taken out with
no more waste than would occur in moving coal from a pile in
a coal-yard.

The average miner, working alone, mines 4} tons per day,
and, assisted by a boy, he mines 6§ tons. Nearly all of the
coal is level free, or above the natural drainage. The headings
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and gangways are driven on the line of, or at right angles with,
a slip, or natural vertical parting in the coal ; and with so much
regularity does the miner follow this guide, that his work is
found to admit of straight lines, run by the transit, of 3,000 feet
in length. The slip is a thin, vertical cavity in the coal, usually
filled with a fine atomic substance resembling pulverized char-
coal, and it magnetic course is south 12° east.

The tracks in the minesare T -rail, weighing 16 pounds to the
yard, and of 30 inches’ gauge. One of the mines of this company
was formerly worked by the Tioga Improvement Company,
under the management of Alfred Jones. Three mines are now
worked, called the East, the Tioga, and the Jones mines, and to-
gether they have a capacity of 2,500 tons per day. The largest
mine, having a double-track entry, yielded 40,388 tons in one
month from one drift, and at about that rate for several months,
working 26 days, eight hours per day. The largest production
in one day of eight hours was 1,850 tons. This exceeds the
capacity of any anthracite mine.

In the year 1870 a small locomotive was introduced to take
the place of mules in hauling the coal from the mines. It
weighs five tons, runs on a ggack of 30-inch gaunge, and is equal
to 12 mules. It works well on outside roads, but, unless some
plan shall be devised to prevent the escape of smoke, it is
doubtful whether the locomotive can be used to advantage in-
side the mines. The experiments here seemed to show that it
is not suitable for inside hauling.

During the winter months but little coal is sent to market;
the production is continued at a moderate rate, and from
50,000 to 100,000 tons put on the stock-ground at the mines.
One hundred thousand tons of coal in one pile is a sight worth
seeing. The coal thus stocked is shipped during the summer
when needed, to keep the movement regular, on occasions of
accidents, holidays, etc. A steam-shovel is employed in the
stock-coal, capable of loading 100 tons per hour into the cars.
Three men are employed on this machine, and the expense of
moving the coal is reduced to less than one-half that of hand-labor.
It cost $4,700, and in form it resembles an ordinary dredging-
machine or steam-excavator, mounted on & railroad-track.

Eight hundred men are employed in the mining operations
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at this place, and they with their families, numbering 2,250, are
wholly supported by this business. These men earn annually
$430,000, nearly all of which is expended in this county for
the various necessaries of life and for land. There is a brisk
demand for all agricultural products, and the whole of Tioga
County is greatly benefited by this mining business.

The production and shipment of coal from the mines of the
Morris Run Coal Company in 1871 were 385,996 tons, and the
total since the opening of the mines by the former owners in
1853 is 2,842,263 tons, of which 1,331,269 were used for manu-
facturing salt at Syracuse, N. Y. The company is exclusively
a coal mining and selling company, their railroad transporta-
tion being furnished by the Blossburg Coal Company, who own
the Tioga Railroad; but they have a fine shipping-dock at
Coal Point, near Watkins, N. Y. The stock of the Morris Run
Coal Company is held chiefly by James P. Haskin, of Syra-
cuse, N. Y., where the company keep their office. The only
other stockholders are William T. Hamilton and wife. Mr.
Hamilton is the secretary and the executive-officer of the com-
pany. W. S. Nearing is the manager of all the company’s opers-
tions in the production of the coalgnd other business at Morris
Run. Hon. T.T. Davis, late of Syracuse, deceased, and his son,
Major Alexander H. Davis, formerly had a large interest in the
stock of this very successful company. -

Mines of the Blossburg Coal Company, and their Village
called Arnot. o

This company commenced work in 1866, when they estab-
lished their mines and mining town at a point in the then
wilderness country about four miles westerly from the village
of Blossburg, without even a common wagon-road by which to
approach the place of their operations. In a short space of
time, with almost unparalleled energy, they built not only
wagon-roads but also a substantial railroad connecting their
mines with the Tioga Railroad at Blossburg. Where a dense
wilderness existed in 1866, now may be seen a village contain-
ing 280 good, substantial tenement-houses, and about 2,200 in-
habitants, an extensive steam saw-mill and general lumbering
establishment, a large store, storehouses, barms, coal-shutes,
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and other improvements necessary to successful operations in
mining and producing coal, all the property of this company,
and occupied by their miners and other employés. F. N.
Drake, Esq., of Corning, N. Y., is the president of this com-
pany, and to his sagacity, energy, and business capacity, they
are largely indebted for the success that has attended the enter-
prise in which they are engaged.

The production of coal at their mines, in 1871, amounted to
about 220,000 tons, and will doubtless be increased to 300,000
tons in the year 1872. They employ regularly about 700 men
in mining and outside labor, including their lumbering business,
and use in connection with their mining operations about 60
mules, 700 mine-wagons, and one small locomotive. This
locomotive is used exclusively in hauling the coal from the
entrance into the drifts to the shutes on the railroad, where it
is traneferred through pockets into cars and made ready for
transportation to market. According to the report of James
Cameron, the mining superintendent. this small locomotive
performs the labor of at least 14 mules, quite as expeditiously
and satisfactorily, and at a largely reduced expense. The
tram-road on which it is used is of two feet and six inches gauge.
T-rails are used, weighing 25 pounds to the yard, and mine-
wagons earrying about 1,500 pounds each. This company
owns about 20,000 acres of land, or about 31 square miles of
territory, and, situated as it is in the coal-basin, it is believed to
be mostly underlaid with coal. Two seams are now being
worked, one about 150 feet above the other, producing from
1,000 to 1,400 tons daily. The coal-seams occur in a very
regular position, with sufficient dip for good drainage, without
being too steep for easy transportation of the coal. The gang-
ways, by which are meant the principal roads extending
through the mines; the headings, by which are meant. the
roads running through the mines at right angles with the gang-
ways, sometimes called the parallel headings; and the breasts
or wide apartments, in which the principal part of the coal is
mined, opening out from the headings, are all laid off at right
angles as regularly as the streets of the city of Philadelphia.
But the plan of the mines presents this important difference,
that all these gangways and headings are double. Here is a
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great item of expense which the visitor or casual observer sees
but little of, being, like many other expensive improvements
necessary in operating coal-mines, seen and appreciated only by
those who make a more thorough inspection. The object of
these double gangways was shown in describing the method of
furnishing the mines with fresh and pure air,' to accomplish
which this company have spared neither pains nor expense, and
88 & consequence their mines are well ventilated.

This company own the railroad branches from Blossburg to
Morris Run and to Arnot, and that over which their coal as
well as that produced by the Fall Brook and Morris Run Com-
panies is transported, extending northerly from Blossburg to
the State line, a distance of 26 niiles, and in all84 miles. At
Lawrenceville it connects with the Blossburg & Corning Rail-
road, operated by the Fall Brook Coal Company, and extend-
ing from the State line aforesaid to Corning, a distance of about
15 miles, and over which the productions of the other two
companies mentioned are also transported. From 150,000 to
250,000 tons of the production of the Blossburg Coal Company
are furnished annually by them to the Erie Railway Company for
fael for their locomotives, etc. A large portion of the balance
is transported to Watkins, where they have extensive transfer-
works for reshipping coal from cars to boats on the Seneca
Lake. All three of these collieries and mining villages present
the same general features, and portions of the descriptions of
each apply to them all. The improvements made by the three
companies are all of a substantial and durable character, and all
their operations are on a liberal scale. The mining-work has
the important advantage, that it is continued without mterrup-
tion during the whole year, and with very little fluctuation in
the rates of wages or the demand for labor. The companies
all have sufficient capital, and pay all their employés promptly
in money as soon after the close of each month as their ac-
counts can be settled. The coal is sold at a very low price, but
at very uniform prices throughout the. year, aad from year to
year. As it is used for locomotive and other steam purposes,
for rolling-mills and other manufacturing uses, it is not subject
to the fluctuations in the demand to which the trade in anthra-

1 See page 99, and cut on page 145.
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cite for domestic use is liable. The demand has for some
years been steadily increasing, and there has been no excessive
production. While these coal companies have been wise
enough to be satisfied with a small profit on each ton, and
have thus very much increased the market, they have been
prudent enough not to be induced by competition to sell any
part of their production at less than its cost.

ANTRIM.

At the mines and mining villages already described, the
works are completed, and in full working order. More dwelling-
houses for miners may hereafter be erected as may be neces-
sary, in order to incrense the production of coal, but, in other
respects, little change takes place, except the enlargement from
year to year of the underground operations.

At Antrim, on the contrary, the visitor during the summer
of 1872 could have seen the commencement of a new colliery,
and, if he had the time to spend, he might have witnessed every
successive step from the first exploration of the land for the dis-
covery of the coal-seams down to the shipment of the first coal
to market.

The Fall Brook Coal Company having determined to develop
the coal on their lands situated south of Wellsboro, and west of
Arnot, have lately built a railroad 88 miles in length, from
Lawrenceville, at .the New York State line, to Antrim, by way
of Wellshoro. It is now completed and in running order to the
latter place, and the remainder of the road will be finished
before these pages reach the reader. This new railroad connects,
at Lawrenceville, with 15 miles of road belonging to the same
company, called the Corning & Blossburg Railroad (ses map
on page 125). The Fall Brook Coal Company thus will have a
complete line of road from the Erie Railway at Corning .to
Antrim, 53 miles in length. They also own the six miles of
road from Blossburg to Fall Brook. Although the road to
Wellsboro passes through the older settled portions of Tioga
County, and that pleasant and thriving village, yet the princi-
pal object in its construction was as an outlet to market for the
coal from Antrim. The mountains of Northern Pennsylvania
are covered with a dense forest of large hemlock-trees, extending
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for many miles without intervals of cleared land. Those who
settled. in this country as farmers, preferred the valleys situated
lower down than the coal-rocks. About eight miles of the
route of the railroad next to Antrim is through the forest re-
ferred to, the location of the mines Fio. 1.
being between Wilson’s Creek and
Babb’s Creek. Here in this lately
silent wilderness, hundreds of men are
busily at work building railroads, coal-
shutes, and other fixtures, opening
mines, building tram-roads, erecting
numerous dwellings for miners and
other employés, stores and store-
houses, and arranging for the perma-
nent and comfortable accommodation
of a population of some 2,000 people,
and for the mining and sending to
market of a large quantity of coal.
This will be simply another Fall
Brook village with similar mines, in
the same third coal-basin, in the same
Blossburg seam, and producing the
same bituminous coal belonging to
the same coal company. Con
The Antrim mines, as will be no-
ticed on the map on page 125, are
situated near the common corner of
Charleston, Morris and Delmar town-
ships. Here the Fall Brook Coal Com-
pany own a large body of coal-lands ,,,
as well as at Fall Brook, together
amounting to 23,000 acres. The
whole area, in addition to its mineral
wealth, is covered with a noble forest
of hemlock and hard-wood timber of
an excellent quality.
The annexed geological section, oftho Coal Strata at Anriam
furnished by the company’s engineer, Boale 80 feet to 1 inch.
Mr. A. Hardt, shows two coal-seams of an excellent workable

CoaL «
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thickness, separated by 64} feet of intermediate strata. The
railroad will be completed and ready to ship coal from Antrimn
in January, 1873. These mines will prove a source of wealth
and prosperity to the people of Tioga County, in addition to the
great convenience of having a railroad connection from the
heart of the county to the outside world.

But the quality of the coal produced in the Blossburg region,
the true and substantial basis of the business, remains to be
considered.

Semi-bituminous Coal.

In view of the large tonnage in this species of coal, and the
fact that there is less known in regard to its qualities and pe-
culiarities than other coals, a further account of the latter will
now be given, which will also apply to all the semi-bituminous
coals from the other regions, particularly those from the Mc-
Intyre and Towanda districts. -

On taking a general view of the field of semi-bituminous
coal, we see, along the eastern part of the Alleghany range of
mountains, a region which produces an entirely different kind
of coal from the anthracite, and different from the common
bituminous coal, possessing peculiar and very valuable proper-
ties. This kind of coal is not found outside of the region men-
tioned, and the changes which are seen in all coals elsewhere
east and west of it show that this is the only part of the coun-
try in which semi-bituminous coal may be expected to be found.
These coals are known in the markets where they are sold by
the names of Blossburg, Clearfield, Broad-Top, and Cumberland
.coals. The first is produced in Tioga County, Pennsylvania,
near the village of Blossburg, 30 miles south of the south line
of New York. The Barclay or Towanda region is situated
in the adjoining county of Bradford, east of the Blossburg, at
the same distance from the State line, and is farther east than
any other coal except the anthracite. The McIntyre or Ralston
field is midway between the other two just mentioned, and in
the northern part of Lycoming County. Broad-Top coal is
found on the line between Huntingdon and Bedford Counties, in
the southern part of Pennsylvania, and the Cumberland region
is in the western part of Maryland. A line drawn on the map
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of Pennsylvania and Maryland through the Blossburg region in
a southwestern course would pass through or near the Broad-
Top and Cumberland, as well as two other intermediate semi-
bituminous coal-regions at Snowshoe and Phillipsburg, in
Centre County, Pennsylvania, all of which produce the same
species of coal. The production of the semi-bituminous regions
in Pennsylvania in 1871 was as follows:

Tons.

1. Blossburg, 8 coal companies.......cccevuvnsess 815,079
8. Melntyre, 1 “ B eeereereteaaananna, 106,180
8. Towanda, g « e tetreccsseassannnns 878,885
.4. Snowshoe, 1 & i iieteeaectsseiennns 82,468
5. Phillipsburg, 16 B iiiieiieeiaiaeas 542,896
6. Johnstown or Cambria Iron works, 1 company...... 268,472
%7. Cambria County on Penn. Railroad, 10 companies.... 208,792
8. Broad-Top, 19 companies.....cuveeeeeereeinenncans 819,618

Total.ueenererrenreaneaneeneennnnn. 2,714,790

These regions produce what may emphatically be called the
manufacturing and steam-making coal from which our country
derives important elements of its greatness as a producer from
the raw material of whatever is used by man, as well as, to some
extent, its commercial and national prosperity. This coal is
therefore worthy of a special account, as well as for the im-
portance it has attained in the market, and the probable
future magnitude of the trade.

“The term difumenous coal is somewhat deceptive, and it
must be remarked that it does not mean that any bitumen or
mineral pitch soluble in ether is contained in it, but that the
gases, oxygen, hydrogen, and nitrogen enter more largely into
its composition than in anthracite, and give it a more flaming
character in burning.” It burns like bitumen, but it is doubtful
if any coals contain bitumen in the ready-formed condition.

Semi-bituminous coal, in the sense in which we shall use the
term to distingmish it from commeon bituminous coal, is that
peculiar kind produced in the regions mentioned, which, while
it yields coke and combustible gases, yet contains only 11 or
12, and always less than 18 per cent. of volatile combustible
matter, and not less than about 70 per cent., and never more
than 84 per cent., of carbon.
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‘Whatever may be its useful qualities, it must be confessed
it is in mere appearance inferior looking to almost any other
kind of coal. As it comes from the mine, or, in technical phrase,
‘“the run of the mines,” it consists of at least from one-third to
one-half of fine coal, or what English miners call ¢ dead small,”
and some of it may be called dust. The large or lump-coal is
black, shining, and much more easily broken than anthracite,
falling into irregular-sided cubical pieces, the cleavage being
very much the same in a cross-fracture as in the plane of strati-
fication. Itseldom cleaves into smooth, perfect cubical blocks of
any size like the Pittsburg coal It is decidedly dirty, cannot
be touched without soiling the hands, and its whole merit and
value consist in its useful qualities.

All other kinds of coal must concede to anthracite, as has
been said, the market for household use, on account of its su-
perior cleanness and freedom from smoke, soot, and flame.
Anthracite and the harder species of laminated splint coal, from
their hardness, alone can sustain the weight of a charge in a
blast-furnace for making pig-iron. Lehigh and other very
hard anthracites are preferred for melting pig-iron for foundery
purposes. The true bituminous coals from the western part of
the Alleghany coal-field in Western Pennsylvania and Ohio are
justly entitled to the market for manufacturing gas. DBut there
is no other purpose except the above for which semi-bitumi-
nous coal in its raw state is not well adapted. It has a wider
range in its use than any other kind of coal. For blacksmith-
ing, for puddling, and heating in rolling-mills, and for steam,
all kinds of coal are used, just as all sorts, however unsuitable
or inferior, are to some extent used for household purposes ; but
the kind of coal which is invariably admitted to be by far the
best adapted for the work of the blacksmith or ironsmith (as
he should properly be called) is what we are describing as the
semi-bituminous coal. This is mainly owing to ite great heat-
g power, and its making what is called in the language of the
trade “a good hollow fire.” The fine portions of the coal, which
are generally used alone in this ‘work, become adhesive and
cemented together in burning into & compact body on the out-
side; the fire being confined to the interior of the mass, the
coal not burning outwardly, but only around the iron which
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the smith is heating, and forming an arch lined with burning
coals, into which the iron is thrust, while the outside presents
no appearance of fire. This is not only a more economical fire,
burning the coal only where it is needed, and protecting the
workman from the heat of an outside blazing fire, which is so
objectionable, particularly in hot weather, but it makes a hotter
fire by concentrating the heat in the interior directly in contact
with the iron where it is needed.

In addition to this, these semi-bituminous coals possess the
very valuable quality so indispensable for this work, and so im-
portant in all uses, in being free from sulphur. The great im-
portance of this is but little appreciated in the Eastern States.
As so much of the coal produced throughout the great Alle-
ghany coal-region is of a good quality, we are only enabled
properly to estimate its real excellence and its great purity
after witnessing the masses of sulphate of iron brought out of
the mines with the coal, and much of it adhering to it and
sold as coal, in the States of Michigan, Illinois, and Misscuri.
For smithing, or for any work connected with the manufacture
or use of iron, nothing is more injurious. In the New York,
Philadelphia, Baltimore, Boston, and other Atlantic markets,
no other coal is sold or used for blacksmithing but Cumber-
land, Clearfield, and Broad Top; while in the interior of the
State of New York, in Western Canada, or Ontario, and in all
the Western or Northwestern States, every blacksmith uses
Blossburg coal, which is the generic name by which all this
kind of coal from Northern Pennsylvania is called. As an in-
stance of the distance to which this valuable fuel is carried, it
may be stated that 75,053 tons were shipped in 1871 from
Oswego and Buffalo to Canada and our own Western States.
Chicago alone took 21,248 tons before the great fire, and had
an insufficient supply, much of which was resold and shipped
off by railroad westward and northwestward. Some of it was
resold as far as Omaha, and shipped still farther westward
hundreds of miles toward the setting sun. The blacksmiths of
Salt Lake City, in Utah, use Blossburg coal, and it is even car-
ried in sacks over the plains and over the mountains through
the gold-regions of our far Western Territories, to sharpen the
tools of the miner several thousand miles from Blossburg, where
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it was mined. This is owing, not to the absolute want of other
coal, but to the Western coal not possessing those peculiar quali-
ties before described required for this business.

‘What has been said in regard to blacksmithing applies t6
puddling, heating, and rolling-mills. This work, however, is
not done by a hollow fire, but by the passing over the iron of
the heat and flame of the coal, requiring a strong coal with
great heating power, burning with a flame so as to diffuse the
heat from the furnace where it is burnt over the iron placed in
the line of the draught, requiring also a coal free from sulphur
and other impurities. All the puddling and heating furnaces
from Troy, New York, to Buffalo, use Blossburg coal in very
large quantities, as by the statistics of the trade for 1871 herein .
presented will appear. See page 159.

There is aleo this important and useful attribute of this
species of coal which is not .often referred to, but which is a
high recommendation for its use in blackamithing, in puddling,
and heating in rolling-mills, and in generating steam under
boilers, giving it an advantage over anthracite: « The hydrogen
of tho gneoous part of the coal is a potent purifier or remover
of any nulphur with which either the coal itself or the iron may
he sontaminated. The excellence of the iron of the bituminous
Dlacle hand of Scotland is admitted to be due to the purifying
nflusnco of the hydrogen of its bitumen.”—(Rogers.) The
wiporlor quality of the wrought-iron puddled and heated with
sonl-bituminous coal is well known ; the reason being that the
unthracite, unlike the semi-bituminous coal, contains but little
hydrogen to form a chemical combination with, and carry off
tho sulphur.  The Ohio geologists have proved, in the course
of the present survey, that where the sulphur in coal is not
combined with iron but with the volatile portion of the coal, it
passes off in coking, or in ordinary combustion.

But the largest demand for Blossburg and other semi-
bituminous coal is for the generating of steam in locomotive and
stationary boilers. The qualities required fora good steam-coal
are various, and are not very well understood. The value of
coal for this purpose of course depends mainly upon its heating
power, and it has been often said, very unphilosophically, that
this depends on the proportion of carbon it contains. It is pro-
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posed to add to this volume a chapter on the combustion of coal,
and at present it is sufficient to say that combustion is the
chemical union of the combustible material with oxygen, and
that the hydrogen in Blossburg coal theoretically is capable of
uniting with three times as much oxygen as so much carbon could
have done. It therefore gives the coal more heating power
than if the coal were all composed of carbon. Carbon, however,
i8 the most useful constituent of coal, because the most available.

“The question of the value of coals for the purpose of gen-
erating steam is, of course, mainly dependent on their heating
power ; that is, on the weight of water which a given weight of
coal, burned under a given evaporating vessel, can convert into
steam while undergoing combustion. But this is not the only cir-
cumstance requiring investigation, in order to decide their value.

¢ The manner in which it burns, whether with much or little
flame ; the amonnt and character of its combustible ingredients ;
its facility or difficulty of ignition ; the perfection of the com-
bustion, or the proportion of the whole amount consumed to
that of the combustible matter placed upon the grate ; the con-
centration or diffusibility of its heat ; the proportion of humidity
and that of the sulphur which it may contain, with the con-
sequent liability, under certain circumstances, to undergo spon-
taneous combustion—are all points. requiring attentive con-
sideration. In addition to these, we have the question of the
manner in which each coal behaves when coming to the tem-
perature of ignition ; its tendency to retain its original form ;
the nature and extent of change when any occurs, whether by
simply cracking and disintegrating into angular fragments, or by
enlarging the bulk, rounding away and obliterating the angles,
and yet not agglutinating mass to mass ; or, finally, by wholly
changing its form and consistence, swelling to a great degree,
and cohering so as to form a nearly continuous roof, and thus
impeding the passage of air through the ignited coal. In some
cases the question of the amount of solid matter which ac-
companies the gaseous products of combustion in the state of
smoke, becoming soot upon the flues of the apparatus in which
the combustion is conducted, is one of great practical impor-
tance. Of these incidental questions the amount and character
of the incombustible ingredients of different coals is a point



156 SEMI-BITUMINOUS COAL-REGIONS.

eminently deserving of notice. It indicates the deduction
which must, in all cases, be made from the heating power of an
equal weight of the coal, considered as pure combustible matter;
it shows the extent and kind of labor requisite in managing the
farnace; it warns us what to expect in regard to the durability
of grate-bars, and the adhesion of scoris to those important ap-
pendages of the furnace. All these subjects must necessarily
engage the attention of engineers and furnace-managers, andno
little portion of the good or bad character in coal may be con-
sidered to depend on these circumstances. The relation of the
incombustible ingredients of coal to each other is often such s
to render the mixture fusible at the temperature of ordinary
furnaces, or at least to be in a certain proportion reduced to s
pasty, coherent mass upon the grate, impeding the passage of
air, leaving another portion unvitrified, and capable of passing
through the interstices between the bars. For different coals
this proportion is very different, even when the combustion is
conducted as far as practicable in the same manner and with
the same intensity of heat.”—( Walter R. Johnson.)

The tendency of semi-bituminous coal to melt and cohere s0
as to form a crust and in part impede the passage of air through
the coal, might at first view be considered as an objection to its
use for steam purposes. But in the chapter on the combustion
of coal it will be shown that, for the proper utilizing of the
hydrogen gas given out in burning, a very large quantity of
atmospheric air is required, so large that very few furnaces
afford a sufficient supply to produce perfect combustion. Now,
in burning bituminous coal which has not this melting or
caking quality the hydrogen gas is given out so rapidly, the coal
burning altogether outwardly, that for the want of sufficient
oxygen much of it passes off unconsumed, and a large part of
the heating power of the coal is lost, whereas with the semi-
bituminous or caking coal the gas iz partially retained by the
formation of the crust, and is given out more gradually, the crust
acting the part of a temporary gas-holder, from which the fire-
man with his poker can, a8 occasion requires, by breaking the
crust, allow the gas to escape in such quantities that it may
unite with the limited supply of oxygen. This caking quality
is very valuable in a locomotive coal, where the draft is so strong
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that an adhesive coal is preferred, and it admits of the use of
grate-bars with wider air-spaces than can be used with other
coal that would be liable to fall through the grates, which is at-
tended with a loss of fuel.

¢ The superintendent of the United States Armory at Spring-
tield, Massachusetts, has recently been conducting a series of ex-
periments to test the value of certain kinds of coal as steam-
generators. Each variety of three different classes of coal was
used for six consecutive days in raising the steam for the engine
of the establishment, with the following reported results: Of
the Lackawanna, or hard anthracite, 4.01 pounds per horse-
power were used per hour ; of the Pittston, a softer anthracite,
4.02 pounds were used ; and of the Cumberland, or bituminous
coal of Maryland, 3.03 pounds were used. At the Springtield
Armory, the Lackawanna coal cost $8.50 per gross ton, the
Pittston $7.85, and the Cumberland $9.10. From these data
it is calculated that the cost, per horse-power, is 15 mills for
Lackawanna, 14 mills for Pittston, and 12 mills for Cumberland ;
and it is therefore alleged that bituminous coal is the more
economical fuel as a steam-generator, making more heat and
creating more power per pound and per cent. of cost than the
harder coals.

¢ This has also been done at Colt’s Armory in Hartford ;
and after careful experiments it was found that for steam-
generating purposes the Cumberland coal was better and
cheaper than the anthracite, whether compared ton for ton or
by the relative cost of the two.”

And Prof. J. P. Lesley, in the United States Railroad &
Mining Register, adds : * This result was established years ago
by the experiments conducted by Walter R. Johnson under
orders of the United States Government, and has been re-
established by the practical working of the coals used by the
ocean-steamers.” -

Prof. Johnson conducted experiments on 41 different
varieties of coal, both anthracite and bituminous, and among
others with Blossburg coal. By his report, published by
Congress in 1844, it appears that ¢ the rate of evaporation of
water per hour by Blossburg coal was scarcely exceeded by any
coal tried during the course of these experiments,” and in the
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table of the names of the coalsin the order of maximum rapidity
of evaporation Blossburg is second on the list of 41 varieties,
being above all the Cumberland and anthracite coals, as it is
also in the table showing the order of the coals in respect to
rapidity of ignition. Rapidity of ignition and in evaporation
are very important qualities in a steam-coal, especially in a
locomotive, or other engine where time is of great importance.
In the order of the evaporative power with equal weight and
equal bulk of coal, and in the various other aspects in which
comparisons were made, Blossburg takes a high rank equal or.
above most varieties of both Cumberland and anthracite.

In this report, Prof. Johnson first pointed out the re-
semblance between the coke formed in the combustion of
bituminous coal and the lungs of animals. Respiration is a
process exactly analogous to that of combustion, both being the
chemical union of the particles of carbon or hydrogen with
particles of oxygen. These do not unite readily but by atoms,
and must be brought together in as many small jets as possible.
Nothing in nature is 80 admirably fitted to expose large surfaces
for the rapid absorption of oxygen as the lungs ; and the superior
rapidity of combustion and heating power of a coal-forming
coke is the known fact of its porous texture and the admis-
sion of numerous small particles of air to a vast extent of sur-
face for combustion. But with respect to anthracites, on the
contrary, it may be said that their combustion is effected
solely by the contact of the air with the surfaces of their solid
masses.

The following is & summary of the total joint production of
coal from the Blossburg, McIntyre, and Towanda coal-regions
for 1870 and 1871, with a statement of the uses made of the
coal in the latter year:

COAL REGIONS. 1871. - 1870. Increase.

Blossburg region. 8 companies........... 818,079 788,088 82,044
Molntyre « 1 company......cce0e.. 106,180 17,808 88,322
Towanda ¢ 2 companies............| 878,885 278,885 | 105,000
Total tOD8......00veevsroccenss 1,209,544 | 1,024,178 | 275,866

The coal produced in 1871 was used as follows :
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For locomotive purposes by the Erie Railway; the New York Central &
Hudson River Rallroad ; the Rensselaer & Saratoga Railroad; the
Rome & Wuhrtown B.nilrmd, and other smaller railroads in New

D €L S N 619,054

By rolling -mills at Troy, Rome, Syracuse, Buffalo, Elmira, and otber
T 242,211
By the Onondags Salt Company, at Syracuse......c.cveeeeacccsccnsss 170,142
Used for stationary engines, nenmboou, snd sold to ooal-dealers....... 168,288
Used for blacksmithing.. . P L X+
Total a8 8DOVE. ..ot vueerrecncasscasonssessscasseannnnss 1,209,544

The total production of these three districts since the mines
were opened is 6,453,222 tons, of which 5,881,750 tons were
from the Blossburg region proper.

It will be noticed that, by the foregoing statement, 50 per
cent. of all the semi-bituminous coal mined in Northern Penn-
sylvania is burnt on railroads, in locomotive-engines. The quali-
ties to which it is indebted for this very important market are,
among others, that it burns so that steam may be raised in a
very short period, and maintained at the proper pressure which
i8 often highly necessary. To “make time” is the railroad-
engineer’s first duty, the great aim of his life, and he therefore
requires a coal that is able to produce & quick action. In
W. R. Johnson’s experiments, made for the Navy Department,
Blossburg coal is equal to any of the coals used in this respect.
It also possesses high evaporative power, is capable of convert-
ing a large amount of water into steam with a small consump-
tion of coal, and is attended with very little smoke, soot, or cin-
ders. Semi-bituminous coal contains but a small portion of mat-
ter to be vaporized, and therefore soon comes to a temperature
of full ignition. The considerable increase of volume which it
takes in coking favors the consequent rapid and effective combus-
tion of the fixed carbon. In some cases, especially when brought
very gradually to ignition, the masses of coke scarcely cohere,
and the original forms of the lumps are in a measure preserved.
It is also free from any considerable quantity of sulphur.

The only analyses known to have been made of coal from

any of the mines now in operation near Blossburg, are the fol-
~ lowing, by Dr. Goessman. To these is added that made by
W. R. Johnson, of coal from the old Blossburg mines, which
were situated directly at the village of that name. The coal
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now produced is of a much better quality. No coal has been
sent to market from that mine since the year 1858.

n

Fixed carbon.........| 76.075 %1.658
Volatile matter.......| 15.850 18.795
Earthy matter....... 8.578 8.550

DR. GOBRSSMAN, 1856. 'W. R. JOHNSON, 1864,
Kast Mine, Jones's Mine. Tiogs Mine. Old Blowsburg Mine.
17.988 78.108
12,805 18.027
9.660 10.718
100. 100. 100. 100,

Results of United States Government Ezperiments in Burning Coal under
a Steam Boiler.

ANTHRACITES.

Earthy malter.
Hours to bring boller to
steady actlon.
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Steam from 21%° from one
pound combastible mat-

Beaver Meadow Anthracite.......

Beaver Meadow Anthracite.......|1.557 | 2.66 9147
Forest Iinprovement Anthracite...|1.477 | 8.07 | 90.

Peach Mountain............. veeeo|1.464 | 3.96 | 80.02
Lehigh.......ccc..0. cosens 5.28 |89.15
Lackawanna...... 81.74
Lykens Valley.... 6.88 | 83.84
Beaver Meadow....

Average......cce0000ee

T.11 [ 8.87 [12.67
515 | 242 |10.

441 | 882 |12.89
618 | 8.54 |14.04
556 | 8.27 (11.68
635 | 2.67 |11.92
9.25 | 2.63 |12.80
810 { 5.08 ( 9.43

|
Effclency.

8.90 | 9.21 ;10.462
8.76 | 9.88 {10593
8.92 | 10.06 | 10.80T
896 |10.11 |10.871
778 | 898 | 9.626
856 | 9.79 {10.764
848 | 9.46 |10.788
786 | 9.08 | 9.881

851 | 8385 |10.67

@
&
I
1
3
3

SEMI-BITUMINOUS.

New York & Maryland Mining Co..

Neff’s Cumberland...... ereaeeee.| 1887

Easb; 's‘.’:mli land ..
Atklzlon & 2?13«1&!; .ee
Cum] .

bel Nnvy'fn.r;i. .....
Dauphin & Busquebanna...
%yh:mlngm'émi .........
Quin's Bun.......cocc0nnaneens

8.65 [ 9.78 |11.208
819 | 944 |10.604
8.88 [10.02 | 10.983
9.47 (10.70 | 11.624
8.69 | 9.96 | 11.034
831 | 984 11171
8.64 | 9.7 | 10.956
1792 | 891 |10.724
9.08 |10.27 | 11.275
8.88 | 9.63 | 11.050

Karthaus, Pa...... .
Cambria County, Pa..
Pictou, Nova Scotia.
Sidney, Nova Scotla.

FPittsburg, Pa......... coses
Cmnelt:‘;, ieecorcoccsnsecncens

7.00 | 1.87 | 1248
9.15 | 2.00 | 1247
13.89 | 0.94 |12.79
549 | 1.18 | 18.83
12.51 | 0.8 | 1647
4.63 | 056 11848
5.40 | 0.84 118.75
9 0.98 (14.32
7.07 10.56
497 15.08
7.884| 1.11 |18.51
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The foregoing general synoptical table of the analyses and
efficiency of American coals is the result of Prof. W. R. John-
son’s elaborate experiments, made at great expemse for the
United States Navy Department, in 1844. The Richmond
(Virginia) coals are omitted in this table, as they have gone out
of general use. They are arranged in three classes, as anthra-
cite, semi-bituminous, and bituminous. It shows that coals of
similar analysis, taken from regions widely separated, produce
similar results. The semi-bituminous varieties are the best in
respect to evaporative power per pound; and, in respect to
their efficiency in a given time, they are far superior to both
anthracite and bituminous coals. Of the ten varieties of semi-
bituminous coal, Blossburg has exactly the average analysis of
them all, and in efficiency it is above the average.

2. McINTYRE.

The Northern Central Railroad at Ralston, Pennsylvania,
24 miles north of Williamsport and 54 south of Elmira, is 808
feet above tide-water. It here runs at thg base of two very
steep mountains, which shut in the narrow little valley of Ly-
coming Creek. At both the east and west side appear the up-
per members of the red slate and red sandstone, called, in the
Pennsylvania Reports, Formation IX., or Rogers’s Ponent, but
they are scarcely visible at Ralston, while, a few miles both
above and below, they again come in, by a change of dip.' It
is this curve in the strata which gives the trough-shape to the
formation at this point, and causes such a depression along the
central or synclinal line of the basin, that the coal-measures,
the highest strata in Central or Western Pennsylvanis, find
their place below the summit of the hills. The next formation
of rock, above the red shales and sandstones, is No. X., or
Rogers’s Vespertine, which is a series of hard gray sandstones.
This rock generally constitutes the principal part of the eastern
or southern slope of the main Alleghany ridge. It is in thin
beds, seldom in large blocks, projecting in bold cliffs. The
next formation is No. XI., or Rogers’s Umbral, consisting of
soft red shales, very nearly 100 feet thick in this part of the

0
! Reports of J. T. Hodge furnish the geology of this article.
11
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State, and contains several beds of iron-ore. These three for-
mations, IX., X., and XI., or Rogers’s Ponent,. Vespertine,
and Umbral, are subdivisions of what, in Dana’s “ Manual,”
and other books on geology, are called the Catskill group.*

The next formation, XII., or Rogers’s Seral Conglomerate
and Sandstone, is the floor of the coal-measures, and at Ral-
ston is only 70 to 80 feet thick, though .in some other coun-
ties it exceeds 1,000 feet. It is a massive sandstone, compesed
of white quartz, pebbles, and sand. . Being exceedingly hard
and durable, it has withstood better than the other strata the
wearing agencies that have given the present outlines to the
hills, and is everywhere the most prominent. rock, standing out
in precipitons ledges, or capping the ragged summits around
the margin of the coal-fields. It is so well marked, in its ap-
pearance and position, that it is the best gnide to determine the
presence of the coal-measures, the next formation above, as also
to mark the position of the valuable bed of iron-ore which, in
this region, is found immediately below the conglomerate.

The coal-measures occupy the summits along the line of the
basin. They consist of sandstone, shales, fireclay, beds of coal,
and some iron-ore in the shales. It is only the lower part of
the series_that catches in these hills. The width of the basin
does not appear to exceed six miles, and the length of the area
occupied by the coal-formation, before it is interrupted by the
conglomerate, is believed to be about ten miles. Both in length
and width, however, there are occasional interruptions caused
by the valleys. The lower any coal-seam is found in the hills,
the more area it will cover, or the less it will have been cut up and
removed by the process of excavation of the ravines and valleys.

Ralston is at the mouth of Stony and Rocky Run, on Ly-
coming Creek, and, like Barclay, is in the second coal-basin.
The hills are about 1,000 feet high, surmounted by conglom-
eritic sandstone. The centre of the coal-basin crosses Ly-
coming Creek near the mouth of Dutchman’s Run, where the
MecIntyre Coal Company’s mines are situated, one mile above
Rocky Run and Ralston station. The anticlinal axis, causing
the southern margin of this basin, crosses near the mouth of
Pleasant Stream, about four miles south of the McIntyre mines,

1 Ses page 115 for Pennsylvania geological series.
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while the other axis, bounding it on the north, passes near the
mouth of Roaring Branch, about 2§ miles north of McIntyre.’
The hills, including the coal-measures, occupy a range of coun-
try extending east to the end of Towanda er Barclay Mountain,
at Greenwood, and west nearly ten miles in length; but the
coal is not continuous over all this extent, being interrupted
by deep valleys of denudation. The principal localities of the
coal at Ralston are on the.east side of the creek, on a branch
of Rocky Run, between that stream and Dutchman’s Run,
where are situated the new coal-works of the McIntyre Coal
Company, erected in 1870; also on Red Run, on the west side
of Lycoming Creek and Valley ; and on Frozen Run, near Aston-
ville. The height of the coal above the creek at Ralston is
about 875 feet. On the road leading to the old mines, and
below the conglomerate, in a bed of dark shale, there is & valu-
able band of iron-ore, lying only four feet beneath the rock,
from which it is separated by a layer of brown shale. - The con-
glomerate and sandstone stratum, below the coal, varies from
435 to 150 feet in thickness. The top of this rock is marked by
a terrace, gently receding from the front of the hill to an abrupt
glope, formed by a bed of white sandstone, about 60 feet in
thickness. Between these two sandstone beds we find a seam
(1 or A) of rather slaty coal, from 18 to 30 inches thick, under-
laid . by 30 inches of slate. Over the sandstone oceurs another
bed of ceal (2 or B), six feet thick, but not of superior quality,
the lower part of it consisting of slaty cannel coal, and the rest
being rather hard. It includes two bands of slate, one eight
inches, the other, near the bottom, three inches thick.

Another coal-seam (3 or C), between two feet six inches and
two feet ten inches thick, ocours seven and a half feet above
the former. It contains three inches of slate near the middle,
but supplies an excellent coal for coking, and is much superior
to the thicker seam beneath it. Above this coal we find a bed
of shale, containing large nodular balls of iron-ore, the quantity
of which has not yet been ascertained, and, a little higher, an.
other seam (4 or D) of coal, one foot in thickness. Next occur
17 feet of sandstone, and then a bed of slate, containing balls
of good iron-ore in considerable abundance. It is thought that

! From Rogers’s “ Fourth Annual Report.” ¢



164 SEMI-BITUMINOUS COAL-REGIONS.

this larger bed may furnish three feet of iron-ore. Still ascend-
ing, we find 80 feet of brown sandstone, then a fire-clay, two
and a half feet, and a seam of coal (5 or d), one foot thick, blue
slate, three feet, brownish and then white sandstone, 40 feet ;
and, above this, a bed of coal (6 or E), not fully opened at the
date of Prof. Rogers’s final report, but stated to be four feet
thick, presenting a good appearance at its outcrop, and which
is now largely mined. Crowning the highest part of the hill,
occurs a bed of conglomerate, 60 feet in thickness.

The dip of these strata, at the mines on Rocky Run, is
gently westward ; on Dutchman’s Run, on the opposite side it
is toward the east-southeast, while a few miles farther up the
main branch of Rocky Run it is toward the northwest about
4°. On Red Run, the strata are nearly the same as at Ralston.
Frozen Run enters Lycoming Creek on the west side, below
Rocky Run. The coal-measures extend to the-head of Frozen
Run; the old Ralston mines, now abandoned, were on the hill
between Frozen Run and Red Run. The strata here are very
gimilar to those at Ralston, except that the coal-beds are not so
thick. ’

Annexed is a section, made by Colonel Howard M. Smith,
the general superintendent at Mclntyre, showing the coal-
seams, and their intervals of rock, the latter differing somewhat
from those given by Prof. H.D. Rogers, in the ¢ State Geologi-
cal Report,” which was taken at another locality, and before
any mining had been done at Ralston. This may be taken as
a typical section of the lower coal-measures, the coarse sand-
stone, or heavy conglomerate, tinged with red above Coal E,
which caps the mountain, being probably the Mahoning sand-
stone. (Ses cut of this section on page 137.)

The lower conglomerate is here sometimes degraded into
a sandstone, above which is the A vein, which is thin and roll-
ing. Above are 26 feet of sandstone and 1§ feet of fire-clay.
This brings us to the head of the shutes and coal-seam B, which
is two feet two inches thick. Above it are eight feet of slate
and six feet of sandstone, and then Coal C, which is three feet,
with two inches of slate separating it into two parts. Then, in
ascending order, are nine feet of slate and 60 feet of gray sand-
stone to the D vein, which has three feet of clear coal. Above
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it are three feet of fire-clay and 84 feet of brown sandstone, and
then the principal seam of coal E, which is five feet three inches,
but the upper portion is inferior, and is not mined. The seam
affords four feet four inches of clean coal—a good, free-burning
steam-coal. Above it is a layer of two feet of slate, and then
50 feet of gray sandstone, and, on the surface, 15 feet of earth.
Altogether there are 275 feet of coal-
— measures above the conglomerate.
nes are unusually rich in
can be picked up in great
1ng the slates brought
iines, the impressions of
eing remarkably distinct
l.  The vicinity affords
nest mountain-scenery in
; and the hotels, deep
cool, shady valley of Ly-
;, are favorite places of
> tourist during the hot
ummer. These are the
1 Northern Pennsylvania
situated directly upon
a through-line of rail-
road.

The most striking
object at the McIntyre
mines is the inclined
Plane, in sight of the
Northern Central Rail-
road, by which the
railroad-cars are car-
ried up the mountain
(see Fig. 32). This is
a very cheap and rapid method of overcoming a great elevation,
and where, as at this place, the tonnage is altogether descend-
ing, no steam-power is necessary, the weight of the loaded cars
drawing up the empty ones. The plane is 2,300 feet in length
and 670 feet in height. Above the plane is a short piece of
railroad, 1,500 feet in length, ascending 10 feet to the coal-

Fia. 82.
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shutes. There are 32 double shutes, 29 feet in height, or 64 in
all, capable of holding 2,000 tons of coal. . The head of the shute
is on a level with the second or B seam of coal. From this point
another inclined plane ascends 176 feet of elevation, in a length
of 360 feet, to the level of the upper or E seam of coal, from
which the mining is principally done. The small or mine cars
only are run over this upper plane. The whole elevation from
the Northern Central Railroad, in the valley of Lycoming
Creek, to the upper seam E, is therefore 889 feet, making that
point 1,697 feet above tide-water. Coal-seam B is 502 feet below
the B seam, at Barclay, in the same basin, if the levels are cor-
rectly taken. Three of the seams of coal have been opened,
and found to be of workable size and good quality.
. All of these mountains are covered with a dense growth of
hemlock-timber of an excellent quality for building-purposes,
and the first thing to be done when work is begun in establish-
ing a colliery in this country, is to build a steam saw-mill.
This is afterward always an important part of the fixtures of
the mine, as large quantities of lumber are required for houses,
shutes, and other purposes. The mining village at McIntyre is
composed of 124 houses for dwellings for the miners and other
employés, also a school-house, public hall, barns, shops, stores,
etc., presenting very much the same general features as the -
mining towns in the Blossburg coal-region already described.
The development of this coal-district has been unusually rapid,
.showing by:its early success the energy of the proprietors, and
the favorable circumstances nnder which the colliery was estab-
lished. The mines were first opened in the fall of 1870, and in
1871 the company mined and sold 106,129 tons of coal, and
thus far in 1872 their tonnage is at the rate of 160,000 tons per
annum. They ship all their coal by railroad, finding a part of
their market sonthward, and a part northward, in the State of
New York, shipping it by the New York Central & Hudson
River Railroad to Buffalo, Rochester, and the port of Charlotte,
for the Canada market. The Northern Central Railroad, on
which these mines are situated, is & large customer, using this
coal in their locomotives.

The method of working the mines, and other particulars
already given in regarc to the several mines in the Blossburg




TOWANDA OR BARCLAY REGION.

region, are not materially different at McIn-
tyre. The McIntyre Coal Company was
founded by the late Jervis Langdon, one of
the most enterprising and successful coal-
merchants in the State of New York. The
present officers are his son, Charles J. Lang-
don, who is the president, and J. D. F. Slee,
vice-president. The office of the company is
at Elmira, New York.

8. TOWANDA.

Much that has been said in regard to the
Blossburg region, the general descriptions
already given of coal-works, and as to the
character of semi-bituminous coal, will apply
to the Barclay or Towanda coal-region,
which is in the second basin. (See map on
page 125.) Approaching it from the north,
by the valley of, the North Branch of the
Susquehanna River, the railroad on its west
bank runs through the Chemung group past
Towanda, which is 699 feet above tide-water ;
thence leaving the river, it rises in a south-
western direction up the valley of Towanda
Creek, and its middle or Schrader branch,
and by means of a self-acting inclined plane,
similar to that at McIntyre, mounts to the
sammit of the Towanda Mountain, where the
coal-geam B is found 16 miles from Towanda
village, 1,320 feet above it and 2,019 above
tide, between the main Towanda Creek and
the branch above mentioned. The mountain
is characteristic of the Alleghany range, of
which it is the most northern and eastern
finger-point, carrying upon it the farthest
northeastern field. Its strata dip toward the
southwest, and it presents a very steep es-
carpment, just 1,000 feet high above the level
of Towanda Creek Valley. The coal occupies
the highest summits only of the mountain.

, in Bradford County, Pa. Also the Anticlinal Valleys of

Bectlon across the Second Basin, showing the Coal Strata on the summits of Towanda Mountain, at Barcla;
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Towanda Creek and Sugar Creek, on Axis No. 1t
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The annexed section, derived from the State geological map,
taken in a north-and-south direction, shows in a beautiful man-
ner what has been described in the general account of the
Pennsylvania coal-basins, on page 123, that, although they are
now on the summits of the mountains, yet the bending of the
strata shows that they were originally in the valleys. The anti-
clinal valley of Towanda Creek at the base of the Barclay or
Towanda Mountain, and that of Sugar Creek, farther north, are
both cut out of an ancient mountain of which only a ridge
of lower formation than the coal-rocks remains, between those
streams. The dotted lines show the position of this anticlinal
mountain between the second and third coal-basins, before it
was carried away. Farther west, at Ralston, the Lycominz
Creek finds its way southward through a very narrow valley
which is a fracture across the second coal-basin. Farther north-
east, at Greenwood, the mountain ends, the coal-basin itself is re-
moved, and there is no more coal. But tracing it as the flexures
of the basin show themselves in the formations below the coal,
the line of the axis, or bottom of the basin, was followed by the
State geologists up the valley of Wysox Creek, and into the
northwest part of Susquehanna County. All this country is
thousands of feet below the coal formation, as is proved in the ac-
count of the corresponding district north of the Blossburg region.

This region affords an illustration of what we will have
occasion to discuss, under the head of the coal-trade, of the vital
importance of a good quality of coal. For, while there is but a
single seam of coal, and the area is far from being extensive
compared to our other vast coal-regions, yet from the coal being
good, and situated at a short distance from its market, a large
business has sprung up, larger than some of the other regions
have attained, with hundreds of square miles and numerous
large seams of coal. '

The Erie Railway Company, whose road follows the southern
line of the State of New York, having become a large consumer
of semi-bituminous coal for locomotive purposes, has leased the
principal mines of this region, being those of the Barclay and
Towanda Coal Companies. During the year 1869 they produced
and burned for their own use 176,307 tons; in the year 1870,
196,310 tons; and in 1871, 263,928 tons. This is in addition to
the coal they purchased at Blossburg, The only other mines
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opened in the region are those of the Fall Creek Bituminous
Coal Company, now owned by the proprietors of three large
rolling-mills at Troy, New York, Messrs. Burden, Griswold,
& Corning, who mined, in 1870, 77,025 tons, and in 1871,
129,095 tons, which was nearly all consumed in their own mills.
Thus these parties have absorbed nearly the whole production
of the region, in all 273,335 tons in 1870, and 393,023 tons in
1871, a quantity greater than some whole States in the coal-
regions produced. The Barclay Coal Company was organized
by Edward Overton, of Towanda, Pennsylvania (who was the
first president), John Ely, and Edward M. Davis, of Philadelphia.
Mr. Davis is now the president, and the largest stockholder.
George R. Oat, of Philadelphia, was the president for eight years.
Their railroad from the mines at Barclay to Towanda was com-
pleted in 1856, and a comparatively small business continued
to be done by canal under great difficulties, from the want of
transportation, until the year 1866. The Pennsylvania &
New York Canal and Railroad Company then completed their
railroad from Towanda to Waverly, when the Barclay Coal
Company leased their mines and railroad to the Towanda Coal
Company, the stock of which is owned exclusively by the Erie
Railway Company. Since that period the production has been
very largely increased, the coal being nearly all used on that
railroad for locomotive fuel and in the railroad-shops. The
mines are but 36 miles south of Waverly, which is 256 miles
from New York, not far from the business centre of the road,
and this is the first bituminous coal met with in going west.
These circumstances, and the good quality of the coal for steam
purposes, make this a valuable lease for the Erie Railway.

4, SNOWSHOE.

The land on which this coal-region is situated was surveyed
by the deputy surveyor-general of the State, under lend-war-
rants from the Commonwealth, at the beginning of the winter
season. Being overtaken by a snow-storm, the surveying party .
were obliged to make snow-shoes on which to get down from
the mountain to the settlement in the valley. These tracts of
land having from this circumstance been called the “Snow-
shoe Survey,” this name was afterward given to the town.
ship in which they are situated, and to the mines.
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This coal-region is situated in the first coal-basin of Rogers,
in the western part of the county of Centre, and nearly west of
Bellefonte. The Bellefonte & Snowshoe Railroad, 26 miles.
in length, connects the mines with that place, and it is inter-
sected at Milesburg by the Bald Eagle Branch of the Pennsyl-
vania Railroad, which runs from Tyrone to Lock Haven.
From the junction with the latter railroad the Bellefonte &
Snowshoe Railroad climbs the Alleghany Mountain by switch-
backs 1,000 feet in a distance of 16 miles. Like the Tyrone &
Clearfield Railway it then descends into the first coal-basin,
but the descent is less, being here but 200 feet in a distance of
gix miles to the level of the slaty vein, No. 9 of the following
section, while the descent at Phillipsburg is 530 feet.

The coalfield covers an area of at least eight miles in a
north-and-south direction, and some four miles in an east-and-
west direction, and is situated on both sides of the head-waters
of Beach Creek, and a little farther west than it is represented
on the map of the State Geological Survey.

No geological examination has been made of the lands
except that of the State, and there is no published pamphlet
descriptive of the region. Mr. James Somerville, the intel-
ligent mining-engineer of the district, and who mines the coal
by contract, gives the following approximate section of the coal-
measures so far as they have been observed in the mining that
has been done, and the explorations which have been made,
which seem not to have been very thorough or extensive, and
only made for mining purposes.

Section of coal-measures at Snowshoe in descending
ocder :

1. On top of the hill seventy to eighty feet of slate and
sandstone. :

2. Coal E, five feet of clean coal, worked.

8. Fifty feet of sandstone and slate.

4. Two feet of limestone and iron-ore.

5. One foot of coal D.

6. Bixty feet of sandstone and slate.

7. Coal O, six feet, the Snowshoe and Karthaus vein with
two slate partings, one of one inch, nine inches from the bottom,
and the other six inches thick, and three feet from the bottom.
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8. Forty feet of slate and sandstone.

9. Coal B, four and a half feet of slaty or bony coal.

10. Ninety feet of sandstone.

11. Coal A, six feet, of which three and a half are good coal.

Three of these coal-seams were worked in 1872, Nos. 2, 7,
and 11 of the above section.

The eoal is a good quality of semi-bituminous coal, free
from sulphur, and well adapted for steam and rolling-mills.
Professor Rogers’s analysis gives it 78.8 per cent. of coke, and
21.2 per cent. of volatile matter and ashes. It finds its way to
market by the railroad described, and then by the Bald Eagle
Valley to Lock Haven, the Philadelphia & Erie, the Reading
Railroad, the Northern Central, and other railroads eastward
to the interior of the State. At present, from its situation in
reference to the market, the production is limited to about
100,000 tons per annum, or & littlé less than that quantity.

A company, called the ¢“Snowshoe Land Association,”
owns 40,000 acres of land in this vicinity, and monopolizes the
coal. They conveyed a small portion of it, some 2,000 acres, to
the Bellefonte & Snowshoe Railroad, the stock of which is
owned by the same parties, and hence there is but the one
mining company in the region, while at Phillipsburg there are
sixteen. It is a substantial, careful, money-making company,
chiefly composed of Philadelphia capitalists.

§. PHILLIPSBURG.

. On the line between the counties of Centre and Clearfield,
on the Moshannon Creek and its tributaries, is a coal-field
belonging to the first coal-basin, which has within a few years
grown into considerable importance. In 1871, there were
542,896 tons of semi-bituminous coal sent to market from this
district. From Tyrone City, 224 miles west of Philadelphia, a
branch of the Pennsylvania Railroad climbs the Alleghany
Mountain over the Ponent red sandstone and the Vespertine
of Rogers, which crown the highest parts of the mountain.
But on these summits of the Alleghany Mountain the upper
surface of the latter rock adjoins the base of the conglomer-
ate stratum upon which all our coal-measures repose, there ap-
pearing to be a very thin if any Umbral or red shale interposed.
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This formation changes to limestone toward the southwest.
In Pennsylvania no valuable coal-seam has been developed in
this Vespertine or in the Umbral formation. In Somerset
County, in the Turkey-foot country, some small and as yet
unproductive beds of coal do really occur in this rock or its
equivalent. Farther southwest, in Virginia, they are also seen ;
but in Tennessee, coal-making began earlier than here, and a
series of valuable coal-seams are found in the position equiv-
alent to these formations. So, too, in the far northeast, in the
Nova Scotia region, Dr. Dawson and Sir W. E. Logan describe
thousands of feet of coal-measures below what are considered
such in this State. A few coal-fossils found in them here may
entitle them to be called sub-carboniferous, but they are worth-
less as coal-producing formations.

The railroad ascends 1,110 feet from Tyrone to the summit
in 13 miles, and then descends 530 feet to the level of the lowest
coal-seams, the first mining being done at Powelton, three miles
beyond the summit. The most remote point from which coal
is shipped to market on the main line of the road is Phillips-
burg, 24 miles from Tyrone. There are, however, several
branch roads between Powelton and Phillipsburg running to
numerous mines on the several branches of the Moshannon
Creek. The whole number of companies or operators in 1872
is sixteen, and their mines are scattered over an area of eleven
miles or more in length. There is evidently a fine body of coal
on both sides of the railroad, and found in the most accessible
and convenient positions for mining. H. D. Rogers, in hie -
preliminary report of 1841, states that the centre of the basin
coincides very nearly with the general course of the Moshannon
Creek, which is the line between Clearfield and Centre Counties,
the strata on each side dipping gently toward the stream. In
1864, Professor J. P. Lesley, who examined the lands about
Osceola, says in general terms that the Moshannon, and its
twin branch, the Beaver, flow along the synclinal axis, or oscil-
late from side to side of it at no great distance, running north
53°, or 60° east. The dips are very gentle in the centre of the
basin. Mr. L. G. Lingle, the mining engineer of the region,
from whom much valuable information was derived, reports it
at 50 feet in a mile and a quarter.
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The following approximate section of the coal-measures is
derived from Mr. Lesley’s report, supplemented by information
recently obtained on the ground. The lowest bed A outcrops
at the level of the Moshannon Creek. There is said to be one
small bed under it. The A bed measures five feet in thickness,
the coal being compact, portable, inclined to ash, and somewhat
sulphurous, weathering in peacock colors, a strong, burning coal,
excellent for steam use and domestic purposes. It may have
from 20 to 25 per cent. of volatile matter. The upper bench
yields four feet, the lower bench one foot, and they are separated
by one inch of slate. Other seams of a better quality having
been afterward discovered higher up in the series, no mining
is now done in coal A.

Coal-bed B outcrops 60 feet above A, the interval being
composed of 15 feet of conglomerate and 45 feet of sand-rock
and shale. Bed B is regularly dividad into two benches, the
upper one measuring two feet ten inches, and the lower one
two feet, with six inches of slate between them. The upper
bench yields a beautiful, pure, rich bituminous coal crystallized
vertically, and apparently admirably suited for iron work. The
lower bench yields a harder, more compact coal, with traces of a
central slate, but will answer well for the same purpose. It is
found, however, to be an irregular and variable bed, sometimes
yielding 3% to three feet, and sometimes only 2} feet of coal.
The bed will yield three to 3% feet, and in many places four feet
of fine coal, more valuable than that obtained from bed A, on

- account of its superior purity, but at the same time more liable
to fracture in the carriage on account of its prismatic straucture.

Between beds A and B lies a stratum of conglomeritic
sandstone, thin bedded, a little false bedded, the pebbles of
quartz from the size of a pin’s head to a pea, forming low cliffs
occasionally for one or two miles up the Moshannon, and ap-
parently from 10 to 15 feet thick. It affords, no doubt, an
easily recognizable key to the position of these beds, although
care must be taken not to confound it with a higher stratum of
sandstone of a different character under bed D, in such places
where its conglomeritic character may happen to be wanting,
and the mass becomes a simple coarse sand-rock.

Twenty feet above B is a 15-inch seam of coal (b); and 80
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feet higher, or 50-feet above B, occurs coal C, which Mr. Lesley
called a 2-feet bed, and which he considered worthless for min-
ing purposes. It has, however, since been found to be 80 inches
of good coal, and at one place 3% feet of coal which comes out
in large blocks, but it is not mined in this region. Above it is
50 feet of sand-rock.

Coal D is the bed in which the most of the mining in the
region is done. It is remarkably pure and beautiful, and ap-
pears to be very regular, lying nearly flat, with a gentle rise
toward the northwest under all the hill-tops. It measures
about five feet of solid coal in most of the mines opened in 1872
in the district, being in some 4} and never less than four feet,
and always a clean seam of pure coal, but is everywhere covered
with six inches of bony coal which comes down in mining, and
is left in the gob. Under coal D are blue slates, a marked
feature in the horizon. .

About 35 feet above D is coal E, at the very sammits of the
hills, and about 200 feet above the level of the creek. It is a
small bed one or two feet thick, and is worthless. Probably
25 feet over E is the Mahoning sandstone, of which detached
blocks are found in the fields and woods, making a beautiful
building stone. It is difficult to find it in place, but the masses
of it on the surface are very numerous.

The base of the coal series under A is not easily examined,
but there are sandstones thin and soft, then the small coal-bed,
and then comes the great conglomerate, at the base of the coal-
measures.

The mines have a good roof of very hard, fine-grained sand-
stone. The gangways and headings are made nine feet wide,
and the rooms 20 feet, the pillars ten feet, and the props are set
about four feet apart. No powder whatever is used. The coal
is undermined, five or six feet being spragged or. supported by
short props, while working under; it is then sheared down at
the sides and wedged down, a good miner taking out six or eight
tons per day. No pumping is required, the coal, as before de-
scribed, dipping toward the creek from both sides of the stream.
The facilities for mining are excellent, and mines can be opened
very cheaply. The coal finds it way to market at Philadelphia
by the Pennsylvania Railroad, a distance of from 240 to 250
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miles, and a portion of it to New York city; and is sold at a
low price, with & small profit only. It is evidently a good
blackemith’s coal, making a hollow fire, and is well suited for
steam and rolling-mill use. The finer portions of the coal burn
very readily, swelling and forming. a hard coke, and it is quite
free. from sulphur. That it has obtained a market of half a
million of tons in-a few years, is of itself conclusive evidence
- of its good qualities as a steam and iron working coal.

The following is a correct list of the various mines of the
Phillipsburg region, given in geographical order, beginning at
the nearest or most easterly.

Nauns oy Mosxs. Operator. Railroad.
Powelton.. ......... Powelton Coal & Iron Co....[Tyrone & Clearfield Railroad.
Clearfleld........... Clearfield Coal & Iron Co. . .|Beaver Run Branch.
Moshannon.........|Moshannon Coal Co........ “ “

Beaverton. ......... Kittaning Coal Co. ........ " “ '
Sterling............ Sterling Covvrennnsen “ “

Eureka ............ White & Lingle........a00 “ “
Franklin........... Kittaning Coal Co.......... “ “
Penn.............. Blattenburgh & Hines...... “ “

Enterprise, No. 1....|Enterprise Coal Co.........|Tyrone & Clearfield Railroad. -
Enterprise, No. 2....{Enterprise Coal Co.........| “ “ “

%h Jton.....coene. Mapelton Coal Co......... Phﬂlips‘})urg Branch.

L S “
Derby....covvunenn Derby Coal Co. of Pa....... “ “
Decatur............ Decatur Coal Co........... “ “
Morrisdale.......... Morrisdale Coal Co......... “ “

New York.....c.... “ “

This Tyrone and Clearfield branch of the Pennsylvania
Railroad extends on northwestward to the town of Clearfield,
in the second coal-basin, and on the west branch of the Susque-
hanna River. The country is broken and undulating with
well-rounded hills, and without the precipitous sandstone cliffs
which characterize the formations lower down in the geological
scale. Between Phillipsburg and Clearfield, however, are a
number of miles of level swampy country, forming a sort of
natural meadow. The upper and more valuable of the coal-
seams crop out west of Phillipsburg, but it appears not un-
likely that the lower strata of the coal-measures saddle over the
anticlinal between the first and second coal-basins, as they do,
according to Prof. Rogers’s report, a little farther south, between
Mount Pleasant and Clearfield.
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No mining was done near Clearfield in 1872, except for local
use, and very little is known in regard to the geology of the
vicinity. The seams of coal that have been opened, and which
are easily found all around the town, are said to be thin, not
exceeding about three feet or less, and the larger seams, worked
in the Phillipsburg, Osceols, and Powelton or Moshannon ba-
gin, have not been found here. None of the known sandstones
or other horizons having been identified, the geological level
of the place is no better known than it was when Prof. Rogers
visited it in 1840. In his report for that year, he says much
difficulty was experienced, in the district around the town of
Clearfield, in identifying the coal-seams of neighboring locali-
ties, and after close investigation, aided by frequent diggings,
the stratification remains quite obscure. He was in doubt to
what cause to attribute the intricacies of the region; whether
to local displacements of the strata, sudden variations in the
thickness, or an insufficient collection of facts. Thelargest bed
was at Reeds, near the bridge over the Susquehanna River, two
miles from Curwinsville, which was three feet six inches thick.
Like most of the beds in the southeastern basins, it affects a
species of columnar structure, being traversed by innumerable
vertical fissures, which render it somewhat friable. His analy-
sis gave 73 per cent. of coke, and 27 of volatile matter and
ashes.

There are indications of a number of seams of coal in the
hills, some of which have been opened, particularly one, two
feet ten inches thick, between 40 and 50 feet above a stratum
of sandstone that occupies the bed of the river.

At a very early period coal was mined near Clearfield in the
bed of the west branch of the Susquehanna, run down to market
along the lower Susquehanna in arks in time of freshets, and
used for blacksmithing. This was among the earliest attempts
to send bituminous coal to market in the State of Pennsylvania.

6. JOHNSTOWN,

In all the coal-regions previously described, the coal is mined
for sale, as is generally the case in America. In the locality
about to be described, on the contrary, a large business is done
in the mining of coal, which is consumed st the mouth of the
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mines by the same parties who produce it. At Johnstown, in
Cambria County, on the Pennsylvania Railroad, 78 miles east
of Pittsburg and 276 miles west of Philadelphia, is one of the
finest developments of the coal and iron resources of Pennsyl-
vania. Here we have not the wealth provided by Nature alone,
bat there is added all that capital, enterprise, and science can
do for the prosperity of a country. What greater blessing can
be conferred on a locality, in a material aspect, than the build-
ing up of a vast industrial centre like this? In the year 1871
there were mined at Johnstown 263,472 tons of coal, all of
which was used there mainly in the manufacture of 25,027 tons
of pig-iron, from the coke made of the coal, 160,363 tons of
rails and other wrought iron, and 1,907 tons of steel, the DBes-
semer Works, for the latter purpose, being just completed.
The ore and limestone were also produced in the same place
and on the same ground with the coal, all these materials lying
in successive horizontal beds over each other,.and above water
level in the steep hills surrounding the works, and requiring no
transportation except to bring them out of the mines. The
lower coal-measures alone are found at Johnstown, of which
the following is a section recently made in the descending order,
a portion of it including the seven-feet seam of coal A, being
below water-level of the Connemaugh River.

The Barren Measures, Sandstone... . 1
“ %  Light-colored Bllte .................... 260
“ oo« ¢« Johnstown Iron Ore.......ccoveeunenns 1}
“ u B (]
Coal E, called Coke-yard 8eat.....eceoueesescscoscoccesns 8}
Blate.. e s ceercrcnccsccrerssncssssastsasscssione 63
Coal D, called the Limestone Seam.....ccccoeeeeececcccenne 2}
Limestone, ..cc.ooecsensees seecsseccassccessans 5
Blate....coovrerrensccarscnsncssosssnsessssanns 48
Coal C, just above the River, called the Cement coal, worked :
oconstamtly....ceove0ene teestesccseccenosres 8}
Cement Clay, extensively used all over the COUDATY. cceeeeennss 8%
Blate.o.voteenrenccnsirrconcscrsrcocsassesanes 98
Coal B, called the Peacock Coal, 200d. .. c0eceereeastcnncens 83
Fire Clay...cocotiieeciercsnccssscsennnncaans 5
Blate...cocuecriiossiencrscsecsscsccsarsenane 63
Coal A, good 4 feet, and 3 feet, and 1 foot Slate between....... 1 7
691 20
Conglomerate or Farewell Rock.

12
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This gives the thickness of the lower coal-measures from
seam A to E at 308} feet, containing 20 feet of coal. The posi-
tion of the beds of iron ore is given in a notice of the iron ores
in another part of this volume.

It would be difficult to calculate the number of persons who
are directly and indirectly furnished with employment in every
possible variety of occupation, or who are otherwise benefited,
by means of the fortunate combination in this favored district,
of the materials which constitute the basis of this great and
important business. And yet there are probably many other
places as highly endowed by Nature as Johnstown, which are yet
reposing in the undisturbed quiet of the vast wilderness coal-
regions described in this volume. What they have been wait-
ing for is, the men with the brains, the industry, energy, the
indomitable spirit, and the acquired knowledge of these peculiar
branches of business to qualify them to organize and conduct
large establishments like these ; and then, aided by the neces-
sary capital, to bring from the earth its deeply-hidden treas-
ures, thereby furnishing honest work and good wages to thou-
sands of men, and giving support and all the blessings of
civilized life to tens of thousands in the surrounding country.
Those who bestow millions on the starving and destitute are
not greater benefactors of our race than those who, like the
Cambria Iron Company, give to the man who is willing to
work constant employment and regular wages. Our great
mineral resources are- as nothing until they are brought into
use. :

7. CAMBRIA COUNTY.

Along the line of the Pennsylvania Railroad in Cambria
County are at least ten firms and individuals engaged in
mining coal, which is shipped on that railroad. The railroad
company report 228,808 tons of coal received for transportation
in this district on the western slope of the Alleghany Mountain.
The points at which it was received were Galitzin, Lilly Station,
Summerhill, Mineral Point, and the vicinity of South Fork.

In the extensive region of country from the Pennsylvania
Railroad along the Connemaugh River, to the Philadelphia &
Erie Railroad along the West Branch of the Susquehanna,
thcre may be some other coal-works not here noticed ; but
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there are none of magnitude, and those which have been
described may be taken as favorable examples of the whole dis-
trict. The seven semi-bituminous coal districts just described,
and the Broad- top, are at present much the best developed
and most productive of that extensive portion of the State in
which the lower bituminous coal-measures alone occur.

8. BROAD TOP MOUNTAIN.

The appearance on the map of Pennsylvania of some of the
northern coal-fields, such as the Blossburg, MecIntyre, and
Towanda, conveys to the observer the idea of their being de-
tached from the great body of the Alleghany bituminous coal-
field which covers the western part of the State. DBut while
they are thus separated, so far as the coal-measures aré con-
cerned, yet the great flexures of the strata which formed the
six great coal-basins extended far below that formation, aud the
basins can be seen and followed very readily from the Mary-
land to the New York line, leaving no doubt of their identity
in the various parts, although traced across deeply denuded
valleys and ravines, and over considerable spaces where no coal .
is found. The Broad Top Mountain coal-region, however, is
strictly and geologically an independent or isolated coal-field,
situated 40 miles east of the declivity of the Alleghany Moun-
tain, which forms the eastern boundary of the first bituminous
coal-basin. Parts of it are situated in Bedford, Huntingdon,
and Fulton Counties, and the outlet to market for its coal is by
the Huntingdon and Broad Top Mountain Railroad, extending
from the coal-field to the Pennsylvania Railroad at Hunting-
don, 36 miles. From Huntingdon the coal is carried by the
Pennsylvania Railroad to Philadelphia, 203 miles, and to inter-
mediate places where a market is found.

Mr. J. P. Lesley took up the study of the Broad Top coal-
regions in 1855, and made a survey of the 80 square miles it
covers. He reports that Trough Creek Valley, Plank Cabin
Valley, and Wells Valley, in Huntingdon and Bedford Counties,
form a trench around the Broad Top Mouhtain with its coal-
basin, and Brush Creek Valley is attached to the ring at its
southern end. This ring or circular valley is a deep depression
worn out of the red shale by the Juniata River and other
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water-courses, 1,000 feet deep below the crests of the enclosing
mountains, It is usually but one to two miles wide, but at its
northern end forms a triangular opening six miles wide at its
base and 18 miles long, rising to the top of the knob of Terrace
Mountain, overlooking the county of Huntingdon. In the
centre of this ring rises the mountain mass of the Broad
Top, containing 80 square miles of coal-measures disposed in
six parallel basins, and crowned with a central peak, ¢ the
Broad Top,” rivalling in height the summits of the Alleghany
Mountain, 40 miles distant. Near the summit of this peak
remains a small round patch of the Pittsburg or Westmoreland
gas-coal bed, a few acres in extent ; the sole relic of that vast
deposit of this famous bed remaining in all the country between
Cumberland in Maryland on the south, Blairsville in Indiana
County on the west, and Donaldson in the Pottsville basin of
the anthracite coal-region on the east.

- The succession of the measures is not different from that of
‘Western Pennsylvania and Eastern Ohio. There is a base of
carboniferous conglomerate lying upon the red shale, from 100
to 200 feet thick, massive, homogeneous, seldom conglome-
ritic, except as a whole. Over this is a series of lower coal-beds,
then the barren measures, and, over all, the Pittsburg bed, the
beginning of the upper series. The purple shales of the barren
measures are, however, wanting, their place being supplied by
ferruginous sandy shales. The coal-beds are mostly identified
with those of the head-waters of the Ohio, not by limestone
companions, for these are almost entirely absent, nor by the
~ beds of iron-ore, which are rare,and on which, at any rate, little
reliance can be placed, but by their order in the series, by cer-
tain general characters, and by their relations to the two con-
glomerates, the one at the base of the whole system, and the
other at the base of the middle member of the barren measures,
a rock as widespread as the true conglomerate, and known as
the Mahoning sandstone. In the heart of this rock is a work-
able bed, and between it and the lower conglomerate are two
others with four or five small beds, the larger bed from five to
ten feet thick, the lesser ones from one to three. In the barren
measures, or middle series, which are 400 feet thick, are several
very small seams of carbonaceous matter.
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The Pittsburg bed of coal, and 200 feet of the upper coal-se-
ries, with no workable beds as yet known, but with one thin lime-
stone, occupy the four geographically highest summits of the basin,
the whole thickness of coal-measures in which is about 900 feet.

The structural results of the survey are interesting, for they
exhibit, in cross sections, the whole basin, seven or eight miles
wide, divided by a main anticlinal into two principal troughs,
and these subdivided into numerous narrow synclinals, or
swamps, by a system of horsebacks, not parallel to it, but trav-
ersing the basins at a low angle with their sides, and issuing, as
in the Wyoming Valley and other coalfields, into the red-
shale valleys, through the walls of conglomerate. The larger
of these synclinals form northeast normal terminal knobs over-
looking the great valley of Trough Creek, but, southwestward,
flattened out along the crest of the conglomerate, which runs
very obliquely across them.

The Huntingdon & Broad Top Mountain Railroad was com-
pleted in 1856, when the first coal was sent to market. The
total production of the region has been 3,942,005 tons in six-
teen years; that of 1871 was 319,625 tons, and the average has
been about 300,000 tons per annum for the past twelve years.
The coal is sold at Philadelphia, and a portion of it in New
York city. There is also 8 market along the line of the Penn-
sylvania Railroad.

A careful analysis was made of Broad Top and of Pittsburg
coal, for the Pennsylvania Railroad Company, in 1859, with
the following general results :

General Analysis.
Brosd Top.  Pittsburg.
Wt e vevncreennecnsasaseaccsssosoacnnns 0.80 1.80
Volatile matter. .....ceeoeersrsaccncecccvenes 17.88 81.45
Fixed carbon. . ..oveeevcvecccecassrcocoaasens 74.65 61.45
7 7.80 5.80
100.00 100.00
Organic Analyeis.
CArbON.. . ceevveconnneretareasacssscocnsases 79.59 78.26
NItrOgen...cvvveeercsecosecasssnsscansscnnes 1.89 1.87
Hydrogen.....ooves e aoesecnncannssacesses 4,35 5.20
OXYZEN. .. oo cvevvetessesssanansnssnscsasans 5.02 8.78
W, . eeeeeeeccece sosnsaasscsascnsssses 0.30 1.30
Bulphur.......ci0neieriesacroncasascescsess 1.88 1.04
ABB. . iiieiiiiiiiitciitnscaesstecenssenas 7.50 5.80

100.00  100.00
Bpecific gravity.. .o veeereereaasss 1880 . 1.285
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BITUMINOUS COAL-REGIONS OF WESTERN
PENNSYLVANIA.

L THE LOWHR OOAL-MEASURES.

Rivers and QGeneral Topography.—The Pennsylvania bi-
tuminous coal-field may be considered as a great and complex
basin, for such it really is. Its boundary on the east or south-
east is very well defined by the abrupt declivity of the Alle-
ghany Mountain, as it is here called, being what is called the
Cumberland Mountain in Virginia and Tennessee, which is like
a steep, sloping wall, about 2,000 feet above the sea, and not of
that great altitude which the often-repeated title of Alleghany
Mountain is apt to lead us to suppose. West and northwest of
this long, straight rim of this vast basin, lies this coal-field,
which is only the northeastern extremity of the trough-shaped
plain or tableland which ranges hence uninterruptedly south-
westward to the centre of Alabama. The courses of the streams
show that the general surface ascends gradually toward the north,
where the Alleghany River drains it throughout. Rising in Pot-
ter County, this river runs into New York, turns westward past
Olean, and runs into Pennsylvania again, pursuing a southwest
course to Franklin, entering the coal-basin at Warren. From
Franklin it runs across the coal-field southeastward to Mahoning
Creek, through the sixth and fifth basins. From the Mahoning
it runs southwestward, following the coal-basin in a winding
course to Pittsburg. It runs through a deep and comparatively
narrow trench in the coal-basin. Prof. Rogers accounts for its
changes of course, from southeast to southwest, by the action of
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two great currents of eroding water, when the continent was ele-
vated, the main one flowing southwestward from the Alleghany
Mountain, and the other southeastward from the region of the
lakes, and cutting valleys at right angles to each other.

In Potter County, the Alleghany summit is 1,650 feet above
tide-water; in McKean, 1,900 feet. Thence, following the
crest, it declines to Indiana County; thence it ascends to the
summit between the Juniata and Conemaugh, where it has an
elevation of 2,790 feet, and thence continues at about 2,550
feet, at which elevation it passes into Maryland—the elevation
of the Pennsylvania Railroad tunnel being 2,161 feet.

From the summit of the Alleghany the country declines
both ways, but it is only with what lies west of it that we are
concerned. This district, west of the Alleghany water-shed, is
not a simple slope, but is a great, irregular trough, the southern
portion being, in fact, a series of parallel troughs, caused by the
ridges of Negro Mountain, Laurel Hill, and Chestnut Ridge,
rising up, sometimes 1,200 feet high, within the southeastern
part of the coal-field, the Conemaugh and Youghiogheny Rivers
crossing them, and cutting gaps down through them to their
base. Around the northwestern borders of the basin, where
the waters emptying into the Alleghany separate from those
flowing into Lake Erie, the elevation is about 1,200 feet. The
northern part of the basin is also geologically undulated into
six coal-basins, as hereinafter described. The northwestern
tract of the coalfield, the fifth and sixth basins, gradually sub-
sides in level toward the southwest, and the strata also decline
in the same direction, but at a somewhat faster rate than the
surface does, and hence the southwestern portion of the State
contains a greater thickness of coal-measures than the north-
eastern. Indeed, in Potter, McKean, Warren, and parts of the
counties south of them, the table-land is almost entirely desti-
tute of the coal-producing parts of the formation, and is only
overspread by the conglomerate and other older rocks, known
to underlie any workable coal-beds.

Tlt.e Siw Basins described—their Structure and Coal-seams.

In order to acquire a clear conception of the singular man-
ner in which the coal-strata of the bituminous region of Penn-
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sylvania are distributed, it is necessary to keep in mind its
structure as before described. The whole crust of the earth in
this locality, so far as it can be examined, is not found in the
horizontal position which is usual with water-formed rocks,
but it is thrown into & number of vast flexures or waves,
showing, however, less violence than the region east of
it. These undulations run nearly parallel with each other,
and in a general northeast and southwest direction. The line
running on the summit of one of these waves is called an anti-
clinal axis, and that which would follow the bottom of the
trough or basin between two of them is a synclinal axis.
- These features of the formations are much older than the
rivers, mountains, and valleys, with which they have little con-
nection. The hardness and thickness of the rocky strata, and
many circumstances other than the flexures, have governed in
the formation of the physical features of the present surface.
We must, therefore, in studying the coal-districts, look at the
original interior relative position of the strata previous to the
denudations and other subsequent changes.

Within this great coal-basin the anticlinal waves of the
strata are important geological features, and five of them
extend in a northeast and southwest direction, some of them
entirely across the State, and others across a lm-ge part of it,
dividing the whole bituminous coal-region into six separate
basing (see sketch-map of the flexures, on page 117). There
are two of the anticlinals outside of the coal-field, making the
seven borders or rims of the six basins, and within those larger
basins there are also some smaller basins formed by sub-axes.
In the southeastern part of this coal-region the Ncgro Moun-.
tain, Chestnut Ridge, and Laurel Ridge, bring to the surface
lower rocks than the coal-measures, and hence form long, nar-
row, barren areas within the body of the coalfield, the sum-
mits of these ridges or mountains being destitute of coal.
Farther to the northwest, similar anticlinals exist, throwing
the coalfield into troughs or basins, without, however, bursting
through them, but permitting the lower beds to arch over from
one basin to another, and insulating only certain parts of the
upper beds.

, The result of this peculiar structure of the anticlinal axes
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or ridges, with the basins between them, will be readily seen
when we add that there is & general rising of the strata as we
proceed northward. The basins, as we follow them from the
southwest in a northeastward direction, must necessarily grow
shallower as respects the thickness of the coal-rocks sheltered
within them. First, the higher or Pittsburg bed disappears,
leaving only the lower ones in the basins, then the lower seams
of the lower coal-measures alone are found. Next, the backs
of the anticlinals or ridges come out destitute of coal, leaving
in the vicinity of the West Branch of the Susquehanna only
long, narrow fingers of coal, with the intervening anticlinal
spaces between. And, last of all, we find the formation ceases
to be continuous, being prolonged only by a few seattered
patches occupying the highest knobs of the long and narrow
synclinal table-lands in which the basins terminate. ¢ Leaping,
as it were, from summit to summit, these detached masses of
the coal-formation lead us, but often by long skips, to within a
few miles of the North Branch of the Susquehanna River, on
the east, and the New York line, on the north.”
Fre. 34.

Map of & Part of Pennsvivanta, showing the co.umofmsuu.nm also the Mesozolo

The six Alleghan; C«lbldlsnmd‘wmﬂr;ﬂl Cooatlv S.Tw:gn 8, Blossburg ; 4, 8t. Mary's;
o are 'van an! o 088!

7 5, Clarion ; &Wuml’enmymh. !
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These six original basins of this great coal-field will now be
described in a general way: first repeating, in order that non-
geological readers may fully understand the description, that
an anticlinal is the arch or top of the wave, or the upper rim
of the basin, like the ridge on the roof of a house, and the syn-
clinal the inverted arch or bottom of the trough or basin. As
the latter are the localities where coal is found, it is more im-
portant that they should be traced. The lines now to be de-
scribed, therefore, are from northeast to southwest, and are in-
tended to show the centre or bottom line of each coal trough
or basin where the largest quantity, if not the only coal, is
found. All through this Pennsylvania bituminous coal-region
the usual style of map-making does not apply. The top of the
map should be northeast, the bottom southwest ; the right hand
southeast, the left hand northwest.

The First Basin.—Mahoopeny, Farrandsville, Snowshoe, Phil-
Uipsburg, Johnstown, and Somerset County.

The first coal-basin is known in the counties of Wyoming
and Sullivan as Mahoopeny Mountain, and includes the Sulli-
van County semi anthracite coal-field. The southeast rim is an
anticlinal axis not numbered .with the five great axes of the
bituminous coal-region, being outside of it. It is a prolonga-
tion of the great axis of Bald Eagle Mountain, Nippenose
Valley, and Muncy Valley, and crosses the North Branch below
the mouth of Tunkhannock Creek.

The other, or northwestern limit of this trough is a long,
gently bending anticlinal axis, the centre line of which crosses
the North Branch of the Susquehanna, near Wyalusing Falls.
Of course, the basin, or synclinal, No. I., lies between these two
anticlinals or rims of the trough.

The greatest dip exhibited by this basin on the north is
along the waters of the Loyalsock, in Sullivan County. The
bed of the peculiar semi-anthracite coal now being mined and
sent to market by the Sullivan & Erie Railroad is found be-
tween the South Branch of Loyalsock Creek and Birch Creek,
this being, in the north, probably the deepest part of the basin.
It is described at the close of the chapter on the Pennsylvania
Anthracite Regions, page 62.




THE FIRST BASIN. 187

The first basin takes in the Farrandsville coal, on Quin’s
Run, in Lycoming County, on the West Branch of the Sus-
quehanna, and farther southwest the Tangascootac region,
where the coal-measures expand over a considerable extent of
country. Farther southwest it includes the Snowshoe and
Phillipsburg districts. Both of these being productive, a spe-
cial account of them has already been given.

From Phillipsburg southwest, the centre of the basin runs
along Moshannon Creek, the strata on each side dipping
gently toward the stream. Thence it runs on up the head-
" waters of Clearfield Creek to Mount Pleasant and into the
Conemaugh River country. It will be noticed that the kind of
coal produced in this basin is not similar throughout. First,
on the northeast is the semi-anthracite of Sullivan County,
being the last anthracite coal produced in a northwest direc-
tion. The coals produced in the other localities mentioned are
altogether different, being semi-bituminous. The lines of
metamorphoses, therefore, do not coincide with those of the
basins, but are more in a direct northeast and southwest course,
the first basin inclining more toward the east in this its
northern extremity.

Farther southwest, and particularly south of the Conemaugh
River, the first basin is subdivided by other ridges or anticli-
nals into three sub-basins. The first lies between the Alle-
ghany Mountain and Negro Mountain, which issues from
Maryland into Somerset County. The second, or Stoyestown
sub-basin, i a less important synclinal, running from near
Ebensburg, eight miles east of Johnstown, and in the gen-
eral aspect of the country scarcely makes its presence known.
The third, or Johnstown sub-basin, lies between this and Lau-
rel Hill.

Coal in the First Basin.—DBeginning at the Maryland line
with the three sub-basins of the first great basin, south of the
Pennsylvania Railroad in Somerset County, and proceeding
northward, we first notice the Elk Lick Creek region between
Berlin and Salisbury on the line of the Pittsburg & Connells-
ville Railroad, where there is a fine development of the coal-
measures. The synclinal axis or bottom of the trough lies
considerably east of the centre of the valley, and the coal-meas-
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ures are of much greater thickness in this vicinity than in the
tracts farther north. The large or Pittsburg bed is here dis-
covered high up in the series which, from the shallowness of the
basin elsewhere, has not been preserved from denudation.
This coal lies near the top of a long hill between Castleman’s
River and Elk Lick Creek; and south of the Connellville Rail-
road, but, as the basin rises northward, the large coal-seam dis-
appears at Castleman’s River. There are here 800 feet of coal-
messures, as ascertained from borings and from the strata sbove
water-level at Elk Lick. In the boring were noticed three coal-
beds: A is three feet thick; B, five feet, but separated at the
falls of Elk Lick by a heavy bed of fireclay. ‘The third coal of
importance, E, is between two and three feet, and rather poor
coal. Between B and E occur two smaller beds, C and D,
along the edges of the basin. These are also seen in Ligonier
Valley and on the Conemaungh. This completes what has been
called the lower coal-measures, and brings us to the so-called
Barren Measures, which here belie their name. The - next
bed in the ascending order, F, is here four feet thick, and of
good quality. It is accompanied by three insignificant seams,
the overlying one being two inches thick while the uppermost
of the inferior ones is 12 inches. Elsewhere in the other basins
to the northwest, it assumes a more trivial thickness. The coal-
bed @G, also a widely-diffused stratum, measures one foot six
inches in thickmess. S8till rising in the series, we find another
though a very thin coal-bed, g, said to be one foot thick. This
bed becomes three feet thick in the basin between Laurel
Hill and Chestnut Ridge. Still ascending the hill on the
east side of Elk Lick Creek, we meet with the great bed H
or Pittsburg seam, nine feet in thickness. Indications of
this appear in other localities near the Maryland line. It
also occurs in Ligonier Valley, where it is underlaid at a
distance of 20 feet by a bed of limestone measuring six feet
thick.

A little farther north in this first sub-basin, at Berlin, the
upper or large seam is not met with, but three lower seams are
mined for the supply of the town, the upper one affording five
feet of true coal; the middle one, considered the best, is four
feet, and the lower one three feet. The space between the
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upper and middle one is about 60 feet, and that between the
middle and lower ones from 40 to 50 feet.

The strata in the Alleghany Mountain here generally dip
to the westward at an angle varying from 15° to 20°, causing
the overlying coal-measures to ascend the western slope to
within a mile and a half of the eastern crest, and, in cases of
denudation on its eastern escarpment, the coal appears as if it
outcropped east of the main summit of the ridge.

Second Sub-Basin.— From Somerset southward there is
but one wide basin between Negro Mountain on the east and
Laurel Hill on the west. The synclinal axis or line of meeting
of the western and eastern dips is not through the centre of the
basin, but immediately along the base of Laurel Hill, coinciding
very nearly with Laurel Hill Oreek, which, like so many other
streams, flows along the line of axis, while its distance, on the
other hand, from the western foot of Negro Mountain is between
five and six miles. The body of the coal-measures in the deeper
part of the basin affords but four or five seams of coal, and
these of deteriorated thickmness. But a coal-seam six feet in
thickness is found low down on the banks of the Youghiogheny,
near Smythfield, from which a considerable quantity of coal is
derived for the supply of the town.

Farther north toward Somerset, coal is abundant in the hills
lying west of Castleman’s River, but near and north of Somerset
the coal-seams appear to lie buried beneath the more unproduc-
tive strata that occur near the surface. The Negro Mountain
axis vanishes north of Stoyestown, and causes the whole valley
between the Alleghany Mountain and Laurel Hill to have the
structure of a single basin. Eight miles east of Johnstown,
however, an axis of elevation occurs, before mentioned, which
can be traced south-southwesterly toward Jennersville, and
there is a second anticlinal axis which passes between two and
three miles east of Stoyestown and east of Somerset, through the
middle of Negro Mountain, which commences here as & regular
ridge.

From Johnstown to Somerset, however, the rocks which
saddle over or overlie these axes appertain exclusively to the
ocoal-measures, except in the bottom of ravines where the under-
lying strata expose themselves. '
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The opening of the Pittsburg & Connellsville Railroad
through the southern portion of these two sub-basins has ren-
dered the reproduction of these details in regard to them, from
Rogers’s reports, more necessary than they otherwise would
have been.

The Potomac or Cumberland Basin, in Pennsylvania.—
East of the main Alleghany Mountain in Somerset County, and
east of the first coal-basin, is a small basin which should not be
overlooked, being the northern extremity of the Frostburg and
Cumberland (Maryland) basin which crosses the State line.
(See Miniature Map of Pennsylvania, on page 185.) For, al-
though the big bed or upper coal-measures of the Frostburg
region seem to terminate in Maryland, yet the basin itself, with
the lower coal-measures, and probably the upper also, reaches
into Pennsylvania. This basin begins toward the head of Stone
Run, in Hardy County, Virginia, ranging through Maryland,
where it has been fully described as the Cumberland coal-region,
and terminating at Will’s Creek in this State. It is here
bounded on the east by the Little Alleghany, and on the south-
west by the Savage Mountain. The Pennsylvania portion of
this basin, which is in the southeast corner of Somerset County,
may be estimated at five miles in width, measured along the
State line, and seven in length. It is believed that little or no
coal will be found north of Will’s Creek. The highest seam
enclosed in this trough is that which is principally worked.
It extends, with a very undulating line of outcrop, near the
summit of a long, irregular ridge of considerable elevation, lying
about midway between the Little Alleghany and Savage Moun-
tains, intersected by numerous transverse valleys of denudation.
These interrupt the regular range of this upper coal-seam, but
thereby greatly favor the operations of the miner by exposing
a more extensive outcrop. Its average thickness, as ascertained
in numerous places where it has been opened, is about eight
feet. The identity of this with the great seam worked at Frost-
burg is highly probable, as well from the character of the coal
itself, and the accompanying shales, as from the similiarity of
its position upon the ridge. Several other good seams of coal,
situated lower in the series, in thickness from three to five
feet, are known to exist. This basin is crossed near its north-
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ern end by the Connellville Railroad, which was completed
in 1871.

Second or Towanda Basin.—Barday, McIntyrs, Renovo, KXar-
thaus, Clearfield, and Ligonier Valley.

The synclinal No. II., or centre bottom line of the second
basin, can be traced from the northeast part of Susquehanna
County in a southwest direction, crossing the North Branch of
the Susquehanna, near Towanda, in Bradford County ; thence
running southwestward, it passes through the Towanda or
Barclay Mountain, the mountain plateau of the second basin
being split nearly from one end to the other by the Middle or
Schrader Branch of the Towanda Creek.' The synclinal keeps
in the hills, and runs from one to four miles southeast of that
creek, and crosses Lycoming Creek one mile north of Ralston.

This portion of the basin contains the Barclay mines, the
farthest east and north of all bituminous coal, and Ralston
coal-region, the one being on the northeast extremity of the
mountain near the North Branch of the Susquehanna, and the
other at the southwest extremity of the same, where it is cut
through by the Lycoming Creek, where are situated the McIn-
tyre mines.

Proceeding along the line of this second basin southwest-
ward on the first fork of Pine Creek, conglomerate and a little
coal in thin seams are found, and farther southwest toward the
main Pine Creek. Tracing this second basin in a northeast to
southwest direction as a continuous trough it reaches the West
Branch of the Susquehanna, near the mouth of Young Woman’s
Creek, which it crosses, passing afterward Kettle Creek near its
mouth. The Renovo mines are in the second basin. But in
this part of the country immediately north of the river the
basin is very shallow, only a thin remnant of the coal-measures
capping the very highest hills,

Farther southwest the second basin seems to run near the
West Branch, and parallel to it for a great distance through
Clinton, Clearfield, and Indiana Counties. It is a very broad
and extensive belt of country, and there is a remarkable regu-
larity in the position of the coal, iron-ores, and other less

1 8ee section on page 167,
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valuable strata. Of the coal there would appear to be at least
three seams of moderate dimensions, but of workable thickness in
the lower coal-measures, and in many localities more and larger
seams. To give all the details that might be collected would
occupy too much space ; illustrative examples only can be given.

At Karthaus, in the northeast corner of Clearfield County,
the coal-measures in the hills are qniberprodnctive, showing ten
seams of greater or less size, the upper one six feet thick.
The basin continues southwest past Clearfield, the whole
country here between this basin and the first basin at Mount
Pleasant being covered with coal-measures, none of the lower
formations appearing on the dividing ridge between Clearfield
and Phillipsburg. Karthaus is near the line between the semi-
bituminous and bituminous coal. There is no mining done in
the Karthaus region except for neighborhood use, there being
no railroad connecting it with the Philadelphia & Erie Rail-
road. The mining done at Renovo is by a company called
the Karthaus Coal & Lumber Company ; but that is not the
locality properly called Karthaus. The vicinity of Clearfield is
described at the conclusion of the section on Phillipsburg.

The lower coal-measures are finely exposed along the Cone-
maugh at Lockport, and other places farther north in the
second basin, along the valleys of Yellow and Two Lick Creeks
in Indiana County. Here is the northern termination of Chest-
nut Ridge, which divides the second from the third coal-basin.
North of the turnpike from Ebenburg to Indiana, neither the
ridge nor its anticlinal axis is perceptible.

The Laurel Hill, which separates the first and second basins,

.on being followed northward, also loses its features as a dis-
tinctive ridge a little south of Black Lick Creek, in the south-
ern part of Indiana and the central part of Cambria County.
Indeed, even some miles south of this the ridge is very much
reduced, and its axis greatly flattened down. At the extremity
of the ridge, coal is found in abundance exposed in the valley of
Black Lick Creek.

South of the Conemaugh this is topographically the best-de-
fined basin in the bituminous coal-region, simple and sym-
metrical, and having on each side of it a long and regular moun-
tain, and the synclinal axis of the trough coincides with the
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eentre line of the valley. It is called Zigonier Valley, bounded
by the Laurel Hill on the east, and the Chestnut Ridge on the
west, and is on the east side of Westmoreland and Fayette
Countics. These mountains seldom rise to a greater height
above the valley than 900 feet, and rest on a base from three
to five miles wide. These bounding mountains are broad,
single, parallel anticlinal ridges, of even summits and remark-
ably regular outline, with a single anticlinal axis of elevation
traversing the whole length of each. The third formation
below the coal rises to the day only near the crest of each
mountain, sometimes only the conglomerate rides over all,
arching the axis and standing up in humps along the summit
of the mountain. The flanks of the mountains consist, in great
measure, of one formation, the conglomerate, dipping nearly
parallel with their slopes, and the rocks of the coal-series lean-
ing against their base, or rising to a moderate height along
their lower acclivities. The formation is easily seen at the gaps
of the Conemaugh and Youghiogheny Rivers.

This coal-basin of Ligonier Valley maintains a very regular
breadth of about six or seven miles throughout its entire length
from the Conemaugh to the Youghiogheny River. The coal-
measures extend entirely across the valley, resting against the
base of each mountain, and rising a moderate distance up its
slopes. The inclination of the rocks is generally very gentle,
being seldom more than 7°. The only exception to this is in
the lower slope of the Laurel Hill along the eastern edge of the
valley ; the dip amounts in some places, especially near the
Youghiogheny, to 30°. In the central tracts the strata are
nearly horizontal, over a considerable breadth of the valley,
but, being deeply trenched by the valleys of the larger streams,
their mineral contents are well exposed and placed accessible te
the miner.

The central parts of the basin are occupied by the barren-
measures, capped, in one locality south of the Conemaugh, by
the Pittsburg coal-bed. Along the exact centre of the basin,
in Westmoreland County, runs a high but very narrow hill,
dividing, as it were, the valley into two, through which, hori-
zontally stratified, crops out the Pittsburg coal-seam, from seven
to ten feet thick.

13
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The Pittsburg seam, found in this range of hills, in the
centre of Ligonier Valley, from Fairfield to Ligonier, has been
opened in many places. It produces coal of a superior quality,
and therefore the thinner beds in the neighborhood, near the
bottom of the series, which measure respectively about three,
four, and five feet, are almost wholly neglected. It follows
nearly the summit of the ridge, which ranges along the centre
of the valley, to within about three miles of the Conemaugh.
This Ligonier Valley is another of Pennsylvania’s great treas-
uries of coal, without even a railroad passing through it in a
north and south direction. The Connellville Railroad crosses it
east and west along the Youghiogheny and across the first basin
by the valley of the Castleman River, and the Pennsylvania
Railroad by that of the Conemaugh. It must bide its time ; at
present the market for coal is otherwise supplied.

Indeed, the only considerable production of coal from this
very extensive second basin, 250 miles long, from the West
Virginia line to within thirty miles of that of New York,
seems to be in the Barclay region, and at the Ralston or Mec-
Intyre mines, and a smaller quantity at Renovo, on the Phila-
delphia & Erie Railroad.

Ligonier Valley extends, under other names, far into West
Virginia, with precisely the same geological features, with a
gimilar high, narrow hill in its centre, containing a long, narrow
field of the Pittsburg seam of coal running through it. (See
page 281.)

Sub-conglomerate Coals of the First and Second Basins.—
In the southwest end of the first and second basins in Pennsyl-
vania, we see the sub-conglomerate coals beginning to develop
themselves. Amid the abundance of coal-seams of larger size
and better quality, they are here only of consequence as they
gerve to throw light upon those of the same age and
‘geological position in Southwestern Virginia, Southeastern
Kentucky, and in Tennessee, where they are more strongly
developed in number and thickness, and are of great con-
sequence, being the only coals found in many localities in
the latter two States. These are a lesser group of coal-rocks,
reported by Rogers, lower in the geological series than the great
conglomerate which is ususlly regarded as the base of the pro-
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ductive coal-measures. They are found on both sides of Laurel
Hill, the boundary-line between Somerset and Fayette Counties,
and consequently in the first and second basins. They first
assume & notable importance in Turkey Foot Township, in
Somerset County, but they expand to greater thickmess in the
second basin along Indian Creek in the Ligonier Valley trough
on the west side of Laurel Hill. These are an earlier-formed
carboniferous strata, having no connection with the main body
of the coal-measures, but holding a position corresponding to
the upper layers of Rogers’s formation XI., or Red Shale, and
the lower rocks of his formation XII., or Conglomerate. West
of the Youghiogheny River, these interpolated coal-strata con-
tain a seam of excellent coal four feet in thickness. It is en-
tirely below the coarse rocks of XIL., or the great conglomerate,
and 20 feet below the band of iron-ore which usually marks
the common limit of this formation, and the red shale or forma-
tion XI. The ore here occupies a brown shale, so that it may
be considered as appertaining to the coal-measures, which thus
form as it were a subordinate part of the underlying red-shale
formation.

The reader will hereafter notice the gradnal development
of these sub-conglomerate coals in a southwest direction. They
also appear in Mercer county along the northwest margin
of the coal-field on the line between Pennsylvania and Ohio,
and on the eastern and southwestern margin of the Illinois
coal-field in Western Indiana and Southern Illinois.

The Third or Blossburg Coal-Basin.— Blossburg, Antrim, Cam~
eron, Wistar Mountain, Bennett's Branch, ete.

The third coal-basin in the north is that of Blossburg,
in Tioga County. Of this coal-region on the head-waters
of the Tioga River, a special account is elsewhere given in this
volume. The Blossburg is the only very productive region in
this basin. The synclinal or centre of the basin runs west-
wardly through the Fall Brook, Morris Run, and Blossburg
Companies’ mines, in Tioga County. The same basin continues
westward over Babb’s Creek and Wilson’s Creek, through a
fine coal-field south of Wellsboro on Wilson’s Creek, where the
Fall Brook Coal Company have opened new mines at Antrim.
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(See page 124 to page 161, as to these localities.) Thence its
general course is southwestward to the Sinnemahoning River,
which it crosses 10 miles above its mouth. In an extensive
wilderness country like this it is impossible, says Rogers, to
pronounce with positiveness upon the existence or non-existence
of coal in a basin where a slight dip may bring in unperceived
the lower part of the coal-measures. This same synclinal axis
No. III., marking the middle of the third basin, also crosses
Bennett’s Branch about 10 miles above its mouth, thence follow-
ing the course of that stream. In this basin on the Phila-
delphia & Erie Railroad are situated the Wistar Mountain
Company’s coal-works, 67 miles from Williamsport, 267 from
Philadelphia, and 183 from Erie; also the Cameron coal-mines,
97 miles west of Williamsport. The centre line of the third
basin follows along the general course of Bennett’s Branch
in a southwesterly direction through part of Cameron and Elk
Counties, the western part of Clearfield County passing Luthers-
burg. In that direction it merges into the general basin of
the western counties of the State, of the coal of which a general
account will be given as it is displayed along the valley of the
Alleghany River. :

As the Philadelphia & ZErie Railroad leaves the West
Branch, and passes up the Driftwood Branch, this has been a
secluded, inaccessible region. It is one of our vast, undeveloped
parts of the country full of coal, but as yet with nothing enti-
tling it to much space in these pages. A railroad up Bennett’s
Branch is now (1872) in progress, which will bring to light
some of the buried treasures of this wild region. Near Cale-
donia, in the south part of Elk County, a seam of coal is de-
scribed by Rogers, without any slate, measuring five feet two
inches thick; and the country will be found to be rich in coal,
limestone, and iron-ore, for many miles southwest of that place,
up Bennett’s Branch.

“ From Bennett’s Branch Intersection with the Philadelphia
& Erie Railroad, to the Alleghany Valley Railroad at the
mouth of Red Bank, is 92 miles. One of the tunnels, namely,
that at the Boon Mountain summit, will be 2,000 feet long, and
about 200 feet below the level of the summit, and is 1,400
feet above tide—more than 700 feet lower than the summit of
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the main line of the Pennsylvania road at its tunnel above
Altoona.

“The line of this Low Grade road is an extraordinary one.
Ten years ago no one would have supposed it possible to get a
line across the Alleghany Mountain, anywhere, with a summit
only 1,400 feet above tide. Still less could any one, familiar
with the topography of Western Pennsylvania, have anticipated
that a line could be got, connecting Harrisburg with Pittsburg,
which should have a maximum grade of only 18 feet per mile,
to within four miles of such a summit—a grade of only 87 feet
for those four miles—and a8 maximum descending grade, thence
to the Alleghany River, of only 14 feet to the mile. The
average grade of the seventy-odd miles, from the summit to the
Alleghany River, is only a little over eight feet to the mile;
but a somewhat higher maximum is necessitated by the va-
riable rate of water-fall.”

Farther southwest, the eastern boundary of the third basin
is the Chestnut Ridge, before described as the northwest bound-
ary of the second basin. But in this southwestern district of
Pennsylvania the lower coal-measures and the division of the
region into basins lose their practical importance. All the
lower coals which prevail farther north become attenuated and
disappear by the dipping of the rocks in a southward direction,
and the basins also disappear. Next above come in the Bar-
ren Measures, 400 or 500 feet thick; and next above these
the upper coal-measures, to be hereafter described, first or low-
est among which is the important Pittsburg bed. The whole
country and the whole market accessible from this region are
supplied from this coal-seam. For all the purposes of the pres-
ent generation and many generations to come, for hundreds of
years, this Pittsburg bed is and will be the all-important one
of this large section of country, covering as it does the southwest
corner of Pennsylvania, the * Pan-handle,” and other large por-
tions of West Virginia, and a large tract in Southeastern Ohio,
in all some 14,000 square miles. It may be highly important for
the geological student to follow these lower coal-seams in imag-
ination, as they no doubt run continuously under this whole ter-
ritory, in itself a good-sized State, and to pry into them as they
peep out in deep river valleys. It is well enough for the
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farmer who lives on the hills of Greene and Washington Counties,
Pennsylvania, on the upper Barren Measures, 1,200 feet above
the Pittsburg seam, to talk at his fireside of the stores of coal he
owns within the 2,500 feet in depth of productive and barren
coal-measures below his feet, but for present practical purposes
the upper accessible seams alone are important. The others
are merely objects of geological interest, or they may serve as
a basis of calculation by the political economist as to the future
riches and resources of our people.

Fourth or 8t. Marys Basin, Cowanesque, St. Mary's, Shaw-
mut, Toby's Creek, Kiskiminetas.

Synclinal Axis No. 4, or the centre line of the fourth St.
Mary’s and Toby’s Creek coal-basin, crosses the Tioga River
and the Tioga Railroad, in the State of New York, two or three
miles north of the State line, as displayed in the lower rocks,
and runs up the valley of the Cowanesque, in Tioga County, a
little south of westward, where there is a thin coal-seam in one
locality ; thence up West Creek, and southwestward across Pot-
ter County. It crosses the Philadelphia & Erie Railroad, on
the Driftwood, three miles above Emporium, and perhaps ten
miles above axis No. 3. In this fourth basin are several coal-
works on the Philadelphia & Erie Railroad, viz., those of the
St. Mary’s Coal Company, three-fourths of a mile east of St.
Mary’s village ; five miles farther west a branch railroad leads
off to the Kersey Coal Company’s mines, 33 miles, and those
of the Daguscahonda Coal Company, four miles from the Junc-
tion ; and about a mile east of Ridgeway is the junction of the
abandoned Shawmut Railroad, 16 miles long, which leads off
southward to the mines of t]mt company on Toby’s Creek.
All of these and some others which have been opened are in
the fourth coal-basin, the centre line of which continues south-
westward through Elk and Jefferson Counties, near Kersey,
between the Clarion River and Toby’s Creek, the line coin-
ciding with the general course of Toby’s Creek. Crossing
Jefferson County diagonally, it runs seven miles east of Kittan-
ning in Armstrong County, and dies away on the Kiskiminetas,
24 miles from its mouth.

In the central part of Jefferson County, in the fourth basin,
is a fine coal-region in the Reynoldsville country, bat far from
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market, and, being without a railroad, quite undeveloped. Prof.
Lesley says it is a magnificent coal-region of great length and
breadth, holding all the beds of the lower coal-measures, two at
least of which attain a thickness of 11 and 12 feet, rivalling
in quality, size, and extent of area, the upper coal-measures of
‘Westmoreland County, southeast of Pittsburg.

The new Bennett’s Branch Railroad, already mentioned, con-
necting the Philadelphia & Erie Railroad with the Alleghany
Valley Railroad, will run across this fourth and the third basin,
through a region affording a great abundance of coal in seams
of unusual size.

Fifth Coal-Basin, Coudersport, Ridgeway, and Red Bank.
The centre line of the fifth basin passes about five miles to
the north of Coudersport in Potter County ; it runs south of
Smethport in McKean County, near Ridgeway in Elk County,
and Brookville in Jefferson County. Along the Red Bank
Creek in this county, and which is the line between Clarion
and Armstrong, this basin is fruitful in coals, the Brookville,
Clarion, and Kittanning seams, each at least three feet thick, and
arching over into both the fourth and sixth basins. Tracing -
them farther south, as we shall see, along the Alleghany River,
they sink under the Barren Measures and upper coal-measures.
The fifth coal-seam in the ascending order, where it occurs
about 12 miles east of Brookville in Jefferson County, measures
between eight and nine feet. The seventh bed is 10 feet thick
between the Red Bank and Mahomng, on the road from Kit-
tanning to Brookville.!

Siath Coal-Basin, Northwestern Pennsylvania.

This is the last trough of our Western Pennsylvania coal-for-
mation, counting northwestward from the Alleghany Mountain.
On the northwest it is definitely limited by a belt of country
composed of the great coal conglomerate which ranges to the
southwest out of Warren County, through Venango, into Mercer.
On the southeast it is bounded by a well-marked anticlinal axis
passing from near Smethport in .an almost straight line toward
Pittsburg. It is a large basin, and has grand yet simple feat-
ures of stratification, the limestones and many of the zoal-
seams being continuous over very extensive areas, though the

1 See Supplement on page 677.
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individual beds frequently change much their thickness and
external aspects. The included sandstones, slates, and other
mechanically formed rocks, display incessant variations of thick-
ness and composition. Thus two seams of coal, in some places
separated by 60 feet of strata, will at other points be within 20
feet of each other, the stratification from these causes having
little resemblance to the series of coal-rocks farther east.

There are 700 or 800 feet of coal-measures which occupy this
trough mnorth of the Ohio River, with eight widely-distributed
coal-seams, besides several smaller local ones. Designated from
the lowest upward, the four lowest included between the first
and second thick sandstones, and which are developed chiefly
in Mercer, Venango, and Warren, are neither as continuous nor
for the most part as thick as the beds above them. One, at
Mercer and Sandy Lake, is four to six feet thick. We find
with these lower coals in Mercer the lowest bed of limestone
anywhere met with in our Western coal-measures, showing the
approach to the great limestone regions of the Western States.
The upper four eoal-seams are much the most continuous and
uniformly valuable. The fifth is the main bed at Fallston,
Newecastle, Kittanning, Marrinsville, and in Venango County.
The seventh is the most important bed on the Alleghany River
above Sugar Creek and on the Red Bank, while the eighth is
the chief seam at the town of Butler. This last, which is a very
valuable bed, accompanies the preceding, though at a greater
elevation in the hills in the vicinity of Sugar Creek and Kittan-
ning, and in the neighborhood of Freeport.

A railroad has lately been completed from Jamestown to
Franklin, crossing the northern part of Mercer County, and a
considerable coal-trade has immediately sprung up for the sup-
ply of the oil-regions. The principal points where coal is
mined are at Raymilton in Venango, and at Sandy Lake, Stone-
boro, and Pardoe, in Mercer County. There were 185,742 tons
produced in 1871. As a general view of the coal in the fifth
and sixth basins in the descending order of the seams as they
are seen on the Alleghany River will hereafter be given, further
details, of which many more may be found in Rogers’s final
report, will be unnecessary, especially as the region has no very
large amount of coal-trade except in the block-coal region of
Mercer County.
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This section of country between the Alleghany River and
the Ohio State line, and between the Ohio River and Lake
Erie, has a very gentle slope to its rocks. Prof. Lesley reports
that the dip of the formations has been found by actual measure-
ment to be but about one-seventh of one degree. North of the
coal-region, however, the descent of the streams is very rapid
to the level of Lake Erie.

West of the Alleghany River and French Creek a great
change is observable in the rocks between the conglomerate
and the Tionesta sandstone. This change attains its maximum
in the neighborhood of Mercer, where we find the interval to be

.100 feet, and to contain four coal-beds, the upper one, the Tio-
nesta coal, being six feet thick, and the others thin, averaging 1%
foot in thickness. Still farther southwest, in the neighborhood
of Newcastle, on Beaver River, the Tionesta coal-measures have
resumed their former insignificance as productive strata.

The Sharon group is a series of rocks resembling the coal-
measures, which makes its appearance beneath the conglomer-
ate 10 or 12 miles northwest of Franklin. Becoming better
developed as we trace it south, it is found to consist usually of
a single coal-bed from 12 to 18 feet below the base of the con-
glomerate, generally quite thin and poor, but attaining in the
neighborhood of Sharon and Georgetown the thickness of five
feet. At intervals of 15 and 20 feet below this hed are found
near Mercer two other coal-beds, 1} and 24 feet respectively.
This group of coal-strata, Prof. Rogers says, is not to be con-
sidered as a lower coal-formation, but as merely a part of the
lower group of the coal-measures locally developed by increase
of the coal-beds, and a proportionate reduction of the pebbly
matter of the sandstones. An analogy may be drawn between
these and a series holding a similar position at Turkeyfoot, in
the extreme southern part of the State.

We will now take a cross section of the northern part of
these coal-basins, or a brief general survey from east to west.

The West Branch Coal-Region, on the Philadelphia & FErie
Railroad.
This railroad runs across the northern parts of five of the

20al-basins, and forms a good line of observation. In going
west from Williamsport on the Philadelphia & Erie Rail-
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road, coal is first met with at Queen’s or Quin’s Run, 30 miles
west of Williamsport, where the First Coal-Basin of Rogers’s
(Pennsylvania) Geological Survey crosses this railroad. Here
the coal-measures are 150 feet thick, with four seams of coal,
three of them valuable. In it are the old Farrandsville mines,
which were worked many years ago, and the coal from them
shipped by the West Branch Canal; also the Eagleton, the Me-
Henry, and Black Heath mines, on an old branch railroad. The
coal was semi-bituminous, and of a good quality for steam.
These are all things of the past, the works being abardoned.
“At Farrandsville a great furnace was erected, and a quarter
million of dollars sunk. The iron-ore is a poor nodular stra-
tum in shale, and a six-foot fire-clay bed under the third coal-
bed.” This is the Tangascootack region, which farther south-
west expands over a considerable extent of country. Snowshoe
and Phillipsburg mines in Centre County arein this first basin,
farther south., Second Basin.—The next mines are at Renovo,
52 miles from Williamsport, where, in 1871, 8,564 tons of coal
were mined for the railroad company’s shops and to coal engines
on the road. The mines are two miles northwest of the Phila-
delphia & Erie Railroad. This is the Barclay and Ralston
basin. 7The Third, or Blossburg Basin, crosses the Philadelphia
& Erie Railroad, taking in the Wistar Mountain coal-mines,
67 miles, and the Cameron mines, 97 miles west of Williains-
port, both situated directly on the railroad, the coal being run
down inclined planes from the tops of the hills, Neither of
them is in operation. This coal is decidedly bituminous, con-
taining 67 to 69 per cent. of carbon, and 26 to 29 of volatile
matter. The Fourth, ‘or Cowanesque Coal-Basin, embraces
several coal-works on the Philadelphia & Erie Railroad, viz.:
those of Tannerdale, 117 miles from Williamsport, St. Mary’s,
119 miles, and Benzinger, also at St. Mary’s. The St. Mary’s
are the most important, they being the only works on the whole
road in full operation. They produced 74,056 tons in 1871 for
the use of the Philadelphia & Erie Railroad. The Benzinger
Coal Company mined 13,652 tons in 1871. Farther west, 125
miles from Williamsport, is & braneh railroad, leading to the
Kersey Coal Company’s mines, 34 miles, and to those of the
Daguscahonda Coal Company, 4 miles. Their production is
now very small. One mile east of Ridgeway, or 128 miles from
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Williamsport, is the junction of the Shawmut Coal Company’s
Railroad, 16 miles in length to their mines on Little Toby’s
Creek, which are not in operation. A large sum of money was
here unprofitably invested. In the Fifth Coal-Basin, on the
Philadelphia & Erie .Railroad, are the Wilmarth or Johnson-
burg coal-mines, the last going west, being 138 miles from
Williamsport. At Kensua, 162 miles from Williamsport, the
road passes out of the coal-measures. All the basins are finger-
points or detached patches on tops of the highest hills. The
Renovo and St. Mary’s mines are on the north side of the Phil-
adelphia & Erie Railroad, all the others on the south of it.
There are plenty of other coal-lands not yet opened. Nowhere
in the State is there such a spectacle of disappointed hopes and
of fortunes buried in the bituminous-coal business. Most of these
companies have built branch railroads, some of them of consid-
erable length, and also spent large sums for opening and work-
ing mines, and for mining-plant, having been stimulated into
premature life by the high prices of coal during the late war.
The trouble with these mines is, they have no market at
home, it being a very thinly-populated country. If they go
west, they encounter up-grades of 116 to 145 feet per mile for
nine miles east of Kane. At Erie, the Western terminus of the
Philadelphia & Erie Railroad, they meet the block-coal from
Sharpsburg, Mercer County, which has only been brought 75
miles, and which is both cheaper and better. If they go east,
they meet with Snowshoe, McIntyre, Broad Top, and Anthra-
cite, which have been carried a shorter distance. The comple-
tion of the Buffalo & Washington road to Emporium will
afford the region a better avenue to that important market.

Lower Coal-Measures on the Alleghany River in the Fifth and
Sizth Coal-Basins, n the Descending Order of the Geologi-
cal Strata.

The two chief rivers which traverse the Western Pennsyl-
vania bituminous-coal-basin, flowing in opposite directions, in-
tersect wholly different strata—the Monongahela and its west-
ern tributaries passing through the upper coal-measures and the
Alleghany River through the lower. Starting from the marly
shales exposed at the water’s edge at Pittsburg, and ascending
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the Monongahela, we rise into higher and higher layers, and,
following its western streams into Greene County, we may
even reach the uppermost beds of the whole series. Ascending
the Alleghany River, on the other hand, we come upon geologi-
cally lower and lower rocks emerging successively to view, until
in the neighborhood of Franklin and Warren we encounter
those that form the bottom of the basin.

Ascending the valley of the Alleghany River to Sharpsburg,
four miles from Pittsburg, we there find the hills consist of the
same rocks as at Pittsburg, but the Pittsburg coal-seam is
found only on the highest knobs ; and lower strata of rock than
those seen at Pittsburg begin to show themselves in the lowest
places. At Fairview, or Sandy Creek, five miles farther np the
river, the hills are 850 feet high, and too low for the Pittsburg
coal. When we arrive at Tarentum we find still more of the
series has vanished. The river hills average 250 foet, while the
coal-bed E, Upper Freeport, of the lower coal-measures, has
just made its appearance. This is the first or upper workable
coal-bed of the lower coal-mensures, and is one of the most im-
portant and widely extended. It coversan area twice aslarge as
the Pittsburg bed, and affords a remarkably rich, compact, and
inflammable coal. It rises about three miles below Tarentum,
near which it is mined at an elevation of 30 feet, the bed being
six feet thick, and in places seven feet. It can be traced
through the eastern part of Armstrong County ; it ranges west-
ward through the central parts of Butler County and through
portions of Alleghany and Beaver Counties, disappearing wulti-
mately beneath the Ohio River, in conformity with the general
southwestern dip of the coal-measures. Near the town of But-
ler it is four feet thick, holds a high position on the hills, and is
extensively wrought. The attentive reader will understand
this as the description not of the boundary of the northern out-
crop of this fine seam of coal, but where it first appears in the
river-bed, and that it dips southward and passes under the bar-
ren and the upper coal-measures, and is found also on the high-
er ground farther north.

It may be observed that, although the general dip is toward
the south, it is by nomeans regular. Thus, below Freeport, at
some of the coal-mines, the local dip is up the river, while in fact
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the general dip is in the contrary direction, as is shown by the
coal cropping out on the north and sinking under the river to
the south. At Pittsburg, coal E appears to be from 100 to 150
feet below the river, while at Freeport it has the height of 144
feet above the water. At Kittanning, 44 miles from Pittsburg,
it is still higher, 8370 feet above the river, rising farther north to
the tops of the most elevated hills. At Kittanning we sce at an
elevation of 100 feet the fossiliferous limestone and other rocks
which were far beneath the river-level at Freeport, and the last
remains of the Barren Measures are indicated by the red and
variegated shales which cap the highest hills on both sides of
the river. The next coal-seam, in the descending order, D, or
the lower Freeport, first appears above the level of the Alle-
ghany River, about two miles above Tarentum. At Freeport
it is seen at an elevation of 57 feet above the river, or 87 feet
below E. This seam is remarkably irregular as regards thick-
ness, measuring in some places four feet, in other places two
feet, and at the mouth of the Kiskiminetas a thin layer of soft
bituminous shale mixed with coal supplies its place. This coal
is remarkable for its irregularity, not only as respects its thick-
ness and local dip, but as regards the nature of the accompany-
ing strata. Beneath this coal D, or lower Freeport, sometimes
in contact with it, occurs the Freeport sandstone, 70 feet thick.
Above coal E, or upper Freeport, is a thick mass of brown
and blackish shales more than 50 feet thick, upon which is the
Mahoning sandstone, 75 feet thick.

Returning to the coal-seams, we next in ascending the river
find an important seam of coal C, Kittanning or Clarion, which
is widely extended and important. It emerges from below the
Alleghany River, about five miles above the mouth of the Kis-
kiminetas. At Kittanning it attains an elevation of six feet
above the river, and has been extensively wrought near the base
of the hills on both sides of the river, and is 3} feet thick, but it
varies somewhat in thickness like all other seams, and is some-
times five feet thick. This coal-seam may be readily traced on
the river-hills between Kittanning and the mouth of the Clarion
River; it sinks and disappears beneath the country on both
sides, and reaches the day on the Beaver River and its branch-
es, on Red Bank Creek, on Buffalo Creek, and elsewhere. It
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is the Cannel coal-seam of the Alleghany River Valley, also at
Darlington, near the Ohio line, and at Peytona in West Vir-
ginia. Below coal C is a bed of brown and black shale with lay-
ers of sandstone 25 feet thick, and then the buhr-stone and brown
gilicious iron-ore, some portions being analogous to the burr-
stone of France, and other parts a hard, grayish and yellowish
schist or flint.

The next seam of coal is B, 71 feet below coal C. This im-
portant coal slowly rises above the base of the river-hills above
Kittanning. Over it lie three layers of coal b, each about one
foot, and one of them sometimes twenty inches or two feet thick,
separated from each other by shale. Rejecting these, the prin-
cipal seam measures 3} feet thick. East of the Alleghany and
south of the Clarion River it is opened in many places. It can
also be traced east of the river through Venango and Clarion
Counties. In the vicinity of the town of Mercer it is three feet
thick. Traced to the southwest it sinks beneath the bed of the
Ohio. This is the Towanda, Ralston, Blossburg, Queen’s Run,
Barnet (Broad Top), the large Tangascootack, and the great bed
near the bottom of the coal-measures above Johnstown, and is
found and wrought in many other places throughout the State,

Forty feet below coal B is the seam A, the lowest workable
bed along the Alleghany River. Although numerous thin
bands of coal occur in the slate beneath, they are not of suffi-
cient size to work. Six miles east of Franklin it lies on the
summit of the hills. It is a thin and everywhere generally
a worthless seam, composed of two parts of about one foot thick
of coal, separated by heavy slates. It may be found of a good
size and valuable quality in some localities. It seems to attain
its greatest size at Lockport and about Phillipsburg. It retains
the characteristics described above also in the anthracite re-
gions (s¢e p. 49). The centre of the fourth basin runs east of
the valley of the Alleghany River, seven miles east of Kittan-
ning and 24 miles east of the mouth of the Kiskiminetas op-
posite Freeport.

At Foster Station, 115 miles above Pittsburg and eight miles
below Franklin, a small seam about 2 or 23 feet thick has been
opened, on the west side of the Alleghany River, near the top

of the hill, which is apparently the last appearance of coal in
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this quarter in ascending the river. Farther north the moun-
tain sandstone, as it is here called, may be seen capping the
tops of the hills, the base of the coal-measures, but without coal.
Farther east the six finger-points of basins carry lines of smaller
coal-fields nearly to the New York line. The localities where
coal-works are in operation on the Alleghany Valley Railroad,
in 1871, are all south of the Clarion River, viz. : Monterey, 78
miles from Pittsburg, Hillsville, 75, Catfish, 71 miles, this being
the most extensive, producing 350 tons per day. All of them are
on seam C, which is here 4% feet thick at its best exposures.
North of the Clarion, on this river, it does not exceed three
feet. At Brady’s Bend a large quantity of coal is mined and
used in the great iron-works there. Also at the Monticello,
Mahoning, Pine Creek, and Stewartson furnaces in Armstrong
.County. At Sandy Creek, nine miles above Pittsburg, a larger
coal business is done, in H, or the Pittsburg seam.

Cannel- Coal.—Previous to the discovery of petroleum in
large quantities in Northwestern Pennsylvania, oil was distilled
from cannel-coal mined from coal-seam C, along the Alleghany
River. A great number of very expensive establishments were
erected, and a large business was done. But the discovery of
our wonderful deposits of petroleum in Crawford and Venango
Counties, about the year 1860, dispensed with all this machinery
for distillation, and continued to employ so much of it only as
was required for refining the oil obtained from the wells.

The mines which had been opened and the labor of the coal-
miner became unnecessary. It is a beautiful grate-coal, but
there is8 now no important business done in mining cannel-
coal, for which there is no large demand in the market. Coal is
chiefly wanted for iron-making and for steam purposes. Cannel-
coal contains more illuminating gas than common bituminous
coal, and sometimes a limited quantity of it is used to improve
the quality of the gas. But, in the manufacture of gas, fuel is
required, and cannel-coal produces but little coke. The common
bituminous coal of the Pittsburg seam cannot be surpassed, and
is everywhere used for gas-making purposes. The supply for
the eastern market comes from the eastern margin of the coal-
field of the upper coal-measures H, or the Pittsburg bed in
Westmoreland County. The locality is in the vicinity of the
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stations called Irwin, Penn, Shafton, etc., whence it is trans-
ported on the Pennsylvania Railroad about 330 miles to Phil-
adelphia. The Westmoreland Coal Company are the princi-
pal operators in this coal. The Alleghany Valley region is in
our day of quite secondary importance. It is geologically
interesting as showing the structure of the coal-region and the
series of the lower coals, which alone are found in so large a
part of the State; but it is not where the coal of the western
country is mined. The Alleghany River coal-trade, which was
355,586 tons in 1870, is a8 nothing compared to that of the Mo-
nongahela and Youghiogheny Rivers region, and that along the
railroads leading in all directions from Pittsburg through the
upper coal-measures, which produce ten times more. But, before
proceeding to the Pittsburg region, there is a very important one
demanding attention in the northwestern part of Pennsylvania.

Chenango Vallsy, or Mercer County Block-Coal.

A line drawn in a west-southwest direction from Kensua,
on the Alleghany River, near the west line of McKean County,
through Sandy Lake, Mercer County, to Youngstown, Ohio, will
define with tolerable accuracy the northwest limit or outcrop of
the lowest coal of the sixth and last basin of the great bitumi-
nous coal-region. But within this boundary every valley cross-
ing this line cuts down through the coal into the lower rocks.
The conglomerate, however, extends about 10 miles farther
northwest. Beneath the conglomerate we find a small group of
coal-measures, which comes in under the great conglomerate in
the country between French Creek and the Ohio line, and contain-
ing a valuable seam. This is the Sharon coal, in Mercer County.
It is a species of semi-cannel-coal with a slaty stracture, and a
dull, jet-black lustre, with a thickness of from three to four feet.

It seems an extraordinary circumstance that the most im-
portant coal-region in Northwestern Pennsylvania and Eastern
Ohio, as respects the present production and the quality of its
coal, should be almost outside of what was regarded as the coal-
region, and below the coal-measures. The so-called splint-
seam, producing block-coal, belongs to a group of coal-strata
which, although appertaining to the true coal-formation, were
long ago recognized as being beneath the main body of the
conglomerate.* Though the bed is frequently a mixture of coal
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and slate, a8 its name implies, it produces the most valuable
coal in the United States, and it embraces one and sometimes
two important beds.

One of the most important uses to which mineral coal has
been applied is the smelting of iron or the manufacture of pig-
or cast-iron from the ore. When bituminous coal is used for
this purpose, it is usually necessary that it be first coked, which
is not only attended with labor and expense, but with the loss
of much of the heating power of the coal. There is no bitumi-
nous coal in Pennsylvania that can be used in a raw state for
smelting iron, except the splint or block-coal, as it is commonly
called, of this region close to the Ohio line in Mercer County,
on the Pittsburg & Erie Railroad, and the Beaver & Erie
Canal. The qualities required for this purpose are, sufficient

,hardness in the mechanical structure of the coal to bear the
pressure of a charge and the high temperature required in the
blast furnace, the absence of all the melting or caking property,
which would stop the draught in the stack, freedom from sul-
phur, in order to produce iron of a good quality, and sufficient
heating power. At this farthest northwestern outcrop of the
great Alleghany coal-basin, the requisite conditions were present
for producing just the quality or species of coal best adapted to
this purpose. The seams of this lower coal are very irregular,
being found in small basins appearing to have been deposited
upon an uneven floor. The beds vary from two to five feet,
and the basins from a few acres to 500 acres. The same coal on
the Olio side is subject to the same distortions, forming basin-
shaped cavities that sometimes sink 20 feet in a less number of
rods. In the larger basins the central part has a good thickness
of coal, four to five feet, thinning out toward the edges. There
were nearly 500,000 tons of block-coal produced in Mercer
County in 1871, and twenty-three blast-furnaces in the district
above mentioned were running on this coal in that year, with
others in the course of construction. There are about the same
number of furnaces on the Ohio side of the line.

The principal locality where this peculiar coal'is produced
is along the line of a small branch of the Erie & Pittsburg

® 8o reported by Rogers ; but this block-coal seam A, in the adjoining district
in Ohijo, is certainly above the conglomerate, by Dr. Newberry’s reports.
14
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Railroad at Sharpsburg, 75 miles south of Erie. The mines are
in Hickory Township, and in the vicinity of Sharon, Wheat-
land, and Middlesex, in the southwestern part of Mercer County,
and the area is quite limited. Some further notices of the splint
or block coal will be found in the chapter on Ohio, and in that
on Indiana. The Brier-Hill and Youngstown (Ohio) district is
an extension of that of Mercer County, Pennsylvania, the
several places mentioned being but a few miles distant from
each other. However it may be accounted for, this block-coal
appears always to occur in islands, or along the borders of,
and as yet it has not been found extending under, the larger
coal-fields.

2. THE UPPER COAL-MEASURES.

The bituminous coal-measures of this State constitute, ac-
cording to Prof. Rogers’s reports, but one group of sand-
stones, limestones, shales, and coal-seams, not susceptible of any
natural subdivision. But, as it is a very extensive and compli-
cated system of rocks, he, for convenience, divided it into the
upper and lower series, each surmounted by a series of shales
and sandstones comparatively barren of coal. But these divis-
ions are only convenient aids to the memory, or for descriptive
purposes, for, as he remarks, ¢ the mineral deposits of the earth,
unlike its vegetable and animal inhabitants, follow no very con-
stant types, undergoing, though sometimes very gradually, in-
cessant changes both of composition and external features.”
The Ohio geologists, on their first survey in 1838, in exam-
ining the strata near our State line, were unable to arrange
them according to Prof. Rogers’s general classification, as they
found coal-beds in the barren sandstone series. Yet that se-
ries is comparatively barren of good coal, and the name serves
to designate it just as a portrait reminds us of the original,
although the prominent features are somewhat exaggerated.

The upper coal-measures do not extend beyond the limits
of Alleghany, Washington, and Greene Counties, the southern
townships of Beaver and Armstrong, the southwestern ones of
Indiana, and all those sections of Westmoreland and Fayette
lying northwest of a line near tho base of the Chestnut Ridge
and some detached patches in Somerset County. All other




GENERAL SYSTEM OF THE COAL-ROCKS. 211

parts of the general bituminous coal-field are occupied by the
lower coal-measures. This is therefore a proper place to in-
troduce the numerous details of the strata composing the whole
coal series:

ROGERS'S BSYSTEM OF THE COAL-ROCKS OF PENNSYLVANIA, IN THE ASCENDING
ORBDER, FROM MERCER TO GREENE COUNTIES.

No. Foot. No. | Foet.
ALLEGHANY RIVER. MONONGAHELA RIVER!
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.
8 - 6 WASHINGTON AND
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18 | Coal D, Lower 8 87 I
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16 . v T | .8
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T e o | & | Homea S g
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o nmwnuuim' 's’ﬁiio". o 4
18 50 63 tOD6. . coenrsnnnnes 20
19 (] 8 | Cates 1
20 1to 8 70 | Buff Shale 20
81 71 | Limestone . 8%
2 80 73 | BufiShale.. . 50
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o« 1 [+ Gn Micaceous Sandstone] 14
25 estone t] 16 w Micaceous Shale. . 15
26 | Ofive Slate and Buff Shale 100 77 Shllu and unndnonu... . 63
27 | Ligonler S8andstone....... 70 78 | Flaggy Bandstones ....... 18
28 hale. 18 70 | Blue and Buff Shales (thin)
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81 4 83 | Limestone 8
83 18 8 25
88 10 84 10
u 2 88 1
8 . 18 86 18
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87 | Bhale and Sandstone® ... .. 80 88
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80
Total feet....... 878 481 90 !
91
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The Pittsburg Seam in Pennsylvania.—The following are
the limits or boundaries of the Pittsburg coal, or the upper
productive group which, in the ascending order, commences
with the Pittsburg seam. It crosses the southern line of Penn-
sylvania near the southwest corner of Fayette County, a little
east of where the Monongahela River crosses it, and pursues a
very nearly straight northeast course close along the base of
Chestnut Ridge to Blairsville. But this is only a long, narrow
fork of this coal-basin, three or four miles wide, cut off by the
Westmoreland and Fayette anticlinal axis, with Uniontown,
Connellsville, Y oungstown, and Blairsville, in its centre. Greens-
burg stands on an island of the Pittsburg coal-seam of a few
square miles, bounded on the west by the Saltzburg and Brown-
ville axis, and there is another similar detached field on each side
of the Conemaugh at Saltzburg. These gave rise to a coal-trade,
in 1871, of 142,681 tons on the Western Pennsylvania Railroad.
Returning to the main body of the Pittsburg coalfield, to a
point six miles southwest of Uniontown, the outcrop pursaing
a north-northwest course, crosses the Monongahela River at
Perryopolis, thence to Adamsburg, and, including the northwest
corner of Westmoreland County and the southern two-thirds of
Alleghany County, the northern line runs westward across the
Alleghany River below Tarentum, and the Ohio River near
Little Sewickly Creek in Alleghany County, and, bending a
little southward, touching the southern part of Beaver County,
it runs over the State line and recrosses the Ohio River a little
north of Steubenville, Ohio. Its boundaries in Ohio and West-
ern Virginia are given in the accounts of the coal-reglone of
those States.

“The Pittsburg coal or main upper seam of the lower limit
of the upper coal-measures evidently underlies every part of the
large area thus defined, and this area, in Pennsylvania, Ohio,
and West Virginia together, appears to amount to about 14,000
square miles, of itself a very noble coal-field. Of course, each
of the overlying coal-beds of this upper group possesses succes-
sively a less and less extent. It manifests, in its broad extent,
and in the singular persistency of its characters and subdivis-
ions, the wonderful uniformity of all the physical conditions un-
der which its materials were accumulated. This prodigious floo
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of coal does not hold everywhere the thickness it possesses in
Southwestern Pennsylvania, but undergoes a very gradual pro-
gressive reduction of size as it advances south and southwest;
it declines indeed to a thickness of little more than three feet
nesr the south end of the coal-basin which it occupies.”

The size, constitution, quality, and accompaniments of the
Pittsburg bed, so called on account of its being so extensively
mined in the vicinity of that city, are thus described by J. P.
Lesley: “Its size throughout the major part of its extent is
eight feet, gradually increasing eastward in Ligonier Valley, in
Fayette County, Pennsylvania, to nine; in Elk Lick Township,
Somerset County, to 11; and in the Cumberland (Maryland)
region, to 14 feet. Its constitution is everywhere that of
a double bed, two or three feet of bony coal above, and five
to ten feet of rich, solid, pure bituminous coal below, yielding
40 to 45 cubic feet of gas to ten pounds of coal, where it is
best known, and very free from sulphur, although, strangely
enough, both its roof and floor are full of pyrites. As to its
accompaniments, above it are massive limestones, and the work-
able coal-beds of the upper series of which it forms the base;
and below it are the Barren Measures, which separate it from
the lower series of coal-beds resting upon the conglomerate,
which is 600 to 700 feet below the Pittsburg seam.”

The Pittsburg seam is thus described by H. D. Rogers, in
his report for 1839. It is probably the most important and ex-
tensively accessible seam of coal in our western coal-measures.
It spreads uninterruptedly over the whole valley of the Monon-
gahela, from the base of the Chestnnt Ridge to the western
boundary of the State, and west of the Ohio River. The
critical investigation of this bed, and its accompanying strata,
is highly interesting, and leads to some curious and striking
geological inferences. The uniform disposition of vegetable
matter over so extensive a tract of ocean is, in itself, a geo-
logical fact richly worthy of consideration by any intelligent
mind, while the regularity with which it maintains its character-
istic features is not less remarkable, or less likely to inspire us
with curiosity to know more of the mighty operations of Nature,
during the earlier conditions of the earth’s everchanging
surface.
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It consists of three parts: first, the main breast of coal ;
above this a layer of clay ; and over this a bed of coal, forming
the roof. The former of these rests upon the limestone, from
which it is separated, generally, by a few inches of blue clay or
decomposed shale. The seam is from five and a half to eight
feet in thickness, affording coal of the purest and best kind. In
the neighborhood of Pittsburg, the lower part of this mass, for
about one foot in depth, abounds in thin seams of pyritous shale,
and is hence rejected by the miners. Above this part of the
seam, there is the stratum of blue or black clay-shale, dividing
it from the coal-roof. It is hard and compact when first dug
out, but on exposure to the atmosphere crumbles down into a
soft clay. It is generally free from gritty particles ; and, with
a similar layer in the coal next the roof, it has been advanta-
geously used in the manufacture of fire-bricks. Above it is the
roof-coal, consisting of a bed of coal with shale intermixed in
numerous thin layers. Toward the bottom this is a band of
true coal, from one to two feet thick; the higher layers are
generally thin. The coal in this part of the seam is, in itself, -
of good quality, but the expense of separating it from the ac-
companying slate is generally too great to justify the attempt.
Hence the miners, along the Monongahela, content themselves
with extracting the lower division, leaving the remainder to
form the roof of their drifts. In Alleghany County the main
breast varies from five to six feet in thickness; but, as we
ascend the Monongahela and approach near the Chestnut Ridge,
it enlarges much, yielding in some places from eight to nine
and a half feet of pure and compact coal. The quantity of
pyrites, in the clay and shale accompanying the coal, is very
considerable ; these layers readily crumble, and when exposed
to the atmosphere are generally covered with copperas, pro-
duced by the chemical action upon the sulphuret of iron.

Seventy-five feet above the Pittsburg seam occurs the great
limestone, the most extensive and valuable calcareous de-
posit in the valley of the Monongahela, or anywhere else in
the western counties of the State ; for the limestone beneath
the Pittsburg coal is comparatively thin and of little impor-
tance as a source of lime for masonry or agriculture. About
seventy-five feet above this limestone deposit is found
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The Waynesburg Coal-Seam,

which, for importance, ranks next to.the Pittsburg bed every-
where throughout the southern part of the valley of the Mo-
nongahela. Although affording, generally, coal of very excel-
lent quality, it is not worked except in Greene County, and the
adjacent parts of Washington County. Over the northern
portion of the district it has been removed from the surface by
denudation. It is about six feet thick, and is divided near its
centre by a band of soft shale, which varies much in thickness.
The lower part of the seam affords the best coal, and, with
care in extracting the slate, it forms an excellent fuel; the
upper part is less pure, and has a slaty structure, breaking inte
pieces of a prismatic shape. The adjacent slate is very full of
pyrites, frequently containing large nodules of that mineral, by
the decomposition of which copperas is abundantly produced,
forming a coating on the surface of the coal, and the included
shale.

This seam of coal is met with in the high hills in the neigh-
borhood of Brownsville (see plate on page 224), and also about
two miles east of Waynesburg, in Greene County. Here it is
seen in the bed of South Ten-mile Creek, emerging from
beneath the elevated ridge of country which extends through
the centre of that county, and forms the high land which
separates the tributaries of the Ohio River from those creeks
which empty into the Monongahela. Passing beneath this
table-land it is again met with, as it reappears on the western
gide of the county along the south fork of Wheeling Creek, a
few miles from the State line. From the vicinity of Waynes-
burg it spreads through the eastern part of Greene County,
where it is worked extensively in Jefferson and Cumberland
Townships. This bed of coal will, when the country becomes
more thickly settled and better cleared, be considered a highly-
valuable deposit, and will then be found to have a much wider
range than is now attributed to it.

Structure of the Upper Coal-Measures.

Although the great flexures which form the six basins of
the lower coal-measures do not extend into the southwestern
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part of the State where the upper coal-measures are found, yet
this important part of the field has some features in its structure
worthy of notice as they affect the dip and range of the Pitts-
burg seam of coal. As a rule, this bed observes a nearly hori-
zontal position, dipping very slightly to the southwest, with un-
dulations running through it from northeast to southwest, par-
allel to the axis of the Chestnut Ridge, and affording a minia-
ture representation of what has taken place on a large scale
along the southeastern side of the whole coal-field near the
Alleghany Mountain.

Between the Chestnut Ridge and the Monongahela River
there are two parallel anticlinal axes which throw these western
or upper coal-measures into three closely-united troughs. The
most eastern line of elevation, which might be called the West-~
moreland and Fayette axis, crosses the Conemaugh about two
miles west of Blairsville, and ranges southwestward to the Vir-
ginia line, preserving an average distance of about five miles
from the western base of the mountain. It may be seen about
four miles east of Greensburg, in Westmoreland County ; farther
southwest it may be detected a few miles west of Mount Pleas-
ant and Connellsville, also three miles west of Uniontown,
Fayette County, and as far south as in the vicinity of Mount
Morris, in Greene County, at the West Virginia line. Through-
out the whole distance from its northern end to a point about
gix miles southwest of Uniontown, the upper beds of coal have
been entirely swept away from its summit over an extensive
tract of country. But from the point described to the State
line the anticlinal arch begins to subside, allowing the upper
coal-measures to gently sweep over it.

The Connellsville Coke-Region.

A few miles east of the line above described the coal resumes
its western dip, and is found regularly cropping out along the
base of Chestnut Ridge in a long, narrow peninsula or trough
of the Pittsburg seam throughout its whole length, from north
of Blairsville to Uniontown, particularly near Youngmanstown,
Mount Pleasant, and the important locality Connellsville.
Prof. Rlogers reports briefly the strata commencing with the bot-
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tom of the coal-measures which repose on the western flank of
the mountain, and taking in the whole series as high as about
200 feet above the Pittsburg seam. This thickness includes
several coal-seams lying above the great Pittsburg or Connells-
ville bed which occurs in the highest hills of the middle or
deepest part of the trough which is next west of Chestnut
Ridge.

Throughout this first trough or basin west of the Chestnut
Ridge, which may now be properly called the Connellsville
basin, the superb Pittsburg bed, the great coke-seam, occupies
the middle of the field, and appears along two parallel lines of
outcrop which range from half a mile to two and a half miles
asunder, that being the width of the basin. In some neighbor-
hoods the bed as it dips into the middle of the trough descends
to a considerable depth below the lowest water-course; while
in other places the bottom of the basin which it forms does not
reach the water-level. This is the now-celebrated Connellsville
region. As there seems to be an erroneous impression prevail-
ing in the western part of the State that the Connellsville coke-
bed is one of those higher in the series than the Pittsburg
seam, the following extracts are given from a report by J. P.
Lesley, on the geology of the Dunbar Furnace lands in that
vicinity. This popular mistake has no doubt arisen from the
unusual thickness of the Barren Measures in this basin, which
are about 400 feet thicker than in those immediately east of it,
but the stratigraphical evidence is conclusive as to the identity
of the Pittsburg with the Connellsville coke-seam.

“Chestnut Ridge, where the Youghiogheny River breaks
through it just above Connellsville, is a barrow-shaped moun-
tain, with a flat top, so far as the numerous deep ravines have
left a top to it, about 2,000 feet above the sea, and 1,200 feet
above the river-bed. Connellsville is about 200 feet above
Pittsburg. Chestnut Ridge is an anticlinal mountain, com-
mencing more than 100 miles to the north of Connellsville, in
Clearfield County, and running on southward into Virginia.
The coal-measures of the Ligonier Valley basin to the east of it
arch over the mountain, descend its western slope, and plunge
deep beneath the country of the Monongahela. The mountain-
ridge is composed of three or four massive sand-rocks, the edges
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of which form magnificent ranges of cliffs along the sides and
slopes of the river-gorge, and the numerous lesser gorges of
Dunbzr Creek and its tributary streams.

“To speak intelligently of these formations and the coal-
beds which lie between them, I will call them (beginning at the
top) the Ligonier sandstone, the Mahoning sandstone, and the
Dunbar sandstone, which forms the great cliffs, and No. XTI
sandstone or conglomerate." The relationship of these great
beds of sand-rock to those of the Conemaugh and Alleghany
country has an important bearing upon the question of the ex-
istence of coal-beds in the mountain. The Ligonier sandstone
is a great deposit of sand and gravel 50 or 60 feet thick, and
about 100 feet below the Pittsburg coal-bed ; the Mahoning -
sandstone is the name usually given to the great deposit at the
bottom of the Barren Measures, and from 500 to 700 feet be-
low the Pittsburg coal-bed, the Dunbar cliffs are in the proper
place, for the Freeport sandstone, which has an immense
range north of the Mahoning and Red Bank Creeks, and
the Tionesta sandstone, if it extend so far south as the Yough-
~ iogheny, may be too thin to notice, or may be confounded
with the masses of sandstone on the slopes below the great
cliffs, which represent, no doubt, the ggeat conglomerate or
No. XII., the usual base-rocks of the coal-measures.

“The Five-foot coal-bed (E), under the Mahoning sandstone,
is opened on both sides of the creek, near water-level, at the
furnace, and on the slopes of the hills, at several points of the
ascending outcrops of the bed, to a height of over 500 feet. It
lies about 100 feet above the Three-foot coal-bed, which lies
about the same distance above the Big Bottom ore-bed. The
Five-foot coal has been used for farming purposes, and would
do very well to roast with, and could be mined cheaply and
close to hand.

“But the main dependence of the iron-maker in this region
is upon the great Ten-foot vein, or Pittsburg bed (H), five or
six hundred feet higher in the measures. This noble coal-bed,
which extends in a solid sheet from Connellsville to Wheeling,
and from Saltzburg to the Ohio River, and the fragments of
which, in the Ligonier Valley, in Somerset County, in the

! Nos. 27, 19, 12, ard 1, of the gencral section, on page 211.




LESLEY'S CONNELLSVILLE REPORT. 219

Cumberland coal-basin, and on Broad Top, testify to its former
existence over a far greater area toward the east, and in
Western Kentucky toward the west, is in its prime along the
Connellsville road. At Pittsburg it yields but five or six feet
of coal, and that too sulphurous to make coke. As it ascends
the Monongahela it improves in thickness and quality. Most
of the coke now used in Pittsburg comes from this bed opened
along the Youghiogheny, the quality of the coal steadily im-
proving up the river, and nothing can be better than Connells-
ville coke. The bed outerops along the hills. It is about eleven
feet thick, and dips from about one foot in six to one in ten.
The miners leave about ten inches of coal, to keep up the slate
roof, and take out seven or eight feet of solid coal. The roof
is regular, while the floor rises and falls in places, from an inch
to a foot, producing swamps. On the rolls the whole thickness
of the bed is sometimes only eight feet. A bearing-in slate of
about one inch in thickness runs three or four feet above the
floor, and a second one, eight inches higher ; the coal is mined
between the two.”

Connellsville coke has become very celebrated not only about
Pittsburg but throughout the Western States, where it is ex-
tensively used for foundery-purposes in melting pig-iron, selling
in competition with Lehigh coal. It is used in blast-furnaces
for smelting iron from the ore, and is sometimes mixed with the
‘Western coals. It is also an excellent fuel for locomotive use.
Its freedom from sulphur has given this coke the reputation of
.being the best known. The Pittsburg and Connellsville Rail-
road is a large transporter of the coal and coke of this region,
while a portion of it produced near the mouth of the Youghio-
gheny finds its way to market by the Monongahela River slack-
water navigation.

Connellsville.coal weighs 80 pounds to a bushel, and when
properly coked a hundred bushels of coal produce 125 bushels
" of coke, and the coke weighs 40 pounds to a bushel; that is, a
given quantity of the coal gains one-quarter in bulk, and loses
three-eighths of its weight, or 100 pounds of coal makes 62}
pounds of coke. At the Dunbar Furnace 70 bushels of coke,
produced from two gross tons of coal, smelt a ton of pig-iron,
but the Pittsburg furnaces use 80 to 85 bushels, the difference
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being owing, probably, in part at least, to the kinds of ore and
limestone used.

Coal above the Pitisburg Seam in the Connellsville Requon.

Prof. Rogers reports the first coal over the Pittsburg seam
as very thin in the northern part of the district south of the
Conemaugh, but, advancing southward to the Sewickly, it is
as much as four and a half feet thick, composed of very
good coal, and situated 35 feet above the great seam, only
a short space below the large mass of limestone. Farther south
it somewhat augments in size, and has been wrought at several
places. At Evan’s Mill it is five feet thick, and supplies an ad-
mirable fuel. Near Uniontown it is 85 feet above the great or
Pittsburg seam. Above the great limestone is a seam of coal
from 18 inches to three feet, opened at Uniontown, and several
other places to the southwest. Higher still in the series two
other beds occur; but the next seam of importance lies above
these again, being confined to the very highest hills in the
middle of the first trough or Connellsville basin. It is opened
in several places in Westmoreland and Fayette Counties, and
varies from four to six feet in thickness. ¥rom the usual high
position of the seam in the hills, it is apt to be destitute of a
good roof, but, whenever it is sufficiently covered, the quality of
the coal is excellent. This is the highest valuable coal-bed of
the district, but besides those enumerated there are several
lesser seams which are only locally important.

Rogers describes this trough as characterized by the number
and importance of its coal-beds toward the bottom of the upper
group, based upon the Pittsburg seam, including the Waynes-
burg series. Where the basin is deepest this group measures
500 feet in vertical thickness, and contains five identified coal-
seams, the Pittsburg, the Redstone, the Sewickly, the Union-
town, and the Waynesburg beds, with several not then classi-
fied."

No phenomenon in the geology of this region is more
remarkable than the great thickness of the Barren Measures
in this third basin, which are 600 feet, while in the second

1 The general section of West Virginia, on page 277, and that of Maryland, on
page 252, show the position of these coal-seams in the series.
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basin, in Ligonier Valley, not 10 miles east of this locality, they
are scarcely 200 feet, and in the Saltzburg division of the first
basin from the upper Freeport through the Barren Measures
to the Pittsburg seam is but 225 feet.

South of the Youghiogheny at Connellsville, along the
central line of that basin, stand isolated knobs of such a height
as to appear to be but' a little lower than Chestnut Ridge.
They evidently consist of shales and sandstones high in the
upper series. The summit rocks may be considered as at an
elevation of 450 or 500 feet above the plane of the Pittsburg
coal-bed. The tops of these hills are in the central line of the
basin. The outcrops of several unopened coal-seams were noticed
by Prof. Rogers. -

The second, or Saltzburg and Brownsville, axis or arch
crosses the Conemaugh about four miles above or east of
Saltzburg, and extends parallel to the former, preserving a
distance of about five miles to the west, until it terminates
nearly one mile and a half north of Sewickly Creck. Between
this axis and the first or larger one lies the shallow basin or
field of the upper coal-measures on which Greensburg is situated.
‘West of this and near the east margin of the great unbroken
field of the Pittsburg bed are the extensive coal-works of the
‘Westmoreland Coal Company before referred to, near Irwin
Station. In 1871 there were produced in this vicinity 856,065
tons of gas-coal, most of which was sent to market on the
Pennsylvania Railroad, and 326,307 tons were used in their
locomotives. The Greensburg basin or canoe is about 15 miles
long, and its greatest breadth a little less than two miles.
South of the Sewickly Creek the second arch flattens away,
and its enstern dip gives place at that stream to a western one
thrown off from the first and more continuous arch lying east.
This second axis is usually indicated by a low belt of hills, the
soil of which is much inferior to that in the adjoining troughs.
Nearly continuous with this axis, but situated a little to the
west of what would be its regular prolongation, there rises
farther to the southwest another low anticlinal arch which
elevates the rocks in the vicinity of Brownsville.

West of this Saltzburg and Brownsville axis is the deeper
and much broader basin of the counties of Washington, Alle-
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ghany and Greene, traversed only by a few low undulations not
of length and force enough to divide the general one into sub-
ordinate troughs like those in the district east of the Mononga-
hela River.

The Monongahela River Region.

¢ The Monongahela River, which rises in the northern central
part of the West Virginia coal-region, flows north in Pennsyl-
vania, and along the great basin, and keeps very nearly at the
same geological level, so that its coal-outcrops line the river-
banks at the same height for many miles. This river flows in
the Barren Measures, or just at the base of the upper coal-
measures, and thus gives access by innumerable gangways to
the great Pittsburg-bed, and the three or four Greene County
(Pennsylvania) beds above it,” which have just been described.

¢ The Monongahela Valley has beautiful hill-slopes of soft
shales or cliffs of limestone-rock backed by a great rounded,
smoothed, and cultivated up-country of grain-farms and sheep- .
walks, formed of the soft shales and mud-rock formations which
lie at the very top of the whole bituminous coal-system, far
above the upper coal-measures, unbroken by ravines, and scarcely
indented by valleys.”—(ZLesley.)

It is seldom that a seam of coal is so well defined and so
easily followed as this Pittsburg seam. In travelling up the
Monongshela River, as well as the Youghiogheny, a person can
trace it from hill to hill, and can easily perceive, as he ascends
the former river, that the coal-banks, as they are called, in this
country, are becoming nearer the water’s edge at every hill he
passes, until at Greensboro, Pennsylvania, and Morgantown, in
West Virginia, they are within a short distance of the water’s
edge. As you retire from the river and follow out the creeks,
you find this stratum of coal on their shelving banks, and some-
times forming the beds of the runs. As you go westward toward
the heads of the streams, it has sunk beneath the surface too
far to be reached except by shafts. Thus, in Washington and
Greene Counties, Pennsylvania, there is but little coal to be
found in the face of the hills, the country being covered by the
upper shales piled up high above the Pittsburg seam. Judging
from the general structure of the coal-field, we may expect to
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find 2 similar formation extending in a southwest direction
along the east side of the Ohio River far into West Virginia,
and covering a large part of the western side of that State.

“ The Pittsburg seam may be observed at the following ele-
vation above the Monongahela River in descending the stream
at different places, viz., Morgantown, West Virginia, 180 feet ;
at Greensboro, 13 miles below, and two miles below the Pennsyl-
vania line, 200 feet. Below Brownsville it dips nearly into
the river, but rises again regularly as we go down the river, till
at Williamsport it is 150 feet, at Elizabethtown 200 feet, and at
Pittsburg 300 feet. Below Greensboro the elevations are ap-
proximate only, but above that place they are actual measure-
ments. The seams of coal of the lower coal-measures have
been reached in boring for salt-water at Pittsburg, Greensboro,
on the Conemaugh, and at various other places. The depth
to the first two seams at Pittsburg was 140 and 180 feet below
the Ohio River.”—(Hildreth.)

¢ The accompanying view of the great Pittsburg seam of coal,
10 feet thick, was taken by Sir Charles Lyell at Brownsville, in
Fayette County, looking down the river. The coal is here near
the water’s edge, and the same seam is seen at a distance on the
right bank at @, and may be followed the whole way to Pitts-
burg, 50 miles distant. As it rises slightly while the river de-
scends, it crops out at a continually increasing but never at an
ineonvenient height above the Monongahela. In the sketch is
also shown another layer of workable coal (ab & d), being the
Greensburg seam, which breaks out on the slope of the hills at
a greater height. Here almost every proprietor can open &
coal-pit on his own land, and, the stratification being very regu-
lar, he may calculate with precision the depth at which coal
ray be won. Horizontal galleries may be driven everywhere
at very slight expense, and so worked as to drain themselves,
while the cars, laden with coal and attached to each other, glide
down on a railway so as to deliver their burden into barges
moored to the river'’s bank.”—(Zyell’s Elements, page 392.)

The Monongahela River for about 95 miles, from the Vir-
ginia State line to Pittsburg, possesses every important ad-
vantage for the production of coal. It is, therefore, not sur-
prising that the annual tonnage of this district is larger than
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that of any other bituminous coal-region in the United States.
The coal is of an excellent quality for iron-making, for gener-
ating steam, for gas, and for domestic purposes. Itis found in un-
limited quantities in the hills on both sides of the river, at short
distances only from the water, the coal being often run from
the mouths of the mines, by slides or inclined planes, into the
boats. The seam is of a good workable thickness—44 feet and
upward of pure coal—it lies altogether above the level of the
river throughout that whole distance, with remarkable regular-
ity in its size and position, the region being free from the un-
dulations which are more common in the lower coal-measures
farther north. The facilities for mining are excellent, and the
transportation being by water is cheaper and for longer dis-
tances than that of any other coal-region in the United States.
The Monongahela River is made navigable, at all seasons of
the year, by dams, with locks large enough for steamboats,
and the largest coal-boats, each carrying 800 tons, and barges
carrying 440 tons. It may be called the perfection of a coal-
on.

The city of Pittsburg being chiefly supplied with coal by
railroad, a large portion of the Monongahela River coal is run
down the Ohio and Mississippi to market, the distance from
Pittsburg to New Orleans by river being 2,096 miles, through
many States, with numerous populous cities and towns to be
supplied with coal. There were 2,157,583 tons of coal shipped
in the year 1873, by the Monongahela navigation alone,.

The Pittsburg Coal-Trade.

“The period at which coal was first mined at Pittsburg is
not on record ; but in 1684, 20 years after Colonel John Camp-
bell laid out its first plan of lots, privilege was granted by the
Penns to mine coal from the hill opposite the city, the privilege
being granted for £30 sterling per lot ‘to dig coal as far in
as the perpendicular line falling from the summit of the hill.’
From that day to the present, Coal Hill, as it is familiarly
called, has furnished large quantities of fuel to Pittsburg; but
from a lot extending into the hill to where a line would fall
perpendicular, from its summit, the privilege has spread 70
miles np the Monongahela River; as many up the Youghi

15 .
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ogheny, and 20 or more outward along the tracks of the
Pennsylvania Central & Alleghany Valley Railroads. Over
and along all these districts Pittsburg coal companies reach
out their hands and bring from the coal-seams millions of tons
yearly to the city for home consumption and for export.

“The slackwater navigation of the Monongahela River has
enabled the coal-veins of that stream to be the most extensively
opened. Those veins range from 4% feet in thickness at Pitts-
burg, to 7 and 8 feet at Brownsville and its neighborhood,
where Lyell records he found them 10 feet. The slackwater
of the Monongahela is divided into several pools, in five of
which there are collieries.

“In the transportation of coal, there are used three classes of
boats, known as barges, flats, and boats. Those known as
boets are the old-fashioned ¢ broad-horns,” being large flat-bot-
tomed boats of an oblong shape, from 125 to 150 feet long,
about 16 feet wide and 8 feet deep, with flat sides, bows and
sterns. They have a capacity to hold 20,000 bushels each, and,
lashed in pairs, are floated by the current of the Ohio River to
the lower markets of the Ohio and Mississippi Valleys. Barges
are used in the towing of coal to the lower markets, and are
built with modelled hulls. They contain, loaded, about 11,000
bushels. Flats are used for coal brought to the city for home
consumption. They hold 2,000 bushels each.” The amount of
coal taken from the Monongahela collieries during the 23 years
in which they have been opened, together with the amount
consumed at Pittsburg, and that exported, is shown in the
tables of statistics in the latter part of this volume. The pro-
gressive increase in the trade as well as its vicissitudes, caused
by the war and by low water in the Ohio River, can be seen by
the table of the annual production. The tables of monthly ship-
ments show that the business is even larger in the winter than
in the summer, the smallest tonnage being in July, August,
and September.

“ The collieries of the Pennsylvania Central Railroad form
another important division of the coal-trade of Pittsburg. There
are several collieries on. this road which might be properly
classed as belonging to that branch of Pittsburg industry, but
part of their coal is taken East. There are, however, a number
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of firms the product of whose mines is principally brought to
Pittsburg for market.

“ Another division of the coal-trade of Pittsburg may be
classed as the city collieries, being those mining coal in the
hills immediately adjoining the city. Some of these are the
special collieries of rolling-mills whose works are contiguous,
and the coal is run immediately into the yards of the mills
from the mines.”—(Z%urston.)

As a peaceful, prosperous country, undisturbed by revolu-
tions, war, and battles, affords but little material for the his-
torian, so this great Pittsburg coal-region is so uniform in its
strata, so simple in its structure, so free from synclinals and
anticlinals, and yet its treasures of fuel are so well exposed by
the valleys which cut down through it, and its channels to
market provided by Nature are so obvious, that but little is
required by way of description, and nothing is left for conjec-
ture. Its prominent points are: its great regularity and uni-
formity over an extensive district, the excellent quality of its
coal, its cheapness of production, and its unparalleled advantages
for long transportation. The smoky, noisy, busy, iron-making
city of Pittsburg owes its existence to this coal-seam, and is a
characteristic example of what can be effected in a region favored
by Nature with a great supply of a good quality of coal. But its
influence is not confined to so limited a locality, as this is the
great gas-coal of the country. Every dwelling in nearly every
city or town of any size in the United States derives its light
from Pittsburg coal, while those in the rural districts are in-
debted for their light to the oil-wells of the Alleghany River
and its famous tributary, Oil Creek, so that the two great val-
leys of Western Pennsylvania furnish light to the United States.

The Lower Coal-Measures in the Monongahela Valley.

Although the large Pittsburg bed will supply all this sec-
tion of country, and a vast region besides, for many centuries
to come, yet we feel a curiosity to know something of the lower
coal-measures which must underlie this southwestern part of
the State. These can be examined, as they lean against the
western slope of the Chestnut Ridge, at the base of which the
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B, 2D L. ® e ATZe okrdeam. lave been swept sway
2.2z 3 racze of Copressions, stz 7 e onterop of this
2an sarx frm e 2ank of the mramain.  The lower coal-
Lezsures 6 Ex of Mristone, imestone, sates, and thin beds
£ vae. Ia il portin of the farmatoa there are four beds of
Ghe, 3t In two of three liealilies, two oher very thin omes
wo.Z are r'g ajrareriy perasteri. Ozlv two of the four
beis are siZZenty tLI:x to be wronzht, the rest messuring
frozn & 4 20 in-tes, and sometimes two feet. The two avail-
2~ # bl vary in thizkness from 13 in.Zes to 5 feet, the upper
1=t txing ommonly the thickest. They are situated low in
*2¢ series, the inierior one Lolding a positi-n from 20 to 70 feet
alsve tLe great cong.omerate, and the other large bed lying
fromn 70 to 157 feet above the first. They are seen in the
transverse ravines, which cut the fiank and base of the Chest-
nut Riige, and are sssociated with the first thick sandstones
overiving the conglomerate. They are, also, brought above
tle surface west of the mountain in the anticlinal arches
a.ready described, where they are exposed in the little valleys
trat intersect these axes. They are thus seen on the Cone-
matigh, above Saltzburg, and on the Loyalhanna. On the
Sewickly, likewise, both these beds are exposed, the upper-
most being mined for fuel at the salt-works of that stream.
TLese coal-beds are again intersected by the valleys of Jacob’s
Creck, of the Youghiogheny, and of the Redstone Creek in
Fayette County. ’

It is worthy of notice that, all through Southern Pennsyl-
vania, Maryland, and Northern Virginia, where the coal-seams
of the upper coal-measures are well developed, those of the
Lywer coal-measures are thin. Also, that, as the Pittsburg seam
leasens in size in going farther south, the seams of the lower
eral-measures become enlarged as in the Kanawha region, near
Charleston, West Virginia. Both in the anthracite and bitu-
minous regions a very large coal-bed appears to impoverish the
others. The gradual and constant enlargement of some of the
cial-seams, when traced in certain courses, is very observable,
and indicates how uniform were the influences which operated
over a very extensive region of country.



THE PENNSYLVANIA RAILROAD. 229

The Bituminous Coal-Field, as seen along the line of the Penn-
sylvania Railroad.

The great line of travel through the Pennsylvania bitumi-
nous coal-regions is by the railroad from Philadelphia to Pitts-
burg. The following is an account of what is seen on this
route :

“One of the most interesting places along the route of the
Pennsylvania Railroad is Johnstown, where are situated the
great Cambria Iron Company’s Works, which occupy the river-
bottom, and are overhung by cliffs of the lower coal-measures, -
here lying nearly horizontal, and mined for coal, iron, and
limestone, through to the ravines behind.

“In the country to the south of Johnstown lie the beauti-
ful glades of Somerset. It is a wide and double coal-basin,
bounded by the Alleghany Mountain on the east, and the"
Laurel Ridge on the west. Through this Laurel Ridge, as it is
called, although it is 1,200 feet high, the Conemaugh breaks its
way directly in front of Johnstown, cutting a gorge, the walls
of which are coped with vertical cliffs of conglomerate,
admitting the traveller into the similar but narrower Ligonier
Valley. Through this coal-basin, river, canal, and railway
hasten, until they enter a second gateway, cut through the
Chestnut Ridge, a8 mountain parallel with Laurel Hill and
quite as high, and their summits about ten miles apart. The
beds of the lower coal-measures only fill these basins. The Pitts-
burg or Westmoreland coal-bed, and those above it, have been
swept away from all this Cambria, Somerset, and Fayette coun-
try. Only one small patch of it is left on the top of a narrow,
little hill south of Bolivar. The Chestnut Ridge, which bounds
the second cosl-basin on the west, is the last of the mountains.
Beyond this lies the open country of Western Pennsylvania.
The country along the Pennsylvania Railroad, west of Chestnut
Ridge, is almost wholly covered with the Pittsburg coal-bed and
the measures over it. The traveller will see about Latrobe large
openings made in this wonderful deposit, and it is laid open for
rods at a time in the cuts west of Greensburg. Descending Tur-
tle Creek, turnouts, coal-bins, coal-trains, and open gangways
connected with mining, multiply. At Irwin Station we are
in the centre of the most important gas-coal mining-region in
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1. The anthracite region, which produced, in 1871, 15,000,
000 tons. :

2. The semi-bituminous regions of Blossburg, Barclay,
McIntyre, Snowshoe, Phillipsburg, Johnstown, and Broad Top,
which in 1871 produced about 3,000,000 tons.

8. The bituminous region on the line of the Philadelphia &
Erie Railroad, or West Branch, producing 100,000 tons.

4. The block-coal region of Mercer County and vicinity,
about 500,000 tons.

5. The Alleghany Valley region, about 400,000 tons.

6. The Westmoreland gas-coal region on the Pennsylvania
Railroad, including only the coal carried eastward, 1,000,000 tons.

7. The Pittsburg coal-trade, including that consumed at
Pittsburg, the whole being about 4,000,000 tons, derived from :
(1) the Monongahela Navigation ; (2) the Connellsville coal and
- coke region ; (3) from the river below Pittsburg ; (4) the Pitts-
burg, Cincinnati & St. Louis, or Panhandle Railroad ; (5) the
Pennsylvania, and other railroads; (6) the Little Saw-mill
Railroad ; and (7) the collieries above Pittsburg, used without
passing over any of the great lines of transportation.

The full statistics of each region will be given in the Appen-
dix, and a law of Pennsylvania dated May 9, 1871, now provides
for the publication by the State, annually, of & full account of the
mineral statistics of Pennsylvania, especially those of coal.

CONCLUSION.

It would be tedious and unprofitable to the general reader
to give a multitude of farther details, which might be collected,
as what have been given have been, from the ponderous volumes
of Rogers’s final report, as well as from his six annual reports,
and from other sources of a later date, of the vast body of coal
which fills this western part of Pennsylvania. Whole counties
are covered with coal-seams of greater or less thickness, in
quantities to which the hackneyed phrase of inexhaustible
might be applied without exaggeration. But as it is not here
proposed to collect for the use of future generations minate par-
ticulars of our mineral resources, but rather to give a picture
of the living present, it will be sufficient, after giving these gen-
eral features of the whole region, to refer to the statistics of
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those particular districts from which the coal we are now using
is derived, as given in the latter part of this volume, and to the
special accounts already given of those localities which a large
production seems to have entitled to a more detailed notice,
the object throughout being to treat the subject with more
reference to business than to science.

An examination of the situation on the map of the avenues
to market, and of the situation of the several productive re-
gions, will show the reader at a glance what very large coal-
regions of the State are as yet entirely undeveloped, except for
the very small quantities required for domestic use throughout
a thinly-populated country. The official statistics show how
really small is the coal-trade, and how much it is over-estimated
in the statements often published, which are generally the
result of mere surmise.

In examining the reports of geologists, and other descrip-
tions of many of the districts as they existed but a few years
ago, and comparing them with the present developments, we
cannot but notice that new seams of coal, or those of larger size
and better quality, or adapted to special uses, are rapidly being
discovered ; leading to the fair inference that in many of these
secluded valleys, or buried in profound stillness in the moun-
tain-basins of our roadless, wilderness country, there may be
now reposing other unsuspected mineral treasures, even as val-
uable as that wonder of the age, petroleum, which may at some
distant day give rise to other Scrantons and Pittsburgs, or per-
haps Titusvilles and Corrys. Proper examinations with a view
to their discovery must be made on an extended scale, and
these the greatest of the mineral-producing States (Pennsyl-
vania) supinely refuses to undertake.

One of the most fortunate circumstances for the resources
of this western portion of our State is noticed by Prof. Rogers,
arising out of its peculiar geological structure, and to be found
in the universal rolling outline of its surface, which is every-
where trenched by ravines and by more or less deep valleys,
the result of an extensive denudation by water. This feature
gives us ready access to the strata and all their contents which
lie above the lowest level of the country. This peculiar geo-
logical and topographical structure of our coal-fields, affording a
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ready access to the coal, is of great importance for the purposes
of its development.

Americans are sometimes chargeable with drawing exag-
gerated pictures of their great resources. But, in all soberness,
the coal-fields of Pennsylvania may with propriety be called
magnificent. They are situated within a reasonable distance
of the seaboard, near the largest population and the largest
cities, and where the cheapest transportation by land and water
can be obtained. There is no coal farther east or farther north ;
“the geological revolutions which have robbed other States of
mineral fuel have left her in possession of some of the largest
and richest coal-fields of which any country can boast.” Observe
their immense extent, the wide range and great thickness of
many of the coal-seams, the great variety in the character of the
mineral itself, showing every known gradation from the hardest
to the softest anthracite, several varieties of semi-bituminous and
every possible valuable variety of bituminous coal, shading off
from the semi-bituminous to the moderately and up to the highly
bitaminous or most gaseous, the cannel-coals, and finally, on our
northwestern borders, that nothing may be wanting, we have
the hard splint or block iron-smelting and steam coal of the
Mercer district. The excellent qualities of all these coals is a
point which we cannot realize, until we see and use the coals
of the Western States so heavily impregnated with sulphur and
water. The dryness and purity of our Pennsylvania coals are
invaluable qualities.

But it must not be forgotten that all of these mineral riches
would be nothing in themselves, for Spain is said to possess
one of the best coalfields in Europe. Fortunately, the Penn- -
sylvania coal-region, that vast storehouse of latent power, is
found in a country with a good government, where the laws
protecting men in their rights and property are well and faith-
fully executed, inhabited by a Christian, educated, and energetic
people, with a climate the best calculated for the development
of the mental faculties and physical powers of man, where the
predominant religious belief instils the best moral principles,
where labor of all kinds is honorable, and where, in the levying
of import duties, that proper degree of protection is afforded
which is due to her industrious and enterprising citizens.
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THE GEOLOGICAL SURVEY OF PENNSYLVANIA,

- The only geological survey of this State was commenced
early in the year 1836, under the sole direction of Henry Dar-
win Rogers, and was prosecuted for six years. The work was
then suspended, now 30 years ago, but Prof. Rogers continued
the explorations, and the preparation of his final report, for
three years longer. His report was ready for publication early
in the year 1847, but was not then published. In 1851 he was
authorized to resurvey portions of the State, which was done
during that year; and, in fact, he continued at work at inter-
vals until the spring of 1855, when an arrangement was made
with him by which he was to publish his final report at his
own expense, for which an appropriation was made to him by
the State. The report was duly published, in two large quarto
volumes bound in three, with a large geological map of the
State, and a separate map of the anthracite coal-regions, in the
spring of 1858, or 22 years after the general survey was begun,
and 16 years after it had been first discontinued. Six annual
reports of progress had been printed in pamphlets for the years
1837 to 1842 inclusive, containing in all 693 pages, 8vo, which
have been consulted in the preparation of this work ; but these
soon went out of print or were lost, so that the only permanent
result, in a literary way, is contained in the three large vol-
umes and the maps mentioned. Even these were, for a long
time, not kept anywhere on sale; but since the death of Prof.
Rogers they have been for sale by D. Van Nostrand & Co.,
booksellers in New York, at $30 per copy. The books are
. well printed and beautifully illustrated, the work being done
at Edinburgh, in Scotland, where Prof. Rogers spent the last
years of his life as Professor of Geology in the university. It
is & noble work, worthy of the men of genins who produced it,
and of the great State whose geology it describes, and is much
finer, as a mere book, than any of the other State reports thus
far published. Time proves its great accuracy and value. It
forms the basis of this account of the Pennsylvania coal-regions,
the principal facts on coal being here condensed. In regard to
this geological report, it is unfortunate that it is written in a
dead language, Prof. Rogers having adopted a new nomencla-
tare for the geological formations, of his own invention, which

]
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no other geologist has ever adopted, but those who are obliged to
use his report. Those who have studied the systems of geology
in common use must provide themselves with a key by which to
translate the Pennsylvania survey, such as that given on page
115. If we ever have another, it is hoped the geological terms
and phrases of the day will be used. The following list includes
the names of all the assistants of Prof. H. D. Rogers, viz.:
John F. Frazer, James C. Booth, Samuel S. Haldeman, Alex-
ander McKinley, C. B. Trego, James D. Whelpley, Alfred F.
Darby, H. B. Holl, James T. Hodge, R. M. Jackson, W. H.
Henderson, P. W. Sheafer, Townsend Ward, W. H. Boyd, J.
P. Lesley, John C. McKinney, E. Desor, Robert E. Rogers,
'W. B. Rogers, A. A. Dalsen, Leo Lesquereux, H. W. Poole, Ed-
ward Haldeman, Horace Moser, and Martin H. Boyé. Among
these, several names will be recognized of those who have
become eminent in the scientific world.

The following sketch of the part performed by some of the
principal assistants in this State Geological Survey is by one
of their own number :

¢ This immense work of nearly 2,000 pages, magnificently
illustrated with maps, sections, and pictures of all kinds, to the
number of nearly 1,000, is the result of the toil of many men,
for many years. . . . Whelpley unfolded the mysterious struct-
ure of the anthracite regions, before unknown; Henderson
and McKinley traced out all the beantiful intricacies of the
Upper Silurian and Devonian country of Middle Pennsyl-
vania; Hodge gave us the first grand oowp @il of the
bituminous coal-basins for 200 miles; Sheafer worked out
the details of the regions which Whelpley was the first to
comprehend ; Jackson constructed the scheme of the Upper
coal-measures of the West, and studied the Silurian and Devo-
nian belts of Centre, Huntingdon, Blair, and Bedford ; McKin-
ney, Boyé and Holl taught us what we know of the lower
coal-measures of the Alleghany and Ohio River regions, all
working with self-taught, unassisted skill, with a zeal which in-
spired their science, and a genius which overcame all the ob-
stacles to knowledge at that early day. The brilliant overture
to the survey was by Booth and Frazer, the noble second act
by Desor and Lesquereux, and the fine completion of it in true
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artistic style by Dalsen. The writer’s (J. P. Lesley) name has
been erased from the map of Pennsylvania which he alone con-
structed and compiled, from the thirteen great sections across
the State, the very style of which he was obliged to invent,
from all the vertical sections of the coal-measures which he was
the first to propose and alone executed, from the hundreds of
illustrations of the geology of the State which he re-drew, some
from his own original notes, many from the fine diagrams of
Whelpley (diagrams unique at that day), and many more from
the less perfect pen-and-pencil sketches of other members of
thesurvey,and . . . . his nameis attached once, and only once,
and that in common with two other names, to the map of the
anthracite region, with which he had nothing whatever to do,
never having seen it until it was published.”—(Preface to the
Iron Manufactvirers Guide.)

All the appropriations made by ‘the State for the survey,
from 1836 to 1855, appear by the statute laws to have amounted
to $111,570, of which $34,750 was for the publication of the
report, leaving only $76,820 spent in making the survey itself.
Unfortunate as was the delay attending its publication, and the
loss from the failure of the first contractors for printing the
final report, yet the State has never before or since derived so
much benefit from the expenditure of the same sum of money.
No State now so much needs another geological survey as Penn-
sylvania. The four great States west of her, Ohio, Indiana,
Illinois, and Iowa, have added wonderfully to their knowledge
of their mineral wealth by recent geological surveys, all now
nearly completed. It is confidently hoped that a similar work
will again be undertaken at an early day by this the greatest
of the coal-producing States. The information contained in
this volume should create a desire for more.

Norz.—By an act of the Legislature, approved May 14, 1874, a second geological
survey of Pennsylvania has been authorized under the direction of & board of ten

commissioners, with the Governor as chairman. Prof. J. P. Lesley, of the Univer-
sity of Pennsylvania, has been appointed the State geologist.
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MARYLAND.

Trx Cumberland (Maryland) coal-region is one of the most
mmportant of the bituminous coal-regions in America, on ac-
count of the good quality of its coal, the ununsual size ot the
bed, and the large amount of its production. The aggregate
tonnage of this district since the beginning of its coal-trade is
21,253,685 tons, and that of the year 1872 was 2,355,471 tons.
The coal has a world-wide fame as an iron-making and steam
coal. Every ocean-steamer uses it, except only those of the
United States Navy, which all burn anthracite, on account of the
absence of smoke, which would betray the vicinity of the ves-
sels. Every railroad company south of Pennsylvania and east
of Albany, New York, uses this coal in locomotives. It is the
only blacksmith-coal on the seaboard, and it is quite extensively
used for steam-purposes generally.

This chapter might with propriety have been placed next in
order after that on the semi-bituminous districts of Pennsylva-
nis. As before explained, the Blossburg, Ralston, and Towanda
district, in Northern Pennsylvania, the Snowshoe and Phillips-
burg, in the central part of that State, and the Broad Top, to-
gether with this Cumberland basin, are the most eastern and
apparently outlying detached fields of the great Alleghany
bituminous coal-formation of the United States. They occupy
the intermediate zone between the anthracite and true bitumi-
nous coal, running in a northeast and southwest direction.
(See miniature map on page 185.) They all produce coal of the
same general character, with nearly the same analysis, being
the close-burning species, or the kind which cakes or melts in
burning to a greater or less degree, forming a crust, or what
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smiths call a hollow fire, and in America it is called semi-
bituminous coal. It has never been found in any other locality
in the United States except in'this range. The open-burning
kinds of bituminous coal, which are produced farther northwest
than these regions, burn with a more extensive flame, which
passes freely through the coals. This species of coal is specially
adapted for manufacturing purposes and for generating steam,
and the quantity consumed in any locality where it is accessi-
ble forms a very fair measure of the mdustnal and productive
greatness of & country.

The Cumberland, or, as it is sometimes called, the Frost-
burg, or George’s Creek coal-field, is situated in Alleghany
County, Maryland, and occupies the eastern part of the small
triangular territory which forms the western extremity of that
State. While the Baltimore & Ohio Railroad follows the Po-
tomac River from Cumberland westward, the Cumberland &
Pennsylvania Railroad, as it is called, which passes through
the coal-region, runs from Cumberland northward, and then
southwestward, after passing through a remarkable gap of
Wills’ Mountain, a locality which is as interesting to the geolo-
gist as it is imposing to the traveller.' The width of this gap
is estimated at about 500 feet to the base of the mountains,
the distance through the mountain being more than a mile,
and it forms an excavation of upward of 850 feet in depth. It
is the natural outlet for the united waters of Wills’ Creek,
and Jennings’s and Braddock’s Runs, that empty into the Po-
tomac at Cumberland. The rocky strata that present them-
selves in this gap are very interesting. On the southeast side
of the mountain the summit is reached by a gradual ascent
over a coarse, grayish sandstone, superimposed upon a red
sandstone, the grade of the ascent indicating the inclination of
the strata at an angle of about 80°. At the summit the strata
are horizontal, or nearly so, overlying a precipice of about 800
feet, at the bottom of which is an extensive talus of fallen
pieces, reaching to the bottom of the gap. On the northwest
side the strata of grayish sandstone are nearly vertical, as if they
had been forcibly compressed against the flank of the mountain.

1 The data for a portion of the topography and geology of this chupter are de-
rived from the report of Prof. Ducatel, the State Geologist of Maryland.
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The Frostburg or Cumberland coal-basin, the most interest-
ing and important feature in the geology and physical geography
of this country, is reached through this gap of Wills’ Mountain,
first by the valley of Braddock’s Run, by the railroad of the
Cumberland Coal & Iron Company, 16 miles in length, to their
mines on Dan’s Mountain, in the northeast part of the coal-
field, east of Frostburg, pursuing, for a part of the distance, the
route of the old National Road or Turnpike; or, secondly, by
ascending Wills’ Creek to where it receives Jennings’s Run,
where the Cumberland -& Pennsylvania Railroad follows its
ravine by switch-backs and heavy grades to 8 summit at Frost-
burg ; and then, after passing a tunnel through a ridge in that
village which connects Dan’s Mountain and the Great Savage
Mountain, it descends through the valley of George’s Creek to
the Baltimore & Ohio Railroad at Piedmont, on the Potomac
River. The length of this railroad is 34 miles. By both of
these routes, on Braddock’s Run and Jennings’s Run, the pre-
dominant rocks observed are encrinital limestones and red
sandstones. The coal-region can also be reached by the Balti-
more & Ohio Railroad route from Cumberland along the Poto-
mac to Piedmont, 28 miles, and thence returning by ascending
George’s Creek.

The situation of the Cumberland coal-basin is between
Dan’s Mountain to the east or southeast, and Savage Mountain
to the west or northwest, and the limits of the Big Seam ex-
tend within the State of Maryland in a southwest direction 20
miles in length with an average breadth of 4} miles, but with-
out covering the whole of this area. There is a transverse
ridge, as before stated, nearly as high as the principal moun-
tains mentioned, upon which Frostburg stands, connecting
the two mountains just named, and on which the old National
Road was built. This divides the basin into two unequal parts,
and determines two distinct and opposite directions of drain-
age, and two different routes to market for the coal produced
in these different parts. The northern or eastern portion,
which is much the smaller, occupying about one-fourth of the
whole basin in Maryland, is principally drained by Jennings’s
Run, which takes its rise at Frostburg, and receives as trib-
utaries on the north side, from the Savage Mountain, Cranberry
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Run, Workman’s and Mattingly Runs and Weller's Branch,
and from the Dan Mountain, on the south side, Trotter's Run.
These all unite within the basin, and, flowing through a gap
between Dan and Piney Mountains, finally empty into Wills’
creek three miles north of Cumberland. The coal mined east
of the Frostburg summit descends the railroad to Cumberland.

Braddock’s Run also takes its rise near Frostburg, and in the
northern portion of the coal-basin, and, receiving Preston’s Run,
flows easterly through a gap in Dan’s Mountain, and empties
likewise into Wille’ Creek two miles north of Cumberland.
Tho coal of the Cumberland Coal & Iron Company descends
their railroad, before described, by this route to Cumberland.

The southern portion of the basin, forming three-fourths of
the whole, is drained by George’s Creek, with its numerous trib-
utaries both from the Dan and Savage Mountains, the principal
of which lateral streams going westward are Neff’s, Elk-Lick,
Hill’s, Jackson’s and Moore’s Runs, that rise in Dan, and Wine-
brenner’s, Wright’s, S8quirrel Neck, Koontz, Laurel, Bartlett,
and Mill Runs, that come from Savage. The whole length of
George’s Creek is 22 miles, and it empties into the Potomac at
Piedmont, 28 miles above Cumberland, or 208 miles by the
Baltimore & Obio Railroad west of Baltimore. The coal
mined on George’s Creek descends the Cumberland & Pennsyl-
vania Railroad to Piedmont, and passes thence by the Balti-
more & Ohio Railroad to Baltimore. The great importance
of this coal-region is a sufficient justification for these details
of its various localities. In the coal world, these creeks and
runs have the same importance as the famous streets of our
large cities have in the commercial world.

The structure of this coal-basin is simple, but very inter-
esting as a geological study. It reminds us of the anthracite
basins in its bounding ridges of steeply-inclined strata, but
there the resemblance ceases. For, whereas the anthracite ba-
sins are canve-shaped, narrowing and rising at the ends where
the mountains are closed up together, squeezing the coal up to
apoint; on the contrary, at Cumberland, the two mountains are
parallel throughout.! The trough being thus left open at the
ends, therefore, when the work of denudation began, the waters
divided at the Frostburg summit as the continent was elevated,

! The points of this basin are in Pennsylvania and Virginia.
16



242 MARYLAND.

and the great coal-seam was wasted away in. both directions.
The connecting ridge, extending from Dan to Savage Mountains,
retains a full section of the great coal-bed, extending from
mountain to mountain. This body of coal is about four miles
in width, or in a northeast and southwest direction, and, as the
coal here must be mined by shafts requiring hoisting and pump-
ing, comparatively little mining has as yet been done in this
portion of the field. An examination of the accompanying
map will show how the valley of George’s Creek is cut down
through the large coal-bed, leaving first two narrow fields, one
on each side of the valley, in which the outcrops of the coal-bed
become higher and higher on the hill-sides as you proceed from
Frostburg to Piedmont, lateral streams finally even separating
these into smaller detached coal-fields.

As to the internal structure of this basin, if we suppose a
transverse section of it to be made, it would be found to ex-
hibit a succession of alternating strata, of varions thickness, of
sandstones, slates, coal, iron-ore, fireclay, and limestone, dis-
posed in a moderate curve, and filling up the valley between
the two prominent ridges designated as Savage and Dan’s
Mountains. The Frostburg summit is 1,300 feet above Cum-
berland, and, for some distance on the southwest side, the coal-
strata, not having been interfered with by denudation, extend
in a trough-like form far underground across the valley from
mountain to mountain, but at the extremities of the basin, as
before remarked, where the valley is cut down to a great depth,
the main seam crops out at some elevation on the sides of the
valleys. The surface of the basin, of course, is irregular, being
intersected by deep ravines formed by the streams and runs
that traverse it. George’s Creek, in a distance of 17 miles and
in a longitudinal direction, has scooped out its bed, or rather
some more general and powerful excavating cause has cut

. down through a mass of rocks 1,250 feet deep, carrying away

an immense amount of the coal-field. The same is the case at
the Jennings’s-Run end of the field, while at Braddock’s Run a
small portion only has been removed ; because, flo terally,
it soon leaves the coal-basin. Other lacerations of the coal-basin
have been produced by the lateral streams. .
The Potomac River, too, enters the basin at its southwest
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extremity, cutting through it diagonally, and carrying off parts
of the principal upper beds of coal, but not affecting the dip or
inclinations of those that remain, as the same fine 14-feet seam
of coal seen on George’s Creek is found on the West Virginia
side, high up on the mountain at the Hampshire & Baltimore
Company’s mines- above Piedmont, 1,000 feet above the Balti-
more & Ohio Railroad, showing that the seam was once contin-
uous. The only consolation for these great losses of parts of
the coal-field is found in the facilities furnished for exploring
and mining operations.

There is a very great regularity in this coal-basin, as faults
or serious dislocations do not occur. The soil is excellent,
yielding good crops, and the country is well timbered with osk,
pine, locust, and other timber, which are valuable for mining
purposes. ‘The appearance of the country is very good, and
there is no coal-region more inviting to the tourist.

The Coal-bed.—The seams of this species of coal are always
thinner than the anthracite. They are generally found in posi-
tions more nearly horizontal and in parallel strata. But the
great bed in which the mining is done in the Cumberland
coal-region is of the extraordinary thickness of 14 feet.
Scarcely anywhere in America is there a seam of bitumi-
nous coal of this size, extending, as this does, throughout the
region, and maintaining its size wherever it occurs. This Big
Seam, as it is called, is not only very uniform as to its thick-
ness, but very regular in its form, without faults or breaks,
and, like the upper seams in other regions, less disturbed and
more easily traced than lower seams usually are. At the mines
of the Hampshire & Baltimore Company (No. 25 on the map)
may be seen this splendid bed of beautiful and pure coal
mined out to nearly its full thickness of 14 feet, and, in some
places in those mines, even 15 and 16 feet thick, with but one
small layer of not exceeding an inch or two of slate within two
feet of the bottom. A little of the coal is left in overhead as a
roof in an arching form, and such is the height that the drivers
ride into the mines on horseback, forming a strong contrast to
the low and contracted roads in mines in the small seams of
bituminous coal. These mines, however, are exceptional in
this respect, this being an outlying detached coal-field west of
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the George’s Creek or Frostburg basin, and across and west of
the Potomac River. Generally throughout the region from
seven to nine feet of the coal only is worked, the top and bot-
tom parts being left in on account of the slates and the supposed
impurities they contain. Even these are a good thickness of coal,
and make a mine very convenient in its working. At the old
Cumberland Coal and Iron Company’s mines they mine out
nine feet of coal with two small seams of slate, together about
two and a half inches in thickness. The bottom layer of coal is
here taken out and the top one left in to strengthen the roof.
At the Borden mines, near Frostburg, they also mine nine feet
of coal, with two small seams of slate of one and a half inch,
each about the middle, and about six inches apart. Here the
bottom coal is also mined. At the Central mines, the Ameri-
can Company’s, and others, down George’s Creek, the upper
small seam of slate disappears, and they mine about seven feet
of pure coal. The above are given to show the great uni-
formity in the seam throughout the region, and that no locality
has any special advantage. The bed of coal is certainly a
very fine one, remarkably free from impurities, and everywhere
affording a coal of admirable quality, as free from sulphur as
any coal in this or any other country, without bony or incom-
bustible matter, and with no slate that is troublesome or
expensive to clean. No slate-pickers are anywhere employed
in the region, as none of it need get into the coal, except
through gross carelessness on the part of the miner, an offence
for which, if committed, he is heavily fined.

The greatest disadvantage in this region is the want of a
strong, self-sustaining roof over the coal, which, taken in con-
nection with the great thickness of the seam, and the crum-
bling, soft character of the coal, causes a great loss of coal, which,
by the present method of mining, is not taken from the mines.
One who did not know of these circumstances would be sur-

-prised at the plan of the mines. The headings, or gangways,
and air-ways, are nine feet wide, and the rooms, or bresasts, only
from 13 to 16 feet, the widest in the region being 18 feet.
This is owing to the cover of soft slate making it necessary that
three feet of the coal be left overhead, cut in an arching form
by way of roof. The pillars of coal not mined, left between
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the rooms, are 40 to 50 feet wide. Some of the companies
venture to make cross-cuts 10 feet wide in the pillars, 50 feet
apart, 8o as to get more coal, but others think it is not safe to
do so. It will be seen, from the smallness of the rooms and the
great size of the pillars, that but a small proportion of the coal
is taken out, and it is said that no pillars have been success-
fully removed in the region without bringing on “a thrust,”
or fall of the roof. It is thought that no land in the region
produces more than 5,000 to 6,000 tons of coal to the acre, so
that this very large seam of coal is no great advantage unless
some method of getting out more of the coal can be contrived.
A much thinner s¢am, with a strong, sound roof, would pro-
duce more coal to the acre. This great waste in mining is not
a pleasant spectacle, and the region is greatly in want of some
first-rate mining engineers, and a8 much improved system of
mining. The present plan is shockingly wasteful.

The following is a portion of Prof. Hodge’s report in regard
to the thickness of coal mined in this region, the system of
mining, and the product of coal per acre:

“ It is common to call this the ¢ Fourteen-foot Bed,’ and in
the lower end of the basin it has been found of this thickness,
and to some extent has been so worked. But this name gives
a very incorrect impression as to the amount of coal actually
obtained from any of the mines. At those now worked in the
northern end of the basin the real thickness of the bed is about
eight and a half feet, and still farther to the northeast the bed
becomes thinner and poorer by increased intermixture of seams
of glate. In the central portion of the basin, although its thick-
ness may reach 12 feet, there is hardly a mine in which it can
be said that more than 10 feet of coal is worked to any extent,
while the most of them save only about seven feet. Various
reasons are given in explanation of this. In some mines the
slate roof over the coal-bed, when undermined, is apt to fall in
blocks, or ¢slips, and endanger the lives of the miners. In
these mines it is almost a necessity to leave the upper two or
three feet of the coal-bed for a safe roof, and remove only the
middle and lower portions. The roof-coal, as it is called, is
often more or less streaked with layers of what is known as
‘bony coal,’ a variety of coal duller and more compact than the
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rest, but otherwise entirely unobjectionable. Merely on account
of this appearance, this portion of the bed is entirely lost, even
when the overlying slates would make as safe a roof as the coal
itself. In some mines, as at the Borden Shaft on George’s
Creek, where the roof-coal is left to the thickness of about two
feet, and from nine to nine and a half feet taken out below it,
a portion of the upper coal is expected to be saved, when the
pillars are finally removed, and the whole roof is allowed to
come down. This, however, is a very uncertain dependence.

¢ But the roof-coal is not the only part left unworked at
many of the mines. Throughout the whole coal-field the low-
est two or three feet of the bed contain qne or two seams of
slate, commonly two, each half an inch or so thick, and about a
foot apart. They run with remarkable uniformity in parallel
sheets through the coal of nearly all the mines, and, unless the
fragments are carefully sorted out, they damage seriously the
character and reputation of the coal in the market. In the
destructive rivalry that has existed in the different companies,
many have allowed this ‘bench-coal’ to remain unworked, and
have been willing to pick out the choicest middle part only,
and sacrifice all the rest.

¢ Thus it is that, in some of the mines, the bed is worked
to its full thickness either throughout or partially ; in some the
roof-coal only is left, and then it may be with the expectation
of recovering it in part; and, in some, both roof-coal and bench-
coal are sacrificed to the extent of full five-twelfths of the whole
bed. The workings of different mines thus varying, and of the
same mine in different parts, it is impossible to determine cor-
rectly what average thickness is worked by any company.
The length of the props they contract for and use is the best
guide for estimating this,

¢ Besides the two little seams of slate in the bench-coal, the
lower mines on Jennings’s Run have another seam in the breast,
or upper coal, which, as it was found in the Alleghany mine,
runs from two inches to a foot in thickness. Its effects are so
serious that the mines of this part of the basin are not now
worked at all ; though, being the nearest to Cumberland, they
would have the least to pay for transportation.

« System of Mining.—The older mines of this region were
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worked to a great extent in a reckless manner, without a
proper plan for the final extraction of all the coal. That which
was nearest at hand was taken out, and large areas were run
through and then left in such condition that not only the coal
in these could not be safely or economically removed, but the
only available access to bodies of coal not reached was some-
times quite cut off. This was particulafly the case in the work-
ings under the town of Frostburg, where it is impossible to get
any accurate knowledge of the value of what is left. But por-
tions of other mines also are not much better off, and are alto-
. gether inaccessible, either by the falling in of the roof over the
abandoned areas, or by the workings having filled with water.
A better system of mining has been pretty generally in prac-
tice of late years; but the details differ so much in different
mines, and indeed in different parts of the same mine, that the
most experienced managers would disagree as to the number
of acres fairly exhausted or rendered unavailable in any exten-
sive mine. The general plan is to drive two parallel headings,
9 or 10 feet wide, and from 30 to 100 feet apart, having a block
of coal between them as a pillar. The headings may reach any
distance up to a mile or more, according to the extent of the
property on the line they are directed. The object of driving
two together is that, by means of occasional cross-headings
connecting them, a system of ventilation is obtained. This is
often perfected by connecting one of the headings with an air-
shaft, at the bottom of which a fire may be kept up to increase
the upward current of air which is supplied from the heading,
and its course regulated by tight partitions with doors when
needed. The double headings also serve another useful pur-
Ppose, as separate roadways for the cars going in and out. At
proper distances along the headings, openings branch off at an
obtuse angle into the eolid wall at the side, and having passed
far enough for another pillar of proper width, the system of
gide rooms or chambers is commenced, parallel to each other
and 12 to 18 feet wide; a greater width being admitted as the
roof is sounder. The object of branching off at an obtuse angle
from the main heading is, that the cars may be more easily run
in and out from the main track. Pillars of coal are left be-
tween the rooms, varying in width in different mines, accord-
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ing to the judgment of the mining captain. It is from these
rooms that the chief supply of coal is obtained. The true sye-
tem of working is to extend the headings and the rooms con-
nected with them as near as possible to the extreme boundary
of the property, and then, the rooms being exhausted, to pro-
ceed to take out as much as may be practicable of the blocks of
coal or pillars left between them, beginning along the boundary
and working back. The roof and the surface above are thus
allowed to settle down. The main headings remain to the last,
so far as they are needed as avenues, when the wide blocks on
each side of them are finally removed. Instead of working out
the extreme portions first, rooms are often worked near the
entrance, a8 large supplies of coal can thus be more readily
obtained ; but in this case care is taken in well-conducted mines
that the main headings are not disturbed, and that the exhaus-
tion and destruction of the rooms, by removing the pillars and
allowing the roof to fall in, shall not occasion obstruction to
reaching portions of the coal-bed beyond. But, while this is
now the general system upon which the mines are worked,
there are no doubt differences in the care and skill exercised in
keeping all parts of the mine available ; and more or less coal
is lost by miscalculations and accidents, by the roof coming
down in places where not intended to settle, by pillars being
crushed and buried, and areas only partially worked being
blocked up, of which no account is made or ever can be.
Then, as before remarked, it is still not uncommon, in the desire
to get out the best coal as rapidly as possible, to leave the roof-
coal and the bench-coal with its two little slates, and large
bodies of pillars too, with the intention of taking them all up
at some future time ; but, as long as there is other property to
work, the same reason, or rather a stronger one, exists for neg-
lecting what was left behind, and the result is, this time never
comes. Such being the condition of the mines, it is a hopeless
undertaking to attempt to estimate, with any near approach to
accuracy, the number of acres exhausted in mines that have
been worked for the last fifteen or twenty years or more.

% This statement of the method of working and the condition
of the mines cannot fail to suggest the great advantages that
would be derived by bringing contiguous properties covering

i
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large areas into one comprehensive system of working; and,
further, the great saving that would be derived from breaking up
the present competition between different mines by rendering
it practicable to save the whole of the coal, instead of removing
only 7 or 8 feet, when 10 or 12 might be mined.

“ Product to the Acre—Allowing 27 cubic feet to the ton,
there should be for every foot thickness 1,618 tons to the acre,
which would give, for 8% feet thickness, 13,310 tons, and for 10
feet, 16,130 tons. From the older workings no one supposes
half this amount was actually obtained, and it would be a
larger estimate than some would admit to put the probable
* yield of the best-conducted mines at the present time at 1,000
tons to the foot thickness. In case the pillars are all finally
removed, however, it is not easy to explain what becomes of
the coal, if the product does not considerably exceed this
amount, for the fine coal all goes to market, and the loss by
waste must be very small besides the 24 per cent. or thereabouts
reckoned as loss in transportation. In assumingsome basis for
calculation, it may therefore not be far out of the way to call
the average product of the mines as they are now worked 1,000
tons to the foot thickness.”

Extent of the Field—The Cumberland coal-basin has been
generally described as 30 miles long, extending from some dis-
tance beyond the Pennsylvania line across Alleghany County,
Maryland, into West Virginia. The two rims of the basin,
consisting of the Dan and Savage Mountains, are about four or
five miles apart. But these dimensions would give a very ex-
aggerated size to this coal-field, as the actual extent of the big"
bed, the only one that is worked, is very much less. Some of
the estimates formerly give but 9,000 acres of the Big Seam,
while others placed it as high as 20,000 acres. In the summer
of 1869 this question was set at rest by an elaborate and care-
ful survey made by Prof. James T. Hodge, of Plymouth, Mas-
sachusetts, one of our best mining geologists. His report was
published by the Consolidated Coal Company, and the results
arrived at, as to the extent of the great bed, are contained in
the following tabular statement :
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TABLE OF PROPERTIES CONTAINING THE GREAT COAL-BED OF THE CUM-
BERLAND BASIN.

As reported by James T. Hodge, Mining Geologist, 1869.
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From the number of acres worked out according to Mr.
Hodge’s Report in 1869 (2,525), and the total production at
that time (12,958,317 tons), it appears that the average produc-
tion per acre was 5,130 tons. The original area of the great
coal-bed was but 17,282 acres, or 27 square miles, and there
were, in 1869, 14,757 acres, or 23 square miles of this coal re-
maining, which, if it is mined on the same wasteful system, will
produce 75,703,410 tons. At the same rate of production as
last year, this would be exhausted in less than 33 years. With
the consolidation of the coal companies, the business will be
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conducted on a better system in every respect. But, while a
larger production of coal per acre may be looked for, the mar-
ket for Cumberland coal is increasing rapidly, so that, in every
point of view, it is evident that the deposit is a limited one,
and the exhaustion of the great bed of Cumberland coal at no -
very remote period may be anticipated. We are now using in
America the best coals we have, anthracite, semi-bituminous,
and bituminous, and wasting them as though they were inex-
haustible, and of but little value. The time may come when
such coals will be among the luxuries.

The Present Proprietors.

The Consolidation Coal Company has become the proprietor
of more than one-half of the entire Cumberland coal-field, hav-
ing acquired the property of the Cumberland Coal and Iron
Company, their railroad, etc., as well as other lands, since the
date of Prof. Hodge’s Report. The only other mining companies
sending coal to market in 1872, besides the Consolidation Com-
pany, are the following, the numbers attached to each indicat-
ing the location of their lands on the map accompanying this
article, viz.: Hampshire & Baltimore Coal Company, 25 and
10; Franklin Coal Company, 1; George’s Creek Mining Com-
pany, 13; American Coal Company, 3 ; Swanton Coal Compa-
ny, 2; Piedmont Coal Company, 4 ; Barton Coal Company, 3;
Potomac Coal Company, 5; George’s Creek Coal and Iron
Company, 10, 11 ; Borden, 15, 16, 17; Midlothian, 14 ; Mary-
land, 6, 11; Atlantic and George’s Creek, 64 ; and the New
‘Central Coal Company, 8.' The Consolidation Coal Company,
who now are the proprietors of so large a portion of this coal-
region, own the other lands and mines not above enumerated,
one of the finest bodies of coal-lands in the country, owned by
a single corporation. They also own and operate the railroads
through this coal-region from Cumberland to Piedmont, and

1 Production in 1878: Consolidation Coal Company, 548,484 ; Maryland, 804,-
134 ; George's Creek Coal and Iron Company, 802,264; New Central Coal Com-
pany, 286,146; American, 265,549 ; Hampshire and Baltimore, 197,927 ; Borden
Minicg Company, 178,460 ; Atlantic and George Creek, 115,071 ; Franklin, 110,982;
Potomac, 80,150; Virginia, 77,682; George's Creek Mining, 72,151; Piedmont,
67,829 ; Swanton, 54,498; Blaen Avon, 12,552; New Reading Coal Company,
1,387: total, 2,674,101 gross tons.
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from the former place to their mines, lately the Cumberland
Coal and Iron Company’s.

The other Coal-Seams.

The following section of the upper coal-measures of this dis-
trict was taken by Prof. Philip T. Tyson, from survey and actual
measurement in 1852. It shows the coal-seams above the Great
Bed:
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The section taken near the centre of the George’s Creek basin,
and published by Prof. Ducatel in the Maryland State Geo-
logical Report, also shows the same five seams of coal above the
Great Bed, measuring, in the ascending order: 4’6", 3’ 6", 4’1",
6 feet, and 2 feet, in a thickness of 250 feet. At the Hampshire
& Baltimore Company’s mines, No. 25 on the map, the 6-feet
bed is worked to some extent at an elevation of 60 feet above
the Great Bed, and produces 6 feet of good coal.

Prof. Tyson also gives the following elaborate section of the
Barren Measures, as they are called, in Pennsylvania (lying be-
low H, or the Pittsburg or Cumberland coal-bed), and the
lower coal-measures. It is worthy of preservation, for the use
of those interested in the region :

The measurements from 670 to 1,120 feet were taken on the Savage
River and Potomac. Thence to 1,849 feet on Mill Run, which flows into
George'’s Creck. Thence to 1,448 feet on Laurel Run, which also flows

into George’s Oreek. From 1,448 feet on the southeast face of Dug Hill,
at the foot of which is Lonaconing.
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4 0”........8andy Fire-Clay,

6’ 0”........Ore in Shaly Fire-Clay.

¢ 0........ Limestone, '

1,880........ 1 8"........Coal Shaly.
}5’ 8’,

——— ~———— ]




SECTION OF LOWER COAL-MEASURES.

Feot above Tide.  Thicknese,

1,800........88'
9'

11

1,200.......10%

20’

ll
1,000........10/
950........92'

CRaracter qf Rook,
0”........8andstone.
6”........8hale.

Ore-balls.
0..... % Marine shells.
Balls in Shale,
2. .00v...Coal,
0”........8hale.
2. eeees.Coal
0'.ccee...Bhale,
0”.cceees.Coal,
Shales.
Fire-Clay.
Sandstone.
Not explored.
! eseees.Coal
..... Unknown.
{ Ooal-crop near top.
Sandstone at bottom.
’..... ( Ferruginous Shale.
g Gray Shale.
Black Shale.
0.....
6”..... E 8ix feet Coal.
ell
! eessee..Fire-Clay.
0" ........ Shales with balls of ore.
0........Unknown.
0”.uee... .Coal.
4"...... . .Shale.
0........8andstone.
[ L, Coal.
Shales.
, Fire-Clay.
0' ssese Shale'.
Fire-Clay.
6 IR RN NN ] -oo‘l.
L AP Fire-Clay.
0”........8andstone (XII.)

358

This rock is constant. It makes the
flat summit of the West Mountain ;
and, north of Savage Oreek, has
lying on it isolated cubic blocks,
fragments of themselves, as large
a8 three-story houses, very remark-

able objects.



Feet above Tide.  Thickwness. Characier of Rook.
950........ 8 0........ Large balls of ore.
900........ 14 6"........ Shale.
8" iinnn. Shale-Coal
1%’ 8"........ Sandstone, thin layers,
2 0”........ Coal.
2 6"........ Shale.
850, ...... 49’ 6"........ (Sandstone, eto., not explored.)
T e'........ Ore in Shale.
800........ 88" 0”........ (Principally Sandstone. f)
7580........ 2 6"........ :
t to...... Shale. Small interval.
27 0........ Sandstone, thin-bedded.
2 0........ Lowest known coal-bed.
160 0"........ Principally Sandstone, but not much
B50% ..c0ee ceeenene explored.
80 0'........ Green Shale of XI.
450........ t 1., Gray limestone of XI.

The lower coal-measures of the Cumberland region were de-
scribed in 1856, by Prof. James Hall, of Albany, New York,
from whose report on the.Ward Coal Company lands the fol
lowing facts are derived: The locality examined by him is on
the north fork of Jennings’s Run, on the easterly margin of the
basin or coal-field, and, the general direction of the basin being
from northeast to southwest, the strata are all presented dip-
ping to the northwest. The valley of the stream renders ac-
cessible the beds of coal, of which the two lower seams are about
20 feet above the level of the stream. The lowest coal-seam is
exposed a short distance above the outcrop of the conglomerate,
and is composed of two parts, the lower, from 24 to 82 inches,
the upper 6 to 8 inches, separated by from 12 to 16 inches of
shale. This is called the Bluebough coal-bed.

The next seam is the Parker coal, which lies about 36 feet
higher in the series, and measures from 24 to 30 inches. A
third seam, called the Powell coal, is found 25 to 30 feet higher
than the Parker, and is said to have a thickness of three and a
half feet. A fourth seam, known as the Percy coal-bed, lies
about 20 feet above the Powell, and is said to be 28 to 80 inches
thick. Some 30 feet higher lies a fifth bed, known as the Hall
bed, which is said to be four feet thick. There is a sixth bed
of coal known as the Rush Run coal, having a thickness of two

e — - -
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feet; and still higher another bed of two feet thick, having im-
mediately above it a bed of iron-ore 14 inches thick.

The great seam of this coal-field is the only one that receives
any attention, but the general reader may desire to know these
particulars as to other valuable coal-seams in the region. At
Piedmont, on the east side of George’s Creek, and on the north-
west slope of Dan’s Mountain, one of the lower seams is opened
three feet thick, 100 feet in elevation, and on the west side of
the creek and eastern slope of Savage Mountain, at an eleva-
tion of 130 feet, and five feet in thickness. Also, on the Vir-
ginia side of the Potomac, on the north slope of what is termed
New Creek Ridge, the Big Seam is 15 feet thick, with four
smaller ones below it. ‘

These sections show the great thickness of the coal-measures

- in this district, and that the whole system is represented up to
the: highest valuable coal-seam, but without the overlying sec-
ond series of Barren Measures found near the Ohio River. The
coal-beds of the upper coal-measures are here in their greatest
magnitude, the seams found in the Barren Measures are also
enlarged, and those of the lower coal-measures are small, being
split up into a large number of thin seams. The general series of
the coal-beds is similar to that previously described in Somerset
County, Pennsylvania, and at Connellsville, and to that which
will be hereafter given in the northern part of West Virginia.

The Cumberland coal contains from 13 to 193 per cent. of
volatile matter, from 72 to 83 per cent. of carbon, and is a
true semi-bituminous coal. The coal is all taken from the
miner, fine and coarse, none of the coal mined being rejected
or left in the mine, as is done with some bituminous coals, and
there is very little if any screening done, to separate the fine
from the coarse or lump coal. It mines out in large masses,
many of them as large as a man can handle, and at the pit’s
mouth there is very little fine coal. The coal is beautiful in
appearance, of a jet-black and glossy appearance; but these
large masses are very friable, and become very much pulverized
in the course of transportation and handling. This is in &
measure compensated in burning it for steam-purposes, by its
melting and crusting over; and, when partially coked, this
crust can be broken up with a poker and burnt again like lump-

17
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coal. But lump-coal is more marketable, and no coal is stocked
at any of the mines at Cumberland, or at Baltimore, on account
of its being reduced to fine coal by the action of the atmosphere ;
hence no coal is mined in the winter, after the canals are closed.
‘When orders are received, the coal is mined, put into the cars,
and shipped, and, when there are no orders, no mining is done.
This irregular work adds to the expense, a8 miners must have
wages sufficient to compensate for these periods when they are
without work. The Cumberland basin is quite remote from
tide-water, where its market is found, the distance from Balti-
more to Cumberland, the east end of the region, being by the
Baltimore & Ohio Railroad, 178 miles, and 206 miles to Pied-
mont, the west end, where the largest portion of the coal is re-
ceived.' This road is the principal avenue to market, the only
other being the Chesapeake & Ohio Canal from Cumberland
to Alexandria, Va., 191 miles. ‘
The principal market for Cumberland Coal is in the city of
New York, either coastwise in vessels, from Alexandria and Balti-
more, or by barges, by way of the Chesapeake & Delaware Canal,
and the Raritan (New Jersey) Canal, 240 miles. The work, in-
cluding the transportation, is all done very cheaply. The cost
of the long railroad-carriage mentioned is reduced to the mini-
mum rate in this country, and, after being transported these
long distances, the coal is sold at so low a price as to afford no
such profit as the capital invested should receive. Two things
are to be regretted about the Cumberland coal-region: the
waste of coal in mining, and the very small dividends received
by those who expend so much money, enterprise, and hard
work, in furnishing so good a coal at so low a price to ungrate-
ful customers. The statistics of the trade will be given, with
others, at the close of this volume. This region was first devel-
oped by the completion of the Chesapeake & Ohio Canal, in
#1850, to Cumberland; the Baltimore & Ohio Railroad, to
Piedmont, in 1842; the Cumberland & Pennsylvania Rail-
road from Cumberland to Piedmont; the Cumberland Coal &
Iron Company’s Railroad from Cumberland to their mines; and
the building up of a coal-trade exceeding two millions of tons
* per annum within thirty years.

! The distances from Cumberland and Piedmont to the various mines are givea
on page 250.
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The dimensions of the region seem small when compared
with some of the extensive coal-regions of other States, but it
has the great requisites of a successful coal-region in a good
quality of coal, in sufficient quantity to supply a large market ;
it is produced and carried cheaply ; it has abundant transporta-
tion by rail and water; it has the market of New York and of
the whole Atlantic coast. It might be added that the coal has
always been sold at so low a price, compared with its cost, that
the operators must be regarded as better friends of the manu-
facturers and other coal-consumers than of themselves and their
stockholders.

As we proceed westward from the Cumberland coal-basin,
the axes of disturbance occur at much wider intervals, forming
broader undulations, attended with more gentle dips. Those
of the Cumberland or Frostburg basin have a comparatively
steep inclination of their strata. It was the depth thus given
to the basin, even when it contracted it to an inconsiderable
width, that has conferred on it the great economical advantages
it possesses ; for by this means the bottom of the trough was
rendered sufficient]y low to admit of the whole of the rocks be-
longing to the productive coal-measures, both of the lower and
upper series, without towering to such an altitude as to be ex-
posed to the destructive torrents which have robbed so large a
portion of the area of this c8al-region of the coal-seams which
once spread continuously over its surface (W. B. Rogers).

W. B. Rogers's Analyses of Virginia Semi-Bituminous Coals, Hamp&irc & Hardy

Counties and Cumberland, Maryland.
19.78 1.88
16.28 6.04
15.76 2.64
1937 | 320
18.60 1.40
19.60 8.28
1543 | 476
15.02 532
1520 | 12.40
1 mile north of Turnpike., ... 18.23 8.38

‘W. R. JOANSON’S ANALYSES,
1844,

New York & Md. Min. Co. .. .50 | 1281 | 1240
Nef's Cumberland........... 74.38 | 12.67T | 1084
Easdby's Coal in Btore........ 7696 | 14.98 8.08
Atkinson & Templeman..... 76.69 | 15653 7.88
: Eubz & Smith's............ 14.29 15.52 9.30
Cum d Navy Yard..... 70.85 14.87 14.98
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For a further account of the peculiar and valuable guali-
ties of semi-bituminous coal, the reader is referred to the por-
tion of the chapter on the Blossburg region, from page 150 to
161, especially to the results of the government experiments,
given in the table on page 160.

Maryland, west of the Cumberland Region.

The triangular corner of MaryLAND, west of the eity of
Cumberland, is traversed in a northeast and southwest direction
by the following seven ranges of mountains: Dan’s Mountain
forming the east, and Great Savage Mountain the western
boundary of the Frostburg or George’s Creek coal-field ; then
in succession the Little Savage, the Meadow, and Negro Moun-
tains, Keyser Ridge, and Winding Ridge, which brings us to
the Youghiogheny River. Besides these, there are two shorter
ridges, Middle Ridge, between the two Savages, and Hoop-pole
Ridge, a southwestern branch of the Little Savage.

The Great Savage Mountain, or Big Backbone, as it is fre-
quently called, is not the dividing ridge, separating the eastern
from the western waters. The Savage River, reénforced by
two streamlets, the Middle Fork and Crab-tree Creek, makes
its way through it, to empty itself into the Potomac. A spur
of the Great Savage, known at the head of Deep Creek. as the
Little Backbone, is the true dividing ridge, the waters of this
creek flowing west, and those of Crab-tree flowing east, though
taking their rise only a few hundred yards apart.

Pursuing the National Road across Savage Mountain in a
northerly direction, the coal-rocks disappear at the summit of
the ridge. After crossing the Little Savage Mountain and
Meadow Mountain, the coal-rocks reappear in another coal-
basin hetween the latter and the Negro Mountain, the centre
of which, however, and more available portions, belong to the
State of Pennsylvania, forming the first sub-coal-basin of that
State lying between the Alleghany and Negro Mountain.

The Youghiogheny, which takes its rise in the southwest
angle of Maryland, cuts through this coal-formation longitudi-
nally from south to north, and exhibits the coal-rocks from
within a few miles of its head to its junction with Castleman’s
River, in Pennsylvania. The eastern slope of the Briery
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Mountain, which forms the western limits of the State, ia also
composed of coal-rocks, supporting a very productive soil.

The principal tributaries of the Youghiogheny in Mary-
land are on its east side, from south to north Cherry-tree Fork,
Little Youghiogheny, Deep Creek, and Bear Creek, and on the
west side, Muddy Creek, all of them having a pretty rapid fall.

It will be noticed that the area of the part of the coalfield
of Maryland west of the Cumberland basin is small, and parts
of it are cut out by the valley of the Potomac River, which
forms the line between it and West Virginia; also other
portions by the valley of the Youghiogheny River, which runs
through it northward; and other portions by Deep Creek, its
large branch on the east side. From the Cumberland coal
field westward there is quite a wide region of the east escarp
ment of the Alleghany Mountain, which is destitute of coal,
and then the high uplifts or anticlinals of Negro Mountain cut
out other large portions of the coal-field. There appears to be
no development of the coal-trade in the regions of Maryland
west of Piedmont, the market being entirely supplied from the
Cumberland or Frostburg region.






XI1I.
WEST VIRGINIA.

TxE coal-field of West Virginia comprises the large territory
lying between the western limits of the State and an irregular
line of mountain-ranges, on its eastern side, nearly coinciding
with the eastern front of the Alleghany, the Greenbrier, and
the Great Flat Top Mountains. It is an enormous area of
nearly horizontal strata, with geographical features of great sim-
plicity. Its surface is undulating, and toward the southeastern
limits mountainous, but the hills rise in gently-swelling out-
lines, and no very prominent pesks tower in acute and ragged
lines, to denote that the strata have been subjected to violent
convulsions and upheaving forces. A geological map would !
represent about 16,000 square miles of its area as of the Carbon- !
iferous age, but the reader should not thereby understand that
every portion of it contains valuable seams of coal in a position
accessible and convenient for mining. Only a small portion, \
too, of this great coal-region is developed by mining in a few
localities and to a limited extent. Its 1mportance, therefore,
like many others of our vast mineral districts, is in the future,
and the account here given of it is general.

A Btate geological survey was begun under the direction of
William B. Rogers, who made five annual reports of progress
for the years 1837, 1838, 1839, 1840, and 1841, after which the
work was abandoned in an unfinished condition. These reports
were published in pamphlets, and the books are very rare;
their more important and interesting portions, relating to the
coal-deposits, are here reproduced, and arranged in connection
with materials derived from other sources.
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Preliminary General View.

The general system of the coal-measures is the same as that
of Pennsylvania, with such changes in the thickness of the vari-
ous strata of sandstone, shale, limestone, and coal, as might be
expected from the distance and the extent of the regions. The
coal-rocks show the same divisions into the conglomerate
base (which in this State assumes great varieties, embracing
various strata of shale and some coal-seams) : 1. The lower coal-
measures ; 2. The barren-measures; 3. The upper coal-measures,
and 4. The upper shale and sandstone-measures, which are also
barren of coal.

1. The lower coal-measures have a thickness of about 250
feet or more, and, in a section taken across the northern part
of this State, they contain five seams of coal, four of which are
represented as only from one to two and a half feet thick,
and the other, or upper one, from three and a half to four feet.
But farther south, on the Kanawha River, the coal-seams of the
lower coal-measures are developed in number and size, scarcely
equalled in any part of the Alleghany coal-region.

2. The highest stratum of these lower coal-measures is a
coarse sandstone, called in Pennsylvania the Mahoning sand-
stone, which varies in thickness from 20 to 100 feet, and is
generally about 75 feet thick. Resting upon the Mahoning
sandstone are the Barren Measures, which Rogers represents as
466 feet thick in West Virginia, with three thin seams of coal,
the lowest six inches to one foot thick and poor, the next 23
to three feet, and the other two feet. It also contains eleven
different beds of limestone, of which the upper one is 40 feet
thick, the lower one 10 feet, and the others about three feet.
There are altogether in these Barren Measures 41 alternate
layers of shales, sandstones, limestones, and coal.

8. The upper coal-measures seem to be the more impor-
tant in the northern part of West Virginia, on account of the
greater sgize of the seams, and their accessible position. They
are 230 feet and upward in thickness, and include four fine
seams of coal, the first or lowest of which is the celebrated
Pittsburg bed, nine feet thick; the second, 22 feet higher, is
8% feet thick ; the third, 28 feet higher, is a 5}-feet seam of
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good coal ; and the fourth, 188 feet higher, is seven feet—in all
25 feet of coal in these upper measures alone. There are also
no less than nine separate beds of limestone, measuring in all
50 feet 10 inches in thickness.

4. Above the upper coal-measures of West Virginia are
piled up a second series of Barren Measures of considerable
thickness, consisting of alternate layers of shales and sand-
stones, some of the layers 20 feet in thickness, and a few thin
layers of limestone, but no coal-seams. The upper and lower
productive coal-measures, with the intermediate Barren Meas-
ures, are together about 1,000 feet in thickness, besides the
upper Barren Measures and the conglomerate base.

In a business aspect there are three lines of observation of
this coal-region. The first is along the Ohio River, from the
Pennsylvania and West Virginia line, 45 miles below Pitts-
burg; thence by the river to the mouth of the Big Sandy, the
Kentucky line, a distance of 279 miles by the river, passing
first from the Pennsylvania line to Pipe Creek, 62 miles
through the upper coal-measures; thence to Carr’s Run or
Pomeroy, 140 miles through the overlying rocks; and thence
77 miles to the Kentucky line, through the barren coal-messures.
At Wheeling, and for 14 miles down the river, the cliff or
bank presents an uninterrupted bed of bituminous coal up-
ward of six feet thick, of such a quality as to furnish fuel for
all the dwellings and manufactories of that enterprising and
prosperous town. Above are two thinner beds of an inferior
value. Associated with these seams of coal is a bed of lime-
stone of upward of 20 feet in thickness. The second line of
observation is along the Baltimore & Ohio -Railroad which
crosses the northern part of the State, passing from the east
through the Potomac basins of the upper coal-measures in the
Cumberland or Frostburg (Maryland) region, which extends
across the Potomac into West Virginia ; thence through the va-
rious basins formed by the undulations to be hereafter described,
to Grafton, whence there are two railroads westward : one due
westward, crossing the Monongahela at Clarksburg, and thence
to the Ohio River at Parkersburg; the other northwestward,
crossing the Monongahela at Fairmount, and thence down
Grave Creek to the Ohio River, and thence up the river to
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Wheeling. Both these branches enter the main body of the
upper coal-measures near the crossings of the Monongahela
above named, and traverse them to the Ohio, the points at
present most productive of coal being the two crossings men-
tioned. There are detached patches of the upper coal-measures
east of the point named. At Clarksburg and northward, down
the valley of the Monongahela, there exists one of the richest
coal-deposits in the State. One of the beds in some places in
the neighborhood of this town is from 10 to 12 feet in thick-
ness, below which is a thinner seam of a more highly-bitumi-
nous character. From some distance above Clarksburg they
may be followed with scarcely any interruption throughout the
whole valley of the Monongahela northward to Pittsburg.
Ascending the Tygart’s Valley River southward, the coal
diminishes in thickness and valuable qualities. Coal 1is also
found, though in less considerable quantities, in the valley of
the thtle Kanawha, Near Hughes River, one of its tributaries,
it is very abundant.

A coal containing much less bityminous matter occurs im-
mediately west of the eastern front ndge of the Alleghany, in
Hampshire County, lying in five successive tiers, and extend
ing for many miles along the borders of the Potomac. This
district has been fully described in the chapter on Maryland.

The third line of observation is that on the Kanawha River,
which is a navigable stream for 70 miles, and for a distance of
about 30 miles from Charleston to the Great Falls of the
Kanawha, affords along its banks a fine display of the lower
coal-seams in their maximum size and number. This Kanawha
region is soon to be traversed by one of the main east and west
thoroughfare lines of travel, called the Chesapeake & Ohio Rail-
road, by which its mineral wealth will be developed.

Here at least three great seams of coal display themselves
almost continuously for a distance of about 12 miles, stretching
in parallel and nearly horizontal bands along the almost moun-
tainous cliffs forming the boundaries of the rich and lovely
valley of the Kanawha in the vicinity of Charleston. On the
Great Kanawha the exposure of coals is one of the most
extensive and valuable anywhere in the United States, and it is
in the immediate vicinity of the Salines. On the Gauley and
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other rivers the beds of coal are frequently brought to view,
and they spread with the beds of sandstone in nearly horizontal
planes, over almost the whole of this broad region.

Coal River enters the Kanawha 12 miles below Charleston.
As far up this branch as Brier Creek, on Coal River, 23 miles
above its mouth, there are four or five seams of coal seen in the
hill-sides. Several varieties of coal are produced in West Vir-
ginia, the common bituminous and cannel coals, splint or iron-
smelting coal on the Kanawha, and a vein of Albertite in
Ritchie County, similar to that in New Brunswick. With
this brief preliminary description of the series of rocks of
which this great coal State is made up, and the most important
places where the coal is exposed, the reader will be the better able
to see, in reading the following graphic description of the struct-
ure of the coal-field, how its several parts will occur on the sur-
face in various localities. The account previously given of the
remarkable features of the coal-field in the southern part of
Pennsylvania will also be borne in mind, especially the great
anticlinal uplift of Negro Mountain which runs into Western
Maryland, and Chestnut Ridge and Laurel Hill, which extend
across the State line into West Virginia, the latter crossing the
Cheat River. But the Virginia survey was left in so unfinished
a condition,' and without a geological map, or reports of the
geology of each county, that no very accurate description can be
given of every portion of the State covered by the various
seams of coal, or what parts are destitute of coal from denuda-
tion or anticlinal uplifts. The account, however, is probably
as minute as the present importance of the region in the coal-
market demands.

GENERAL BKETCH OF THE S8TRUCIURE OF THE COAL-FIELD.

Prof. William B. Rogers, in the Geological Reports of
the State of Virginia, gives substantially the following lucid
and interesting description of the general features of the great
coal-region which covers nearly the whole of what is now the

1 Reports of the Geological Survey of Virginia, by W. B. Rogers; first, 1836,
143 pages; first and second, 1838, Philadelphia, 87 pages; third, 1839, Phila.
delphia, 4to, 52 pages; fourth, 1840, Richmond, 8vo, 161 pages; fifth, 1841,
Richmond, 8vo, 132 pages. The final report never was published.



268 WEST VIRGINIA.

State of West Virginia. “It is given,” he says, “in the hope that
the more important relations of its strata as to direction and
position may be clearly perceived, and that any erroneous
views as regards the general extension of the more important
coal-seams may be no longer entertained. A little attention to
this description of the configuration of the strata included in
this vast basin, and the various modes in which they are ex-
posed by that noble river, the Ohio, which pursues its way
along and through them, will give the reader a general plan or
pattern elucidating the great features of the structure, not only
of the coal-region of this State, but in a measure of the whole
Alleghany region of which West Virginia is the central portion.
The country east of the coal-region in the old State of Virginia
is characterized, like the corresponding locality in Pennsylva-
nia, by numerous successive and generally abrupt undulations,
forming prolonged lines of parallel anticlinal and synclinal
mountains and valleys alternately arranged upon its surface.
‘We need, therefore, not be surprised to find similar variations in
the positions of the strata continued for some distance beyond
the margin of the region in which the geologically higher and
more western groups of rocks appear. These anticlinal axes
met with in the West Virginia coal-region preserve a parallel
direction with those of the Appalachian belt east of them, and
give rise to ranges of mountains less elevated above the general
level of the surrounding region, and broader and less abrupt
in their declivity, than the ridges formed by the more steeply-
inclined strata of the Appalachian or eastern region. Along
the summits of these broad mountains the mantle of rocks ap-
pertaining to the coal-formation which once evidently con-
tinued in its extension over the inferior strata has been more or
less removed ; and thus in their undulating tops, and in their
profound ravines and river-gorges, the strata of rocks below the
coal-measures are not unfrequently deeply and extensively ex-
posed. The destructive rush of waters, after tearing away the
stouter materials above, has met with less resistance from the
soft shales and sandstones forming the interior mass of these
broad ridges. Hence would appear to have originated the
deep valleys and abrupt hills by which this country is char-
acterized, and hence the deeply-scooped channels of those
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streams which are permitted not merely to pass through but to
meander for great distances along the central line of the axis,
and in the very heart of the mountains whose interior structure
they thus contribute to disclose. '

¢ Over wide districts in the western part of this region the
few low undulations which occur ultimately become lost in the
gentle and almost imperceptible inclination of the strata tow-
ard the valley of the Ohio. Here even the uppermost of the
rocks below the coal-measures are no longer to be met with
anywhere on the surface, or in the deepest natural or artificial
exposures that exist. The rocks belonging to the principal
coal-measures in their turn also become buried as we approach
the Ohio, in the region of Parkersburg and Point Pleasant,
giving place upon the surface to the Barren Measures, consist-
ing of shales and sandstones, either destitute of coal or con-
taining it in thin and variable beds. These gently-sloping
strata thus gradually depressed, again rise to the surface as we
proceed still farther to the west, thus bringing into view over a
wide and affluent belt of country, in the neighboring State of
Ohio, the counterparts of the lost coal-seams and their associated
beds of sandstones, slates, shales, iron-ores, and limestones, in
an order the reverse of that in which they had been seen to
disappear in West Virginia some distance east of the Ohio.

 As necessary to the general picture of this wide-spread
series of rocks, it may be added that beyond this belt of pro-
ductive coal-measures in Ohio, as we descend to the valley of the
Scioto, we come in view of a group of underlying east-dipping
sandstones, slates, and limestones, corresponding to the upper
formations below the coal-measures, on the east side of the
coal-region ; so that,comprehending in one wide view the whole
series of strata comprising and lying at no great distance
beneath the coal-rocks of this wide region, and leaving out of
consideration the undulations previously alluded to as occurring
toward the eastern margin of the tract, we are presented with
the imposing scene of a vast synclinal trough or basin spreading
from the eastern escarpment of the coal-rocks in West Virginia
entirely across the State, and the east half of Ohio, and ter-
minating there in a similar escarpment, in which the rocks are
seen inclining toward the east to meet their counterparts dip-
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ping in an opposite direction in West Virginia. It is a little
westward of the centre or lowest line of this enormous basin
that the Ohio River pursues its course for most of the distance
in which it forms the western boundary of the State of West
Virginia.

“ But another feature is yet to be introduced to complete
the general outline of this interesting region. The eastern and
western margins of this basin, though nearly parallel about
midway of its length, gradually approach each other as they
extend toward the north, and thus bending round, the former
in Pennsylvania, the latter in Ohio, at length actually coalesce
and form the head or northern termination of the trough. As
a result of this configuration it will at once be seen that along
this northern boundary of the basin in Northern Pennsylvania
the coal rocks must have an inclination toward the south or in
the direction of the length of the vast trough, while the strata
underlying them beneath this northern escarpment will be seen
dipping beneath the basin in a corresponding direction. For-
tunately for the resources of the valuable though small tract,
including the three countieg lying between Pennsylvania and
Ohio, and now called “the Panhandle,” this northern ter-
mination of the trough takes place at no great distance north
of where the territory of West Virginia begins. So that the
Ohio in its course along the western margin of that tract inter-
sects the southerly-dipping strata in a direction highly favor-
able for the development of their rich mineral contents, and
exposes along the West Virginia, as well as the Ohio shore of
the river, nearly all the seams of coal, and beds of limestone
and other valuable materials, required to complete the series of
strata appertaining to the vast coal-basin through which it
flows. From this general outline of the great coalfield of
which West Virginia possesses so large a share, it will at once
be seen that, leaving out of view the numerous important
undulations of the strata before referred to, the higher rocks in
the series present themselves successively, dipping beneath the
surface a8 we recede from the margin of the basin toward its
middle, from whatever point of this margin we may take our
departure. Each stratum of the vast series of the coal-measures
may in truth be regarded as an immense oblong bowl or
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trough, whose longer diameter has a direction nearly northeast
and southwest, terminating at the northern end, near the Ohio
and Pennsylvania line, north of Steubenville, and gradually
widening in a somewhat oval form as it passes through Vir-
ginia and Ohio. Near its widest part, it is obvious, the Vir-
ginia and Ohio portions of the margin would be parallel to
each other, and to the longer diameter, and would therefore
have a direction from northeast to southwest, but, in the prog-
ress of its expansion, all the directions between that of its
northern end and the one just specified would successively
obtain ; so that, following it along the eastern margin, we
should have it southeast and northwest, south and north, south-
west and northeast, and perhaps within the limits of Virginia,
approaching Kentucky and Tennessee, west-southwest and east-
northeast. We may, therefore, regard a series of such bowls,
similar in form, and fitting the one within the other, as giving
a general representation of the stratification of the entire
region we are considering, neglecting for the present the
irregularities occasioned by the undulations in the neighbor-
hood of the eastern margin. Bearing in mind this inelegant
but perhaps not useless illustration, it will at once appear that
a river like the Alleghany entering the northern margin of the
basin, and flowing entirely through it, will penetrate in suc-
cession each of the inner bowl-shaped strata on the one side,
and then continuing as the Ohio, passing across the innermost,
and therefore the uppermost of them all, will again penetrate
the same beds, but in an inverted order—and if| as in the case
of the Ohio, we suppose it to enter * the Panhandle ” of West
Virginia, near one of the extremities of the oblong trough, and
to flow nearly along but a little west of its central line, we
shall have exposures of all the strata from the northern margin
to the highest bed of the series, those only excepted which,
forming the very innermost and uppermost of the concentric
strata, present their western margin to the east of the valley
of the river. These, as is really the fact, would be found
capping the hills at some distance eastward of the river, and
presenting both their eastern and western margins on the Vir- .
ginia side.” s

1. The Okio River District.—To complete the application of
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this rude analogy to that portion of the great trough of coal-
bearing strata through which the Ohio flows, the varying
developments of the rocks caused by its frequent and important
changes of direction claim also to be considered. If, while
flowing through the highest or innermost of the strata accessible
in its general course, and thus pursuing a direction nearly from
northeast to southwest, it should be diverted from this line so
as to take a direction toward the west or northwest, it is obvious
that this would lead it away from the inner and higher strata,
and carry it across some of the subjacent beds; while a change
in the opposite direction would convey it into still higher strata
lying to the east, and, if continuned for a sufficient distance,
might carry it through them to pass into the Eastern or West
Virginia sections of the lower strata. It is thus that the
river in that part of its course extending from near the north-
west corner of Tyler County to the bend a little above Marietta,
flowing nearly in the central line of the trough, exposes only
the upper strata, but, bending toward the northwest as it ap-
proaches Marietta, it displays strata a little lower—and thence,
pursuing a direction nearly parallel with that first mentioned,
it passes Parkersburg in a line several miles west of what may
be regarded as the axis of the trough, still continuing to display
nearly the same rocks as are met with at Marietta, until, by
another and more important flexure to the northwest below
Letart’s Falls, it plunges more deeply still into the strata west
of the middle of the trough, bringing to light, in a position
sufficiently elevated above the river to be productively mined,
the important coal-seam wrought on the Ohio side, and known
as Pomeroy’s Seam. Continuning with numerous flexures its
general southwestern course as far as Burlington, and keeping
very nearly in the same rocks, the coal of which is again exposed
below Gallipolis, it bends around to take a direction bearing it
across the western portion of the basin, after which traversing
in succession lower and lower strata of the coal-measures, and
presenting a noble development of rich coal-seams and iron-
ores on the Ohio and Kentucky sides, it emerges from the
basin near Portsmouth, and pursues its way through the Appa-
lachian strata lying to the west.

In a subsequent report, Prof. Rogers again had occasion to




THE OHIO RIVER DISTRICT. 278

refer to the strata displayed on the Ohio River, from the Little
Beaver River, in Pennsylvania, to the mouth of the Big Sandy,
at the Kentucky line. As it is an important locality, this ac-
count is also given. At the northern extremity, near the
mouth of Little Beaver, the Ohio River flows in the inferior
part of the lower coal-group, the outcrop of which is farther
toward the north. Descending the river from this point to
the mouth of Fishing Creek, the dip of the rocks is toward the
south. Throughout this distance, the course of the stream de-
viates but little to the west or south, while the principal diame-
ter or axis of the great coal-basin, having a direction more
nearly approaching .to®northeast and southwest, is prolonged
from its northwestern termination in Pennsylvania, in & direc-
tion lying to the east of this reach of the Ohio. The river is
thus made to approach this central line as it descends toward
Fishing Creek, and is there near but a little west of the axis or
centre of the basin. Below this point, assuming a direction more
toward the west, it continues to flow nearly parallel with the
axis, though a little west, as far as the bend below Mill Creek,
in Jackson County. It now, by a sudden turn, penetrates some
distance into the western side of the basin, and, the rocks hav-
ing a dip toward the axis, that is, toward the southeast, the
strata, which, during its previous course, were buried below its
bed, are now seen in succession emerging to the surface. Re-
suming its southwesterly course at Kerr's Run, and preserving
that general direction as far as Guyandotte, it continues to ex-
pose nearly the same strata, appertaining to the western side of
the basin, throughout the whole distance. Then, bending away
to the west, it enters the lower coal-group about three miles
above the mouth of Big Sandy, on the southern boundary of
West Virginia, whenee, taking a northwesterly direction, it
passes directly across the western side of the basin, and finally,
a few miles above Portsmouth, in Ohie, passes beyond its mar-
gin. It is obvious, from the sketch of the general directions of
the Ohio in its passage longitudinally through the basin, that
it presents a line of observation of great interest, comprising
nearly the whole of the strata of the coal-measures.

18
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General Description of the Coalbearing Rocks of West Vir-
ginia, and their Seams of Coal.

Prof. Rogers gives the following description of the first of
the series of rocks immediately associated with the slates, sand-
stones, limestones, and coal-seams, comprehended under the
denomination of the ‘“coal-rocks.” This formation, strongly
contrasted, in its general aspect and composition, with those
which lie immediately beneath, consists of a group of whitish
or light-gray sandstones, generally of a coarse texture, and com-
prising heavy beds of conglomerate, usually conspicuous for the
white, round pebbles of which it is mairlly composed.

The same coarse rock, with its attendant pebbles, is found,
in a similar geological position, on the backbone of the Alle-
ghany and on the Cheat Mountain, and Laurel Hill, as well as
- several other minor ridges. It is also'well displayed on the
summit of the Big Sewell, and various knobs and ridges of the
adjacent region, and forms the nearly-level capping of the Blue
Stone Mountain and its continuation farther to the southwest.
Everywhere along the margin of the great coal-region, this for-
mation may be seen marking the transition from the upper
member of the lower series of rocks to the widely-expanded
groups of strata with which the coal-seams are associated. It is
not, however, to be inferred that at all points it displays the
same conspicuous conglomeritic structure, or is developed to
the same thickness, for in both these particulars it presents fre-
quent and important fluctuations, passing from a mere mass of
large rounded pebbles cemented by siliceous matter, chiefly at
their points of contact, to a conglomerate of shot-like gravel,
and thence to a coarse and in some cases to a fine sandstone, of
even and compact texture, and in thickness varying from a thou-
gand, and perhaps more, to 8 hundred or even less than a hundred
feet. Nor in all cases does it throughout maintain the character
of a purely siliceous rock, for instances occur in which bands of
glaty sandstone, and even bituminous slate, accompanied by
one or more seams of coal, are included between the coarser
and more massive strata of the formation. Yet, with all these
variations, the general characters of the group, as above de-
scribed, are sufficiently definite to enable the practised observer
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to recognize it when it appears, and its features usually are so
well marked that a glance is sufficient for this purpose.

The series of strata above the conglomerate, by which this
vast surface is overspread, observe a regular order of superposi-
tion, and naturally arrange themselves into four great groups :

1. The first or lowest of these groups, resting on the coarse
sandstone or conglomerate described above as constituting the
floor upon which the coal-measures are outspread, containing
several seams of coal, of which generally one, and sometimes
two or three, are of sufficient extent to be of great economical
importance, may be designated as the lower coal-group. Occu-
Pying the zone next to the margin of the basin, it is sometimes, -
as on the Kanawha, above Charleston, expanded over a wide
area by broad undulations of the strata; and sometimes, as
along the western flank of Laurel Hill, made to disappear at
no great distance within the basin by the uninterrupted and
somewhat rapid dip of the strata toward the northwest. The
rocks comprehended in this group, with the exception of the
shales and slates immediately associated with the coal-seams,
are, for the most part, coarse micaceous sandstones, of a gray
and light-brownish color, composing thick and massive layers,
bat little blended with softer shaly strata; with these are asso-
ciated beds of limestone, and the most important seams of iron-
ore met with in the coal-measures.

2. Next above, we have a series of strata comprising red-
dish and bluish shales and slates, and gray, bluish, and brown
micaceous sandstone, destitute of coal, or containing very thin
seams of local extent. Beds of limestone, sometimes numer-
ous and important, are also included in this group in West
Virginia, and the remarkable black flint marking the upper
boundary of the lower coal-series on the Great Kanawha is
found toward its base. This may be called the Barren Meas-
ures, or lower shale and sandstone group.

3. Still higher in the series, and occupying a zone still
more removed from the margin of the basin, we have a group
consisting of gray, brownish, and greenish micaceous sand-
stones, reddish and greenish shales, and beds of limestone, in
some districts of great thickness, together with several seams
of coal, and, more especially, the great seam, which shows it-
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self so extensively in the neighborhood of Pittsburg, Wheel-
ing, Brownsville, Morgantown, Clarksburg, Pocotaligo Creek,
and other points in this coal-region. To this series of strata
we may give the name of the upper coal-group.

4. Resting upon this, we find an extensive series of rocks
consisting of gray micaeeous and felspathic sandstones, together
with reddish and greenish shales, more or less calcareous, and
containing occasionally thin beds of limestone, but entirely
destitute of cosl. This, overspreading the central portions of
the basin, comprises the highest strata of our great western
coal-measures, and may be termed the upper shale and sand-
stone group. Ne Permian fossils have been found.

II..Saot/z'oanthe Three Lower Groups across the Mononga-
hela Valley.

The following is a summary of Prof. Rogers’s detailed section
of the various beds of rock and coal-seams included in the lower
coal-group, the Barren Measures, and the upper coal-group,
taken on a line running across the northern part of the State,
commencing at the base of Laurel Hill, of Virginia, the Chest-
nut Ridge, of Pennsylvania, followmg the course of Decker’s
Creek to its mouth, thence pursuing the Monongahela River to
the mouth of Scott’s Run, and continuing up that run to the
termination of the section. From what has frequently been said
in regard to the mutability of the strata, as prolonged from place
to place, the following section cannot be looked upon as indi-
cating exactly the thickness and character of the different beds,
as displayed in a vertical section at any one locality. It will,
however, furnish a useful picture of the general features of the
different groups of strata, which usually preserve some predomi-
nant character over a wide ares, and it will also exemplify the
extraordinary mineral wealth of the fertile valley of the Monon-
gahela in general. It will be remembered, however, that North-
ern Virginia having the upper coal-measures finely developed,
the lower coal-series, as here represented, is far inferior to the
magnificent display of that group farther south, along the Great
Kanawha and some of its' branches. This section, probably,
does not do justice to the coal-beds of the lower group. The
series of coal-rocks is given in the ascending order, from the
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conglomerate up, the letters being now added to designate the
corresponding coal-seams in Pennsylvania : -

LOWER COAL-GROUP.

No. Foot. No. Foot.
1 |Bhale, yollovhhsuy........... 6 to10 5

g s:ndmm.l!ght 4 g :: 3
4 25 to 80 13
] |15 to20 S§to 4

-8 13t % 80 to 40

.7 L 1
8 1 .| 8to6
9 40 Sandstone sinks be-

10 3 to 4 low the of Monongshela)

11 8 to10 River below Morgantown.....| 60 to 70

LOWER AND UPPER COAL-GROUPS.

No. Foot. No. Foet.
;.swe ;g ] lede:tom. vecetssssesecsness| 3 t0 4
.Bandstone tom.y-llow 1
i Bhale...c..coeeeensn 20 ;: 23
Limestone ¢water! 4
5 85 to B0 || 26 29
[ 1481 14
['4 10 || 28 10
8 8l 2 ]
9 80 || 80 ‘Bhale, olive brown.............. 4
10 1 to!% 81 +
11 8 82 Bhale........ccciinennnnnnnnnns 8
18 b || 88 1%
18 40 || 84 8| . 1
14 Sto 8| 85 . 8
16 0t el s |55 w00
. . to 80
17 25 to85 || 88 |Shale............ . 8
18 15 || 89 2
19 4 8 to 4] 40 9
20 10| 41 eeseentsscetosacorcscancos ]
21 4

The coals in the Barren Measures attain greater importance
along this line than at any other place in this State. There are
eleven bands of limestone, in all 24 feet, impure, but yielding
lime for agricultural and building purposes.

UPPER COAL-GROUP.

No. Foot, No. Foot.
1 |Coal H, main or Pittsburg . 10 {Bhales...cceivrirnrinacnnnaan 12
le-mofUpperGroup ver } & o 9 ]
2 l!hlle . 10
8 12 5t 0
4 3 to 4 19 10 to13
; ‘e g; ﬁ sh-lu dsmdmne 0+ '
an 8, 40 +
s&1 s TS } 90 to100
8 leutonoudsm........ ] 22 leu seesssvsencensennne ]
9 |Sandstone........ 4 23 |Shale and Sandstone. .........| 20 to 95
10 . 6t 7|l o [
. [+ 24
. 3 25 1 t020
420 02 26
10
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A glance at any map of West Virginia will serve to show
that the Greenbrier, the Gauley, the Little Kanawha, the Mo-
nongahela, and its great branches, the Cheat River and Tygart’s
Valley River, and the north fork of the South Branch of the
Potomac River, all take their rise from the highlands at the
head of the same valley, and, from the opposite courses which
they pursue, we are led to conclude that the dividing ridge at
the head of these streams in the eastern central part of West
Virginia, in Randolph County and those adjoining it, is the
highest land west and north of the Alleghany range. Between
the head-branches of several of these streams are considerable
tracts of glade or table lands, affording tolerably level country,
covered with a heavy growth of forest-trees. Also similar
tracts occur farther west, between the head-branches of the
Gauley, the Elk, and the western forks of the Monongahela.

Every thing bespeaks West Virginia to have been originally
an expanded plain which was afterward gently tilted on the
east side from the horizontal position, so that its surface and
the body of rocks beneath were made to decline with a slight but
very uniform depression very gently toward the northwest to
the valley of the Ohio. The great inequalities of surface were
evidently caused by the furrowing action of a mighty and de-
vastating rush of waters, which, by a rapid draining, scooped
out enormous valleys. The parallel position of the strata keeps
the coal-seams near the surface over enormously wide spaces of
country, while the great depth of the valleys exposes them to
the day under positions, for mining, the easiest imaginable.

In this elevating process, which may have occurred repeat-
edly, and the retreat of the ocean as it ploughed out the present
deep valley8 of the Potomac, the Monongahela, the Little and
. Great Kanawha, and the great tributaries of the latter, the
Greenbrier, Gauley, etc., it is evident that the elevated summit
_ in Randolph County, near the east side of the State, was a com-

mon point of departure for the ocean-currents, and this divides
the State, from this central point, into natural divisions like
rude segments of a semicircle, which it will be convenient for us
to take up and describe in order, beginning on the northeast
or Maryland side, and proceeding westward, and thence south-
ward. DBearing in mind the description previously given of
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Maryland, west of the Cumberland region, we have first in
going westward the Potomac coal-basin of West Virginia,
which, crossing Maryland, is represented in Pennsylvania only
by the northeastern end in Somerset County, lying east of our
six great coal-basins.

Within this basin, as trenched by the north branch of the
Potomac, the lofty hills of the Virginia as well as the Mary-
land side expose to view at various points in Hampshire Coun-
ty the several coal-seams of the lower coal-series, ag well as the
most valuable of the upper coal-series, being the great Pitts-
burg or Cumberland seam H, which here attains a thickness of
14 feet of pure coal, and occurs 1,000 or 1,200 feet above the
river, with other good seams above this, one of them six feet
thick. It is a semi-bituminous coal, as is the case with all the
seams of this and the other basins near the eastern margin of
the coal-region.

‘West of the Potomac or Cumberland basin occur also two
other basins called by Rogers the middle and western basins,
containing two seams of coal, but they seem to be only of local
importance. What is called the first sub-basin in the Pennsyl-
vanian survey, included between the axes of the Alleghany and
Negro Mountain, next occurs in going westward, but it is, in
West Virginia, only a shallow basin, occupied by the lower for-
mation, and in which the coal-measures are not to be found,
although it expands and deepens in a northwest direction, and
becomes very important through Pennsylvania. In Virginia, it
is a wide region of broken and lofty hills traversed by the
Cheat River. Lesley, in his Manual, reports the existence of
the sub-conglomerate coalseams on the Youghiogheny and
Cheat Rivers, in Northern Virginia, and at Augusta Springs,
in Middle Virginia.

The next in a northwest direction, or Kingwood basin, is a
narrow, important basin. At Kingwood the basin is six miles
wide, but it is much wider at Evansville. It has at least three
seams of coal that are known, two of which are worked, the
middle one being three feet, and the upper two and a half to
three feet thick.

The next or Preston basin is bounded on the western side
by the Chestnut Ridge of Pennsylvania, which is called the
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Laurel Ridge in Virginia. The Preston and Kingwood basins

are both subdivisions of the second basin of Pennsylvania, which,
a8 it extends southward into West Vn'gmm, is divided into two
by the development of an anticlinal axis which is called the
Preston axis. Each of these basins is about four miles wide.
The coal-seams are of variable thickness, sometimes as much as
seven or eight feet thick.

The broad, elevated tract, extending under the names of
Chestnut Ridge in Pennsylvania, and Laurel Hill in Virginia,
near the line, between Preston and Monongalia Counties, is the
last of the important axes met with in this part of both States.
Following it southwest, the dips of the rocks on both sides of
the ridge are seen rapidly becoming less, and the axis becomes
flattened out, the lower rocks previously exposed on its .back
become buried from view, and the ridge itself is entirely lost in

the general level of the country. Near the head of Field’s Creek,

a tributary of Three Forks, there is no mountain, but only a
gentle roll or broad wrinkle in the coal-measures.-

This second basin of the Pennsylvania survey crosses the
Baltimore & Ohio Railroad near Three Forks Creek, nine miles
east of Grafton. In a report on the iron-ore and coal-deposits
of this locality, Prof. J. P. Lesley gives the following descrip-
tion :

“The principal sandrock, and that one which makes the
strongest mark on the shape of the hills, lies everywhere at an
elevation of about 400 feet above the beds of the streams, and
is doubtless the Mahoning sandstone of the Pennsylvania State
Survey ; a rock traceable from the upper waters of the West
Branch Susquehanna, throughout Western Pennsylvania,
Eastern Ohio, and West Virginia, far into Kentucky and Ten-
nessee. It is the top limit of the lower coal system. Above
it were deposited from 500 to 700 feet of Barren Measures ; and
on these again an Upper Coal System. In some regions these
rocks are still to be seen. But from other and more extensive
districts they have been slowly dissolved and washed away,
carrying with them of course the great Pittsburg or Westmore-
land bed. This is the simple explanation of its abeence above
Connellsville, in the Youghiogheny Valley and on Castleman’s
River, until one reaches Salisbury, in Somerset County, where
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8 patch remains. . There is also a small ribbon of it left at the
top of a narrow hill, in the centre of the Ligonier Valley, south
of New Florence, on the Pennsylvania Railway.

“The Ligonier Valley lies between two mountains, called
- Laurel Hill at Johnstown, and Chestnut Hill at Blairsville.
The valley between them extends with remarkable straightness
and regularity south-southwest for many miles, beyond the
West Virginia State line, and beyond the Baltimore & Ohio
Railway. Newburg lies exactly on its centre line, just as
New Florence does. And as there has been left a patch of the
Pittsburg bed, in a high hill-top, on the centre line of the
Ligonier Valley, south of New Florence, so at Newburg small
fragments of the Pittsburg bed remain in the centre of the
valley, at the tops of a series of knobs. It is here 15 feet thick.
An inclined plane ascends the first knob south of the town, the
coal from which has been already mined out. Trestle-work
carries this railway five miles southward to the other knobs,
into which gangways have been opened. 8till farther south
the bed is said to spread out more widely; and there may be
an extensive mining-field in that direction. But the country
is still covered with forest, and, to open it up, 8 railway along
the Monongahela River, and across the divides leading to the
Greenbrier, is projected.

“ Newburg, being on the central axis of the Ligonier
Valley coal-basin, with fragments of the Pittsburg bed in the
tops of the highest knobs, it follows, as 2 matter of.course, that
the hills about Newburg are composed of those Barren-Measure
rocks which underlie the Pittsburg bed. It follows, also, that
the beds of the lower coal system beneath the Barren Measures
rise slowly from under these central hills, and appear at rail-
road grade at the coal-mines two miles east of Newburg ; and
again at railroad grade two miles west of it, approaching Three
Forks Creek.

“The Three Forks Creek.flows over a sand-rock stratum
400 feet lower in the series of coal-measures than the Mahoning
sandstone. Just underneath this lower sand-rock lies the prin-
cipal coal-bed of the lower coal system, a bed of fine quality
and considerable thickness. Where the sand-rock is worn away,
natural rock-dams, farnishing fine mill-power, cross the bed of
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the stream, which is then made of the coal-bed itself. Some-
times the stream falls a little faster, or a little slower than the
dip of the coal-bed ; and, in proportion as this happens, the
coal-bed gets a few feet under water-level, or crops out on the
hill-sides a few feet above it. Advantage of the latter state of
things has been taken at the coke-yard, and a gangway opened,
by which coal is delivered directly upon the coke-piles. Two
slight changes in the dip throw up the coal (with the rocks
_above and below it) several yards.

% This low-lying main coal-bed is eight or nine feet thick ;
but only its lower bench, say four feet thick, affords in all
places first-quality coal. The upper benches of the bed are
therefore, for the present, rejected. But, if mined on an ex-
tensive scale, the whole of the bed can be utilized. Its almost
horizontal posture and its regularity give it great value; and,
as it spreads underneath all the hills at or near water-level, the
quantity is practically exhaustless. It makes a clean, even,
silvery coke, sufficiently hard to bear the heaviest burden in
the blast-furnace.”

The Upper Coal-Measures in West Virginia.

As the upper coal-measures now occur and cover the western
part of the State of West Virginia, it will give the reader a
better general idea of this part of the State to describe the out-
crop line of the Pittsburg seam of coal as given by H. D.
Rogers. Beginning where it leaves the State of Ohio on the

" south, crossing the Ohio River near Burlington between the
mouth of the Sandy and Guyandotte Rivers, it curves rapidly
toward the east, and sweeps across the Guyandotte near the
falls of the river, taking a nearly due east course thence to the
Great Kanawha Valley, which it passes at the mouth of Poco-
taligo Creek, below Charleston. Before reaching the Kanawha
it turns north and pursues an undulating northeast direction
parallel to the general course of the Elk River as far as Sutton
in Braxton County. From Elk River its general course is
north-northeast to the Pennsylvania line, in an excessively
winding course, in consequence of the deeply-excavated char-
acter of the high, sloping table-land through which it meanders
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east of the Monongahela River. In this part of its course it
traverses Braxton, Lewis, Barbour, Taylor, and Monongalia
Counties, and runs along the western slope of the range of
highlands known in Virginia as Laurel Hill. In connection
with this eastern rim of the basin of the upper coal-measures it
should be borne in mind, as before mentioned, that it extends
into Ohio, and the central or deepest part of this great basin
coincides nearly with the “Long Reach” of the Ohio River
between Marietta, Ohio, which is at the mouth of the Mus-
kingum River, and the mouth of the Fishing Creek, and that
it covers ¢‘ the Panhandle,” or three northern counties of West
Virginia between Ohio and Pennsylvania. Each of the seams
of overlying coal-beds must occupy successively a less and less
extent, and the coal-beds of the lower coal-measures must un-
derlie the whole of this vast area at a greater or less depth
beneath, the general dip. of the strata being westerly. The
Pittsburg seam thiths out near the south end of the great oval
basin, which it occupies to a thickness of little more than three
feet, but it would appear that, in this portion of the field on the
Ohio side, the Pomeroy seam, which is the lower one of the
upper coal-measures, from its size, quality, and facilities for
mining, becomes very important.

These upper coal-measures, and the upper Barren Measures
above them, are drained by the Monongahela River, flowing
northward, the Little Kanawha, running westward, and by the
lower portion of the Great Kanawha and Guyandotte Rivers.
‘West of the Laurel Hill the upper coal-measures soon disappear,
owing to the rapid dip of the strata toward the northwest.

The line just described as the boundary of the Pittsburg
seam of coal is evidently well defined on the ground, and
governs the topographical features of the country. The sur-
veyed line of the West Virginia Railroad from Grafton to
Charleston conforms to it strictly in all its windings, through
the counties of Taylor, Barbour, Upshur, and Braxton, running
on the lower coal-measures a little east of the edge of the
Pittsburg bed. Thence from Suttonville to Charleston the
proposed railroad follows the valley of the Elk River, which, as
before described, pursues a couree parallel to the line of the
Pittsburg bed and the upper coal-measures, to the westward
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same formation of hills continues on the westerly side of the
valley of the river, while on the easterly it soon reaches the
spurs of the Laurel and Cheat Mountains, and rises into lofty
eminences with more regularity in their arrangement. The
whole face of the country becomes elevated, and between the
ranges of mountains we meet with long but narrow strips of
level land, here called “Glades.” They in some respects re-
semble the prairies of the West, being clothed with a scanty
growth of forest-trees and shrubs, but with a rich vegetable
soil. They were, without doubt, once the beds of lakes, and
have uniformly a stream of water passing through their deepest
portions. The table-lands of Mexico are here represented in
miniature. This broken, hilly country is continued throughout
the whole region, watered by the Monongahela and its tributary
streams. Some tracts of level land are found between the
branches of the western fork of the river as it approaches the
waters of the Little and Great Kanawha.,

On this northwestern side of the Alleghany range the for-
mations abound in sand and clay as their materials. The
streams are turbid and tortuous in their courses, and as they
descend into the valley they become slow in their progress.
The springs are few and small, and readily affected by the
droughts of summer. The hills are irregular in their height,
and in their arrangement unlike the regular continuous par-
allel ranges on the east side of the Alleghany, but they are
generally very fertile, covered with a rich soil to their very
summits, and produce a luxuriant vegetation, such as is found
only on rich alluvions, and they are invariably clothed with
forest-trees of the most lofty height.'

Two or three of the coal-beds above water-level are from 6
to 10 feet thick ; and one near Clarksburg, 100 feet below the
surface, is said to be 11 feet. These deposits continue to be
very abundant abhout Pittsburg, the outlet of the Monongahela
Valley, and spread out east and west of that city, and into
Ohio, beyond Steubenville and Wheeling, as before described.
Dr. Hildreth gives sections at Morgantown where the hills are
850 to 450 feet high, and where no less than four distinct coal-
bed are found between the tops of the hills and the bed of the

! Dr, Hildreth, in Siliman's Journal,
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river. The lowest is in the river, six feet thick, and of very
superior coal. The next is 30 feet above, three feet thick, and
inferior in quality. The third is 120 feet higher, seven feet
thick, and of excellent quality. Thisissaid to be the Sewickley
-seam, and is 150 feet above the river. The upper seam is 150
feet higher, six feet thick,and is moderately good. At Greens-
borough, or Geneva, two miles south of the Pennsylvania line,
is an 8-feet seam, 50 feet above the river, probably the Pitts-
burg bed; and 150 feet higher is another, six feet thick, the
Waynesburg bed. This section corresponds with what is found
all along the river for 95 miles, from the State line to Pittsburg.

On the west or main branch of the Monongahela River, near
Clarksburg, the section given by Dr. Hildreth shows two seams
of cosl, the upper one 10 feet in thickness, sometimes 12 feet,
generally of the finest quality, and it is found in exhaustless
quantities near the Monongahela River, from this place to Pitts-
burg. The other seam, at Clarksburg, is 190 feet lower, and is
three feet thick. The thickness of the whole series of visible
strata at Clarksburg is 893 feet, which is nearly the average
height of the hills in the vicinity, and they continue at this
elevation for a distance of many miles northward to the vicinity
of Brownsville. As we ascend the valley southward the de-
posits of sandstone-rock become of much greater thickness, and
the deposits of coal more thin, and of inferior quality. In the
country south of Clarksburg the accessible coal diminishes
rapidly both in quantity and in excellence. In the vicinity of
this town and north of it, however, down the valley of the
Monongahela, we find one of the richest and most abundant
deposits of coal in all the valley of the Ohio and its tributaries.
Little or no coal is shipped above Brownsville.

To ascertain the development to which any coal-region has
attained we must refer to the amount of its coal-trade, and this
can be best ascertained from the coal-tonnage of its railroads,
canals, and rivers. In so thinly populated a region as West
Virginia, with but little manufacturing which consumes coal,
the domestic consumption must be but small. The Baltimore
& Ohio Railroad traverses the northern part of this State, from
the Maryland line westward to Grafton, and from this point
there are two branches, one westward to Parkersburg, and the
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other northwestward to Wheeling. The coal-tonnage for four
years has been as follows: 1868, 165,772 tons; 1869, 269,158
tons ; 1870, 248,879 tons; and 1871, 189,763 tons. The coal
carried in 1870 was received on this road at the following
Places, and is used for gas in the Atlantic cities :
Miles to Baltimore, . Tons.

At Clarksburg, 801, on Parkersburg route.cccveesssee... 102,751

At Fairmont, 802, on Wheeling route........ovvvvvweee. . 70,586

At Newbury, 266, on main line ....ccceevvennenscrcnscss 72,658

At Tunnelton, 260, on main line.......ccen0teeccsecccess 258
At Cairo, 855, on Parkersburg route......coo0eteeeeeces 1,714

At Austen,...ccovcerennes evcecsccscertsesnsrenacssnss 728
At Parkersburg. .. .ccccecerecnescnccresrcncrcnanecenes 287
Total..cvvevneee tevraccroneneracsnnnssaces 248,879

Clarksburg and Fairmont are at the crossings of the Mo-
nongahela River on the two branches of this railroad. New-
bury, 13 miles east of Grafton, is on the margin of the upper
coal-measures, and Tunnelton is on the Great Cheat River. No
coal ig found on the Baltimore & Obio Railroad between Fair-
mont and Moundsville on the Ohio River. It is reported to
be 400 feet deep at Littleton and Belton stations.

Cairo is in Ritchie County, 20 miles east of Parkersburg.
Here a tramroad leads southward to Hughes River, 15 miles,
where the Ritchie mineral, also called Grahamite, is procured,
which is sold in Baltimore and New York City for gas-making
purposes. It is a substance similar to the Albertite found in
New Brunswick, a sort of asphalt, not found in a seam like coal,
but in a true vein. It sells in New York at a price but a little
less than Albertite. As above stated, 1,714 tons were shipped
in 1870. The vein is perfectly vertical, 4} feet thick, three-
fourths of a mile long, and is mined by adits and chambers.
Its analysis shows 55 per cent. volatile matter, 42 fixed carbon,
and 3 per cent. ashes. This shows but two per cent. less vola-
tile matter than Albertite, the richest mineral that has ever
been imported for gas-purposes. It produces from 26 to 28 bush-
els of a good quality of coke. Itisnot adapted to be used alone
as a gas-producer, but, as a stimulant in the proportion of about-
5 per cent., its effects are said to be very extraordinary.’

The Little Kanawha, north of the Kanawha, and which
empties into the Ohio at Parkersburg, is about 100 miles in

1 For a full description, see American Journal of Science, December, 1873.
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.ength, its head-branches drinking in the same showers that
supply the Gauley, Elk, Cheat, and Greenbrier Rivers. Tow-
ard the heads of the streams there are tracts of flat table-
lands, affording sites for extemsive settlements. About 80
miles from the mouth are falls or cascades of considerable eleva-
tion, where the river descends from the mountain-districts into
the region at their feet, affording many fine mill-seats. The
whole range of the stream is rapid and pretty direct, in time of
flood rushing with great violence into and across the Ohio
River. There is a marked difference in- the rapidity of the
current in the streams putting in on the north and south side
of the Ohio, the latter being more violent, keeping their
mouths free from bars, and affording deep water for navigation.
On the north or Ohio side the streams run less rapidly, and
rush with less violence to their outlet.

The valley of the Little Kanawha is hilly and broken, con-
taining, however, much rich land in the valleys and along the
water-courses, and the hills being covered with a most luxu-
riant growth of large trees. There is no coal-trade of any
amount at present in this region.

II.—T%e Kanawha Coal-Region.

This is probably the most important portion of the coal-
field of West Virginia. Some brief descriptions of its topog-
raphy, its rivers, mountains, and valleys, seem to be necessary
in order properly to understand its geology. For these we are
indebted to Dr. Hildreth, a good geologist of Marietta, Ohio,
who explored all this country many years ago.

The Kanawha is on many accounts one of the most interest-
ing tributaries of the Ohio. Its headmost branches rise in
North Carolina, it crosses three degrees of latitude, and trav-
erses in its windings a distance of not less than 300 miles, pass-
ing across numerous mountain-ranges, and rushing through all
the rocky barriers that oppose its progress, its numerous tribu-
taries rising in the most mountainous portions of West Virginia.
Its floods are sudden and rapid, and when at full banks it
pours out a volume of water that vies in strength and grandeur
with the Ohio itself.

For 70 miles above its mouth its average width is about 300

19
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yards, and with the improvements made in its channel it ad-
mits of steamboat navigation to that distance. Above its

L( junction with the Gauley, 100 miles from its mouth, it takes
the name of the New River. From this point to the mouth
of the Greenbrier River, a distance of about 70 miles through
Fayette, Raleigh, and Greenbrier Counties, is a continual suc-
cession of falls and rapids, making in all a descent of more than
700 feet. This portion of its course is called the Cliffs of New
River. There is here really no valley or flat land along the
shores, the river running in a deep cafion with steep and in
many parts precipitous banks from 800 to 1,200 feet high. The
New River empties into the Kanawha proper, two miles above
the Great Falls, which are just below the mouth of the Gauley,
the principal fall being 22 feet in height. West of this extends
the fine valley of the Kanawha, in which is Charleston, the
State capital, and here is the Kanawha coal-region.

The principal tributaries of the Kanawha River in going
westward are Coal River on the south side, and on the north
side Pocotalico, Elk, Gauley, and Greenbrier. The latter three
are large and powerful streams, full of rapids, and affording an
unlimited number of fine mill-seats. The Elk empties into the
Kanawha at Charleston, and the Gauley just above the Falls of
the Kanawha.

Although the appearance on the map, of the Kanawha and
its main branch the New River, gives us the idea of a valley or
thorough cut across the Great Eastern or Alleghany coal-field,
and it is sometimes so described, yet this account of the great
amount of fall in both the Kanawha and New River shows that
this stream is merely a great mountain cataract tumbling down
over the successive strata of the coal-formations, and differing
only from the other rivers running into the Ohio, in the fact
that its head waters rise at the highest point in the great
Cumberland or Kittatinny Valley, where the surface is high
enough to throw its stream over the eastern margin of the great
coal-basin. In other words, instead of the eastern rim of the
basin being materially cut down, the valley outside of it is
simply filled up at this point, which is not very much less
elevated above the ocean than many other points on the Alle-
ghany or Cumberland Mountain.




TOPOGRAPHY. 291

In strong contrast to the slight elevation of the country
of 200 or 300 feet at most on the Ohio side of the river, the
country on the Kanawha River near its mouth has hills
about 200 feet in height, for 50 miles the face of the country
being broken into hills and ridges of this sort to the mouth of
the Elk. From that point to the upper extremity of the salines,
a distance of 15 miles, or 71 miles from the mouth, they rise to
500 feet above the bed of the river, and a few miles back in the
dividing ridges they are from 100 to 150 feet higher. From
this point to the falls, a distance of 25 miles, the hills have at-
tained an altitude of from 600 to 750 feet ; and above the junc-
tion of the Gauley, 100 miles from the mouth, they rise into
mountain-ranges pursuing a southwest and northeast direction
at an elevation of 1,200 feet. At Marshall’s Pillar in the cliffs
of New River, they attain a height of 1,500 feet, and are called
the Gauley Mountains. Beyond this point to the valley of the
Greenbrier River the country is & mountainous table-land,
composed of successive ranges lying in parallel ridges, running
in a northeast and southwest direction. The more elevated of
these are the Sewall and Meadow Mountains.

The valley cut in the rock-strata through which the lower
part of the river passes will average a mile in width, and from
200 to 700 feet deep. The corresponding rocks and beds of
coal in the hills on each side of the valley afford incontestable
proof that they were once united, and formed continuous beds.
At 70 miles above the mouth this valley becomes much nar-
rower, with a proportional diminution in the width of the
alluvial deposits.

‘What are now known as the Barren Measures are thus de-
scribed by Dr. Hildreth: ‘“Below the mouth of the Elk, the
hills are composed of sandstone with extensive deposits of red
marly clay, which has given an argillaceous character to the
soil of this region not seen in the hills above, embracing a tract
from the mouth of the Guyandotte, extending northeastwardly
to the mouth of the Coal River, and thence to the waters of the
Little Kanawha, and over to the northern and western side of
the valley of the Monongahela. Through all this region the
goil is in many places deeply tinged with brown or red, probably
from the oxide of iron contained in the clay, marls, or red
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shale. From the mouth of the Elk to the mouth of the Gauley
the country on both sides of the river, with the exception of the
narrow alluvions on the water, is too mountainous and broken
to admit of tillage, but will ultimately afford grazing- »
At the date of Dr. Hildreth’s article the geological surveys of
Virginia and Pennsylvania were not begun, but the facts he
gives are none the less valuable, and, with the aid of the light
which has since been thrown upon the geology of the region, we
are enabled to some extent to fix the geological level of the va-
rious localities, of which he gives us sections and descriptions.

On the Kanawha River below the mouth of the Elk, lime-
stone i8 occasionally seen with sandstone, containing a pro-
portion of mica and numerous impressions of fossil plants.
Coal-deposits are less abundant in this tract of country, there
being only one or two beds of any considerable thickness. The
general dip of the rock-strata is toward the Ohio River, sinking
those found in the lower parts of the hills above Elk, beneath
the bed of the river.

Structure.—From the mouth of the Elk River upward to the
Falls of Kanawha, a distance of about 40 miles, the rock-strata
are composed of sand and clay, and for the first nine miles, to the
centre of the salt-wells region, the rock-strata rise at the rate
of 50 feet to the mile, Above this point to the upper extremity
of the salines, the strata dip to the southeast, at an angle some-
what less, or about 33 feet to the mile for the distance of six
or eight miles ; above which point they gradually rise to the
Gauley Mountain. The anticlinal line at the great salt-deposit
being near the centre of the works, and the bearing of the strata
being east. and west, and the dip from the line northwest and
southeast, at an angle of three or four degrees, this arrange-
ment of the strata is of incalculable benefit, as it brings the salt
deposits, as well as one or two additional beds of coal, to the
surface, without which the expense of manufacturing salt would
be greatly enhanced.

In the Kanawha region is found an important standard bed
or stratum, whose persistence over wide areas and its striking pe-
culiarity of character render it a convenient landmark, and may
be regarded as clearly defining the boundary between the upper
and lower coal-series. It consists of a band of black or bluish-
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black silicious rock, approaching the character of a flint or horn-
stone, which is found in the hills at the height of several hun-
dred feet above the river, near the falls, and after accompanying
the subjacent strata in their various undulations, and their ulti-
mate steady western dip, as they extend down the river, is seen
to disappear below the water-level at the Elk River Shoals.

This black flint, or hornstone, is in some places as much as
six feet thick. It is found up the Gauley River, forming the
tops of the hills. Thence it has a gentle dip to the northwest,
and is found up sll the creeks flowing into the Kanawha, and
is readily distingunished from all the associate strata. Of course
it disappears under the Barren Measures in the northwestern
part of the State.

Coal-Seams.—For a distance of nearly 30 miles, from a point
a few miles below the falls of Kanawha, to Charleston, the coal-
seams below the black flint are seen exposed in the hills. This
could not have existed but for the fortunate occurrence of two
broad undulations or axes returning the strata above the river,
where, by a continuation of the original northwest dip, as dis-
played in the neighborhood of the falls, they would have been
carried entirely out of view within one-third of the distance
along which they are now exposed. The conglomerate disap-
pears below the river, about three miles below the falls, and
at five miles coal-seams make their appearance.

Four beds of coal are here found above water-level. The
first, 60 feet above the Kanawha, is six feet thick, which is
the largest, and affords the best coal. Forty-five feet higher is
a thin bed of a foot and a half of coal, resting on the great bed
of 40 fect of bituminous shale and clay. Two hundred feet
higher is a four-foot bed of good coal, generally worked by the
salt-manufacturers ; and 150 feet higher is the fourth and last
bed, or the third workable bed, which is four feet thick.

Above this coal, and 266 feet above the Kanawha River,
occurs the very peculiar, nearly black, silicious slate, mentioned
above. It is extremely hard, not being impressed by the best-
tempered steel, and the Indians manufactured it into arrow-
heads. It is six feet thick, in thin beds of six to eight inches.
Prof. Rogers adopts it as a very important geological horizon or
mark of the top of the lower coal-measures. Dr. Hildreth has
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traced it from the mouth of the Elk into the Gauley Mountain,
a distance of 40 miles, and eastward from the head-waters of the
Elk over to the Guyandotte, a still greater distance, covering
an ares of at least 2,000 square miles, all of which must be un-
derlaid by the lower coal-measures. While coals, sandstones,
limestones, and shales change or resemble each other, this has
a character of its own not to be mistaken. It is found every
where, often high in the hills, near their tops, and appears
never to fail where the geological formations are high enough.
The following section of Rogers, taken at Vineyard Hill,
in the ascending order, will illustrate the lower coal-measures
in this part of the State, affording a strong contrast to the
meagre show of coal of the same series, as before given, in the
northern part of this State. Other seams of coal probably
exist in these heavy sandstone beds : ' :
1. From the bed of the river to the first coal-seam..........ccocuvveeeese 54
2. Bituminous coal (B) 5 to 84 feet. On the river it yields 6 feet of coal, in-

cluding a band of shale. Up the river, from George’s and Campbell’s
Creeks, the shale increases until it separates it into two seams of coal.. 6

8. Slaty shale, bluish-drab color........cveviineeviinereeriines connes 40
4. Bituminous coal (C); thin....ccvvvvrereennincrecnsrscssessecnennes 14
B, Bandstone.......cveerristnecrerecncesenarseseiioerasosnsesasene 200
8. Bituminous coal (D); used by salt-makers.....coveeuvessscencanrecnns 84
7. Silicious 8andstone. ... cesencssecsssssessstcssecasssastosssnanns 215
8. Bituminous coal (E)........c00evteerssessecsscctsssarssassesscnane 4
9. Black flint, before described. .o c0eeseieessesnocersansecronaeacnans ki
10. Sandstone, yellow and COBIrBE. «.ccecvssenscascsaonssacosnsanscsasas 140
11. Reddish and yellow shales of the Barren Measures......coceeeeeeccess 10

This may be regarded, says Prof. Rogers, as the commence-
ment of the series of shales, shaly sandstones, and thin calcare-
ous bands, which overspread nearly the whole tract lying be-
tween Charleston and the Ohio at the mouth of the Kanawha,
presenting for the greater part of that distance a nearly uninter-
rupted but very gentle dip to the northwest, then becoming
horizontal, and, finally, near the Ohio, rising with a counter-
dip, and forming the middle portion of this great coal-basin.
These strata are higher geologically than the flint-rock, and
containing two or more coal-seams where penetrated by the
Ohio, constitute in this region what has been previously de-
scribed as the Barren Measures and the upper coal-series.

This simple explanation of the structure of this coal-field,
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and the wide extent of the region along the Ohio River covered
by the deposits of the Barren Measures and upper coal-measures,
which, from the thickness previously assigned to them, and the
limited extent of the latter or higher strata, accounts for the
small amount of coal which appears on the surface in the west-
ern or northwestern section of the State. Its treasures of fuel
are deeply buried, awaiting the proper season for their develop-
ment. As before noticed, the Pittsburg seam diminishes, in
size, toward this southern extremity of the area in which it is
found, to little more than three feet.

All those who have examined the Kanawha region concur
in their accounts of the liberal supply of coal, both in respect to
the number and size of the seams. Daddow, in ¢ Coal, Iron,
and Oil,” enumerates eleven seams, from 23 to 6 feet thick, act-
ually developed between Coal River and the Kanawha, besides
three others which have not been opened. There is no doubt
of the great abundance of coal in this Charleston district.

Rogers’s reports contain further details relating to various
localities along the Kanawha, especially between the falls and
Charleston, a distance of about 30 miles, and in the more
lofty ridges back from the river, and along its branches,
Smithers’s, Ryder’s, Hughes, Keller’s, George’s, and Campbell’s
Creeks. Some of the seams of coal are described as six and
seven feet in thickness, and others from three and a half to four
and five feet thick, some of them producing cannel and others
the ordinary bituminous coals, the character of which is shown
in the tables of analysis.

What has been said will convey a good general idea of this
fine coal-region. After the completion of the Chesapeake &
Ohio Railroad, certain portions of it will be developed by more
extensive mining ; but, in the present state of the country, the
details here given are regarded as sufficient. Nothing imparts
so much interest to a coal-region as a large production.

Within a few months (1872) the Chesapeake & Ohio Rail-
road has been opened from Huntingdon, on the Ohio River, at
the mouth of the River Guyandotte, and near the common cor-
ner of Ohio, Kentucky, and West Virginia, by way of Charles-
ton, to Kanawha Falls, 35 miles above that place, and about 90
miles from Huntingdon. Before these pages are through the
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press, this line will be finished to White Sulphur Springs, the
end of the Virginia Central Railroad, 227 miles long, thence to
Richmond. This Kanawha coal-region will then be accessible,
a new era will begin for West Virginia, and the country will
probably improve rapidly. At present Charleston, although it
is the State capital, contains but about 8,000 inhabitants. The
salt-business is confined to four establishments, where 24 years
ago there were forty-four. The principal production of coal at
present are the following: At Peytona, on Coal River, and
about 18 miles in a direct line south from Charleston, cannel-
coal, of an excellent quality, for grates and for gas, is produced
from seam C. The Cannelton mines, 28 miles west of Charles-
ton, are the only other shippers of cannel-coal. There are also
three shippers of bituminous coal, the Coalburg mines, on the
Kanawha, 17 miles above Charleston, the Campbell Creek
mines, near the Kanawha, and about four miles above Charles-
ton, and the Raymond City mines, on the Kanawha, 19 miles
below Charleston. The quantities are small, and it is shipped
hitherto by barges down the river. Coal will soon be shipped
by railroad to the Ohio River market.’

There appears to be no doubt of the existence of splint-coal
in the Kanawha region which can be used as a blast furnace-
fuel. Its quality for this purpose was thoroughly tested in the
furnace of Mendenhall & Co., in 1867, near Wheeling, with
the most satisfactory results, those parties regarding it as better
adapted to smelting iron than any known coal of the Alleghany
field. The coals used were from Campbell’s Creek, four miles,
and Coalsburg, 17 miles above Charleston, with about equal
results. It is said that it is quite equal to the coal of the
Mahoning Valley, in Ohio. If after further trials on the large
scale this should be verified, the coals being so largely developed
with every natural advantage for cheap mining, a very large
production of coal for iron-making purposes may be anticipated
in this portion of West Virginia.

A geological report made by Thomas 8. Ridgway for the
Chesapeake & Ohio Railroad Company, in 1872, contains some
recent information in regard to the Kanawha coal-region. He

- describes the bold exposures of ponderous sandstones overlying

1 Cor. U. 8. Railroad & Mining Register, July, 1873,
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the black flint in the hills along the Kanawha as identical with
the Mahoning sandstone of Pennsylvania. Underneath are
five or more coal-beds, the equivalent of those of Pennsylvania,
but generally of larger size. The Big Sewall Mountain, on the
east side of Fayette County, which towers 2,800 feet above the
sea, and 1,500 feet above the New River, forms the southeastern
edge of the Alleghany coal-basin. About ten miles down the
river from this point an aggregate thickness of 264 feet of coal
has been found in five workable beds. The first seam opened
being the second in the series, about 200 feet above the river,
is from six to seven feet in thickness. It is arich coking-coal,
the coke having a close grain and metallic lustre. Above it is
another seam, about 44 feet in thickness, of excellent coal of the
splint character, with a cleavage into large blocks. This coal,
like some of the seams and parts of seams found lower down
the river, is of so compact a nature that it can be used in an
iron blast-furnace in its raw state. The seam next above it is
of common bituminous coal, four feet in thickness. That next
above, again, is 4} feet in thickness, and exceedingly rich in
lustre. Other seams of ordinary bituminous coal follow in the
same ascending series. These coal-beds, with their associated
sandstones and limestones, have a general inclination to the
northwest of about 2% degrees, and continue down the river
with a series of undulations, appearing in the cliffs upon both
sides of the river until Armstrong Creek is reached, below the
mouth of the Gauley. At Cannelton, in Fayette County, 32
miles above Charleston, immediately below this point, there are
five workable seams of coal opened, containing an aggregate
thickness of 29 feet. The first above water-level is known as
the “ Smither’s Creek ”’ seam of four feet nine inches in thick-
ness, consisting of two benches of coal separated by four inches
of slate. Next above is the gas-coal, a seam of six feet eight
inches, made up of three benches having clay partings. Next
above is a bed of coal five feet in thickness, of a semi-bitumi-
nous quality. Next above this is the celebrated ¢ Stockton”
seam of coal, five feet four inches in thickness, averaging 3% feet
of cannel and one foot ten inches of splint coal. Next above is
a seam of splint-coal eight feet in thickness, six feet of which is
a solid mass, and an excellent coal for smelting purposes.
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These seams continue down the Kanawha River in a series
of gentle undulations. At Coalburg he saw a bed of coal seven
feet thick, six of which are being mined, and which is used, in a
raw state, in blast-furnaces at Cincinnati. Lower down the
river he found the seam known as Campbell’s Creek coal, six feet
in thickness, and of a quality resembling the Coalburg coal.

The top seam of the lower coal-measures dipping westward
disappears beneath the Kanawha at its confluence with the Elk
River at Charleston, but some of the coal-seams appear up the
valleys formed by the Elk and Coal Rivers. All the territory
draiged by the Kanawha and its tributaries between the Falls of
Kanawha and this point contains the seams of coal above water-
level, or within workable reach by shafts of no great depth.

The distances by the river from the mouth of the Kanawha
to various points mentioned are as follows: To the mouth of
Pocotalico 38 miles ; mouth of Coal River 44 miles; Charleston,
56 ; Browntown, the head of steamboat navigation at low
water, 68 miles; and to Cannelton, at ordinary high water, 88
miles. Coal River, by means of locks and dams, has steam
navigation 25 miles above its mouth to Peytona, where there are
about 50,000 tons of excellent cannel-coal shipped annually.
Railroad distances are easily obtained by reference to Apple-
tons’ Railway Guide.

The Gauley River, a branch of the Kanawha on its north
side and west of the Greenbrier, about 100 miles in length,
and at its mouth more than 100 yards wide. It takes its rise
in the spurs and sides of the Laurel, Greenbrier, and Gauley
ranges of mountains, and the country through which it passes
is mountainous and broken into lofty precipitous hills of
sandstone-rock. The cliffs of Gauley are second only in height
and grandeur to those of the New River, extending for many
miles on each side of the stream, at an elevation of five or six
hundred feet. The river itself is precipitated over falls and
rapids for a considerable part of its course, and its bed is
filled with huge blocks of sandstone. Toward the head these -
mountain ranges spread out into table-lands, here known by
the name of ¢ Glades.” They lie in long narrow patches at an
elevation of 700 or 800 feet above the water-courses, with an
elevated ridge or border along their sides, through which at
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intervals are found gaps for the water to pass off down im-
mense precipices to the streams below. Near the head waters
of the southeasterly branches extensive deposits of limestone-
rock take the place of the sandstone, and continue over to the
head waters of the Greenbrier. Coal of the lower coal-measures
is very abundant for 60 or 70 miles above its mouth, and is
found at great elevations in the mountains.

Southeastern District of West Virginia.

There is a lofty mountainous region lying above the falls of
the Kanawha, and extending into the counties of Greenbrier,
Pocahontas, and Randolph. For some distance within the
margin of this great coal-field in the western portions of Poca-
hontas and Greenbrier Counties, the conglomerate base of the
coal-measures overspreads a wide area, and includes along with
the usual beds of conglomerate numerous beds of slate and
sandstone, together with seams of coal of sufficient magnitude
and purity to be worthy of exploration. The coarse and par-
tially conglomeritic sandstone composing the celebrated cliffs
of New River, forming lofty mural precipices along that stream,
are of this formation, and it extends with a northwesterly dip
8o a8 to constitute the wide sheet of nearly level strata over
which the Kanawha is precipitated at the falls. The series of
sandstones, slates, and coal-seams of the lower coal-measures
overlying this conglomerate rock are admirably exposed along
both sides of the Kanawha to some distance west of Charleston.
It is supposed, however, that a part if not all of the coal-seams
found in the rocks of the Big Sewall Mountain appertain to the
conglomerate formation or lower group of rocks. As we go
southward, coal-seams are found in lower geological positions
than they are in Pennsylvania.

The four counties along the southeastern line of West Vir-
ginia, Pocahontas, Greenbrier, Monroe, and Mercer, do not pre-
sent a regular boundary composed at top of the conglomerate,
but are intersected by deep and long valleys traversed by the
waters of the Greenbrier and New Rivers, between which
arise lofty knobs and broad ridges crowned by the conglomer-
ate at the highest points.

As we trace these ridges to the south they coalesce to form
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the Great Flat-top Mountain south of the New River. The
Little Sewall Mountain, Meadow Mountain, and Keeny’s
Knobs are composed for the greater part of their height of the
shales and sandstones of the lower rocks, and capped, as already
mentioned, by the conglomerate. All these rocks, with some
undulations, display a prevailing gentle dip to the northwest,
and underlie the strata of the Big Sewall Mountain, which
consist of a remarkable expansion of the strata of the con-
glomerate, embracing numerous strata of slates, shales, sand-
stones, and containing several important coal-seams.

The Guyandotie and Sandy Rivers empty into the Ohio,
south or west of the Kanawha, the Sandy being the line be-
tween West Virginia and Kentucky. The space occupied by
the tributary branches of these two streams covers an area of
120 miles east and west, and 100 miles north and south. Their
extreme branches descend from the most elevated peaks of the
Cumberland group of mountains and from the flat mountains
or table-lands found between the heads of the Holston and
Guyandotte. In their descent from this elevated region they
pass through some of the most wild, broken, and picturesque
country to be found in the West. Immense deposits of sand-
stone-rocks, piled up in enormous masses to the height of 1,500
or 2,000 feet, compose all the central part of this region, and
but little is known as to their geological character. The
streams are confined to narrow ravines and valleys so deep as
hardly to admit the rays of the sun at noonday. Except near
the borders of the larger streams, this whole district is a per-
fect wilderness. The hills and mountains, although steep and
broken, are covered, like nearly all West Virginia, by an im-
mense growth of noble forest-trees. The description hereafter
given of the coal-seams found in Lawrence, Johnson, and Floyd
Counties, in Kentucky, situated on the east line of that State,

. |-and on the west side of the Sandy River, will throw some light-
\, | on this, the adjoining region in West Virginia. The descrip-
. tion of the northern part of the Tennessee coal-field, by Prof.

* Safford, will also apply to the southern part of West Virginia.

Conclusion.—A. large portion of this great West Virginia
coal-region belongs to that class of localities, which is so fre-
quently met with in America, which is said to be great in
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possibilities. There are only two counties in the State which
contained, in 1870, more than 20,000 inhabitants. Kana-
wha County, including Charleston, the present State capital,
and the important salines and coal-region before described, has
22,349 ; and Ohio County, including the city of Wheeling, has
28,831. The mnext largest is Wood, including Parkersburg,
19,010, and next Mason, including Point Pleasant and the
mouth of the Kanawha, with 15,978. Marshall has 14,941, and
Jackson 10,300, making five of the more popu]ous counties,
and all situated on the Ohio River.

On the line of the Baltimore & Ohio Railroad the following
is the population of the largest counties: Going westward,
Jefferson, 13,219, and Berkeley, 14,900, both in the Valley of
Virginia. Farther west, on the Monongahela River and its
branches, where there is some production of coal, we have
Preston, with 14,555 ; Monongahela, 13,547 ; Marion, 12,107 ;
Harrison, 16,714 ; and Lewis, 10,175 : and in the region of the
springs, Greenbrier has 11,417 and Monroe 11,124, making in all
15 counties only in the State containing each exceeding 10,000
inhabitants. There are 22 counties containing between 5,000
and 10,000, and 16 counties with less than 5,000 inhabitants
each; and the population of the whole State, in 1870, was
442,014, being about the same as Minnesota and Arkansas, and
making it the twenty-seventh in population of the 37 States.!

The coal-regions of West Virginia are so rich and extensive

-that they afford a tempting subject for conjecture as to the fu-
ture greatness of this State. The reader will be permitted to
indulge in these for himself, and, to aid him in forming a just
estimate of the value of this coal-field, he is referred to
the chapter of this work as to the requisites of a successful
coal-trade. One remark, specially applicable to West Virginia,
may here be allowed, namely, that, although in many locali-
ties her coal-seams are now accessible, yet, like the southwest-
ern corner of Pennsylvania and part of Ohio, she has vast
fields, very deeply buried beneath the Upper Barren Measures,
the upper coal-measures, and the Lower Barren Measures. The
difficulties in the way of procuring from the earth portions of

! By the census of 1870, the production of coal in this State was 608,878 tons
in that year.



302 WEST VIRGINIA.

its valuable mineral fuel is 8 most wise and provident arrange-
ment, when we consider the wasteful propensity of mankind
both savage and civilized. As that which is most easily ob-
tained is exhausted, each successive generation overcomes in-
creasing difficulties, discovers and obtains treasures hidden
from, or out of the reach of, its predecessors. Thus every gen-
eration has a valuable legacy, not intrusted to any unfaithful
guardian, but deeply stored away in its proper repository to be
obtained by the legatee in person, and those minerals for which
there is most demand, such as iron and coal, are found in great-
est abundance.
W. B. ROGERS'S ANALYSES OF COALS OF WEST VIRGINIA.

MINE. PLACB AXD SEAM. Reglm | Carbon. | oo | 2,
Kanawhs
Hansford's............|Keller’s Creok, Lower Seam.... Valley. 6098 | 87.08 2.00
* H e " 7455 | 2118 453
Campbell's Creek, or 2d seam,..| - “ 5576 | 8244 | 11.80
" @ RIS “ 64.16 | 32.94 8.60
“ 85.64 | 81.28 8.08
“ 5141 | 4208 6.04
“ 85.04 | 11.76
“ 49.84 | 44.98 .88
“ 57.76 | 83.68 8.56
“ 5408 | 20.76 | 15.76
“ 62.83 | 82.88 4.80
“ b7.28 | 85.08 7.64
“ 54.00 | 89.76 6.24
“ 41.85 2.60
52.15 | 48.20 4.05
47.15 | 45.00 488
50.20 | 4710 2.70
Kanawha
4598 | 50.80 8.18
55.90 | 89.90 5.20
58.85 | 89.50 2.16
42,00 1.50
55.00 | 4190 4.00 -

PRESTON AND MONONGAHELA BASINSB—LOWER COAL SERIES.

MINE. PLACE. Region. | Cubon. | Tamer | Ak
Falrhix's ...... Kingwood u seam., 5877 | 81.75 | 1448
T . “ “ middie seam.. 683 | 2117 891
Forman's ............. 8. E. of Kingwood Basin....... Preston .68 | 21.00 583
Martin's. .ceoveeiaenen Hollow Creek...........{ County. 6343 | 2343 | 1118
.. ..|Buffalo Lick Creek.. 62.66 | 29.60 1.84

Big Sandy.. . 2240 | 10.00
80.80 8.93
25.00 1464
27.18 634

2648
29.68 8.04
26.83 | 13.08

80.26
Clarksburg......oeenee 41.68 1.60
“ sessavenans 4548 5.86
Pruntytown.... ...... 89.00 8.40
Morgantown.......... 87.80 .14
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Virginia.—The West Virginia coal-field has been described
as embracing the whole of that portion of the Alleghany coal-
deposit which formerly belonged to the old State of Virginia,
before the formation of the State of West Virginia. So small
a portion of the coal-field remains in the State of Virginia
proper as to be scarcely worthy of a separate description. It
consists principally of the counties of Buchanan, Wise, and
Lee, in the southwestern angle of the State, forming the eastern
declivity of the Cumberland Mountain adjoining the Kentucky
line. In Tazewell and Russell Counties, immediately east of
the district mentioned, are found long lines of dislocation by
which this southwestern part of the State is wonderfully
marked, pressing up to the very margin of the coal-rocks strata
far lower in the series, and even crushing these rocks and their
contained seams of coal, folding them together, and turning
them over into inverted dips. Ses the section of the valley of
Tennessee, page 354). Also for a good geological report see
U.8.R. R. & Mining Register for Sept. and Oct., 1872.

Among the changes exhibited in the formations where traced
from a northeastern to a southwestern direction may be noticed
an increased coarseness of the material and greater thickness,
and a fiattening of the dip, and at the same time the small
seams of coal which sometimes occur in the formations below
the conglomerate also increase in size and value, until in Ten-
nessee and Eastern Kentucky they are of great importance.

Lesley, in his ¢ Manual of Coal and its Topography,” describes
the false coal-measures, or sub-conglomerate coal which occurs
on New River, in Montgomery County, Virginia, being on the
eastern margin of the coalfield. Here the two lower beds
attain their greatest thickness, the lower one being from two to
3% feet thick, and the second one, which is from 20 to 60 feet
higher, is from six to nine feet thick, seldom yielding more than
four feet of coal. Alongthe eastern foot of the Brush Mountain,
back of Christianburg and Blacktown, both these seams are
workable for 30 miles, yielding a good and tolerably firm coal.
South of the New River, however, through Wythe County for
100 miles, these coal-beds are thin, faulty, and crushed.! It

1 See Lesley’s “ Manual,” pp. 67-69, and 148, Daddow, who visited the region,
describes it, “ Coal, Iron, and Oil,” pp. 407-410.
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will be hereafter noticed that these sub-conglomerate coas are
largely developed on the west side of this great coal-field in
Eastern Kentucky, directly west of the region in Montgomery
County, Virginia, above described, and in Tennessee.

In another publication, Mr. Lesley thus describes these
coals : “Underneath the true coal-measures of Pennsylvania,
Ohio, and Northwestern Virginia, and underneath the mill-
stone grit conglomerate, at its base, and under the red shale
XI., which underlies the last, there begins, even in Pennsyl-
vania, to appear an older coal-formation, connected with the
Upper Devonian white mountain-sandstone, No. X, It is seen
in one or two beds two feet thick at the head waters of the Ju-
niata, and at Tipton Creek, where are two coal-seams three
feet thick, 600 feet below the great conglomerate. It is mined
where the Monongahela waters cut through Chestnut Ridge
from Virginia into Western Pennsylvania. It has been mined
in the mountains on the Potomac, below Cumberland. It ap-
pears occasionally in Northern Middle Virginia, on the western
side of the great valley of Winchester. It increases in impor-
tance along the western outcrop of the great coal-field throngh
Eastern Kentucky, until it enters Tennessee.

It seems, however, to obtain its maximum development in
Montgomery County, on the New River, in Southern Virginia.
Here it is seen to consist of two principal coal-beds and several
minor seams. The lowest bed reaches the thickness of four
feet, and the next one above it is, in some places, nine feet
thick. Near the New River these two beds are seen to be cov-
ered by at least 1,000 feet ot red shale, upon which rests a sub-
carboniferous limestone. Between Christianburg and Black-
town, north of the New River, a regular synclinal coal-basin
has been preserved, in a crushed condition, for a few miles,
upon the eastern side of the great fault which crosses the river
in front of the gap.

“But there is still another series between these false coal-
measures and the true coal-measures. At the top of the red-
shale formation XI., Rogers’s Umbral, lie alternations of carbon-
iferous, argillaceous, and silicious shales, containing at least one
real coal-bed.”

Anthracite coal has also been found in Pulaski, Montgom-
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ery, and Wythe Counties, Virginia, along the New River.
This region is remarkable for faults of great size, which occur
frequently in Southwestern Virginia. Although the corre-
sponding region in Pennsylvania shows vast undulations and
foldings of the strata, yet the regular order and arrangement of
the formations are not disturbed, but they follow each other
often throughout the flexures. But, in the country now under
consideration, the foldings of the strata have been accompanied
by long, straight lines of fracture, often 100 miles long, so that
formations which were four or five miles below are brought up,
and the edges of the fracture brought in contact with newer
rocks of higher series, such as those containing coal-beds, and
then the whole was reduced to a common level by extensive
denudation. That fragments of the coal-beds should be found
among these dislocated strata is to be expected. All anthracite
coal is found in disturbed formations, and coal found in such
localities is generally anthracite. Where the proper conditions
occurred, semi-bituminous coal is found, as in Brush Mountain,
along the northwestern line of Montgomery County ; while in
Price’s Mountain, six or seven miles southeast of this, is & very
pure anthracite containing 89.25 of carbon, 2.44 of water, etc.,
and 8.3 ashes, with a specific gravity of 1.37. There are not
more than one or two beds, and they occur in a ridge about
two miles wide, the strata lying in an anticlinal form, dipping
on each side, and abutting against the Trenton limestone. The
circumstances are not favorable for the existence of beds in good
condition for working; they are liable to be greatly disturbed
by faults, and the coal itself very much broken. Through Pu-
laski and Wythe Counties, the coal is shovelled out of some of
the beds like sand. (J. T. Hodge.) With the building of rail-
roads leading to the regular coal-formations of West Virginia,
these broken and crushed deposits will probably have no more
than a scientific interest. There are reports of similar bodies of
anthracite coal in Berkeley and Morgan Counties, but, if they
exist, they are in the vicinity of- the great Cumberland (Mary-
land) bed, and are not probably of any present value. Some
of the localities mentioned in this volume belong to the curiosi-
ties of our subject, and these may be considered among the
number.
20
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OHIO.

Nor the least important among the resources of the great
State of Ohio is found in the very fine coal-field which covers her
eastern border. ¢ Most countries,” says Prof. W. W. Mather,
in his report on the geology of this State,* “ depend for their min-
eral wealth on mountainous or barren regions, but Ohio, in com-
mon with some other portions of the United States, is blessed
not only with a fruitful soil, but also with inexhaustible sub-
terranean riches. The coal-measures within the State occupy
a space of about 180 miles in length, by 80 in breadth at the
widest part, with an area of about 10,000 square miles, extend-
ing along the Ohio River from Trumbull County in the north,
to near the mouth of the Scioto on the south. The regularity
in the dip, and the moderate inclination of the strata, afford
facilities to the miner not known to those of most other coun-
tries, especially Great Britain, where the strata in which the
coal is embedded have been broken and thrown out of place,
since its deposit, occasioning numerous slips or faults of many
feet, causing much labor and expense in again recovering the
bed which is to be sought either above or below. In Ohio
very little difficulty of this kind occurs, faults or slips of a few
inches or a few feet only being met with.”

® The first geological survey of Ohio was prosecuted for two years, and the re-
sults were published in 8vo pamphlets, that of 1887 containing 134 pages, and that
of 1888, 286 pages. It was then abandoned for thirty years, after being only fairly
begun. A new survey was authorized in 1869, under the direction of Prof. J. 8. New-
berry and a corps of able assistants. In compiling this chapter, his reports of
progress for 1869 and 1870 furnish the materials used, to which are added a letter
from the State geologist in regard to the upper coal-measures, and a few facts from
other sources.
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Structure.—The most striking feature in-the geology of
Ohio is the remarkable anticlinal, or up-lift, at’ Cincinnati,
which has been before referred to. As the summit of the Alle-
ghany Mountain, in the central part of Pennsylvania, forms the
eastern, so this great arching wave in the rocky strata in the
central part of Ohio, forms the western boundary, of the finest
coal-basin in the world. For, although there is no moun-
tain on this its western border, yet the lower Silurian rocks
have been brought up to the surface. The highest portions of
this great arch in the strata were afterward removed, exposing
to view the lowest visible rocks in Ohio, the blue limestone of
Cincinnati, the equivalent of the Trenton and Hudson River
groups. This anticlinal extends northward, forming islands in
the western part of Lake Erie, and southward across the State
of Kentucky. The older formations below the coal, as these
now appear on the surface in Ohio, count off in the same order
from the anticlinal line, both westward and eastward. In the
latter direction, or toward the coal-field, we find them in the
usual order, but with some important intervals or omissions up
to the Carboniferous or coal-bearing rocks. Our old friends the
Ponent, Umbral, and Vespertine, and the Catskill group, the
great, double, red-sandstone mountain with its red-shale valley
of Eastern Pennsylvania, have disappeared, without leaving a
vestige to mark their places in the formations. Even in the
western counties of Pennsylvania, the formations from the
Chemung rocks upward had become so mingled as to be dis-
tinguished with difficulty. In the Ohio Valley a quiet sea pre-
vailed, and Kmestones were formed, while farther east were
moving oceans of sand, mud, and pebbles.

The bed of the Ohio River at Cincinnati is 432 feet above
tide-water, 133 feet below the level of Lake Erie, and it is both
physically and geologically the most depressed portion of Ohio.

The general dip of all the Ohio rocks, east of the great Cin-
cinnati anticlinal, is toward the east, and each of the formations
disappears in its turn in going eastward under the succeeding
one, and all the others under the Carboniferous. Their order and
maximum thickness are as follows : (1) Cincinnati, 1,000 feet;
(2) Clinton, 10 to 60 ; (3) Niagara, 275; (4) Water-Lime and
Salina, 0-150 ; (5) Oriskauy, 100 ; (6) Corniferous, 100 ; (7) Ham-
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ilton, 20 ; (8) Huron Shale or Portage, 350 ; (9) Erie or Chemung,
400 ; (10) the Waverly sandstone, the lowest member of the
Carboniferous formation. Its fossils prove it not to be a por-
tion of the Chemung and Portage, as was formerly supposed.
The latter are represented by the Erie and Huron shales in
Ohio. In the southern part of the State the Waverly group is
640 feet thick. (11) Next occur the Carboniferous limestone and
(12) conglomerate, the latter being about 100 feet, and only
occurring in patches; (18) The Coal-measures which thicken
toward the east, and each of the coal-seams and accompanying
strata, also pass under the succeeding one in that direction.
The geology of Ohio is therefore very simple so far as its struct-
ure is concerned, her rocks being all stratified, and very little
broken or disturbed, as compared with those of Eastern Penn-
sylvania and other regions, and fewer strata appear on the sur-
face. The general visible dip is about 94 degrees south of east,
at the rate of a little less than 100 feet in three miles, and the
coal-measures, forming the highest member of the series, grow-
ing thicker in that direction. But, from the recent survey, it
appears that there is not a general uniform dip in the strata of
the coal-measures toward the east or southeast, but that there
occurs a system of flexures in the coal-strata, having a close con-
nection with the present topography of the country, and the
general direction of the water-courses. Thus the eastern dip is
frequently counteracted by folds which elevate and depress the
strata from their normal planes. It is not improbable that -
these are a continuation of the flexures which are observed on
80 large a scale in the eastern part of the same coal-field in
Western Pennsylvania.

In the vicinity of Wheeling, near the centre of the great
Alleghany coal-basin, of which this coal-area of Ohio forms a
part, the coal-measures have a thickness of about 1,500 feet,
and include perhaps ten or twelve workable seams of coal. In
this eastern and southeastern part of the field not only are
the lower coal-measures fully represented, but also the super-
incumbent barren measures, and the upper coal-measures, in-
cluding the Pittsburg seam, this being geologxcally the highest
portion of the Ohio coal-region.

Boundaries of the Coal-field.—Looking for a moment at




810 OHIO.

the outer or western rim of the coal-field of Ohio, we will ob-
serve that the series of rock-strata composing the coal-forma-
tions terminate on the outer margin of the basin in heavy
masses and abrupt precipices, as in the vicinity of Lancaster, in
Fairfield County, and several other places near the borders of
the great limestone formations, which occupy the middle and
western portions of Ohio, and they are indented like the bays
and headlands of a modern sea-coast, as though they composed
the borders of the ocean which then covered the larger portion
of the valley of the Mississippi. The coal-basin is bounded on
the west by a continuous but crooked line from the Ohio River,
in Scioto County, to the Pennsylvania line near Sharon, within
a line running from that place to Ravenna, Akron, Wooster,
Dover, Brownsville, Logan, and Hanging Rock. Or, to follow
the line of outerop, more particularly we have in the north, in
Trumbull County, the boundary of the coal-field from where the
Pymatuning Creek crosses the State line, curving southward,
and the other side of the curve being on Mahoning Creek at
Youngstown. Thence the line is westward nearly along the
north line of Mahoning County, from the northwest corner of
which it puts out a long, slender cape through Portage into
Geauga County, its west boundary being near the Cuyahoga
River, until it enters Summit County. From Ravenna the line
is nearly southwest, to the north line of Holmes County, except
a well-defined cape running into the southeast corner of Medina
County. Thence southward it follows near the east line of
Holmes and Knox Counties, and includes the southeast corner
of Licking County. It then passes near the line between Fair-
field and Perry Counties, with a deep indentation at the Hock-
ing River Valley, extending to the west line of Athens County;
thence westward and southwest to include the southeast part
of Hocking County, three-fourths of Vinton, nearly all of Jack-
son, and the eastern part of Scioto County. The counties
wholly covered with coal are Mahoning, Columbiana, Stark,
Holmes, Tuscarawas, Carroll, Jefferson, Harrison, Belmont,
Guernsey, Coshocton, Muskingum, Perry, Noble, Morgan,
Monroe, Washington, Athens, Meigs, Gallia, Lawrence, and
nearly all of Jackson.

And the counties of which the eastern or southeastern parts
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only are covered with coal are Trumbull, Portage, Summit,
Medina, Wayne, Licking, Fairfield, Hocking, Vinton, and Sci-
oto. There are also some outliers or small detached basins in
‘Wayne, Ashland, Richland, and Knox Counties. The bound-
ary on the east is the State line, the same field extending east-
ward over all Western Pennsylvania.

Topography.—The rim or outcrop line of the coal-basin of
Ohio is as nearly level as might be expected in a country
where the summits of the hills lie in nearly a horizontal plane,
the variations from such a plane seldom exceeding 100 feet, and
being from 850 to 450 feet above the level of Lake Erie.

From Lake Erie the country rises to an elevation of 600
feet above the lake, within the coalfield. Thence south to
the Ohio River, the summits of the hills are nearly a horizontal
plain 600 to 650 feet above Lake Erie, which summits repre-
sent an ancient plain into which the streams operating through
immense periods of time, have excavated numberless valleys
and ravines. These hills are nowhere the result of upheaval,
or other disturbances of the strata, as there are no such irregu-
larities in the geological structure of Ohio. Whatever variety
there is in its surface is due to the slow but powerful disintegrat-
ing force of running water. 'When the coal-bearing rocks were
deposited, the surface of the country was a monotonous level,
and they were, as they are still, nearly horizontal. Many of
the coal-seams are irregular, but this is due to the method of -
their formation, and not to geological disturbances. (Andrews.)

The valleys of all the principal streams are deep, generally
well defined, and the work of aqueous erosion has been im-
mense. All the streams have innumerable tributaries, which
have cut for themselves deep channels, the surface being com-
pletely eroded into a vast and wonderful system of ramified
valleys. The hills and ridges are simply the remnants of what
were once continuous rock-strata. In many sections the hills
are sculptured in rounded and graceful forms, while in others
the streams have cut for themselves channels with almost per-
pendicular sides, giving to the scenery a bold and mural char-
acter. The latter characteristics are more often seen where the
streams fiow over the heavy sandstone strata. Between Lan-
caster and Logan the Hocking River flows in a valley bordered
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by high cliffs. Some of its tributaries have eroded channels so
deep and narrow that they may be properly termed cafions.
The Licking River has excavated a similar channel in the
vicinity of Black Hand. In many places we find a cliff on one
side, and rounded hills on the other, as on the Marietta & Cin-
cinnati Railroad, near Cincinnati Furnace, in Vinton County.
(Andrews.)

All the streams within the Ohio coal-basin take a south-
eastern direction, which is caused by the eastern and south-
eastern dip of the rock-strata. The whole coalfield slopes to
the south and southeast, and consequently the drainage is to the
Ohio River. It is, however, somewhat undulating, and often
exhibits areas of considerable extent, with a northern slope and
drainage. The principal river within the basin is the Mus-
kingum, which, with its longest tributary, the Tuscarawas,
drains a large portion of its area. From Dresden to Marietta,
90 miles, the Muskingum descends 130 feet, or 20 inches per mile,
and Prof. Andrews notes as an interesting fact that it has its
bed throughout its whole course a little above the level of Lake
Erie. The Little Muskingum River flows in its entire course
in a basin parallel to the Ohio River, and only eight or ten
miles from it. The boundary of the upper coal-measures seems
to form north of the Muskingum, the water-shed dividing the
waters flowing into the Ohio from those carried off by the Tus-
carawas and Muskingum.

The Ohio River flows southwesterly through the more de-
pressed portion of the coal-measures, cutting its channel across
the strata where it found the least resistance, but it does not
follow the synclinal axis or bottom line of the great basin, and
hence there is not a uniform display of coal-seams along the
river.

There are deeply-buried channels of excavation in the val-
leys of the Western rivers, as first pointed out by Prof. New-
berry. The Ohio throughout its entire course runs in a valley
which has been cut nowhere less than 150 feet below the present
bed of the river. The Tuscarawas at New Philadelphia is 175
fect above its ancient rock-bed. The Cuyahoga, Vermilion, and
other streams running into Lake Erie, are more than 100 feet
above the rock-bottom of their excavated troughs. At Cincin-
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nati the gravel and sand extend more than 100 feet below low
water, and the bottom of the trough has not been reached.
These old, deeply-excavated river-channels were filled up and
in many cases entirely obliterated by the inundation from the
north of an ocean, as it were, of clay, sand, gravel, and bowl-
ders, during the Drift period. These remarkable deposits,
which, it is supposed, were moved by glaciers and icebergs,
cover the State of Ohio as far south as the city of Dayton.
Fortunately, these loose .surface deposits are much thinner
within the coal-basin than in the parts of the State farther west.

The Scioto, the principal stream in the middle of the State,
flows just outside of the coal-bearing rocks, and the accompany-
ing Waverly group through a level, smooth country, without
the hills which characterize the coal-basin. It is evidently
thrown off by the western rim of the great basin, and thus
obliged to take a southward direction. Its course is serpentine,
and it has a descent between Columbus and Portsmouth of 225
feet in a distance of 150 miles, or 18 inches per mile.

‘Within the Ohio coalfield the surface is rolling or broken,
and the soil is mostly derived from the subjacent rocks. The
lower coal-measures, composed of alternations of limestone,
shales, sandstones, fireclays, and beds of coal, furnish a soil
that is well watered, and fertile to the hill-tops. The Barren
Coal-measures, and such members of the upper series as fall
within the -limits of this State, consisting in the greater pro-
portion of argillaceous shales, yield an intractable, less fruitful
soil.

Varieties of Coal in Ohio.

Following an economical classification, Prof. Newberry
divides the coals of Ohio into three classes: first, the dry open
burning or furnace-coals; second, cementing or coking-coals;
third, cannel-coals.

The first, which is popularly known as block-coal, includes
those that do not coke and adhere in the furnace, and are such
as may be tused in the raw state for the manufacture of iron.
These furnace-coals have generally a distirctly - laminated
structure, and are composed of bituminous layers separated by
thin partitions of a material allied to cannel, which does not
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coke. Hence the bitumen in them is held in cells and cannot
flow together, and give the mass a pasty, coherent character.
In Ohio it chances that the lowest stratum in the series is
generally a furnace-coal. Along its northern line of outcrop
this is known as the “ Brier Hill coal.” This coal enjoys a
deserved celebrity for its adaptation to the manufacture of iron,
and now furnishes the fuel by which half the iron produced in
the State is made. In consequence of the structure of the
coal-bagin this seam underlying all the others and dipping
. toward the south and east is, for the most part, covered by the
overlying rock. As a consequence, up to the present time it
hag been worked only along its line of outcrop, and the grest
area it occupies below drainage is almost untouched. The
Hocking Valley or Sunday Creek coal is supposed to have this
open-burning character. It covers not less than 600 square
miles, and maintains a thickness of from six to eleven feet, with
8 remarkable uniformity and purity of composition.

The second class of Ohio coals, embracing by far the greater
portion, are of the ordinary coking, bituminous kinds, which to
a greater or less degree melt and agglutinate by heat. If used
for smelting iron, this property would cause them to choke up
the furnace, and arrest the equal diffusion of the blast throngh
the charge. Hence they cannot be used in the raw state for
the manufacture of iron from the ore without coking. This
process consists in burning off the gaseous or bituminous por-
tion which leaves them in the condition of anthracite, except
that, as this change is effected without pressure, the resulting
material is cellular and spongy. Coals of this character, when
free from sulphur, their great contaminating impurity, are used
for the manufacture of gas; the volatile portion, driven off in
the retorts, serving the purpose of illumination, while that
which remains is coke, and may be used as fuel. These ce-
menting coals are without the partitions described as belonging
to the furnace or block coals, but show upon fracture broad,
brilliant surfaces of pitch-like bitumen. It is black in color,
its lustre resinous, it breaks into trapezoidal blocks, and during
combustion agglutinates, giving a bright-yellow flame.

The third variety consists of the cannel-coals, which in
England first went by the name of candle-coal, from its flame
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resembling that of a candle, which in process of time became
corrupted into cannel, which it still retains, although objection-
able in some respects. It resembles a dark shale, highly im-
pregnated with bitumen, and burns with a bright flame, but
does not agglutinate. Where the earthy matter predominates
it passes into bituminous shale, and the transition is often ob-
served in short distances. The ordinary bituminous coal often
passes into cannel, or they are found blended together. It
rarely contains any traces of vegetable matter, but marine shells
have occasionally been observed. (J. W. Foster, in Report,
1838). Prof. Newberry describes cannel-coals as of a more
compact and homogeneous texture, and as containing a larger
percentage of volatile matter than the others—also the gas
they furnish has higher illuminating power. Hence they would
be used, to the exclusion of all others, for the manufacture of
-gas, only that the coke which they furnish is of inferior quality.
They are, therefore, for the most part, employed as household
fuels, for which they are specially adapted, and in small por-
tions for enriching the gas produced from coking varieties. He
thinks the marked differences exhibited by those three varieties
of coal are doubtless due to the circumstances of their formation.
The cannel-coals were deposited in lagoons of open water in the
coal-marshes where the finely-macerated vegetable tissue ac-
cumulated as carbonaceous mud. Hence they have a large per-
centage of hydrogen, and their gas has higher illuminating
power. Hence also the shells, fishes, amphibians and crustacea,
all aquatic animals, so generally found in them.

It will have been observed that all the coals of Ohio belong
to the group known as bituminous coals, but these exhibit very
considerable variety in their chemical and physical characters,
and the different varieties are applied to very different uses.
(Report of 1870.)

The chemical examinations of the Ohio coals show that the
relative amount of moisture varied from 1.10 per cent. to 9.10
per cent. of the coal. As a general rule, the coals from the
northern part of the State contain relatively less moisture than
those from the southern portion. The amount of volatile com-
bustible matter varied from about 28 per cent. to something
over 40 per cent. of the native coal. The percentage of fixed



316 OHIO.

carbon varied from 34.10 to 65.90, the former being the amount
found in the upper coal from Holmes County, and the latter
in the Steubenville shaft-coal. The proportion of ash found in
the bituminous coals of this State varies from 0.77 of one per
cent. found in a coal in Jackson County, to 17.10 per cent.
present in a coal from Holmes County. The mean average of
ash found in 88 coals from the portion of the State south of
the Central Ohio Railroad was 4.718, and that of 64 coals north
of that line 5.120 per cent. The mean average ash of 152
coals was 4.891 per cent.; of these 10 exceeded 10 per cent.;
omitting these, the average of the remainder amounts to 4.280

- per cent. The ash found in 11 Ohio cannel-coals examined

-

was 12.827 per cent. The average proportion of sulphur in
Ohio coal was 1.551 per cent., that from the lower half of the
State being 1.229 per cent., and that of the coal from the upper

half 1.836 per cent. The sulphur is not always wholly in com- -

bination with iron, and in such instances nearly the whole of
it passes off with the volatile matter, while in other instances
very little escapes with the volatile products.

The Series of Coal-Strata.

The lower coal-measures contain in Ohio seven and in some
places eight beds which lie below the Pittsburg seam, and
which include most of the important coal-beds of the State.
The examinations made by Prof. Newberry, in the course of the
geological survey now in progress, have shown that instead of
forming one symmetrical basin with a tolerably uniform dip
toward the southeast, the coal-measures form several troughs
more or less parallel with the axis of the great one of which
they form a part. On the east side of each of these subordinate
basins, the strata rise, thus neutralizing the generally easterly
dip, so that on the line of Columbiana County, and within forty
miles of Pittsburg, the section of the hills is nearly the same
a8 that found on the border of the coalfield 100 miles west,
the average dip in this interval being not more than three feet
per mile. The importance of this knowledge of the structure
of the coal-field will be apparent at a glance. It shows that the
coal-seams of the lower coal-measures are within easy reach
along all the valleys that cut this portion of the coal-basin, and
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that they are not, as has been sometimes supposed, carried by a
uniform easterly dip so far below the surface as to be practi-
cally inaccessible. It also shows that the number of coal-seamns
has been sometimes erroneously duplicated, and that those of
Salinesville are the same as those in the lower portion of Yel-
low Creek. (Newberry.)

It appears, by Prof. Newberry’s second report, that the coal-
measures across Northern Ohio below the Barren Measures,
correspond with those of Pennsylvania, some of the smaller
seams being enlarged. There are six or seven workable beds
of coal along this line, and two limestones. These limestones
are the most constant elements in the section, and will be the
most useful guides to any one studying locally or generally
the geology of this district. Of these the lower is generally
blue, often flinty, and is associated with a band of iron-ore. In
‘Western Pennsylvania it is the ferriferous limestone ” which
occurs between coal-beds B and C, and where it is overlaid by
the buhrstone and iron-ore. -

The second or upper limestone is always lighter in color than
the first, from which it is separated by from 30 to 100 feet, and
it is usually designated the gray limestone, and in Columbiana
County the white limestone, from the comparative whiteness
of the lime made from it. It is visible almost uninterruptedly
from the banks of the Mohican to the Pennsylvania line. It is
sitnated between coal-seams C and D, as we shall designate
them, or Nos. 4 and 5 by Prof. Newberry’s nomenclature ; that
is, coal No. 4, or C, lies between the two limestones. There is
in Ohio another limestone over coal-seam No. 7, in the Barren
Measures, but, though sometimes ten feet in thickness, it is not
as constant as the blue or gray limestones, covers 8 much more
limited area, and is therefore a less valuable guide. Each of
these limestones has a coal-seam under it, often in immediate
contact, but sometimes separated from it by a few feet of shale.
In the southern and eastern portions of the Ohio coal-field, and
on Yellow Creek in Jefferson County, and thence south, there
arc several other limestones.

The following general section, furnished by Prof. New-
berry, will serve to illustrate the composition of the Coal-
Measures of Ohio. The letters and Pennsylvania names in

.
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parentheses have been added to designate the corresponding
beds in that State and in Virginia :

SHCTION OF THE UPPER COAL-MEASURES OF OHIO.

WNo, STRATA. Foot. No. BTRATA. Foot
88 | Limestone ............... T 9 | 8bale and Bandstone.. 50 to 100
85 | Bandstone... L] 8 | Shale........oocunnuen 4 10
84 | Coal No.18..... 9 T | Coal No.7s (l‘) . 1+ 6
83 10 [} 1
89 ] ] 50
81 40 4 o« 5
80 4 8 [ ]
g 8‘1' ; 3% 10
2 o
Ahng&oommvcﬁnm-
% 8« 8 tion between Nos. 8 and 9
% 3 ewhat
g 85 “ 40
i o
80 “ 1 3
19 2410 (| 10 7
18 4% 8 9 4
17 8 8 2
16 4 80 7 | Bandstone .......co.co000 [ 5% 88
15 110 [] OoalNo.sb, Blnle 1
14 5410 5 | Limeston 20
18 . g2« 8 4 14
18 1% 17 8 20
11 | Coal No. ’(b(G.)...... e 4 ] 5
10 | Fire-clay............. 8 1 8
SECTION OF THE LOWER COAL-MEASURES OF OHIO.
No. STRATA, Feet. No. STRATA. Foet.
29 80 to 80 14 | Shale and Bandstone.. 10 to B0
28 | Gray 5% %0 18 Blue or Ferriferous Lime-
7n amlNo O(E,Uppcmo- srassessasunn 4
[RTRTTTTTI PR B B { 12 Goal No.S(B).. ceeenees| 8% 4
26 -clay.. . i il 8 11 | Fire-clay. veeveens] 6% 18
g Limestone ...............[| 0% lig lg w;’nd&summm - 'lg
. 0. 2, gen:
3 s 4 8 | Bhale . 20
4 7 .| 90 % 7
22 y (locally hard clay) 6 | Shale ... f O% 40
21 | Shale and 8andstone...... 20 “ 60 8 | Coal No. 1 1‘3 “ Brisr
20 y €..........| 8% 6 Hill " or “ Block Coal .. 4
19 | Coal No. 4 (C s“ 6 4 | F Yeooaans cosevcsaose 8
18 -clay 8 8 | Shale....... 0% 90
11 20 $ | Conglom 0 “100
16 | Coal No 8a, local . JJ 9% 8 1 | Waverly.......
18 | Fire-clay.....ccocevvennae ]

The intervals between the coals in the above section vary
greatly in different parts of the coal-field: for example, between
coals No. 6 and No. 7, from 50 to 100 feet ; between coals No.
5 and No. 6, from 20 to 60 feet, where both are present. On
the western margin of the coal-field, coal No. 5 is generally
wanting, and the interval between No. 4 and No. 6 is reduced
from its eastern average of 100 feet to 25 feet. Between coals
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No. 4 and No. 3, the interval varies from 20 to 80 feet, coal 3a
and sometimes another thin seam coming in where the lime-
stones are most widely separated. The intervals between coals
No. 8 and No. 2 is much more constant than between No. 2
and No. 1, the latter interval sometimes varying, within a few
hundred yards, 50 feet, this variation being mainly due to
waves in the lower seam. Where the more constant coals are
most widely separated, intercalated seams often come in, and
sometimes acquire considerable local importance.

The iron-ore horizons in the above section are : 1. That of
the black band over No. 7; this black band is locally replaced
by nodular, calcareous ore—“ Mountain-ore *—or by “Kidney ”
iron-ore, all giving way in places to a buff limestone. 2. A
band of nodular ore over No. 5, best marked toward the west.
8. Nodular or plate ore on the gray limestone. 4. Nodular
or plate ore on the blue limestone, best marked and very con-
spicuous toward the east. 5. Over the conglomerate and un-
der coal No. 1, best marked toward the south and west.

The relations of the coal-seams above No. 8, to those of
Pennsylvama and West Virginia, have yet to be determined.
No. 8 is the Pittsburg seam.

The Seams of the Lower Group of Coals, as described by Prof.
Newberry.

North of the National Road we have, in Ohio, below the
Barren Measures, from six to eight workable seams of coal,
forming what is known as the lower coal series. An enumera-
tion of these beds, with a few notes descriptive of the changes
observed in tracing them along 100 miles of outcrop, will per-
haps serve to give a clear idea of the composition and structure
of the coal-measures :

Coal-seam No. 1. (A.)—This is the lowest seam of the
series in Ohio, and is that best known as the Brier Hill or Ma-
honing Valley coal. It is now regarded as the most valuable
coal-seam in the State, from the fact that in many localities it
is of good thicknegs, of remarkable purity, and well adapted,
in the raw state, to the smelting of iron-ores. It is, indeed, a
typical furnacecoal, and forms the fuel by which fully half
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the iron produced in the State is manufactured. Unfortunate-
ly, this is an exceedingly irregular seam, and, over a large part
of the region where it is due, it is found to be wanting.

This peculiarity is owing to two causes, viz., it was the
first accumulation of carbonaceous matter in the great peat-bog
that subsequently became our coal-basin. As a consequence,
it occupies only the lower portions of the irregular bottom of
this basin, and was never deposited over the ridges and hum-
mocks which fringed the margins, or, as islands, dotted the sur-
face of the old coal-marsh.

The second cause of its absence is, that it is overlaid by
heavy strata of sandstone which were once beds of sand, trans-
ported by currents of water in rapid motion, and these currents
have, over considerable intervals, washed away the coal and left
in its place sand—now sandstone—resting on the lower rocks.

I have traced the outcrop of coal No. 1, from the National
Road around to the Pennsylvania line, and have evidence of
its being reached by borings at several places far in the interior
of the coal-basin. In the Mahoning Valley coal No. 1 has
its best development. It is here very compact, working in
large blocks, from which fact it has received the name of
¢ block-coal,” and is remarkably pure, as demonstrated by the
following analysis :

; &4

Analyss of Coal No. 1, E E H ¢ = i éé

or Bloock-Coal of Oblo. £ —iE ! ] i E é 5 5

= 5 =

Bpecifio Gravity...... 1284 1.964 1956 1871 147 1976
Water......cccooeeees 8.60 5.067 2.70 840 6.95 5.55
Volatlle, Combustible.| 82.58 89.281 87.80 86.10 82,88 40.10
Fixed Carbon........ 62.68 88.404 58.00 88.70 5749 51.79
Ash.....ovviranenns 116 2.298 2.00 1.90 8.18 2.56
Total ....ceovvueennee 100.00 100.00 100.00 100.00 100.00 100.00
Bulphur............. 85 549 99 19 88 1481

As shown by its large percentage of carbon, the heating
power of the Brier Hill coal is great. It is also open-burning,
in virtue of its laminated structure, and is the only fuel used in
the furnaces of the important iron-district of the Mahoning
Valley. It is also extensively employed as a furnace-fuel in
Cleveland, and is, in fact, the basis of the great iron industry
of Northern Ohio.
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In Geauga County the Brier Hill coal reaches as far north
as Burton and Newberry, but only in a narrow strip and de-
tached islands, and is there thin and of little or no value. In
Portage County it is also generally thin or wanting, but its
outcrops are concealed by heavy beds of drift, and it will prob-
ably be found of good thickness in many places where it is
not now suspected to exist.

In Summit County, coal No. 1 thickens up again, locally
attaining dimensions of from three to six feet. It lies, how-
ever, in a series of basins often of limited extent, but it occupies
fully half the southern portion of the county in the townships
of Tallmadge, Coventry, Springfield, Franklin, and Greene.
It also reaches, in a narrow basin, so far into Medina County
that its northwestern outcrop is within eight miles of Medina
Village. In Summit this coal-seam is generally somewhat
more bituminous than in the Mahoning Valley, breaks more
irregularly, and has less of the block character.. These physical
differences are associated with a slightly different chemical
composition, a8 is shown by the table of analyses; but oc-
casionally, as at Johnson’s shaft, in Franklin Township, it ex-
hibits almost precisely its prevailing character in Mahoning
County. There, as farther eastward, it is generally an excellent
coal, and is destined to contribute much more largely than it
has yet done to the enrichment of Akron and vicinity, by
furnishing an abundant supply of fuel adapted to all forms of
manufacturing industry.

From Wadsworth, Medina County, the western line of out-
crop of coal No. 1 pursues nearly a southern course to Fair-
view, in Wayne County, where it crosses the line of the Pitts-
burg, Fort Wayne & Chicago Railroad. At Clinton, Fulton,
and Massillon it is extensively worked, and the mines in this
vicinity supply a large amount of coal for the Cleveland
market, as well as for iron-making, and other industries at
home.

From Massillon to the Ohio River, along its line of outcrop,
coal No. 1, as a general rule, is of little importance. It appears
of workable thickness at frequent intervals, but is generally
thin, of inferior quality, and oftener absent, or present as a
mere trace.

21
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At Spencer’s Mill, in Holmes County, coal No. 1 is four
feet in thickness, and at several other places in this vicinity is
from two to three feet thick. This is also the seam worked at
. Mast’s mine, two miles north of Napoleon, where it is three
feet thick, and of excellent quality ; so that it deserves to be
enumerated among the elements that compose the mineral
wealth of this richly-endowed county ; but it is here surpassed
in value by some of the overlying seams. Its line of outcrop
has not been carefully examined, but it is apparently of no
great value in any locality between Holmes and Jackson
Counties. In Jackson, and thence southward, it regains some-
thing of its traditional character and value, and is somewhat
extensively mined and used as a furnace-coal.

From these and other facts which have come to my knowl-
edge, I feel justified in saying that the country just about
New Lisbon is underlaid by an important baein of Brier Hill
coal, and this at such a depth that it can be worked by shafts in
the valleys with scarcely more trouble and expense than though
it cropped out at the surface.

Coal No. 2.

Coal-seam No. 2 lies from 40 to 60 feet above No. 1, in
the region where it is best developed, i. e., in the valley of
the Killbuck, Holmes County. Here it is a cannel-coal (Straw-
bridge’s), from two to eight feet in thickness. All around the
margin of the coal-basin a thin coal-seam marks this horizon,
but it is not constantly present, and is much more important
in Holmes County than elsewhere.

The Strawbridge coal would be generally classed as a cannel,
but it differs considerably in chemical composition from most
cannels, and is more like some of those known as ¢ splint-coals*
in England and Scotland. It has the structure and aspect of &
cannel-coal, but has so large a percentage of fixed carbon, and
so little volatile matter, that it is applicable to quite a different
class of uses. The Strawbridge coal has as great heating power
as almost any of our coals, and would serve an excellent pur-
pose as a furnace-fuel, if it contained less sulphur. This in-
gredient would preclude its use for the manufacture of gas,
even if it were not true—as it is—that it contains less volatile
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matter than the “Brier Hill,” which is generally regarded as
the ¢“driest” of our coals. It will serve a good purpose as a
household fuel, though the volume of ash it produces will be, to
many, an insuperable objection to it. In thisrespect, however,
it will compare favorably with many of our Ohio cannels, as
they generally contain nearly as much ash. I formerly made
analyses of all the cannel-coals then known in Ohio, and found
none that .contained less than 10 per cent. of ash. The Flint
Ridge contains 12 per cent.; the purest of the Walhonding
cannel, Coshocton County, contains 10 per cent. ; the Canfield
cannel from 11 to 19 per cent. ; while cannel from Darlington,
just east of the line of Pennsylvania, contains from 28 to 52
per cent. of earthy matter, and an average of 85 per cent. The
latter coal is now largely mined and sold at a price but little
below that of our best varieties. The Strawbridge has much
greater heating power than the Darlington coal, and ought to
command at least an equal price.

The true application of coals like the Strawbridge is to the
generation of steam, especially in locomotives. Having no
tendency to cake in the fire, and burning as freely and with
nearly as little smoke as wood, such coal can be used in a loco-
motive-engine almost without change in the fire-box. For
such use it matters little whether the percentage of earthy
matter is a little greater or less, as the ashes are so readily dis-
charged from the farnace.

Coal No. 3 (B). |

This coal underlies the lower or blue limestone. Itis almost
everywhere of workable thickness, i. e., from three to six feet.
At Mr. Glasgo’s in Western Holmes County, it is cannel, three
feet thick, good. At Daggan’s mine, Knox Township, it is
six feet thick, in nearly two equal benches, one bituminous,
the other cannel. In Salt Creek Township, Holmes County,
it is four feet thick, bituminous in places in two benches,
separated by two feet of fire-clay, in others without partings.
In the hills south of Napoleon it shows three feet of coal, in
three benches of one foot each, with partings of fire-clay of
equal thickness between them. On the east side of the Kill-
buck, in Mechanic Township, it is true cannél, said to be eight
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feet thick, but not worked or so exposed that its value can be
determined. Northeast of Millersburg, at Mast’s, Collier’s,
and Chambers’s mines, it is about four feet thick, semi-cannel,
good ; at Harger’s Mill, eastern part of Holmes County, five
feet thick, part cannel, part bituminous.

In Stark County, coal No. 3 is known as the ¢ Limestone
vein,” and is worked over a large area. About Canton and
north to Greentown it is from three and a half to four feet and
a half thick, a tender, caking coal of medium quality.

In Coshocton County this seam of coal acquires unusual im-
portance in Bedford and Jefferson Townships. It is here can-
nel, and, as we often find this bed, divided into several benches.
Its maximum thickness is seven feet, and the best portions are
as pure as any cannel I have seen in Ohio.

Coal No. 4 (C, Kittannirig).

Coal No. 4, lying below, and No. 5 above, the gray lime-
stone, can be almost always found when sought at the proper
horizon, but in Holmes County they are thin and of little value.
Both, however, become much more important in passing toward
the east. In Holmes County coal No. 4 is not constantly pres-
ent, and nowhere, that we have observed, does it exceed two
feet in thickness. :

In the valley of the Little Beaver above New Lisbon, coal
No. 4 is seen, a few inches in thickness, buried in a mass of bi-
tuminous shale. At Letonia, where the New Lisbon Railroad
crosses the Pittsburg, Fort Wayne & Chicago Railroad, No. 4
is a bituminous coal, two and a half feet in thickness, remarka-
bly free from sulphur and ash, in fact one of the purest coals in
the State. Here it is extensively coked, and furnishes the fuel
used in the successful iron-works in this locality. Still farther
north, in the edge of Canfield, Mahoning County, this seam of
coal is two and a half feet thick, the upper six inches bitumi-
nous, the lower two feet cannel. At Wetmore’s mine, in Can-
field, it is five feet in thickness, all cannel of good quality,
Near Palestine, and at Darlington, Pennsylvania, this is the
« Darlington cannel,” from 8 to 13 feet in thickness, but con-
taining a large pefcentage of ash. In the valley of the Little
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Beaver, just below New Lisbon, coal No. 4 is represented by
20 feet of bituminous shale.

‘Wherever assuming the cannel character, this coal-seam has
a large percentage of ash, and also contains the remains of
fishes and mollusks, thus illustrating the truth of the conclu-
sions to which, from these and other facts, I was years ago
led, viz., that cannel-coal owes its peculiar character to the
large amount of water in which the carbonaceous matter it
contains was suspended; that it was, in fact, formed in the
open lagoons of the coal-marshes, where the softer portions of
vegetable tissue, perfectly macerated, accumulated with more
or less transported sediment and mingled with the remains of
aquatic animals.

Coal No. 5 (D, Lower Freeport).

This coal-seam lies above the gray limestone. In Holmes
and Tuscarawas Counties it is rarely more than two feet in
thickness, and is therefore of comparatively little value.

Near Zoar, in Tuscarawas County, coal No. 5 crops out in
a great number of localities, and becomes of much economical
importance. It is largely mined at Mineral Point, where it is
three to four feet thick, underlaid by a valuable hard fire-clay.
After passing Hanover Summit, where it is covered, we have
in the valleys of Yellow Creek and Little Beaver an important
coal-seam beneath the white limestone, and which is probably
identical with Coal No. 5, of the western counties. This is the
“ Roger vein ” of the Yellow Creek Valley, and the “ Whan
seam ” of the vicinity of New Lisbon. The “Roger vein,” on
Yellow Creek, is three feet in thickness, a caking coal of fair
quality. The ¢ Whan coal” is three to five feet in thickness,
working large, and free-burning. It has much the appearance
of the Brier Hill coal, but contains a larger percentage of vola-
tile matter and more sulphur.

In the vicinity of Millersburg, the distance between the upper
limestone and coal-seam No. 6 is in some localities as little as 25
feet, and no coal-seam occurs in this interval. Going eastward,
the limestone and sandstone over No. 6 become more widely
separated, and about Mineral Point, in Tuscarawas County, this
epace is something like 70 feet, filled with argillaceous, often



326 OHIO.

bituminous shale, in which are three seams of coal, the upper-
most (coal No. 6) just under the sandstone; the second, 12 to
18 inches thick, 25 feet below, an impure and worthless can-
nel ; the lowest, four feet thick (20 feet lower), a very hard,
bright, and excellent coal, containing too much sulphur and too
much volatile matter to be advantageously used as a furnace-
coal, but very free-burning, and highly valued as a steam-coal.
This is known as the “ Newberry ” coal at Mineral Point, and
is worked at the mines of Mr. Holden.

Coal No, 6 (E. Upper Freeport).

This is one of the most interesting and important coals of
the series. It lies under the *“ Mahoning sandstone” and over
the upper of the two limestones before referred to. On’' the
western side of Holmes County it has a thickness of two feet.
- Near Millersburg it is the coal mined by Judge Armor, Mr.
Saunders, Day & Chattuck, the Holmes County Coal Company,
etc., is from five to six feet in thickmess, generally in two
benches separated by a slate parting. In the mine of Mr.
Saunders the coal is in three benches, the top 15 inches, the
middle two feet, and the bottom 18 inches in thickness. At
Judge Armor’s mine, & half-mile north, there are but two bench-
es, of nearly three feet each, and much alike in quality. The coal
of this mine may be considered typical of the seam—breaking
irregularly with broad, smooth, black, resinous surfaces, rather
tender, and containing considerable sulphur. It is highly
cementing in character, and makes a bright and handsome coke
if properly treated, but such as holds too much sulphar to
make it popular as a furnace-fuel. The faults of this coal will
be almost completely corrected by washing. This will remove
nearly all the sulphur and the slate that comes from the part-
ings, and will make it possible to produce from it, at small ex-
pense, & coke which will be first class in quality. This coal is
much liked for the generation of steam, and is the type of a
¢ steamboat-coal ’ on the Ohio, where the draft in the furnaces
is 8o strong that an adhesive coal is preferred.

In Tuscarawas County, coal No. 6 is seen in all the hills
about Mineral Point. It is but little worked there, but is the
coal mined by John Black, on the south side of Huff’s Run.
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It has also been worked for many years on the Zoar Furnace
property, on the Davy and Holmes farms, at Mineral Point
Station, and at the Tunnel, three miles above. In all this re-
gion it is from three and a half’to four feet thick, a caking coal
of medinm quality. In the valley of the Conotten, at New
Cumberland, it is five feet thick, the upper bench greatly im-
proved in quality. From this locality it thickens going east,
and has been opened at some points in Carroll County, where
it is seven feet thick. In the central portions of this county it
lies too deep to be reached, as the Barren Measures with their
red shales form the surface-rocks.

In Southern Tuscarawas, and in Coshocton County, this
seam furnishes most of the coal mined. It is the seam worked
at Coal Port, Port Washington, Trenton, ete. In this region it
ranges from three to six feet in thickness, and varies considera-
bly in purity, but has a prevailing, I may almost say, constant
character as a tender, adhesive, but “strong” and valuable
coal. It is well adapted to the generation of steam, and its
best varieties are preferred to any other Ohio coal for black-
smiths’ use.

In the valley of Yellow Creek, 17 miles north of Steuben-
ville, coal No. 6 is the ¢ Big vein ” of Salineville, Hammonds-
ville, and Linton, and ranges from four to seven and a half feet
in thickness. It is also the ¢ Big vein ” of the Shelton and Ar-
ter farms, near New Lisbon. Throughout this region it yields
a highly-bituminous, caking coal, containing too much sulphur
to be used for gas, but destined, when washed and coked, to
play an important part in the future industries of this remark-
ably rich district. East of New Lisbon, coal No. 6 is less thick,
but purer. It is Dyke’s Coal, on Camp Run, the coal of the
Carbon Hill, Enon Valley, and other mines near Palestine, and
is the  Upper Freeport” coal of the Pennsylvania geologists.
The foregoing complete the lower coal-measures.

Coal No. 1 (F, in the Barren Measures).

This coal lies in the tops of the highest hills in the western
part of Holmes County, where it is known as the ¢ Taylor
coal,” is from four to six feet in thickness, open burning, and
very pure. Unfortunately, the area it occupies is small.
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Throughout most of Holmes County it is either wholly cut
away or left in the summits of the hills. In the Fairfield Hills
of Tuscarawas County, which reach up to the Barren Coal-
Measures, it is three to three ahd a half feet in thickness, of
rather poor quality. It here underlies the famous Black Band
ore of that district. At Salineville it is the ¢ Strip vein ;” on
Lower Yellow Creek, the ¢ Cumberland” or ¢ Groff vein.”
In most of Columbiana County it is confined to the highest
lands, and is little worked ; but at Palestine it is the coal mined
by Burngtt & Joy, and, like most of the coals of that vicinity,
is of excellent quality. It is the Elk Lick coal of Somerset
County, Pennsylvania.

This is the highest workable seam of coal in Ohio below the
Pittsburg bed, although a thin seam (G), sometimes two feet in
thickness, is found above it. It is overlaid by the great mass
of colored shales which form the Barren Coal-Measures, and
which compose the tops of the hills bordering Yellow Creek,
extending thence southward to Marietta.

Their Useful Qualities—With the exception of the Brier
Hill coal, there is probably no seam which along its outcrop,
north of the National Road, will supply a first-class furnace-
coal. The coal of the upper seams is almost universally
cementing in character, furnishing a fuel in many instances
well adapted to the generation of steam, and for the puddling-
furnace, but such as can only be used in the blast-furnace after
being coked. In several localities these caking coals are
sufficiently pure to be used for the manufacture of gas—as at
Hammondsville, Palestine, Letonia, etc.—but the quantity of
sulphur which they contain is generally so large that they
require more purification than can be economically effected.
It should not be inferred, however, from these remarks, that
the immense store of fossil fuel contained in the region under
consideration is of such quality as not to be usefully employed
in the arts; but it is necessary that some process should be
adopted for freeing our coals of the sulphur by which they are
so generally contaminated before they will become available
for the most important uses, and before their full value will be
developed. Here is a field where intelligence and enterprise
are capable of producing results of the very highest importance,
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not only to the residents of this region, but to the State at
large. By the introduction of the improved processes of coal-
washing and coking now in constant use in many parts of the
Old World,'these coals may be made to produce a farnace-fuel
quite equal in value to our best open-burning cosals. Dr.
Newberry does not hesitate to predict that, within a few years,
this region will be dotted over with furnaces supplied with fuel
prepared in this way.

The cannel-coals, which abound in our coal-measures, all con-
tain as much as 10 per cent. of ash. But for this they could prob-
ably be transported to New York, and compete with the English
cannel, which is there the favorite and fashionable household
fuel, and which sells for from $20 to §25 per ton. But the Wigan
English cannel has only about three per cent. of ash, and, while
the difference between the heating power of the two varieties
is not great, the volume of ash left by our coals would be re-
garded as an insurmountable objection by those who use the
English cannel, not only for its cheerfulness, but its cleanliness.

Our cannel-coals supply a large volume of the best illumi-
nating gas, and they will doubtless be somewhat used for this
purpose in the future, but the coke made from them is of in-
ferior quality, and any considerable percentage of it would im-
pair the value of the coke produced in the retorts of the gas
companies ; and this goes far toward paying the cost of the
coking coals they use. In my judgment, the best use to which
our cannel-coals can be applied, at present, is for fuel for loco-
motives. Burning, as the cannels do, so much like wood, they
can be used in ordinary locomotive-farnaces with little or no
change ; and since their heating-power is twice that of wood,
and they crop out along the sides of several of our railroads,
they seem to me destined to supply the place of wood, now in
many places becoming somewhat scarce.

Nelsonville or Straitsville Coal in Perry and Athens Counties.

In every coal-region in which there occurs some one coal-
seam of much greater size and better quality than the others, it
stamps its character on the region, and the smaller seams are
almost entirely overlooked. In the Pennsylvania anthracite
regions it is the mammoth bed E that produces nearly all the

1 Described in Van Nostrand’s Magazine, April, 1870.
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coal ; in the Cumberland (Maryland) region, the Big seam H ;
and in Southwestern Pennsylvania, the Pittsburg seam. In
Sunday Creek Valley is found a bed of coal which Prof. E. B.
Andrews, the assistant geologist in the survey now in progress,
says will doubtless prove to be the finest in the State. In the
Report for 1870 he says it is below the ferriferous limestone,
which makes it No. 3, or B. The following account of it is con-
densed from his report for 1869 :

The limits of its horizontal range had not then been ascer-
tained, but it was finely developed on Sunday Creek, a branch
of the Hocking River on its north side, which empties itself at
Athens, in Athens County, and it seems to extend through part
of Muskingum, Perry, Morgan, and Athens Counties, and prob-
ably farther. It is everywhere of good workable thickness,
and over a large area it measures from 6 to 11, and even
12 feet. It is thinner on the north, but on Sunday and
Monday Creeks, in Perry County, it is 11 feet, and on the
Hocking, in the vicinity of Nelsonville, it is seldom less than 6
feet. There is no doubt it is one continuous seam, as it not
only holds uniform relations to the lower rocks, but it has,
moreover, been traced from hill to hill. It had not been traced
at the date of this Report to the south of the Hocking hills, but
it was known to extend a considerable distance south of Nelson-
ville. It dips below the Hocking River, not far from the mouth
of Monday Creek ; but it is reached by shafts at points farther
down that river.

Thickness.—At Nelsonville, in the northwest part of Athens
County, on the Hocking River, the coal measures from six feet
to six feet four inches, divided into three parts by thin slates,
the lower one from one to two, and the upper one from three
to four inches. These partings are generally found to char-
acterize the seam throughout its whole extemt, and in this
respect it strongly resembles Seam B, as found over very ex-
tensive regions in Pennsylvania. In its northern and north-
eastern extensions the seam grows thicker. At Straitsville, in
Salt Lick Township, Perry County the seam measures 11 feet,
of which 104 are coal, with the two thin slates from two to four
inches each, the upper bench alone being six feet ten inches of
clear coal. Numerousother sections are given by Prof. Andrews
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mn many other localities with the general remark that the coal
is everywhere in this section largely developed, and that every
farmer who owns hill-land possesses the coal measuring from
6 to 11 feet thick, The reports of some of the coal com-
panies represent it as even 14 feet thick, and sections of this
coal-bed have been exhibited in Chicago 12 feet in thickness,
with only two very thin bands of slate.

The natural exposures in this part of the State show a mag-
nificent body of very superior coal, with every advantage for
easy mining and drainage. In all the tributaries of Sunday
Creek which have the requisite erosion this great seam of coal
is found. A vast body of coal can be mined up the dip from
this valley, and there is scarcely any limit to the coal which is
rendered accessible by the various branches of Sunday Creek.
The great body of highlands which constitute the divide be-
tween the waters flowing into the Muskingum and into the
Upper Hocking is doubtless underlaid with this coal, constitut-
ing a vast sheet of 11 feet in maximum thickness on the south,
and gradually growing thinner to four and five feet in its north-
ern outcrop, along the Zanesville & Cincinnati Railroad.
The value of the Upper Sunday Creek Valley as a coal-field
says Prof. Andrews, cannot be over-estimated. Farther north,
in Perry County, the coal is seven feet eight inches, and a lower
seam appears above water-level. In Newton Township, Mus-
kingum County, both seams are now largely mined, and the
coal shipped by the Zanesville & Cincinnati Railroad. The
upper seam measures four feet, and the other, which is 22 feet
below, measures three feet ten inches. The coal is largely used
for domestic purposes and for the. generation of steam, and is
well spoken of.

It will be seen that this remarkable belt of coal, the Nelson-
ville seam, which has been traced into Muskingum County, has
a very extensive range, having been traced over a belt of coun-
. try 40 miles long and averaging 12 miles wide. In the north-
east, the coal rises in the hills and disappears. To the east and
southeast, it dips below all the valleys.

The geographical situation, as proximate to a vast coalless
district, extending west and northwest of it for hundreds of
miles, its accessibility, its enormous quantity, and superior qual-
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ity, and the rare advantages for mining and draining, make
this great bed of coal worthy the attention of the people of the
State and of capitalists everywhere.

Quality of the Nelsomville Coal—It is properly classed
among the dry-burning coals. The tendency to melt and coke
is slight, and the free circulation of air secures the best possi-
ble combustion. Although not as highly bituminous as some
other varieties of coal, yet the flame is considerable, and the
coal makes a very cheerful parlorfire. It has been in use a
long time, and everywhere has the reputation of being a very
superior coal for all the uses to which it has been applied. It
has been used in rolling-mills at Columbus and Marietta, with
strong approval ; it is highly estimated for the generation of
steam, and it is very popular for household use. The small
percentage of ash, the unusunally complete combustion, giving a
fine blaze and little smoke, the large percentage of fixed car-
bon, giving great heating power, and the small amount of sul-
phur to create in combustion sulphurous fumes, all combine to
render the coal of this great seam one of the best known coals
for all uses. .

The present geological survey of Ohio has not yet pro-
gressed sufficiently to enable us to give any full account of the
almost incalculable quantity of coal found in other workable
seams. On Sunday Creek, near Millerstown, Perry County,
there are two seams higher than the great one, measuring six
and four feet respectively, and there are also in some localities
good seams below it. In the eastern part of Athens County
is a seam of coal supposed by the geologists of the old survey
to be the equivalent of the Pomeroy seam, which measures nine
or ten feet in thickness. In the Duck Creek Valley, a seam
ranges from five to seven feet in thickness, and all over the
southern half of the field there are found seams ranging from
three to five feet. Those referred to lie above surface drainage,
while the stores of coal which may be found by tracing the
seams in their eastern dip remain to be examined.

The Barren and Upper Coal-Measures.

A very important line of observation of the coal-measures
of Ohio is that along the Ohio River. The State line crosses
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that river at the mouth of Little Beaver Creek, 27 miles above
Steubenville and in the lower coal-measures. All the strata of
the lower coal group dip below the bed of the river a little
above Steubenville ; the highest coal-seam of the group E, Upper
Freeport, is seen in the bed of the river about one aud a third
miles above that place, and a little farther down it is reached by
a shaft 25 feet deep below the bed of the river, the seam being
three feet nine inches thick of good coal.

The Barren Coal-Measures have their outcrop on the river
hills about eight miles above Steubenville, and nearly their
whole thickness is disclosed in the hills immediately opposite
the town. The southern or western outcrop of the Barren
Measures on the river on the hill-top is below the West Vir-
ginia State line, a distance of more than 260 miles by the river.

The western outcrop of the whole coal-field is at Pine Creek,
near the line between Lawrence and Scioto Counties, being 309
miles, by the windings of the river, from the point where it is
crossed by the Pennsylvania and Ohio line. The average fall
of the river is but five inches per mile. In the chapter on West
Virginia the great synclinal or centre of the basin is described
as on the Virginia side of the river, from Marietta southward,
and running in or near the river from that northward for 45
miles to Fishing Creek. In Greene and Washington Counties,
Pennsylvania, it is about under the present water-shed between
the Ohio and Monongahela Rivers.

The following is given by H. D. Rogers in the Pennsyl-
vania Report, as the boundary-line of the Pittsburg seam in
Ohio : After crossing the Ohio River north of Steubenville,
the liné of its outcrop from the river hills, he says, pursues a
very nearly southwest course to McConnellsville, on the Mus-
kingum River, ranging through near the centre of Jefferson
County, the southwest corner of Harrison, the northwest corner
of Belmont, and diagonally through Guernsey, into the centre
of Morgan County. From the Muskingum it tends more near-
ly south, encroaching gradually toward the Ohio River, passing
a little east of the town of Athens, through the southwest
corner of Meigs County, and through Gallia County to the
Ohio River, which it reaches a little above Burlington, in Law-
rence County. The thickness of the seam is but little more
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than three feet near the south end of this area, and there the
lower coal-measures are much more important.

A careful topographical survey and map is necessary, how-
ever, before the outcrop lines of this and the other seams of
coal in Ohio can be made with accuracy.

North of the Muskingum River, too, the boundaries are very
much concealed by heavy deposits of drift, and the coal-seams
are often difficult to identify. In the vicinity of Wheeling the
hills are from 150 to 250 feet in height, and they abound in
coal. The Pittsburg seam is here 90 feet above the river, and
stretches along the face of the river-hills for 13 miles below the
place, when at the mouth of Pike Creek it gradually dips under
the bed of the river, the seam being then six feet thick. Four
miles west of Wheeling, in Ohio, the same coal appears on the
National Road. ' It is at a higher elevation than on the river at
‘Wheeling, where the seam is six feet thick, and of an excellent
guality. On the Ohio River it does not appear again for 136
miles, at Pomeroy. By Dr. Hildreth’s section, taken with great
accuracy and care at Wheeling, there are in the descending or-
der, first, ten feet of soil, then four separate layers of argillaceous
and sandy rocks, in all 44 feet, then two feet of pure coal. Next
is 2 bed of 24 feet of limestone, of different chemical affinities, a
portion of which is burned into lime. Below this is the Pitts-
burg seam, consisting first of two feet of coal, of inferior quality,
which is left in as a roof in mining the main coal below. Then
one foot of slate clay, which is removed in mining ; the main
coal immediately below it varies from six to seven feet in thick-
ness, is an excellent quality of highly-bituminous coal, with a
compact structure. The Ohio River hills are pierced in many
places by gangways, and large quantities’of coal have for many
years been passed down railways, or inclined planes, into flat-
boats by which the coal is sent down the river to market. Be-
low the main coal-seam is a layer of about eight feet of slaty
clay, similar to that above it, then 15 inches of limestone, then
25 feet of sandstone, and 60 -feet of red shale and colored
marl, the Barren Measures extending to the bed of the river.

- Coal No. 6 appears at Wellsville, 19 miles above Steuben-
ville, of a thickness of six feet, 140 feet above the river, and 76
feet above the lake. At Steubenville it is 150 feet below the

e
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river. From Steubenville to the mouth of Wegee Creek, eight
miles below Wheeling, on the Ohio side, the Pittsburg seam
gradually sinks 362 feet in 30 miles, being at the rate of 12 feet
per mile, the course of the river being south 18° west. The
dip of the cosl, however, is southwest at the rate of 40 or 50
feet per mile. On the Virginia side the mines are troubled
with water, while on the Ohio side the water runs out freely
through adits a mile long running west by north, giving a great
advantage to the Ohio mines. (Colonel Whittlesey.)

The southerly borders of the Muskingum River, and in fact
a very large tract on both sides of the Ohio River, from a point
15 miles below Wheeling, at the mouth of Pipe Creek, to a
point 20 miles below the mouth of the Kanawha, nearly 150
miles, is covered with strata of red marl, single layers of which
are in many places from 10 to 40 feet in thickness. The vege-
table impressions found in these rocks are similar to those of the
coal-measures, but the formation contains little or no work-
able coal.

Dr. Hildreth speaks of this as a curious fact that the coal-
deposits are so very thin and rare along this part of the Ohio
River ; but, with our present knowledge of the series of rocks
and the structure of the field, it is what we should have expected,
as elsewhere there are only some thin worthless seams of coal in
this part of the formation. In the chapter on the West Virginia
coal-field further particulars of the coal-measures as they are de-
veloped along the Ohio Riverare given. These red shales, says
Prof. Newberry, form a conspicuous horizon, running through
the highlands from Marietta to Yellow Creek. At the latter
locality they form a great mass of colored shales, and compose
the tops of the hills.

The following brief sketch of the upper group of coals in the
Ohio subdivision of the Alleghany coal-field is given in a letter
from Prof. J. 8. Newberry, chief geologist of the State: ¢ The
general structure of the lower group of coals in the northern
half of the Ohio coal-fields is given in sufficient detail for yeur
purpose in our report of progress for 1870. No report has been
made on the structure of the coal-measures of Southern Ohio by
Prof. E. B. Andrews, who has had that field under his special
charge. He states, however, that he has failed to discover in
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Southern Ohio the same system and regularity that we have
found to pervade the coal-measures of the area north of the
Central Ohio road. It seems scarcely possible, however, that
there should be so radical a difference in the structure of con-
tiguous districts, a8 his report would lead wus to believe, and I
have little doubt that, when his field has been more thoroughly
canvassed, the facts observed will be found to crystallize into a
system not yet detected, but which, when made apparent, will
better harmonize the somewhat disconnected observations yet
made in the Ohio coal-field. It is quite certain that the system
which I have described in all the coal-measures north of the
National Road, as the order of sequence which I educed from my
many years’ previous study of the field and in the reconnais-
sance of 1870, has been thoroughly tested by the veteran geolo-
gists, Prof. J. T. Hodge, Prof. J. J. Stevenson, and Mr. M. C.
Read, all 0f whom have been engaged in the study of the geol-
ogy of the counties within the coal-area. Their observations
go fully confirmed mine that the numerical arrangement of the
lower group of coals may be accepted as applicable, at least to
the northern balf of our coal-area, though more extended ob-
servations have led me, for convenience sake, to make a slight
change in the numbering of the beds; viz., No. 4, the coal-
seam lying between the two lowest limestones, proving of
workable thickness over a less considerable area than was at
first supposed, and No. 5 a, above the upper limestone, having
a wider range; our former No. 4 is now 3 @, and No. 5 g is
No. 5.

“The Barren Coal-Measures are better shown in the north-
ern than in the southern part of the State, though the horizon
which they occupy is well marked from the centre of Columbi-
ana County, southwesterly to the Ohio River, and, as I have be-
fore stated, red shales form a feature in the strata of this horizon,
by which it may be recognized by the most cursory observation.
The Barren Coal-Measures have their most perfect development
in Jefferson County, below Steubenville, where all the interval
between No. 6, the Upper Freeport coal, and No. 8, the Pitts-
burg seam, an interval from 503 to 534 feet, is without a work-
able or even noticeable seam of coal. Going west and south
from this region, however, the Barren Measures become less
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barren ; No. 7 becomes a constant and important seam in the
valleys of the Tuscarawas and its tributaries, while 7 @ and 79,
wanting north and east, are introduced, and become locally of
workable thickness. '

“The Pittsburg seam, our No. 8 (H), is recognized as the first
of the upper series of coal-seams. Its line of outcrop as traced
by Prof. H. D. Rogers is essentially correct. It first appears on
the west side of the Ohio, on the hill-tops of the northern part
of Jefferson County and the southeastern corner of Carroll
County. Thence it sweeps out through Guernsey, Muskingum,
Morgan, Athens, and Meigs, to Pomeroy. On the Ohio River
it outcrops for 36 miles in all the hills between Steubenville
and Mound City, which is 13 miles below Wheeling, coming
up again at Pipe Creek. In thickness it varies from four feet
to eight, usually with two partings, which sometimes separate
the coal into three distinct seams. In quality the coal is subject
to considerable local variation. It is everywhere a caking coal,
and in many places could hardly be distinguished from that of
the second level of the Youghiogheny.

‘ Above the Pittsburg seam we havein Ohio a thickness of
300 or 400 feet of the upper coal-measures; but as the trough
of the Alleghany coal-field lies in West Virginia, between
Morgantown and Wheeling, our section does not reach to the
summit of the series. We have enumerated four coal-seams
above the Pittsburg, in Ohio, three of which are thought by
Prof. Stevenson to respectively correspond with the Waynes-
burg, Sewickley, and Redstone.’ In addition to these there are
two or three minor seams which locally assume some impor-
tance. On the whole, the upper coal- measures in Ohio, even
including the Pittsburg seam, are greatly inferior in importance
to the lower coal-measures, both as regards the area they
occupy and the coal-seams which they contain. An interest-
ing feature of the upper coal-measures is the great mass of
limestone associated with the Pittsburg seam, which sometimes
attains a thickness of 70 feet, and in greater or less force is
always coextensive with that seam. It should also be said that
the upper coal-measures contain strata of hydraulic limestone,
which yield a cement equal in quality to any produced in the
country. This cement is now largely manufactured by Messrs.

! Probably Nos. 82, 23, and 22, in the section.
. 22
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Parker & Son, at Barnesville, Belmont County, and, so far as
quantity is concerned, the wants of the entire country could be
supplied from this source. The fire-clays of the upper eoal-
measures are apparently less valuable than those of the lower
series. At least none of the plastic clays have been shown to
be equal to that underlying coal No. 3, which is the basis of an
industry yielding an annual revenue of more than a million
dollars, while the non-plastic fire-clay underlying No. 5 (similar
to the Mount Savage), so valuable an element in the manufac-
ture of fire-brick, seems to have no representative in the upper
coal-measures.”

The Coal-Trade.—The Commissioner of Statistics, of Ohio,
reports the following table of the amounts of coal mined in this
State for a series of years, as determined by his own inquiries,
and by the reports made by assessors.. The commissioner ex-
presses the opinion that these estimates are. all too low, and
that some better system of collecting statisties of this vital
branch of productive industry should be adopted :

Bushels. ‘Tons. YEAR. Bashels. Tons.
857,809 075,519 1867 ..o.ccvnnnnns 820

AR e | o
&m& 1,371,614 1809 ..cccvtennnee 057 2,198,208

In Pennsylvania a more successful system for the collection
of mineral statistics was begun in 1872, by the collection of
reports from railroad companies of the coal carried and con-
sumed by them, supplemented by reports from mines, of which
the product was used where mined.

Prof. Andrews enumerates a number of localities in the
southern part of the coal-field where coal is mined. At Pom-
eroy and Syracuse, in Meigs County, the production is esti-
mated at 9,000,000 bushels, or 360,000 tons. The immediate
vicinity of Pomeroy, including the West Virginia side, is esti-
mated at 480,000 tons.

In Athens County coal is largely mined at Nelsonville, and
the production has been rapidly increasing since the completion
of the Columbus & Hocking Valley Railroad.

Near Haydenville, in Hocking County, are the extensive
mines of Peter Hayden. Considerable coal is mined at various
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points on. the Marietta- & Cincinnati Railroad, in.Athens and
Vinton Counties. At Chauncey.and Salina, coal.for the .salt-
works, is obtained by shafts- from the Nelsonville seam. At
Jackson it is largely mined for the blast-furnaces. .At Petres,
coal used on the loeomotives of the Marietta.&; Cincinnati Rail-
road is extensively mined and for shipment. It is also.largely
produced at Carbondale, in Athens County, and at the Miami
Company’s mines on the line of the Zanesville & Cincinnati
Railroad, in Muskingum County. At Zanesville, and at various
points on the Muskingum River, coal is extensively mined for
local use, but little is shipped away from the immediate vicin-
ity. A considerable quantity is brought by rail to Hanging
Rock, and shipped by the Ohio River. At Sheridan mines, six
miles from Ironton, are extensive mines. On Duck Creek a
limited quantity is mined for local use, and it is pretty largely
mined and shipped in Guernsey County, near Cambridge, on
the Central Ohio Railroad. The United States census of 1870
reports the production of coal in the State of Ohio at 2,527,285
tons. |

All things considered, the coal-field of Ohio must be reck-
oned a8 second in importance only to that of Pennsylvania.
It occupies a noble central position in the country, and directly
on or near all the great through-lines of travel from the Atlan-
tic cities to the Western States. Its whole eastern border for
308 miles, from Little Beaver Creek to Pine Creek, is washed
by that fine navigable river the Ohio, while but a short dis-
tance north of it lies the chain of great lakes. Nature hasthus
supplied it with the best and cheapest water transportation.
The features of the country, too, are such as make the construc-
tion of railroads through all parts of this coal-field comparative-
ly cheap. Its coal-beds are numerous and of good size, near
the surface, easily discovered and traced ; mines can be opened
with little expense, and the mining requires but little labor.
‘With the exception of the block-coal of Indiana, there is no
other coal west of this State equal to that of Ohio in quality,
from the river Scioto to the Pacific Ocean. ¢The iron-district
lying between Marietta and Portsmouth exhibits a development
of the ores of the coal-measures equalled in no other part of our
country.” As manufacturers of iron, it may be said we know
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not what we shall be. No State in the Union is peopled
by a better population, and it is also one of our best agricul-
tural districts. There are important kingdoms in Europe
which do not contain within themselves the same elements of
prosperity, and the means for the support of so dense a popula
tion, as the State of Ohio.
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EASTERN KENTUCKY.

Kzxrtuoxy is the only one of the United States which con-
tains within its boundaries portions of both the first or Alle-
ghany and the third or Illinois coal-fields. The former covers
the eastern, and the latter extends into the western part of the
State. These eastern and western coal-fields should be sepa-
rately considered, the latter coming in properly after Indiana
and Illinois. ’

The approximate boundary of the eastern coal-field is defined
in general terms by Prof. D. D. Owen, in the ¢ State Geo-

“logical Report for 1856,”” running from south to north. Com-

mencing on the Tennessee line with the spurs of Poplar Moun-
tain, in Clinton County, where it throws off its outliers into
Overton County, Tennessee, taking in the southeastern corner of
Clinton County, it then takes a northeast course through Wayne
County, near Monticello. From the latter place the line runs due
northwest through Wayne and Pulaski Counties, by Wallace
Mountain and Sloan's Hill, to near the shoals of the Camber-
land River; thence to the Big Narrows of Rockeastle River;
thence up the valley of that stream nearly along the confines of
Laurel, Rockeastle, and Jackson Counties, to where they corner
with Madison and Estill Counties ; thence to where Contrary
Creek empties into the Kentucky River, three miles below its
three forks. Asa very general description, the line runs thence
with a northeast course through Morgan and Carter Counties
toward the head-waters of Tygart’s Creek ; thence down the val-
ley of the Tygart-to near its confluence with the Ohio. From
the survey afterward made, it appears, however, that the,valley of
the Kentucky River, from Irvine in Estill, to Proctor in Owsley
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County, is under the coal-formation ; also, the valley of the
Red River in Owsley as far east as nearly to Camptown, and
the valley of Licking River up to West Liberty, the coal-forma-
tion being confined to two long spurs separating the rivers
mentioned. (Se¢ map, p. 306.)

This coalfield includes 15 counties and parts of five others,
and, by the survey made by Joseph Lesley, Jr., in 1858 and 1859,
it contains 8,983 square miles. The boundary has a very tortu-
ous course, throwing off innumerable spurs, extending west of
the line described. -The sub-carboniferous limestone extends
along the whole line, but thickening southwestwardly from 70
feet on Tygart Creek to over 400 feet at the Poplar Mountain,
in Clinton County. Overlying the sab-carboniferous limestone
comes the millstone-grit formation, which may be divided into
two divisions, the lower-of which.is made up of alternating
sandstones and shales, enclosing beds of coal and iron-ore, and
~ the upper a massive, coarse-grained ferruginous sandstone, con-
taining pebbles. This upper sandstone is the conglomerate
proper, and the underlying strata are the sub-conglomerate,
coals, iron-ores, etc., constituting an important part of the treas-
ures of fuel in- this part of Kentucky. In the northern part
of the field, at Grayson, in Carter County, it is not over 90 feet
in thickmess, but it inereases in a southwest direction, until it
becomes 305 feet at the Tennessee line. This and the other
formations not only thicken but rise in the air in that direction,
being but 500 féet above tide at Grayson, and 1,700 feet in the
Poplar Mountain,

In this coal-field the measures admit of a subdivision into
two parts, of which the wpper corresponds with the lower coal-
measures of Ohio, West Virginia, and Pennsylvania; and the
other or lower being the sub-conglomerate coals found in all
the counties along the margin of the coal-field, and constituting
their only coal-seams. - The first or upper coal-measures, found
in the northern and eastérn districts of the field, eontain the most
valuable and thickest coal-beds, and are remarkably rich in ores
of iron, particularly in Greenup County, on the Ohio River.

The- general dip of the coal-measures of the eastern coal-field
is about south-southeast, or at right angles to the range of the
Pine Mountain. This mountain-chain, which ranges from the
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Shillalies near the Tennessee line, and the southern part of
‘Whitely County, near the confluence of Mud and Clear Creeks,
in a north-northeast course through Harlan County to the War
Gap, and thence to the Sounding Gap at the corner of Letcher
and Pike Counties, has been produced by a great dislocation
of the coal-measures, with a nearly uniform bearing, which has
heaved the sub-carboniferous limestone more than 500 feet up
into the Pine Mountain ; thus dividing the Eastern Kentucky
coal-field, by a vast longitudinal fault, into two zones, one lying
to the northwest and the other to the southeast of this moun-
tain. The former of these belts, though wider in Kentucky, has
a less elevation than the latter or southeast belt, which rises, in
fact, to a greater height than the Pine Mountain itself, being at
least 2,000 feet above the general drainage of the country, and
constituting the range of the Log Mountain, and the Big and
Little Black Mountains, skirting along the Tennessee line.

The entire thickness of the carboniferous rocks of the eastern
coal-field cannot be stated with accuracy, but it will probably
not fall short of 2,500 or 3,000 feet.

The analyses of some of the most important coals of this
coal-field show :

Moisture. .. coeveeesceccvccntacersecassncesnsss from 2to 7
Volatile combustible matter........cccc0eev.... from 82 to 88
Fixed carbOD.ccvevevrcscrcccrasionrvncnnnnas from 58 to 59
ABheS. . c.cenrnenacrsnsasaraseicatiastonenns from 1lto &

A brief survey of a few of the counties of Eastern Ken-
tucky covered by the coal-field will give the best general im-
pression as to the coal-deposits. The upper coal-measures of
this field (being the lower ones in Pennsylvania) will first be
considered. . The most northerly coal-producing county is
Greenup, and it is the only one on the Ohio River, except
Boyd, which is east of it.. Greenup County deserves the first
place in the whole State for its mineral wealth. It has in
abundance beds of iron-ore of excellent quality, thick seams of
fat cannel-coal ; and with this a most favorable position along
the Ohio River, which facilitates the transportation of the prod-
ucts of its mines. There are numerous veins of iron-ore
which cover the whole extent of Greenup County, and the
northern part of Carter County immediately south of it. This



344 EASTERN KENTUCKY.

deposit also extends into the southern part of Scioto County,
Ohio, the famous Hanging Rock region. Although they be-
long to the coal-measures, they can only be noticed here as
giving importance to the coal-beds found in the vicinity, some
of which, most fortunately, are of the peculiar kind required for
the manufacture of iron.

At Coalton, near Ashland, Kentucky, are large deposits of
coal remarkably free from sulphur, and which is used in the
raw state for smelting iron. The most important furnace in
Kentucky in point of production is the Ashland furnace on the
Ohio River, in Boyd County, which was built in 1869, and has
a yearly production of 12,000 tons. At the time of its erection
it was said to be the largest stack west of the Alleghany Moun-
tains, being capable of producing 40 tons daily. This furnace
uses the coal from the seam at Coalton. Several other furnaces
are projected in this region. A block-coal of & similar character
is reported on the Green River, in Western Kentucky.

In Greenup County there is evidence of an upraising of the
coal-measures against the Silurian rocks, proving a separation
of the great basin by an upheaval posterior to the formation of
the coal. Sixmiles west of Greenupsburg the sub-carboniferous
limestone is exposed at the top of a high hill about 400 feet
above the Ohio River. A strong dip to the east soon brings it
at the level of Tygart’s Creek, where it disappears. To the
eastward the general dip discontinues as far at least as the
mouth of the Big Sandy, and is replaced by gentle undulations,
of which the highest points are no more than 30 feet above
the general water-level of the country.

Greenup County may be regarded not only as possessing a
number of workable coal-beds, but as having probably the
thickest strata of cannel-coal in Kentucky. Numerous sections
are given in the fourth volume of the State survey, at various
localities in Greenup and Carter Counties, particularly at the
iron furnaces. There is no question about the general dis-
tribution, and the convenient accessibility for mining of the
coal-beds, of which the following general section will give a very
correct idea. The errors committed in regard to the coal-strata
in Kentucky only applied to the western coal-field. The re
ports of the Eastern Kentucky field are correct in that respect.
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The upper coal-measures of Ohio and Pennsylvania are not
found in Eastern Kentucky, the southern boundary of that
formation crossing the river from Ohio into West Virginis,
farther north. The following is Mr. Lesquereux’s general sec-
tion for Greenup and Carter Counties in the descending order.
For the sake of uniformity, however, the coal-beds are here
designated by the letters used for the corresponding seams in
Pennsylvania, Ohio, and. West Virginia, placed between
parentheses :

STRATA. Coal, foet, | Rook, feet, STRATA. Coal, fost. | Rock, foet.
Mashoning Sandstone..... 50
Limostone....cevcseecns. Stolg Coal (0). 010.......... 8to ¢ 2
Coal (E). G, &d......... 8t ¢ Blue block-0r0....000....
40 ||Coal (D). Curereerenannenen 101n.
Bastard Limestone....... % 2
Yellow Kidney I. O...... Coal (B). Cl........c... 4to 6
. 10 ||Shales..... ..coonueen o0 80 t045
Lime Kidney....ocoaenes - Coal (A), (01 A)......... 8 ©
Coal (D). C2d.......... 8to ¢ Kidney Ore.........ce0e0 6in.
Bhex( Ore........ © Block Ore...ccucvuasvecss ul,to 8
Yellow Kidney.......... 50

No trace of coal has been found in Greenup County below '
the millstone grit or conglomerate.

In Lawrence, Johnson, and Floyd Counties, which are
situated south of Greenup and Boyd, along the east line of the
State, on the Big Sandy, next the West Virginia line, coal A is

.found two to three feet in thickness ; B is four to six feet thick ;
D is 24 to four feet, and E is five feet. Prof. Owen reports the
best exposures which he had seen of these coal-measures on the
Big Sandy, in Lawrence County, above the mouth of its Louisa
or West Fork, and in Floyd County, in the vicinity of Preston-
burg, on the same stream, where are four or five different coal-
beds. In Lawrence County, south of Louisa, on the Big Sandy,
he found six or seven beds of coal, measuring, in the ascending
order, two feet, three feet, four feet, 24 feet, four feet two inches,
3% feet, and above that a seventh, a cannel-coalbed. In Johnson
and Floyd Counties, in other places, he found five or six coal-
beds. Near the line between Floyd and Pike Counties numer-
ous beds are seen, the main coal consisting of three members,
of the united thickness of 7§ to eight feet. The analysis of the
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evtde of Fiord and Juinsom Courties shows fiam 30 to 35 per
ol of voitde master, and 64 10 65 per cent. of carbom, the
perveziage of ashes belng very smal. snd it is but little
Gurped m form i burning. Prafs James Hall and B. Silli-
man. Jr., made aa explarstion of the country alomg the Tug
F .k of 1ve Pig Sancy, on the Ene between Kemtacky and
West Virginia, south of Louiss, and report five seams of coal
from tivee to four feet thick, and one of them eight feet, sab-
civided 1210 1iree parte by tiin seams of slste. This is its size
and description at Warfed, an Tag River.

Morgan and Breatlint Counties also certainly have a great
aburdanse of oual Mo*ngountvhntwobedsdmﬂhelow
the ovnglomerate, one of two feet, and the other six inches,
situasted 15 feet above the first.  Those above the
are: A two to three feet; B, four to six feet; C 3d (D), three
to four feet; and C 3d (Ey three to five feet. In Breathitt
County the section begins above the oonglomerate, and its
upper oval is at & greater height above the lower, showing 2
tLickening of the coal-measures in going southwest. In
PreatLizt County, about the centre of the field, coal A is two or
three feet ; B, from four to six feet; C is six inches ; C 2d (D),
one to two feet ; and C 3d (E), four to five feet thick.

The foregoing will convey & correct general idea as to the
natural exposures of the coalbeds in the extreme eastern
counties of Kentucky, and will throw some light also on the al-
most unknown district in the southern part of West Virginia.
Much remains to be done in the exploration of all this very ex-
tensive wilderness country, not only as to its coal-beds, but in
regard to its topography, in reference to the building of rail-
roads to bring its coal to market.

The boundary between the portion of the field containing
the coal-measures resting upon the conglomerate, and those
counties which only have the sub-conglomerate coals, has not
been defined. The west border of this Eastern Kentucky coal-
field was surveyed, and it was ascertained that it only has the sub-
conglomerate coals, of which the lower seam is generally about
two feet thick at ite maximum, and the upper one not exceed-
ing one foot, and generally less, with s tendency to an increase
in the thickness of the coal-measures, and the number and size
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of the coal-seams, a8 we-pass toward the northern line of Ten-
nessee.

On the western edge of the eastern coal-field the con-
glomerate varies in-thickness from 75 to 300 feet, attaining its
highest point in -Owsley. In Rockeastle County it measures
240 feet.. Northward, in Greenup. County, it thins out ¢on-
siderably; and mearly disappears, as on Tygart Creek. Six miles
northwest of Grayson, from the top of the millstone grit to the
sub-carboniferous  limestone is only 80 feet. From Greenup
County northward through Ohio, in following the western
edges of the eastern coal-field, after arossing the -river above.
Portsmouth, the conglomerate again thickens to 300 feet in
Hoeking Valley, then thins out to a few feet in Licking County,
near Newark, and thus it continues in undulations to its north-
ern terminus, where it is- 100 to 150 feet. By the recent
survey of Ohio, the conglomerate, a8 it appears around the
margin of that coalfield, is.even less in thickness, and more
irregular than the above -description.” From this, and the un-
equal distribation of the coal below the conglomerate, it is
evident that the sub-carboniferous measures were broken and
much diversified in-their general level by curr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>