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ECONOMIC GEOLOGY OF COAL.

SURFACE AND STRUCTURAL GEOLOGY.

INTRODUCTION.

1278. Economic Geology is that department of
natural science which treats of the structure of the earth s
crust in its relation to its mineral products.

1279. The Economic Geology of Coal treats of the
deposition, formation, and occurrence of coal, the shape and
character of the coal deposits and their accompanying strata,
and the nature and the history of the adjacent formations,
as far as it will assist in mining.

It is as important that practical men should know what
strata do nof contain coal, as to know what strata do; there-
fore, we will briefly describe the formations below and above
the coal measures.

1280. Dynamic Geology treats of the natural forces
that operate in changing and modifying the structure of the
earth’s surface. These forces are known as atmospheric,
agqueous, igncous, and organic.

1281. Atmospheric action disintegrates rocks and
forms soil.

1282. Aqueous action, or the action of water, is either
mechanical or chemical. Rivers, oceans, and ice exert
mechanical force, and mineral waters cause chemical changes.

1283. Igneous action, or the action of heat, aids in
the elevating of and the depressing of the sea bottom, and
in the production of the inequalities of the earth’s surface.
All crust motion is due to the interior heat of the earth.

§11
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2 ECONOMIC GEOLOGY OF COAL. §11

1284. Organic action was the cause of vegctable
accumulations, forming coal and bitumen, and of animal
accumulations, forming limestones.

" 1285. In Fig. 352 is shown an ideal section of the
carth’s crust. The references are as follows:
A, Recent Formations; /5, Quaternary Formations;

F16. 3.

C, Tertiary; D, Mesozoic; £, Carboniferous; F, Dcvonian;
G, Silurian; A, Cambrian; /, Pre-Cambrian; /, Laurentian;
K, Molten and Igneous Rocks. 1, Coral Rcef; 2 and 3, -
Granite Intrusion; 4, Laccolite.

_THE EARTH’S CRUST.

12886. The outer surface of the earth is a cool crust
covering and enclosing incandescent matter in the interior.
This crust consists of a solid structure with an irregular sur-
face, consisting of mountains, plains, and valleys. The
deepest depressions are filled with water and form the oceans
and lakes. '

1287. The mean temperature of the whole carth’s sur-
face is about 58° Fahrenheit, the northern hemisphere being
about 60° Fahr., and the southern hemisphere 56° Fahr.
There is in every locality a daily and an annual variation of
temperature. The depth at which there is no daily variation
is but a foot or two below the surface, but the depth of
tnvariable temperature in temperate climates is about 60 or
70 feet. At the equator the depth of rnvariable temperature
is only one or two feet from the surface. In high latitudes,
approaching the poles, the depth of invariable temperature
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increases and probably exceeds 100 feet. Bencath the depth
of invariable temperature the temperature of the rocks in-
creases for all depths to which it has been penetrated. This
rate of increase, however, is not uniform in alllocalities. It is
sometimes faster in one locality than in another, all depend-
ing on the conductivity of the rock penetrated. Observation
has given us the fact of increase, but no law. The following
formula gives results conformable with the general results of
observations:

D —19.68
T = 50.68 4 =,
where 7 = temperature in degrees Fahrenheit;
D = depth penetrated.

The mean density, or specific gravity, of the earth, as a
whole, has been determined by several different methods at
about 5.6, considering the density of water as 1. The den-
sity of the materials forming the earth’s surface, leaving out
water, is not more than 2.5. It is evident, therefore, that
the density of the central portion must be more than 5.6.

(83.)

STRATIFIED ROCKS.

1288. Stratified, or sedimentary, rocks consist, for the
most part, of sand and mud thrown down originally either
at the mouths of rivers along the sea-shore or in lakes. The
materials vary greatly in degrees of fineness. The coarsest
is a mass of rounded pebbles formed along a rocky shore.
When these shingle pebbles are cemented together by a fine
material they form conglomerate. Sand beds are composed
of minute, loose, angular stones, accumulated before their
corners were rounded. Gravel consists of loose rounded
stones, or pebbles. Breccia consists of angular stones
consolidated.

Stratified rocks are of three kinds, arcnaccous, argillaccous,
and calcareous, and a fourth, organic, may reasonably be
added.

1289. Arenaceous rocks, in their incoherent state,
are sand, gravel, shingle, rubble, etc., and in their
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1296. These arenaceous, argillaceous, calcareous, and
organic materials, or sands, clays, lime, and vegetable
matter, may gradually combine with each other to form the
argillaceous sandstones, calcareous sandstones, calcareous
shales, marl, and organic shales.

There is abundant and conclusive cvidence that stratified
rocks are more or less consolidated sediments. Beds of clay
and mud, and sand, may be traced, by almost insensible
gradation, into shale and sandstone.

. The cementing material, such as carbonate of lime, silica,
or oxide of iron, present in percolating water, accounts for
the consolidation of sediments into rocks.

In many cases rocks have been deposited with extreme
slowness. In proof of this statement, shales are found the
lamination of which is beautifully distinct, although each
lamina is no thicker than cardboard. Each lamina was
separately formed by alternating conditions, such as the
rising and falling of tides or the flood and fall of rivers.

1297. Stratified rock must have been originally nearly
horizontal, as such a position would naturally be assumed
by all sediment in obedience to the law of gravity. It may,
therefore, be assumed that
highly inclined or folded
strata have been changed
since first deposited and
consolidated. The planes

FicG. 353. separating strata were not
originally all horizontal, nor was each stratum always of
uniform thickness. Each stratum, when deposited, should
be regarded as a widely expanded cake, thickest in the
middle and thinning out at the edges, and interlapping

| there with similar cakes. In Fig. 353, ¢ is sandstone and
conglomerate, and 4 is limestone.
i In fine materials, strata assume the form of extensive
‘ thin sheets, while coarse materials thin out more rapidly,
and are more local.
The oblique lamination is a most important exception to
.the law of horizontality, and is considered a phenomenon.
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Oblique lamination is due to rapidly shifting currents
bearing lots of coarse materials, or to chafing of waves on an
exposed beach. Fig. 354 is an example.

F1G. 354,

1298. Elevated, Inclined, and Folded Strata.—
Assuming that stratified rocks were deposited as sediment
at the bottom of water in a nearly horizontal position, it is
evident that some great force has been at work changing
the position of therocks composing the earth’s crust. These
rocks are found in the vicinity of the oceans, but more often
in the interior of the continents, high up on the mountains;
sometimes they are horizontal, though high up; sometimes
the strata at this elevation are still soft, but, as a rule, of a
stony nature. In the mountain regions the strata are tilted
at all angles, folded, contorted, overturned, broken, and
slipped, so that it is difficult, in many instances, to deter-
mine their original order of superposition.

B
N.E B A A SW
F1G. 355.

The outlying coal fields of Western Pennsylvania show
clearly how strata, high up in the mountains, are found in a
nearly horizontal position. (See Fig. 355.)

1299. Dip and Strike.—The dip of strata is their in-
clination from a horizontal plane. Fig. 356 shows strata
dipping southward about 45°. The angle of dip is mecasured
by a clinometer, and the direction of dip by a compass.
The two instruments are often conveniently combined in
one.

The strike of strata is the line of intersection of the strata
with a horizontal plane. It is always at right angles to the
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When strata terminate abruptly in a bold, bluff edge,
they form an escarpment.

F1G. 860

When any strata can be seen at the surface, the exposure
is called the outcrop.

1302. Conformity and Unconformity.—When
strata lie upon each otherin parallel order, as at &, Fig. 358,
they are termed conformable; but when one set inclines
upon another at a different angle, they are termed uncon-
formable. (Seed and f, Fig. 358.) When strata are bent
and twisted, they are termed contorted. (See ¢, Fig. 358.)

1303. Geological Formation.—A group of strata
conformable throughout and containing similar fossils or
organic remains, and separated from other conformable
groups by a line of unconformable rocks, is called a geo-
logical formation.

1304. Concretions.—There is a chemical process
common in stratified rocks which results in the formation of
nodules, or concretions. TFor example, the flint nodules
in chalk are due to the presence, among the chalk, of small
shells, sponges, etc., which were chemically acted upon by
percolating water and formed into flint nodules.

In many stratified rocks, nodules of various kinds are
found, scattered through the mass, or in layers, parallel to
the planes of stratification, or in groups, sometimes so
thickly deposited as to form local patches of stone or gravel
beds. The structure, like slaty cleavage, is the result of
internal changes subsequent to the sedimentation, for the
planes of stratification frequently pass through the nodules.
The clay iron-stone nodules of the coal strata are familiar
illustrations of this structure.
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These nodules, or concretions, take quite a variety of
shapes and are of all sizes up to many tons in weight. They
frequently have a network of cracks inside, which may be

FicG. 861, Fic. %62
filled with different minerals. In coal beds, they are the
nigger-heads and sulphur balls. In shales, there may be
nodules of siderite or clay iron-stone. In limestone, the
nodules are always silica. In sandstone strata, the nodules
are commonly carbonate of lime or oxide of iron—lime or
iron balls (Figs. 361 and 362).

The bending up and down of strata, quite locally, is some-
times due to the presence of large concretions, which, in
process of formation, seem to have swelled the strata or
pushed them away. (See Fig. 363.)

During the formation of coal, stumps
and logs were floated off into lakes, to =
sink and become buried in the accumu- %<3
lating vegetable débris, or in deposits Fic. 363,
of detritus, and some of these stumps may have carried
large stones which they finally dropped and so put an occa-
sional ‘‘boulder” into the forming beds. These boulders
must not be confounded with concretions.

ORIGIN AND DISTRIBUTION OF FOSSILS.

1305. Shells were imbedded in shore deposits, leaves
and logs of high land plants and bones of land animals were
drifted into swamps and buried in mud, and tracks were
formed on flat muddy shores by animals walking on them.
These have been preserved with more or lesschange. They
are called fossils. There are multitudes of different fossils
scattered through all the stratified rocks, but every group
of rocks carries its own peculiar fossils, so that from the
knowledge of them the truest key to the different formations

is placed within our reach.
F. 11.—-2
-y
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Sand beds, mud beds, clay beds, pebble beds, and lime-
stone beds all over different parts of the globe may have
been forming during the same geological era.

A stratum of one age may rest upon any stratum in the
whole series below it. For example, the coal measures may
rest on the Archean, Silurian, or Devonian, and the Juras-
sic, Cretaceous, or Tertiary on any one of the earlier strata,
the intermediate strata being entirely wanting.

The second object to be attained by classification is the
division and subdivision of the whole series into larger and
smaller groups, corresponding to eras, periods, and epochs
of time.

The Geological Chart for North America gives an outline
of the classification referred to. This classification is very
important in the study of the Economic Geology of Coal.

UNSTRATIFIED, OR IGNEOUS, ROCKS.

1308. Igneous Rocks, which form thesecond class,
are much more complex in structure and composition than
aqueous, or stratified, rocks. They contain a great variety
of minerals, and the minerals themselves are of great com-
plexity. They are distinguished from stratified rocks by
the absence of true stratification, by the absence of fossils,
and by the difference in the mode of their occurrence.
They are due to heat in some form.

1309. Igncous rocks occur underlying all the strata
(see K, Fig. 352), forming the axes and peaks of nearly all

Fi16. 864.

.

great mountain ranges (/, Fig. 352). They also occur in
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shapes. These cracks are called joints. In stratified rocks
the plane between the bedding constitutes one of the three
division planes, which is called the bedding plane, while
the other two are nearly at right angles to the bedding plane
and to each other. They are true joints, sometimes called
slips, and are known among mining men as butt cleat
and face cleat. In some stratified rocks one of these last
joints is well defined while the other may be rather irregular.
In Fig. 368 the face cleat is shown at A, the butt, or end,
cleat at B, and the bedding planes at D.

Fig. 369 shows slips, or cleats, as they appear in differ-
ent coals. They are: ROOF
(a) Inclined cleavage;
(&) vertical cleavage;
(¢) irregular cleavage;
(d) rhomboidal cleav-
age; (c) cone-in-cone
cleavage; (f) shelly
cleavage.

In sandstone, the
blocks formed by these
joints are large and irregularly prismatic; in slate, small,
confusedly rhomboidal; in shale, long, parallel, straight; in
limestone, large, regular, cubic.

In stratified rocks, these joints are all probably due to
shrinkage in the act of consolidating from sediments, and in
metamorphic rocks to shrinkage in cooling.

Fissures and fractures must not be confounded with joints;
fissures are fractures in the earth’s crust passing through
several strata, instead of but one, as in the case of joints.
Joints were probably produced by shrinkage and other causes,
but fissures were produced by movements of the earth’s
crust.

SEANM )

1317. Cleavage.—Cleavage, in geology, has a differ-
ent meaning from joints. Dana says: ‘‘Slates are often
transverse to the bedding, that is, they often cross the
layers of stratification more or less obliquely, instead of con-
forming to the layers, or bedding. Cleavage is, in this
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intermediate depressions by soil, so that the rocks are visible
only at long intervals, asin (), Fig. 372. Many of the diffi-
culties in the study of rocks arise from this cause.

1327. In coal mining, the work of denudation is seen
in wants or wash-faults, *‘ pot-holes,” etc. The latter (pot-
holes) are deep hollows or excavations in the rocks, made by
the grinding action of hard boulders agitated by turbulent
water in the glacial period. Since formed, they have be-
come filled in with stones, sand, and mud, and may be be-
neath rivers and lakes; hence the results of denudation
sometimes seriously affect coal mining operations in an un-
expected way. (Nanticoke, Pa., disaster in 1885.)

Denudation then is the opposite of deposition, but as
deposition somewhere must go on at an equal pace with de-
nudation there is no actual loss or waste of matter; it is
simply the process of moving material from one place to
another—tearing down one kind of rock to build up one of
a totally different kind in a different locality.

1328. Another result or effect of denudation is that
the accumulation of strata, composed of denuded older
rocks, causes subsidence of the original crust over the area
on which such new strata are deposited, and a correspond-
ing elevation of the area denuded.

Applying this principle to mining, we may assume that
the roof will cave in sooner, or to a greater extent, if a
heavy culm pile exists over the worked area than if no culm
were there to add.to the weight. And where the floor is
soft when the coal is removed, the bottom will rise, because
the weight has been taken off it.

It does not follow that because a lower coal seam has been
denuded locally, overlying ones will be similarly affected.
This will usually depend upon what the want is filled up
with; if with coal-measure material, then the upper seam
will probably remain intact—undisturbed; but if sand,
gravel, boulders, clay, etc., are there, the chances are the
top coal is not there.
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Extremely rare instances are on record of coal seams be-
ing denuded from underneath. Fig. 373 will illustrate what
is meant.

In Belgium there are quite a number of open or empty
pits, or a very deep kind of pot-holes traversing the coal
measures, but they do not always extend upwards to the
surface or even to the highest stratum of the coal measures.

F1G. 878,

Some form of denudation would seem to have produced
them.

1329. Thinning Away of Strata—Overlap.-—It
sometimes happens that two lines of outcrop come together,
owing to the complete thinning away of the intermediate
strata, and the conjoined outcrops may then be traceable for
a long distance without further change. Instances of this
kind sometimes occur among coal seams.

When the sea encroaches on the land, wearing away the
cliffs and spreading out their waste materials in the form
of shingle and sand upon thc beach, the upper beds will
spread over and cover up the lower ones.

This structure may frequently be met with along the
margins of formations deposited in regions which at one
time underwent gradual submergence.

¥ 11—3
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HISTORICAL GEOLOGY.

PREHISTORIC ERAS.

INTRODUCTION.

1330. The earth’s history is divided into geological
eras, ages, periods, and epochs, and nature has recorded
these in separate rock systems, rock series, rock groups, and
rock formations. In geological history the eras and periods
shade insensibly into each other; nevertheless, there have
been times of revolutionary change. The divisions of time,
especially ages, are characterized by the introduction and
culmination of successive dominant classes of organisms,
the highest expressions of carth life. Thus, we have an
age of mollusks, an age of fishes, an age of reptiles, in
which these were in their turn the dominant class.

Unconformity of the rock system and change in the life
system are the two modes we have of dctermining and
limiting eras, ages, periods, etc. Unconformity indicates
blanks in the known record furnished by the rock system,
rock series, and rock formations, but the most important
changes in the life system of the eras, ages, periods, etc.,
ought to, and usually do, correspond with the unconformity
of the rock system. When there is discordance, as there
sometimes is, we should rather follow the life system than
the rock system.

1331. There are five eras with corresponding rock
systems in the earth’s history, viz.: (1) Archean, or Eozoic
(dawn of animal life), embodicd in the Laurentian system;
(2) Paleozoic (old life), embodied in the Paleozoic, or
Primary system; (3) Mesozoic (middle life), recorded in
the Secondary system; (4) Cenozoic (recent life), recorded
in the Tertiary and Quaternary systems, and (5) Psychozoic
(or era of mind), recorded in the recent system.

These grand divisions, with the exception of the last, are
founded on almost universal unconformity of the rock
system, and a very great and apparently sudden change
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Lesley; the beds are numbered in accordance with their
succession, beginning below, the lowest being given first:

Feet.
A. Millstone grit (sometimes called Farewell rock) ?
1. Coal No. A, with 4 ft. of shale................ 6
2. Shell and mudrock..............cooviiiinat, 40
3. Coal No. B (of mammoth bed of central Pa.)... 3-5
4. Shale, with some sandstone and iron ore....... 2040
5. Fossiliferous limestone....................... 10-20
6. Buhrstone and iron-stone..................... 1-10
7. S8hale ... ... 25
8. Coal No. C, the Kittanning cannel............ 33
9. Shale—soft containing two beds of coal 1'-14'..75-100
10. Sandstone.............coiiiiinnn.. e 70
11. Coal No. D, Lower Freeport.................. 2-4
12. Slaty sandstone and shale..................... 50
13. Limestone........coiiviiiiiiiinirnnniennnens ¢-8
14. Coal No. E, Upper Freeport.................. 6
15. Shale ..ottt it i 50
16. Mahoning sandstone................ccoeinians 75
17. Coal No. F. ..ot 1
18. Shale, thickness considerable.................. ?
19. Shaly sandstone.............. ..o, 30
20. Red and blue calcareous marlytes............. 207
21. Coal No. G...oiiiiiiiiiii ittt iiineeen 1
22. Limestone, fossiliferous....................... 2
23. Slateand shales................coiiiiiiia, 100
24. Gray clayey sandstone...............ccounn... 70
25. Redmarlyte............oooiiiiis o, 10
26. Shale and slaty sandstone........ ............ 10
27. Limestone, non-fossiliferous. .................. 3
28 Shales.......cooiviiiiiiiiiiiiiiiiiiiiiiia., 32
29. Limestone..........cooiiiiiiieniiiinneens 2
30. Red and yellowshale..................... ... 12
31. Limestone.........ouuiiiiieiiiiiennnnneennnas 4
32. Shaleandsand....................iiii, 30
33. Limestone, with bands of spathic iron ore...... 25

34, Coal No. H, Pittsburg...............covuvnn 8.9
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formed the humus or vegetable mold found in all forests.
This substance would increase without limit were it not that
its decay goes on simultaneously with its formation. But
in peat bogs and swamps, the excess of water and, still more,
the antiseptic property of the peat itself prevent complete
decay. Thus, each generation takes from the air and adds
to the soil continually and without limit. The soil which is
made up entirely of this ancestral accumulation continues to
rise higher and higher, until the bog often becomes higher
than the surrounding country, and, when swollen by unusual
rains, bursts, and floods the country with black mud. A
bog is, therefore, composed of the vegetable matter of
thousands of generations of plants. It represents so much
matter drawn from the atmosphere and added to- the soil.
Insuch cases, besides the material deposited from the growth
of vegetation, the accumulation may be partly also the result
of organic matter drifted from the surrounding surface soil.”

Peat is disintegrated and partially decomposed matter
composed of carbon, with small and variable quantities of
hydrogen, oxygen, and nitrogen.

Dana says: ‘‘There is no reason to suppose that the
vegetation was confined to the lower lands; it probably
spread over the whole continent (American Continent) to
its most northern limits. It formed coal only where there
were marshes, and where the deposits of vegetable débris
afterwards became covered by deposits of sand, clay, or other
rock material.”

1346. The theory that coal has been accumulated by
growth of vegetation 7u situ, as in peat swamps of the pres-
ent date, is supported by the purity of the coal in some
of the coal fields of America, the ash not being greater than
would result from the plants of which it is composed. In
extensive peat swamps, absolutely pure vegetable accumu-
lations, unmixed with sediment, occur; but in buried rafts
of drifted vegetable matter of any kind, there must be a
large admixture of mud. The theory is further supported
by the most complex and delicate parts of the plants, in
their natural relation to each other, being preserved.
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posited on top, and as far as it could reach (for depth of water
and other conditions prevailing at the time) towards A.
Then came the formation or accumulation of the upper

4 F B
Fi1G. 878.

bench of coal right over the top of both coal at 4 and strata
at 5, and of course beyond, until conditions changed again.

In Staffordshire, England, the ‘“ Ten Yard” coal has been
proved to split up in a N E direction into no less than ten
separate seams of coal in 500 feet of strata, and this in a
distance of only five miles.

Fig. 377 is a section of a 30-foot coal seam C C which is
replaced by 60 feet of rocks and slates at 4 B. The lower

o l"
ol D

FiG. 8m7.

seam /) D is also cut out and replaced at /3 by the same
horse.

This horse measured 1,200 feet by 804 fecet by 60 feet
thick in the middle, tailing or thinning out on all sides to
nothing.

1348. The Gradual Change from Wood to
Anthracite.—To illustrate the gradual change in compo-
sition in passing from wood to peat, to lignite, to bitumin-
ous, and to anthracite, Dr. Percy gives the following table.

In this table Dr. Percy gives the proporticns of hydrogen,
oxygen, etc., to each 100 parts of carbon:

F. 11—}
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Kansas and Nebraska. The Illinois and Missouri areas are
connected only through the Sub-Carboniferous rocks of the
Carboniferous Age. But it is probable that formerly the
coal fields stretched across the channel of the Mississippi,
and that the present separation is due to erosion along the
valley. Area, 98,000 sq. miles.

6. Acadian coal field, or the Nova Scotia and New
Brunswick Area.—This is a large area on both sides of the
Bay of Fundy. Estimated area, 18,000 sq. miles.

Besides these in the Carboniferous Age, there are the
following barren, or nearly barren, areas:

1. The Rocky Mountain and Pacific Border region, em-
bracing the Great Basin and Summit Area, containing parts
of Montana, Wyoming, Colorado, Utah, and Nevada. Also,
the California area in Northern California.

2. The Arctic Region: on Melville Island and other
islands between Grinnell Land and Banks Land, on Spitz-
bergen and on Bear Island, north of Siberia.

Other American coal fields will be described when treat-
ing of the Cretaceous and other formations.

1350. Plication.—Coal seams and the strata contain-
ing them were originally horizontal and continuous; but
they are now found sometimes horizontal and sometimes
dipping at all angles, and folded in a most complex manner.
In the Appalachian region, especially in the anthracite dis-
tricts of Northeastern Pennsylvania, the strata are much
disturbed and the coal seams interstratified with them are

tho. 378,

often nearly perpendicular, as shown in Fig. 378, which is a
section of a coal basin at Panther Creek, Pa.
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(the Permian), many leaves of record have been recovered,
while in the other fntcrvals,

not a leaf of record has been

discovered.

Until recently nothing of j
interest in the American
Permian has been found, ex-
cept a few shells, but Europe 4
furnishes a larger number of %
fossils. Permo-Carboniferous
furnishes coal in North
America, Bohemia, and in
France.

In Fig. 382 are shown
specimens of the Permian
fossils. They are:

A and B,walchia piniformis
(Permian of Europe); C,
eumicrotis hawni; D, gaster- Fio. 88
opod; E, bakewellia parva; F, pleurophorus subcuneatus;
G, myalina permianar; /, pseudomonotis; /, platysomus
gibbosus; /, restoration of paleoniscus.

N

MESOZOIC ERA, OR AGE OF REPTILES.

1356. This era is divided into three periods:

1. Triassic, because of its three-fold development where
first studied in Germany.

2. Jurassic, because of the development of its strata in
the Jura mountains.

3. Cretaceous, because the chalks of England and
France belong to this period.

In Europe the Triassic formation is more distinctly sep-
arated from the Jurassic than in America, and they are,
therefore, spoken of in this country as the Jura-Trias, or
Triasso-Jurassic.

1357. Triassic.—See Jura-Trias.

13588. Jurassic.—In the Jurassic are reproduced on a
large scale the conditions favorable to luxuriant growth of
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formations, but, as a whole, they are less frequently metamor-
phic than the older rocks.

By referring to the Geological Chart for North America,
it will be seen that the Cretaceous is divided into Upper
and Lower, but it might conveniently be subdivided into
Upper, Middle, and Lower. These subdivisions are local.
In Europe, nearly everywhere, the Tertiary is unconform-
able on the Cretaceous, but in America, there is a transi-
tion period between the Cretaceous and Tertiary, called the
Laramie; sometimes it is included in the Upper Cretaceous.

1364. Laramie-Cretaceous.—This, excepting the
Carboniferous Age, contains the largest coal field in the
United States and Canada.

1. Plateau Coal Field.—This valuable field covers most
of the Laramie plains in Montana and Wyoming, and
stretches into Utah. The area must be very great.

2. Coal Field of the Plains.—Of great area in Dakota,
and extending into Assiniboia, Saskatchewan, Alberta, and
Athabasca in British America. Area, enormous.

3. New Mexico Coal Field. .

4. Kansas-Colorado Coal Field.—A large- coal field cov-
ering the greater portion of Western Kansas and Eastern
Colorado.

5. Pacific Coal Field.—This is comprised of the Seattle,
Carbon Hill, and Bellingham Bay areas in Washington.

6. British Columbia Coal Field.—The Nanaimo coal
areas of Vancouver’s Island.

7. Californian Coal Field.—Monte Diablo and Corral
Hollow areas in California.

8. The *Coahuila Coal Field.—Including all the coal

areas on the Sabinas River, at Fuente and San Tomas, in
the State of Coahuila, Mexico, and Eagle Pass, etc., Texas.

* There is a doubt as to whether the Coahuila coal is Laramie-
Cretaceous or Carboniferous.
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As there are no coal formations of any value above the
Laramie, it is scarcely within the province of Economic
Geology of Coal togo into the more recent ages; but the
leading fossils found in these recent formations are illus-
trated, as they are very useful as a guide to the prospector.

1366. Specimens of Tertiary fossils are shown in Fig.
387. They are as follows:
A, head of a sivatherium giganteum; B, tooth of zeuglo-

. F1G. 887.

don cetoides; C, head of dinotherium giganteum; /), ostrca
selleformis; E, fagus ferruginea, nut; /7, cinnamomum
mississippiense; G, leaf of sequoia langsdorfii; //, andromeda
vaccinifoliz affinis; 7/, fruit of sequoia langsdorfii; /, tino-
ceras ingens; K, L, O, nummulina levigata; A/, quercus
crassinervis; £, quercus saffordi; Q, carpolithes irregularis.

1367. Specimens of Quaternary fossils are shown in
- Fig. 388. They are:
A, mammoth (elephas primigenius), skeleton; 7, tooth of
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repeated many times. A section of the South Joggins coal
field, Nova Scotia, shows eighty-one coal seams, but only a
few are workable. In Westphalia, Germany, there are 117
seams. The aggregate thickness of all the seams in

Lancashire is 150 feet.

Pottsville, Pa., is 113 feet.

Western Coal Fields is 75 feet.

Westphalia is 274 feet.

Mons, France, is 250 feet.

The great anthracite region of Pennsylvania is largely
Lower Carboniferous or lower coal measures. However,
in a deep trough in the otherwise nearly horizontal out-
spread of Catskill formation, the coal measures of Carbon-
dale, Scranton, and Wilkes-Barre have been preserved.
They cross Luzerne County so deep in this trough that it
has retained not only the /lower and middle, but the upper
coal beds, above the Pittsburg bed, and even a remnant of
still higher rocks (containing Permian fossils).

The greatest development of the lower coal is in Penn-
sylvania, and of the upper in the States further west. The
highest beds of the series appear to occur west of the Mis-
sissippi, in Kansas, where they merge into the Permian.

The following is a section (by J. P. Lesley) of that part
above the Pittsburg bed (see Art. 1342) in Waynesburg,
Green County, Pa.:

Feet.
1. Shale, brown, ferruginous................. 30
2. Sandstone, gray andslaty ................ 25
3. Shale, yellow and brown.................. 20
4. Limestone—the great limestone south of
Pittsburg (including two coal beds, 2} feet
and1foot) .......... ... ...l 70
8. Shale andsandstone...................... 17
6. Limestone.......... .......coiviiinin... 1
7. Shale and sandstone...................... 40
8. Coal ..ttt e 6
9. Shale, brown and yellow.................. 10
10. Sandstone, coarse brown.................. 35
F. 1l.—5
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of 15 to 36 per cent. of water. The amount of hydrogen in
each is from 4 to 7 per cent. Both have a usually bright,
pitchy, greasy luster (whence often called Pechkohle in
Germany), a firm, compact texture, are rather fragile com-
pared with anthracite, and have a specific gravity of 1.14 to
1.40. The brown coals have often a brownish-black color,
whence the name, and more oxygen, but in these respects
and others they shade into ordinary bituminous coals. The
ordinary bituminous coal of Pennsylvania has a specific
gravity of 1.2 to 1.37; of Newcastle, England, 1.27; of
Scotland, 1.27 to 1.32; of France, 1.2 to 1.33; of Belgium,
1.27 to 1.3. The most prominent kinds are the following:

1374. 3. Caking Coal.—A bituminous coal which
softens and becomes pasty, or semi-viscid, in the fire. This
softening takes place at the temperature of incipient decom-
position, and is attended with the escape of bubbles of gas.
On increasing the heat, the volatile products, which result
from the ultimate decomposition of the softened mass, are
driven off, and a coherent, grayish-black, cellular, or fritted
mass (coke) isleft. Amount of coke left (or part not volatile)
varies from 50 to 85 per cent. Byerite is from Middle Park,
Colorado.

1375. 4 Non-Caking Coal.—Like the preceding in
all external characters, and often in ultimate composition;
but burning freely without softening or any appearance of
incipient fusion.

1376. 5. Cannel Coal (Parrot Coal).—A variety of
bituminous coal, and often caking; but differing from the
preceding in texture and to some extent in composition, as
shown by its products on distillation. It is compact, with
little or no luster, and without any appearance of a banded
structure; and it breaks with a conchoidal fracture and
smooth surfaces; color, dull black or grayish-black. On
distillation it affords, after drying, 40 to 66 per cent. of
volatile matter, and the material volatilized includes a large
proportion of burning and lubricating oils, much larger
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GLOSSARY.

1382. Acrogens.—Consist of vascular tissue in part
and grow upwards; as (1) ferns; (2) lycopods (ground-pine);
(3) equisetz; and include many genera of trees of the coal
period.

Age.—(1) Any great period of time in the history of the
earth or the material universe, marked by special phases of
physical condition or organic development; as, the Age of
Mammals. Called also ¢7a. (2) One of the minor subdivi-
sions of geological time, a subdivision of the epoch and cor-
respondent to the stage or formation; recommended by the
International Geological Congress. See Geological Chart
for North America.

Amplibians.—Animals capable of living both on land and
in water, like the frog.

Antiseptic.—Opposed to or counteracting decay.

Araucarian.—A genus of fossil trees of the pine family
(coniferz) represented by trunks (often of great size), and
closely allied to araucaria, a genus of large evergreen trees
of the pine family.

Arborescent.—(1) Having the nature of a tree; tree-like
in appearance or size. (2) Branching like a tree.

Articulates.—Consisting (1) of a series of joints or seg-

_ments; (2) having the legs, when any exist, jointed; (3)
having the viscera and nervous cord in the same general
cavity; (4) having no internal skeleton, as worms, crus-
taceans, insects.

Bracliopods.—See definition of Foraminifera, and also 22 a,
225, 23a, 236, and 29, Fig. 374.

Bryozoans.—Moss animals, so named with reference to
the moss-like corals they often form. The corals consist of
minute cells either in branched, reticulated, or encrusting
forms. They are often calcareous; and as such were com-
mon in the Silurian Age, and still occur.

Bulirstone (Burrstone).—A cellular but very compact
silicious rock from which the best millstones are made.
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Crystallinc.—Composed of angular grains or particles
more or less crystallized in place.

Culmination.—The highest point, condition, or degree of
achievement; as the culmination of life.

Cycads.—A family of palm-like or fern-like plants with
unbranched stem bearing a crown of feather-like leaves,
rolled inwards from the apex in a coil.

The Cycadacez embrace 9 genera and 75 species, chiefly
of the Southern Hemisphere.

D¢ébris.—An aggregation of detached fragments of rocks,
whether 7n situ at the base of its original cliff, or heaped up
after transportation (drift in part).

Delta.—An alluvial deposit formed at the mouth of a
river; so called from its frequent resemblance to the fourth
letter delta (A) of the Greek alphabet.

Detritus.—(1) Loose fragments or particles of rock,
whether angular or water-worn, especially the latter. (2) A
mass of disintegrated material of any kind; rubbish; waste.

Dominant.—Conspicuously prominent in point of num-
bers.

Dyke.—A mass of igneous rock filling a fissure in other
rocks into which it has been intruded.

Echinodcrms.—Animals having their exterior more or less
calcareous and often furnished with spines; and having
distinct nervous and respiratory system and intestines, as
starfish, crinoids, etc.

Exncrinites or Crinidea.—Having a regular radiate struc-
ture, and arms proceeding from the margin of the disk;
also, a stem consisting of calcareous disks, by means of
which, when alive, they are attached to the sea bottom, or
some support, so that they stand in the water and spread
their rays like flowers, the mouth being at the center of the
flower.

Epoch.—The chronological subdivision of geological
history of the third order: as the Hamilton ¢poc/.

The corresponding stratigraphic division proposed by the
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and mica intimately intermixed, and having the mica foli-
ated or disposed in parallel planes, producing a moderate
tendency to cleavage into thick slabs; thus distinguished
from granite. _

Graphite.—This is simply carbon, neithcr lead nor iron
occurring in the pure mineral. It is often called plumbago
and black lead (the material of lead pencils), and looks like
a metallic substance.

Group.—In stratigraphical classification of stratified rocks,
the division next below the system or series: (1) In general
usage, the chief subdivision of the system, in the ordinary
application of that word, as the Chemung group of the
Devonian system. (2) In the official usage of the U. S.
Geological Survey, one of the chief subdivisions of a system
(system being applied to the grander divisions of geological
history), based mainly upon paleontological distinctions,
but also upon structural separateness, as the Devonian group
of the Paleozoic system (age). Under this usage formation
replaces the word group in its more common applica-
tion. (3) In the scheme proposed by the International
Congress of Geologists, the highest stratigraphic divi-
sion, corresponding with era, the highest chronological
division.

Gulf Stream.—A great ocean current flowing from the

Gulf of Mexico northward nearly parallel to the Atlantic
coast of the United States, and turning eastward off Nan-
tucket Island, its average rate being about two miles per
hour. It plays an important part in ameliorating the
climate of Great Britain and Norway. The similar Japan
current, or Auro-Shizwo, which gives a warm, moist climate
to the lower Alaskan coast, is sometimes called the Gulf
Stream of the Pacific.

Heteropod.—One of the family of gasteropods.

In situ.—In its original or proper site or position.
Invertcbrate.—Not having a backbone.

Laccolite.— A mass of intrusive lava, which spreads out



PROSPECTING FOR COAL AND LOCATION
OF OPENINGS.

PROSPECTING.

PRELIMINARY EXAMINATIONS.

1383. Prospecting isa practical application of geolog-
ical knowledge for the purpose of determining whether coal
or any other useful mineral may be found in any particular
locality.

In prospecting for coal a general knowledge of all forma-
tions, and a special knowledge of coal-bearing formations,
are required.

1384. Preliminary Considerations.—Before be-
ginning to prospect extensively the following points should
be considered: 1. Is the location of the tract such as to
enable shipments to be madc in an economical manner;
that is, are there rail or water facilities immediately avail-
able, or, if not, is there a reasonable prospect of rail facilities
in the near future ? 2. What competition must be met in
available markets, and what advantage, if any, will coal
from the tract in question have in those markets? 3. Is
there an abundance of labor ncar the tract, or can sufficient
labor be brought there from other fields ? If these questions,
more particularly the first two, can be answered satisfactorily,
the work of prospecting should begin.

1385. Preliminary Work.—Searching for coal in
an unprospected region should first be done in a general
way, and secondly in a more particular manner. The pros-
pector should first go over the ground, carefully noting all

$ 12
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map should be on as large a scale as isconvenient. Thus,
for a tract of land of two miles square, a scale of 400 ft. per
inch would be as large a map as could be conveniently used
in the field. For larger tracts a much smaller scale is ad-

SN Strike.
J60  Dip.
<«—e—> Horizontal.
<+  Vertical
«—|— Antictinal.
—le— synctinal.
22, Contorted.
<= cleavea.

ﬁ— Faults.
,Dmm Dykes.

% Lodes or Fissure Veins.

o = wm Coal Crops.

8 Iron Ore.
3 Lead Ore.

g Zinc Ore.

9= Copper Ore.

FiG. 391,

visable. This scale is
so small that to make
notes directly on the
map, in the field, re-
quires great neatness
and care on the part of
the prospector, and also
the use of conventional
signs to designate cer-
tain features, so as to
prevent the confusion
and illegibility of writ-
ten notes. Fig. 391
shows a number of con-
ventional signs most
frequently used by pros-
pectors.

1389. Object of
First Examination.
—The first general ex-
amination of a tract is
to determine the ckar-
acter of the rock beds.
Their extent may be
shown, approximately,
on the map. Every
care must be taken to
determine rightly the
relative ages of the beds,
for on this the results
of the prospect almost
wholly depend. The

means by which the relative ages may be determined have
been described in Economic Geology of Coal.
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the seam. In the case of bituminous coal the blossom is a
soft, black, sooty mixture of coal and clay.

Where the blossom has slipped, a prospect trench about
two feet wide is advanced by stages into the hillside, as
shown in Fig. 393. The trench may be started at any point
below the bench where the prospector’s judgment may indi-
cate, or it may advantageously be started on the bench’s
level. If it shows no indication of coal after it has been
advanced to the upper side of the bench (see @, Fig. 393),

FiG. 898.

a second trench & may be started at a lower point and car-
ried up to the place at which the first trench began.

In case the second trench, shown in the figure as 4, proves
barren, a third trench ¢ may be started still further down
the hill, and be driven up to the beginning of trench 4. In
like manner any number of trenches may be driven. If all
the tranch:s prove barren, any one, as trench & for example,
may be continued to the point where trench @ was discon-
tinued. If this trench should find the outcrop, a drift
following the crop coal should be driven till the true coal
is met at .

It frequently happens that the lowest trench shows the
blossom running up, in which case the trench simply follows
the indications of coal, which grow stronger until the solid
or full face of coal is shown. If onlya trace of coal is found
by digging these trenches, and the indications or judgment
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prompt the prospector to go further into the hillside, the
trench is turned into a &7/t by widening it so that a wheel-
barrow or a car can be taken in. If these proceedings
should give an unsatisfactory result, the trench, or it may
be a drift now, should be turned into a prospect shaft and
sunk until some trace of coal is reached. 1If, after sinking a
reasonable depth, the result is still negative, it only remains
to repeat the experiment at a higher or lower elevation on
the hillside at some distance to the right or left of the first
trench. The fact of having found no coal, or no trace of
coal, is only proof that the material in which the former
trench was made has been brought down from the hillside
above by a landslide, sweeping before it all traces of the
bed. This is very frequently the case with the outcrop
where there is a bold escarpment or bluff above it, such as
is present in the Cumberland mountains in the form of a
conglomerate 20 feet to 80 feet thick, or more, overlying
the shales covering the lower coal measures. The shale dis-
integrated, thus undermining the conglomerate to such an
extent that it settled and slid down hill, pushing the strata
overlying the coal away down the mountain. Sometimes
this slip carried several yards of the seam of coal intact with
it, which when first struck by the prospector was very mis-
leading. Where surface indications ¢ give out,” a great
advantage, which saves much money in locating the out-
crop, is secured by running a line of levels from a point
where the coal has been opened up to the point where an-
other exposure of the coal is desired. If the coal has a dip,
it should be taken into consideration when running this line
of levels.

1397. Presumptive Evidence of Coal.—If the
surface examination yields no evidence of the presence of
coal other than rocks of the Carboniferous or later coal-
bearing ages, the cxistence of coal in the tract is still
probable, and boring is resorted to. But it is seldom neces-
sary to bore holes to prove the near existence of coal, for,
if the surface examinations arc carefully made, unmista-
kable evidenccof its presence will generally be discovered.

— . e ——
il
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It must be distinctly remembered that coals which have an
outcrop are now being discussed.

1398. Influence of Slip of Blossom on Thick-
ness of Bed.—Thecreep, or slipping of the blossom, down
hill, when away from thec bed, will seldom cause the crop to
present an exaggerated thickness in a prospect trench or
shaft (see @, Fig. 394); but when the bed dips with the hill
slope, the crop is usually overturned down hill, and the blos-
som is thus turned over on the outcrop (see 4, Fig. 394). A
prospect shaft sunk through such an overturned outcrop
would deceptively indicate the presence of a bed much
thicker than the actual measurement of the seam. The
prospect shaft should, therefore, be sunk through the entire

Fi1G. 304.

thickness of coal until the bottom clay or slate is reached,
and then widened out horizontally, or a level should be
driven at right angles to it, until the top rock is encoun-
tered. When two sets of cleavage planes cross the coal at
nearly right angles, or where the outcrop is twisted and
contorted by a creep or slide, it may be difficult to distin-
guish the roof from the floor, on account of the small area
of the seam exposed in a prospect opening, and the direction
of the dip remains uncertain. The occurrence of stigmaria—
the roots of sigillaria—in one of the rock walls of the scam
is presumptive evidence that the stratum containing them
is the bottom of the seam. But if sigillaria, fern leaves,
etc., are found, the rock is probably the roof or top rock,
although both of these fossil plant remains may occur in
cither the roof or bottom of a coal seam.



8§12 AND LOCATION OF OPENINGS. 13

edges. Thus, we have long slopes ending in long horizontal

FIG. 395.
gangways, which in turn give way to rising headings or a
slope from the opposite side. (See Fig. 396.)

F10G. 896.

1401. Oblique Lamination.—In measuring the dip
care must be exercised that oblique lamination, cleavages,
or other indications of cross-fracture, and layers displaced
by the growing roots of trees, are not mistaken for the true
dip of the seam.

1402. True Dip.—While studying the rock bed, the
true dip must be carefully determined. There is a great
advantage in being able to get a full view of a bed of rocks,
inasmuch as the true position of any one of these rocks,
when met singly, as well as the position and thickness of
the others, if they are not exposed, may be inferred.
Every change of the dip deserves attention regarding
amount, direction, ctc. Such change may be only local, or
superficial, instead of belonging to the great and regular
bending of the rock. When one fold dies out and another
begins at the same time to rise on one side or the other,
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The end of the base line should be carefully marked by
some prominent object, such as a piece of heavy T rail, or
an old car axle, when obtainable, about 3 feet long, driven
into the ground, the ‘‘point of sight” being carefully
marked by a cross (4) mark; or a large-sized stone may
be sunk in the ground and a hole drilled in the same at the
‘‘ point of sight.”

Special care must be taken to avoid ill-conditioned angles,
that is, triangles should be avoided with angles less than 30°
or more than 120° to 150°, because a point is not absolutely
defined if the lines fixing it meet at a very obtuse or very
acute angle. )

The completion of a survey by triangulation is accom-
plished by the *filling in " of the interior details by survey-
ing, with the transit or compass, the rivers, roads, woods,
streams, etc.

1411. Preservation of Notes.—All notes should be
carefully preserved either on the plan constructed for the
prospector’s final examination, or, what is better, in a sub-
stantially bound book, so that should the examination of the
property develop sufficient facts indicative of successful
mining, a working map or colliery plan can be constructed
from them. :

In order to show the application of what has been said in
the preceding articles, two diagrams are given (Figs. 398
and 399).

1412. Prospector’s Map.—In Fig. 398 is shown the
manner in which data is compiled and recorded on a pros-
pector’s map. The shaded parts show what is actually seen
by the prospector; over the blank portion he is supposed to
have been unable to see any rock in place.

Most all the observations occur along the streams, these
being the most frequent natural lines of section. At each
point where the dip has been taken an arrow and number
mark the direction and angle of dip. The more important
or stratigraphically serviceable beds have their outcrops
marked in decided lines where actually seen. The outcrop,
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where the same stratum can be seen in two adjacent streams,
may be drawn across the intervening ground, and the inter-
vening ground should be searched for corroborative indica.

FiG. 3%8.

tions. The outcrop may be drawn in continuous lines on
the plan where there is no doubt regarding its position and
direction, but where any doubt exists regarding these points
it must be indicated only by dotted lines.

1413. Fig. 399 shows a complete geological plan con-
structed from the prospector’s notes shown on Fig. 398. It
will be noticed that the order of succession of the rocks is
found to be the same in the diffcrent streams. Bed «a, after
an interval, is followed by 4, ¢, d, ¢, f, and y, but at Za fault is
met, which throws the stratum a to the position shown at 7
(see map and section), which, after an interval, is followed
by 7, £ (J, # are the same beds as 4, ¢), but at / something
different is met, viz., the same rocks dipping in the opposite
direction. The result is plainly shown in section, Fig. 400.
Where a blank space occurs, and owing to some surface
accumulations a certain bed may not be visible to the pros-
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(Fig. 402). A section is sometimes found where the two
lines of outcrop come together, caused by the complete
thinning away of the intermediate strata. In this case the

Aoyt

£

Skeleton of the Section through line C D.

FIG. 400.
conjoining outcrops may be traced for a long distance with-
cut any change. The higher portions of a series of strata
now and then steal or lap over the lower.
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Such a formation can not always be shown on the map,
but it is made clear by a section. This structure (see Eco-
nomic Geology of Coal) may frequently be met with along

WasH. )
Sand and Gravel (Conglomerate).
Slate.

Limestone.
Millstone.

Peat and Clay.

Limestone with Mineral Veins.
Mud.

Sandstone.
Bog.
Granite.
Pure Gravel.

Bog and Timber.
Sand.

Slate with Mineral Veins,

Shale.
Coal.
Fireclay.

Shale with Bands,
Shale with Nodules.

Breccia.

Lava.

Schistose Rocks.
FiG. 401
the margins of formations deposited in tracts which were

undergoing gradual submergence. The strata are parts of
one continuous and unbroken series. As the land sank,
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successive formations were carried down beneath the sea,
and the later deposits of the sea floor were prolonged

Fi1G. 402,

further and further beyond the limits of the ecarlier one.
No apparent unconformity can be detected between any
portions of them. But where the accumulation of a group
has been succeeded by elevation, exposure, and denudation,
the next set of strata laid down on this disturbed and
denuded group will rest upon it unconformably.

1416. Faults; Dykes.—Intrusive rocks may occur
in the form of veins, traversing at any angle the rocks
among which they rise, in the form of wall-like masses or
dykes, or as irregularly circular masses forming the upper
ends of vertical columns or pipes called ‘‘necks.” Dykes
vary from less than an inch in thickness to over 70 feet, and
often carry iron which attracts the magnetic needle to such
an extent that the dykes can frequently be traced long
distances by that means.

Fig. 398 shows several faults, but they are all from the
same parent bed. Unless very carefully examined, a minor
fault or secondary slip or dislocation may be mistaken for
an important and dominant fault, the evidence of which
might be elsewhere obtainable, but which might never be
seen itself. An exposure of a fracture will give the exact
position of the line of fault at that place, but it is not nec-
essary to prove the existence of either the minor or dominant
fault, nor will the exposure furnish additional information
of any value or importance. As a rule the large faults
which powerfully affect and influence geological structures
are seldom found in any visible form. In this way three
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another. This class of section requires good exposures and
careful measurement.

The construction of the horizontal section is different. It
may be necessary to construct a section of a district where
exposures are few, where minute measurements are impos-
sible, and where the best skill of the prospector is required to
unravel the meaning of the facts noted upon the surface,
and show their bearing on the rocks below ground. A sec-
tion of this kind should be constructed so that the heights
and lengths are on the same scale, if possible. When the
ground is comparatively level, to use a scale large enough
to show the elevations and depressions would make the
section exceedingly long on paper. In such a.case it would
be best to use a larger scale for the vertical heights than for
the horizontal distances, but exaggerating the height of the
section should be avoided as much as possible.

Sections are generally drawn at rightangles to the strike,
but in special cases, to make clear certain formations, they
may be drawn at any angle from the strike.

1422. Section and Curvature of Strata.—Having
obtained the elevations of the points on the surface through
which the section runs, the next step is to lay off on a base
line, or datum, measurements to scale, showing the horizon-
tal distances between the points. From these points on the
datum perpendicular lines must be drawn, and the height of
each point marked by scale on its perpendicular, as in
skeleton section of Fig. 400. A line is then drawn con-
necting all the points. This gives the general contour of
the ground. More details can be secured by taking the
skeleton section in hand and walking over the ground, filling
in all little inequalities of surface. This may also result in
securing more evidence as to the nature and structure of
the rocks. Some of the data for such a section may be se-
cured in places at some little distance from the actual line
of the section. The skeleton section (Fig. 400) shows what
is exposed to the view, while the complete scction is con-
structed from these exposures and the logical inferences that
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may be made. Along the limited exposures of strata
usually visible, the planes of dip often seem to be straight
lines. Bed succeeds bed, inclined, and forming a succession
of parallel bands. But if the section could be continued
downwards beneath the surface, or the rocks exposed on the
bare steep side of a great mountain, it would be observed
that though, when examined within the limited area of a
few yards, the beds look as if they sloped in straight, stiff
lines, in reality they are portions of great curves, as shown
by dotted lines in Fig. 400.

An exact method, however, of determining the under-
ground curves from surface dips can not be devised, and in
the absence of exploratory bore holes, the depth and curva-
ture of a coal or other mineral bed can be indicated only
approximately, and by very imperfect methods.

1423. Oblique Section.—In order to draw an oblique
section, such as a section through line C D in Fig. 399, the
necessary correction of the true dip must be made by means
of the following formula:

a = tangent of angle of corrected dip;

b = angle of dio at right angles to strike;

¢ = angle at which the section lies to right, or left, of the
full dip.

a = tan & X cos c. (84.)

ExaMpPLE.—Angle of dip is 45°, and the oblique section line runs at
an angle of 80° from the true dip; what will be the dip on line of
oblique section ?

SoLuTioN.—Tan of 45°, or 1.0000, X cos of 30°, or 0.866 = 0.£66 =
tangent of 40° 54'. Ans.

The accompanying table of Oblique Sections, calculated
from the above formula, gives the correction for the most
useful angles.

1424. Boring and Trial Shafts.—By referring to
Fig. 403 (which is a section showing anticlinal and ex-
tension of coal field, entirely concealed by new formations,
only discoverable by boring), it will be seen that surface
exposures, although of great value to the prospector because
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they lead up to logical conclusions, are not all-sufficient
Under such circumstances as indicated on the right of Fig.

Fi1G. 408

403, and many other conditions, recourse must be had to
trial shafts and boring in order to get the necessary data
to complete the map, so that it will be in shape to indicate
conclusively at which point the openings may be most
advantageously and economically located.

A shaft will show the ground more plainly than a bore
hole, but the cost of sinking beyond shallow depths bars it
out. A prospect shaft seldom exceeds 200 feet, and cases
where it reaches this depth are exceedingly rare. Apart
from the consideration of cost, the consideration of time is
all important. Prospecting by drilling is more rapid. When
the property, however, has been drilled and otherwise thor-
oughly investigated, a trial shaft should, when practical, be
sunk to prove the quality of the coal, the nature of the roof
and bottom, etc. Boring, while proving the cxistence of
coal, can not give an adequate knowledge of its commercial
value. This can be secured only by driving into the seam
sufficiently far from the surface to get a good average
sample of the coal.

Some seams are so largely made up of bony ¢oal and other
inferiorities that in appearance are like good coal that bor-
ing does not always afford reliable data, and when the shaft
is sunk to develop the coal it turns out unsalable.

The experience of the past few years in coking Appa-
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lachian coals affords assurance that their coking properties
can be estimated with a good degree of confidence by the
ratio of volatile hydro-carbons to the fixed carbon. Never-
theless, it is only by practical tests that any coal can be
properly judged as to its coking properties, and the value of
the coke for metallurgical and other uses.

Thick seams, reported as having been proved by boring,
sometimes turn out on investigation to be largely made up
of more or less thick layers of worthless materials inter-
stratified with good coal.

A drill furnishing a core is less liable to deceive in this re-
spect than those which furnish only ground samples fished
out by a sludger, cleanser, or sand pump.

Coal seams are sometimes practically valueless, owing to
the roof being so rotten or dangerous, and so expensive to
maintain or carry, that the coal can not be profitable mined.

In some cases it may happen that the overlying strata
contain so much water, or are so loose and sandy, that mi-
ning operations beneath are quite impracticable. A better
idea of these conditions is obtained by sinking a trial shaft
or drift and driving a heading or two into the seam.

The strata of some districts contain so much water that
it is necessary to have the first shaft sunk large enough to
facilitate putting in large pumping fixtures. In such a case
the prospect shaft should be carefully located and of such
size that, should the coal be workable, it may be used as
one of the principal openings in the future development.

1425. The two chief methods of boring are:

1. By percussion drill, which chips the rock into small
fragments, subsequently removed.

2. By a rapidly revolving ring, which grinds the rock in
an annular space into dust.

The machines classed under the above headings will be
described later.

11426. Systematic Record of Details.— The sys-
tematic recording of all details in a prospect is the most
important part of the whole proccedings. Cases are on
record where a district was prospected by boring, twice
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A, B, and C. By drawing the lines from A on the north
river to A on the south, the probable outcrop of that seam
is shown. The same will be true of the other two seams.

This outcrop may be verified by the following method:
From the point D on the outcrop line 4 A, draw a line D F
on the map at right angles to the line 4 A. Supposing the
surface to be level from D to F, measure off a distance, say
100 yards, from D to E. As the angle of dip of theseam A4 4
was indicated by the clinometer, the depth at which the
seam A A lies below £ can be calculated by a similar
method. The distance from the probable line of outcrop of
B B to E may becalculated, and also the angle of dip of BB
being known, the depth at which B B underlies £ may be
calculated.

Supposing the angle of dip of each seam is 40°. If the
distance from D to £ is 100 yards, or 300 feet, then having
the horizontal distance D £, as measured on the level sur-
face of the ground, and the angle 40°, by multiplying the
distance D E by the natural tangent of the angle, the
required depth is found.

In this case the distance is 300 feet. The natural tangent
of 40° is .8391; therefore, .8391 X 300" = 251.73 feet deep,
from the surface at £ to seam A A vertically below point E.

In the same manner, if the distance from the probable
line of outcrop of coal B Bis 150 feet to £, then .8391 X
150 feet = 125.86 feet deep from surface at £ to seam B B
vertically below point £.

The same results can be obtained by the rule given in
Art. 1387, if it is remembered that one angle of a right-
angled triangle is always 90°, and the third angle can be
found by subtracting the given angle 4 90° from 180°.

By putting down another hole at / and calculating the
depths in the same way, it will be known at what depth to
expect all the seams A1 A, B B, and C C at F.

Care must be taken in setting out the line D £ F at right
angles to the line of outcrop, or otherwise the true angle of
dip will not be obtained.
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indicated crop lines not lead to the seam on the other river,
is a natural question. There must either be a swelling of
the strata between the outcrops or there is a fault of vari-

F
?
\

Plan, Section at right angles to line
B through the ﬁne E F.
F16. 407.

able throw between the two rivers. To prove which of the
two assumptions is correct, a number of trial shafts or shal-
low bore holes must be put down, as the rules previously
given can not be successfully applied.

1432. Trial Shafts.—Good laborers will sometimes
sink a shaft ten feet deep without a staging, that is, a plat-
form to throw the dirt on.

When the depth exceeds ten feet, it is necessary to build
a staging or cut a step to throw the earth upon (from which
it is again shoveled and thrown irom the pit), or to erect a
windlass for hoisting.

When the depth exceeds fifteen or eighteen feet a wind-
lass becomes necessary. This may be a very primitive
affair, but should be strongly built. A hemp rope one inch
in diameter and a strong iron-bound wooden bucket holding
about 80 or 100 pounds complete the outfit.

The upright upon which the rope shaft rests should be
securely braced both at the sides and back.

Some men prefer sinking square shafts, others prefer
sinking round holes. If the ground is firm, the shape is a
matter of minor consideration. A rectangular hole about
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sometimes tend to deceive the prospector. For instance,
suppose two bore holes are put downat A and B (Fig. 408),
say 3,000 feet apart. The bore hole at A proves a seam 3

FIG. 408.

feet thick, and at B the coal is found at about the same
level 6 feet thick. It would be natural to suppose that this
seam was one which was gradually thickening as it went
from A towards B, and that it would be found about four
feet thick at C, or seven to eight feet thick at D; whereas,
it is only a streak, or there is no trace at all at these points.
These pockets of coal are frequent, and very deceptive to
the inexperienced.

Again, if bore holes were put down: at € and D, finding no
coal but Sub-Carboniferous strata instead, that does not
absolutely prove there is no coal, for a hole at 4 or B would
find coal. These are samples of conditions that are fre-
quently met in some of the American coal fields.

1434. The splitting of ceal beds is a very common
occurrence, and this should always be watched for in boring.
It is not sufficient simply to bore down to the bottom of a
seam whose existence isto be proved. For instance, in Fig.
409 bore holes have been put down at 4 and 5. Each of
these proves a seam of coal at about the same depth and of
the same thickness. If the bore hole 5 had been deepened
it would have shown quite different results.

As some coal beds are so much cut up and disturbed by
““clay veins,” ‘“horses,” etc., as to become unworkable at a
profit, it is necessary for the prospector to scan the
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outcrops for them, and in boring to anticipate them and
make all due allowances.

It should be remembered that sandstones are apt to vary

FiG. 409.

in thickness and persistency more than the other varieties
of rock in the coal measures; therefore, they do not afford
such reliable evidence of the near existence of coal seamsas
strata of other kinds of rock.

Wherever organic matter is found, whether in the form
of fossils or coal, the sandstones and shales are white or
gray. All sandstones of the Carboniferous measures, or of
other strata, containing coal are gray, while the old red
sandstone below the coal and the new red sandstones above
the coal, and, in fact, all red sandstones, are very poor in
fossils or evidence of organic matter of any kind.

1435. Before leaving this subject, one more instance,
embracing both conditions, will be given.

The imaginary line about which the beds may be sup-
posed to be bent is called the axis of the anticline or the
syncline. This axis may be either horizontal or inclined.
If it is horizontal, sections taken in any part will show the
same beds. But if it is inclined, different sections will cut
different beds. Prof. Jukes, of the British Geological Sur-
vey, gives the example shown in Figs. 410, 411, and 412.
Fig. 410 is a plan of undulating beds, the axis of the
anticlinal and synclinal curves being inclined—in this case
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case of the anticline, or resting upon each other in the case
of a syncline. Thus, bed No. 4 will ““nose in" under the
niew bed No. 4, which, in its turn, will ¢‘ nose in’* under No.
6, and so on. In like manner, in the syncline, bed No. 1}
will ‘“ nose out "’ over No. 13, No. 15 over No. 14, and so on.
Hence, if a section is taken along the line C D in the plan
(Fig. 410), such a section will appear as in Fig. 412, in which
bed No. 4 forms the crest of the anticline, and bed No.
13 is the highest in the syncline. But if a section be taken
along the line G /7, this section will appear as in Fig. 411,
in which bed No. 7 forms the crest of the anticline, and bed
No. 16 is the highest in the syncline. It is of the utmost
importance to observe carefully the inclination of the anti-
clinal and synclinal axes.

1436. Sir Charles Lyell has probably presented this
matter clearer than ever before:

‘‘ There are endless variations in the figures described by
the basset-edges (outcrops), according to the different
inclinations of the beds, and the mode in which they happen
to have been denuded.

*“One of the simplest rules with which every prospector
should be familiar relates to the V-like form of the beds as
they crop out in an ordinary valley. First, if the strata be
horizontal the V-like form will be also on a level, and the
newest strata will appear at the greatest height.

“Second, if the beds be inclined and intersected by a
valley sloping in the same direction, and the dip of the bed

be less steep than the slope

of the valley, then the Vs,

as they are often termed

y by miners, will point up-

wards (sce TFig. 413), those

g formed by the newer .beds

§ appearing in a superior

i position and extending

highest up the valley, as A

FIG. 413, is seen above B5.

‘“Third, if the dip of the beds be steeper than the slope
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crucible should be placed on a firebrick resting on the grate
bars supporting the glowing coals. Shake coals around it
until only the top of the crucible protrudes.

When the mass, which at first swells up, is fused, cover
the crucible entirely with coals, and increase. the heat for
ten minutes to collect the lead in a button and then take it
out. The whole operation lasts from 45 to 60 minutes.
Break up the crucible, clean the button from adhering lead
oxide by means of a brush, and weigh. To obtain a reli-
able average, from two to four tests must be made. As
unity we refer to carbon, which reduces 34 times its weight
of lead. The calorific power of carbon is 8,086 French heat-
8,086 _

34
238 heat units. This result multiplied by the weight of the
lead button, in grammes, gives the heat units contained in
the coal. This result is not absolutely comrect, but at most
is only one-tenth too low, and is closer the higher the per-
centage of carbon in the coal.

It must be borne in mind that the result is the amount of
heat, not the intensity, as that depends on the rate of com-
bustion.

114142. Coking Coal.—As was stated before, the only
positive manner of testing a coal for coking properties is a
practical test ; but among some coals of the eastern side
of the Appalachian field there is a ratio between the hydro-
carbons and fixed carbon, which enables a fair conclusion
to be drawn as to their coking qualities. The coals of
the western side contain too much bituminous matter to
make very good coke. For this reason, but a small amount
of coke is made in the pitchy coal fields of Ohio, Indiana,
and Illinois.

The Colorado, Wyoming, Montana, New Mexico, and
other Western, or Northwestern and Southwestern, coals
belong to the Trio-Jurassic and Laramie-Cretaceous

units*; every part of lead produced in the button =

* A French unit of heat is equal to 3.96832 British thermal units, or,
in other words, one French unit of heat will raise the temperature of
1 kilogramme of water 1.8° Fahr.

. 1.—-9 .
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weight of a bulk of water equal to the bulkof the body.
Diff. of weights: Weight in air::1 : x, or
Weight in air _ . .
m = specxﬁc gravity of bOdy.

ExaMPLE.—A piece of coal weighs 480 grains in the air and weighs
898 grains less in water. What is the specific gravity ?
480 grains
398 grains

1444. Weight of Coal.—A cubic foot of water weighs
62.355 1b., and this 62.355 1lb., multiplied by the specific
gravity of coal, gives its weight per cubic foot. Thus,
62.355 X 1.206 = 75.2 1b. per cu. foot, when the specific
gravity of coal is 1.206.

SOLUTION.— = 1.208 specific gravity. Ans.

1445. Tonnage per Acre.—The number of tons of
coal in any tract of land may be calculated by finding the
number of cubic feet and multiplying it by the weight of a
cubic foot in Ib., and dividing the product by 2,240 for long
tons, and 2,000 for short tons.

ExaupLE.—How many tons are in an acre if the coal is 20 inches
thick and the specific gravity is 1.206?

SoLUTION.—One acre = 43,560 sq. ft.

20° thick = 1§ or 1} feet.

43,560 X 13 = 72,600 cu. ft.

As was stated above, coal having a specific gravity of 1.206 weighs
75.2 1b. per cu. ft.; therefore, 72,600 X 75.2 Ib. = 5,459,520 lb., and
5,459,520 1b.

2,000 1b.

A very convenient manner of making such a calculation
is that used by Scotch mining engineers when checking the
reported tonnage of the operator to the proprietor of the
estate. S

The specific gravity is found, the decimal point is removed,
and the figure 1 is annexed; this gives the tonnage per inch
per acre with due allowance for faults, wants, etc.

= 2,720.8 short tons per acre. Ans.

ExaMpLE.—How many tons of coal are in an acre, the coal being
8 feet thick and specific gravity 1.3?
SoLuTION.—Specific gravity being 1.3, the number of tons per inch
per acre will be 131.
181 tons X 3 (feet) X 12 (inches) = 4,716 tons per acre. Ans.
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precaution in some seams the main hauling roads can be
maintained only to a limited extent, and to reach the coal
beyond this limit no other course is open but to sink shafts
close enough together to each other so that the limit of the
entries or gangways from each shaft or drift will meet,
ensuring, as nearly as possible, the extraction of all the coal.

1450. When the dip of the valley in ‘which the coal
crops out is equal to or greater than the dip of the coal and
in the same direction, as a matter of course, if the railway
or even a tramway can be readily built to the opening it
should be made at the lowest point of the area it is to sup-
ply the outlet for, to ensure a favorable mule haulage and
good self-drainage. In some districts the coal is so undula-
ting and irregular that drainage and haulage have no weight
in deciding upon the position of the location. The object

FIG. 420.

here to be considered is a suitable site for hauling and pump-
ing machinery. When the seam has a hcavy pitch inwards
and the hills are high, a ‘“ day drift ” or level may be located
in a ravine or gulch eroded across the strike (see Fig. 420),
and the coal can be reached by a short ‘‘tunnel ” or *‘stone
drift,” from which the coal lying above it can be mined. If
the length above the drift is less than 200 feet to 300 feet, a
slope had better be started at once.

1451. When the seam has considerable dip and is
brought close to the surface by an anticlinal axis, a *‘rock
slope " dipping at the same angle as the seam may be started
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both to the area of the field and the area for which each
shaft will be the outlet. In order to accomplish this it will
be best to wait until the extent to which the workings of the
first shaft can be profitably extended, mechanical haulage
considered, is determined. The demand for a very large
tonnage early in the history of the field sometimes requires
more than one shaft at once, in which case the best location
must be selected that is indicated by the information on the
map.

Quicksands may modify the arrangements, as may also
great quantities of water, but never to any great extent in
these days of improved facilities for sinking.

Slopes, up to the present time, have been and still are
greatly preferred to shaft openings at all points in the
anthracite regions of Pennsylvania, where the coal is ac-
cessible along its outcrop and where the dip is more than
15° or 20°.

In the bituminous region of Pennsylvania and many of
the Western States shafts of moderate depth are common.

As many outcropping seams have a slight inward dip, to
ensure a long level haulage road and good water drainage,
the opening is commenced several feet below the terrace,
and driven level, or on a very slight up grade, until the
normal dip is reached. It sometimes happens that the in-
ward dip is so strong that it is advisable to open by a shaft
sunk in the center of the basin, provided the depth is not
too great and the amount of water small. When the in-
ward dip to the center of the basin does not exceed about
24’ or 26’, drainage may be accomplished through a drift,
by siphon, the pipes being of the diameter required to
remove the water.
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the loaded cars would have the advantage of the down
grade, and there would be no need to sink a shaft to win the
coal.

1454. In the case of a seam of coal lying at a consider-
able dip, and having its outcrop on the side of a hill, as at 2
in Fig. 422, the seam can be opened out in three different
ways: 1. A slope can be driven in the seam from @ to 4, and
the coal drawn and water pumped up the slope. This sys-

F1G6. 42

tem would have the advantage of enabling the coal field to
be more rapidly opened out by means of levels, gangways,
or benches turned off at intervals to the right and left of
the slope as it is being driven down towards 4. 2. The
coal can be won by a shaft sunk to & from the surface at c.
3. A tunnel can be driven to & from a point & on the hill-
side. This tunnel will have the advantage of a dip towards
d whereby the entire coal field can be drained by gravita-
tion without any expense for pumping machinery. The
haulage can also be done cheaply for the same reason. The
decision as to whether the shaft ¢ 4 or the tunnel 4 & will be
preferable depends on at least two conditions. If the seam
lies somewhat flat, a shaft will be preferable, because a
shallow shaft will reach the greater area of coal; but if the
seam is more than 45° from the horizontal, then a tunnel
will be preferable. -+
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The speed of hoisting the output may vary from 24,000
feet per hour to 40,000 feet, or more, per hour, including
the time taken up in charging and discharging at top and
bottom.

By deciding upon the required tonnage, the probable
depth of the shaft to reach the seam, and the desired out-
put speed, the following rule may be used to find the length
of the winding compartments:

Let S = output speed;

D = depth of shaft;

T = tonnage expressed in pounds;

N = number of working hours;

W = weight of a cubic foot of broken coal;

B = average inside width of car;

d = inside depth of car; '

L = length of compartment;

Jf = clearance in shaft at ends of cage = 1 foot.

TD
that is, the length of the compartment equals the tonnage
in pounds times the depth of the shaft divided by the con-
tinued product of the output speed in feet per hour, the
number of working hours, the weight of the coal per cubic
foot, the width of the car, and the depth of the car plus
the clearance.

ExampLE.—Tonnage, 960; number of working hours, 10; depth of
shaft, 500 feet; weight of a cubic foot of broken bituminous coal,
50 Ib. ; output speed, 30,000 feet per hour; average inside width of car,
4 feet; inside depth of car, 3 feet. What is the length of the compart-
ment ?

SOLUTION.—

960 % 2,000 ¥ 500 . .
L= 80,000 x 10 X 50 X 4 X 3 + 1 =6 feet 4 inches in the clear. Ans.

1460. The width of the compartment is yet to be
determined. The average width of the car may be 4 feet,
but it may be flared to 5 feet at the top, so that the cage
will have to be 5 feet plus the clearance on each side of the
car—say 3 inches on each side—making it 5 feet 6 inches.
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Add to this the width of the angle iron and shoe used in
constructing the cage—say 6 inches on each side—making 5
feet 6 inches 4 1foot = 6 feet 6 inches. The conductors, or
guides, if of wood, may be from 4 to 6 inches thick—in this
case say 4 inches each, and there are two of them—making
6 feet 6 inches 4 8 inches = 7 feet 2 inches as the width of
the compartment in the clear. In calculating the total
length of the shaft, if there are two hoisting compartments
and a pumpway, twice the width of the hoisting compart-
ment in the clear plus the width of the two buntons plus
the width of the pumping compartment in the clear, equals
the total length of the shaft in the clear.

Thus,
Compartments two buntons pumpway _ ' or
( s )+( o )+( mPRY) =21 8.

The shaft will, therefore, be 21 feet 8 inches by 6 feet 4
inches in the clear.

This calculation may be modified in various ways. For
instance, the tonnage may be nearly doubled under exactly
the existing conditions if a double-deck cage is used; or,
with the same speed and length of cage, the tonnage be
doubled by lengthening the shaft so that two cars can stand
side by side on each cage; or the length of the cage may
be such that two cars can stand tandem; or these various
conditions may be combined on a single-deck cage, and four
times the original tonnage hoisted at the same speed. The
tonnage may be increased, without enlarging the cage, by
increasing the output speed. These statements do not take
into consideration the power of the engine, which will have
to be strong enough to start the load and hoist it at a
sufficient speed.

1461. When the size of the shaft has been determined,
the next thing in order is to consider the position of the
sides of the shaft in relation to the dip of the seam. The
long side of the shaft should be as nearly as possible parallel
with the line of the dip. When the ends of a cage are in
line with the strike of the seam, the charging of the cages

F. 11.—10
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from the shaft. In case anything happens to the inner
stakes the outer ones can be used to reset them. The outer
stakes should be driven below the surface and their approx-
imate location marked with a stake or stone so they can easily
be found. Sometimes surface conditions exist which make
it desirable to wall the upper part of the shaft with stone.
In such a case the outside cribbing consists of timbers, shown
at a,a, Fig. 424, and lining plant §,6. The timbers ¢, may be

Fi1G. m'

12° X 12°. Each set is placed from one foot to four feet, or
more, apart, according to the looseness of the ground sunk
through, and held in position by punch blocks B, Fig. 425.

1464. The sinking should be carried far enough into
the stratum, or ‘‘ hard pan,” to ensure a solid foundation
for the stone wall. If there is much water, the outside
timbering should be rémoved as the wall is built up, and its
place filled with clay, well rammed, to keep back the water.
This part of the shaft is then completed, the buntons being
put in as the walling is carried upwards. If it is desirable
to carry the regular timbering clear to the surface, instead
of building the buntons into the walling, the walling must
set back far enough for the regular timbering to be put in.

1465. Figs. 424 and 425 show the walling and timber-
ing of a rectangular shaft. It is necessary to timber only
where the material sunk through will not stand, or where it
is necessary to dam back feeders of water.
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A set of timbers for a shaft of three compartments
usually consists of ;

Fic. 425,
2 side pieces, 10”7 X 10” X — feet.
2 end-pieces, 10" X 10" X — feet.
2 buntons, 10" X 10" X — feet.
Sufficient 2 or 3 inch plank to go around the shaft for

oW e
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1468. If, after the shaft has penetrated the hard strata

for some distance, a slight feeder of water is met which

can not very well be

dammed back, or the

water-bearing stratum

is very thick and the

water only percolates

through it into the

shaft, the cost of

a cofferdam prohibits

its use. A “‘water

FIG. 426. ~ ring” is then made by

widening the shaft at a, Fig. 426, and again contracting

it at 4.

The water may be conducted from this ‘‘water ring " in

pipes to a sump at the shaft bottom.

A

1469. Fig. 427 illustrates all the joints used in fitting
the shaft timbers together. .

A shows the joint of end and side timbers.
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B shows the side timber joint and also the dovetailed
mortise to receive the dovetailed tenon of bunton D.

D shows the dovetailed tenon to fit in dovetailed mortise
shown in B.

£ and F show the method of jointing the guides, or
conductors.

C shows the manner of bolting £ and F together, and
also shows how guides, or conductors, are bolted to the
buntons.

G shows the guide fastened to the side with a large screw,
countersunk, as it is impossible to get behind the timbers
when putting in the guides to screw up a nut on a bolt.

There are many other forms of joints, but those given
are the best known, and should be used.

1470. A plan of the shaft mouth showing carriage

N|

Jeal |
|

P1G. 428. FIG. 429.

track and derrick is given in Fig. 428. In Fig. 429 the
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is permanently fastened to the rope by the wrought-iron
bow s is now lowered, emptied into this car, and again
raised into position ready for lowering into the shaft.
The car is now run back from the mouth of the shaft,
and the rock, etc., unloaded. .

The wrought-iron bow &6 (Fig. 430) of the bucket is
attached to it at a point below the center of gravity, so
that when full the tendency is for the bucket to turn over
and empty itself. To prevent this while hoisting, a short
vertical pin g is riveted to the side of the bucket, and an
ordinary chain link sliding on one arm of the bow passes
over it.

1472. Covering the mouth of the shaft with a travel-
ing car while sinking is open to a great number of objections,
to overcome which the arrangement of levers and counter-
balances shown in Fig. 431 may be used.

Each door is bolted to two hinges &, 4, which are keyed

. 4 2. 77 7 e 27, = SOTONRE e

Fi1Gc. 431,

on shafts ¢, ¢. By means of the handle #, and the con-
" necting arms, a rotary movement is given and the doors
lift as the lever is pulled back. The weight of the doors is
counterbalanced by four blocks 4, 4, so that they will stand
at any position desired.

1473. Sinking Guides.—The oscillation of the bucket
in deep sinking becomes very great, and much time is lost
in steadying the bucket before it starts upwards. The best
method to overcome this is shown in Fig. 430. The guide
ropes ¢, ¢ are coiled on a drum at the surface so that they
can be lengthened as the sinking advances. These ropes
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the back of the plate and the side of the strata to prevent
any movement of the segments.

When a number of courses of tubbing have been set up in
place, all joints are wedged up; that is, small wedges of red
pine are inserted in the sheathing and driven in until the
wood becomes compressed so hard that the chisel edge can
not be driven into it.

The tubbing is put up in lifts or sections. A lift or sec-
tion at Sydney mines consisted of a wedging curb and from
five to fifty courses of tubbing built thereon.

1480. The following formula is used for calculating
the proper thickness for cast-iron tubbing:
Let £ = thickness of tubbing in inches;
d —= diameter of shaft in feet;
D = depth in feet;
G = the crushing load of cast iron per square inch;
usually taken at 90,000 pounds.

(o BV G —6dyG—6944 D
VG—0.944 D

(86.)

1,500 — 6. /90,000 — 6.944 D . L
=1 - e ——=, when G = 90,000.
/90,000 — 6.944 1)

The upper course of tubbing should in all cases be at
“least § of an inch thick in the plate, even in shafts of very

small diameter; and § of an inch thick in shafts of large
diameter, to prevent liability to fracture. It is also desira-
ble to add a const;'mt, usually § of an inch, to the thick-
ness obtained by the formula, to allow for wear and
tear, and for corrosion or other chemical action on the
metal.

In this formula, no allowance is made for the extra
strength given the scgments by the flanges and ribs.
Theoretically, each sct of segments should have a different
thickness, but in practice they are calculated for every 23
or 30 feet.
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SoLUTION.—By substituting these values in the preceding formula,
we have
= 1800X13—6 X 13 4/90.000 — 6.944 X 800

N 4790, 000 — 6.944 X 800

_ 23400 — 6 X 13 X 200.6 _ 23,400 — 22,666.8

_ = 2 T —925%3in.
= 200.6 290.6 923 in

Now, adding § in. for wear and tear, we obtain thickness = 2.523 4
125 = 2.648 in. Ans. ’

1481. Fig. 433 shows the timber lining, brick walling,
and tubbing employed in circular shafts, each, of course,
being applied under different conditions.

1. shows the timbers laid across the top of the shaft,
A the timbering curve, .V the punch blocks, O 7’ the back-
ing plank, A the stringing board, S the walling curb
with the walling upon it, and 7 the hollow cast-iron wedg-
ing curb with cast-iron tubbing resting upon it.

1482. Water Rings. — Scarcely any strata which
require walling will be perfectly dry, consequently water
will percolate through the brick. It is caught in water
rings, garlands, curb rings, ring curbs, or ring gibs that
are put in, and from which the water is conducted to the
sump through a line of pipes.

Figs. 434, 435, and 436 show the details of construction
of several styles of water rings. In each figure, a is the
crib, in which a gutter is usually hollowed out to catch the
water, & is the walling both above and below the crib, and ¢
is the waste pipe which conducts the water down the shaft
from the gutter 4.

1483. Brick, Stone, and Wood Walling.—When
the shaft has been sunk deep enough for a walling staging,
the scat for the segmental wedging curb is cut and the sink-
ing carricd down § or 6 feet, more or less as the case may
require, below the curb, at the same diameter as the internal
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is filled with compressed mossm. Wedgesw are then placed
between this 2-inch strip of wood and the curb, and

Fic. 438,

7
7.
7

A

A

S\

tightly driven in, thereby
compressing the moss still
more.

1485. Supporting
Cur bs.—Sometimes, in
passing through broken
strata, it is necessary to
put in a supporting curb.
There are several ways of
doing this, but perhaps as
good a way as any is to
drill holes into the wall
about 2 feet apart, taking
great carc to have them in
a horizontal plane. Then
the curb will be level when
resting on bars of iron or
steel, 2 or 3 inches in diam-
eter, inserted in these holes.
See 4, Fig. 4317.

1486. Bricks.—The
dimensions of bricks for
shaft lining vary, many
engineers preferring under
all conditions the ordinary

rectangular brick. Some prefer the ends, and others the
sides, curved to correspond with the inner and outer cir-
cumference of the shaft lining, while still others prefer to
have the bricks molded into a form to suit the special

case.

Good hard-burned rectangular brick, free from clinkers
and pebbles, with a fairly rough face which ensures that
they have not been over-burned, are the best.

Some engineers prefer to have all brick laid with the long
side in line with the shaft diamecter, while others prefer the
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brick laid with the long side running with the circumfer-
ence, every fcurth or fifth course being laid contrariwise,
as binders. :

1487. There is no definite rule for determining the
number of bricks required for shaft lining, on account of
chipping and mortar, but an approximation may be made
by the use of the following formula:

Let NV = number of bricks required;

D = outer diameter of the shaft;
d = inner diameter of the shaft;
¢ = thickness of brick;

b = breadth of brick;

/ = length of brick;

x = depth of shaft.

Then N (D*—d*)x 1854 X x
’ X bXL

All dimensions must be in feet, or all in inches.

(87.)

ExaMpLE.—If the outer diameter is 18 feet 6 inches, the inner
diameter 18 feet, and the depth of the shaft 100 feet, and the size of
the bricks is 8 inches by 3 inches by 4 inches, how many bricks will be
required to line the shaft ?

SOLUTION.—Substituting values, we have

__(18.5°— 18%) X .7854 X 100

N= 55 % 3353 X 66606 = 25,800 bricks. Ans.

As before stated, this is only an approximation, for as a
general thing the number of bricks found by this formula
will be from 104 to 154 more than will be required.

1488. Mortar.—In shaft lining, mortar should be
used sparingly, and when water is to be resisted, good Port-
land cement should be used. In less important work, use
equal parts of cement, lime, and ground ash clinkers (sand
is too heavy) well mixed. To avoid getting mortar joints
too thick, let the mason spread his mortar at a little dis-
tance from the spot where the brick is to set, then place the
brick in it and slip it by gentle pressure into its proper
place. The brick will carry sufficient mortar with it for its
bedding.



$13 SHAFTS, SLOPES, AND DRIFTS. 29

cement, and oconcrete is rammed into the space between the
segments and the sides of the shaft. Above each cement
block a thin layer of cement is spread, and on this the seg-
ments of the ring above are placed. (See b, 4, Fig. 439.)

In some cases a double ring of cement segments is em-
ployed (/, /, Fig. 439). Here a course of cement blocks
for the back wall is first laid, and cement rammed in behind.
This course is about half a block higher than the inner layer,
so as to break the horizontal joints. The courses of the
inner ring are then laid in such a way that the vertical joints
do not coincide with those of the back ring. The joints are
carefully filled with cement, and the intermediate space of
about 4 inches between the inner and outer rings is then
filled in with concrete tightly rammead. In this manner a
thoroughly water-tight tubbing is obtained.

1494. In shaft sinking, cement is found to be a valu-
able auxiliary, particularly in the special setting of masonry
known as coffering. Cement, too, has been employed in an
ingenious way for consolidating shifting sand in water-
bearing strata. The method employed consists in injecting
powdered cement, by means of compressed air, steam, or
water under pressure, into the ground to be consolidated.
The cement is screened in order to free it from lumps, and
the powder is taken by an injector which forces it through a
flexible pipe into a perforated tube sunk in the soil to the
required depth. In this manner the soil becomes impreg-
nated with the powdered cement, while the water is driven
away from it.

THE PROCESS OF SINKING.

DRILLING.

1495. When, in shaft sinking, ground is reached that
is too hard to be excavated by the sinking pick (which is
simply a heavy pick made like the ordinary mining pick) and
wedges, explosives are used. The operation of blasting con-
sists in boring holes of suitable diameter and ength in favor-
able positions in the pit bottom, in inserting the charge of
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the explosive compound in the lower portion of the hole, iu
filling up and ramming with suitable material the remaining
portion of the hole, and in exploding the charge. These
holes are made either by ‘‘churn drills,” ¢ jumpers,” or
power drills. ~

1496. The churn drill is a bar of round iron, swelled
in the center to give weight, having a bit on each end. This
is raised and forced down by the hands of one or two men
in the same manner as a percussion boring machine makes
its stroke. It is turned slightly at each stroke to keep the
hole round.

In the shaft bottom the conditions are frequently such
that the holes must be drilled at different angles. So long
as the boring is vertically downward, or the angle from the
vertical is slight, the churn drill is very effective. But in
sinking operations, holes must be drilled at all angles, and
it is obvious that in some of these directions the churn drill
is practically worthless. To meet these conditions, the ham-

OL c
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Fi1G. 440.

mer and jumper shown in Fig. 440 are used. This figure
shows a set of double hand rock tools.

A, sledge hammer, weight 5 pounds or more.

B, drill, of which there are usually three in a set, the
dimensions being 18 inches long, with 1}} inches cutting
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edge; 27 inches long, iwith 1% inches cutting edge; 40
inches long, with 1§ inches cutting edge.

C, scraper and drag-twist.

D, rammer, or copper-headed tamping bar.

E, béche.

1497. The method of using these tools is as follows:
The hole having been started, the short drill is inserted and
held in position by one man, while the other, called the
‘“striker,” strikes the top of the drill with the sledge
hammer. The man holding the drill gives it a slight turn
after every blow so as to ensure a round hole. After the
short drill has gone in about half way the second drill takes
its place, and after that the long drill. The scraper isa
thin iron rod with a round, flat end, turned up at right
angles to the stem, for the purpose of scooping all the
sludge and débris from the hole. The drag-twist at the
other end of the scraper is a spiral hook. To ensure
the hole being thoroughly clean and dry, a wisp of hay is
pushed into the hole and the drag-twist is then inserted
until it becomes entangled in the hay, which can then be
removed.

When the hole has been cleaned, the charge of explosive
is inserted and the fuse laid to it. The hole now needs
tamping, and this is done by plugging it up by means of
the tamping bar /). It will be observed that there isa
groove cut out along one side of this tool, the object of
which is to allow for the space occupied by the fuse along
one side of the hole, when the clay is being tamped or
rammed. The béche £ is simply a rod with a tapered
hollow end for the purpose of extracting a broken drill, if
necessary.

1498. In extra hard rock the diamond drill, shown
in Fig. 441, and the rock drill, a type of which is shown in
Fig. 442, have been used to advantage. These may be
operated by steam or compressed air; the latter is most
commendable for the comfort of the sinkers, but from a
point of economy steam may take precedence.
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work. This slide being say 18 inches long, the hole can
be drilled that depth. When this depth is reached the
screw is reversed, the drill drawn out of the hole, and a
longer drill placed in the hole and fastened to the piston.
The second drill is rather narrower than the first, so that
it will not catch on the sides of the hole. When the
entire length of this drill has been bored, if it is still neces-
sary to go deeper, a third and then a fourth drill can be
added.

Percussion drills may be used to put in any number of
holes desired, and at any angle. The number of holes and
their position will depend upon the form and size of the
shaft. The holes generally vary in depth from 3 feet to 4
feet, and in diameter from 1} inches to 2 inches.

Sumping holes are the first holes drilled and fired in a
level pit bottom. They should be placed near the center,
and inclined at an angle of from 20 degrees to 40 degrees,
and should not be too deep, say 3 feet in hard rock.

BLASTING BY FUSE.

1500. In blasting by fuse, frequently four or more
holes are lighted at the same time, lengths of fuse being
used, so that the shots go off one after the other, allowing
each detonation to be counted, so that the sinkers may
know if all have fired. Fuse blasting is objectionable, be-
cause, under many conditions of sinking, the simultaneous
discharge of blasts gives the best results. As each shot
mutually assists the other, the result is about 1.4 times as
powerful as that obtained from consecutive firing. Fuse
firing is dangerous, because the fuse may hang fire.

Time fuses are in use at present, but they can not be re-
lied upon under all circumstances, and especially when sub-
jected to the varying conditions of damp holes. Time fuses
are made of cotton or hemp, cither single tape or double
tape. Some are made of gutta percha, and others of an
outer and inner casing of special material, according to the
conditions under which they are to be used. The best is
inferior to the electric exploder.
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The cap should be inserted only % of its length to avoid
such an occurrence. After inserting the cap, close the end
of the cartridge, and tie securely with a string, as shown in
Fig. 445. The cartridge so prepared is called the primer.

e N iy

FIG. 445.
When a number of cartridges are inserted in the same hole,
the detonation of the primer is sufficient to explode the en-
tire charge. The size of the cartridge should be such as to
fit fairly snugly in the hole. The cartridges must be in-
serted and pressed home carefully, one by one, the primer
being inserted last and pressed tightly down upon the charge,
and then the ‘‘tamping,” or ‘‘stemming,” should be in-
serted.

1503. Holes are charged by putting in one or more
cartridges, and squeezing each with a wooden rammer.
The best tamping for a drill hole is that which will not blow
out; it must be of a strong resisting character—something
which changes form when disturbed, and which tends to
wedge.  The best tamping, except small stones, is sand, and
the worst is wet clay.  If substances which are near at hand
will serve the purpose, they had better be used.

The power of the explosion is improved by good tamping,
because it confines the forces generated by the blast within
the hole. In order that even nitroglycerin explosives may
be well tamped, a soft substance, such as clay, is put directly
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on top of the cartridge, and gently pressed home; on top of
this, the tamping may be rammed tighter and tighter as it
comes nearer the top of the hole.

ELECTRIC BLASTING.

1504. The American method of electric blasting
depends upon the generation of a current of electricity ina
similar manner to the production of electricity for lighting
purposes, the current producing incandescence in a wire
which is submerged in an explosive. A magneto-clectric
machine is simply a small dynamo operated by hand, the
electric current being produced by the rapid revolution of an
armature, or a coil of wire, between the poles of a magnet.
The current is generated in the machine, and when it is at
its greatest intensity, it is discharged into the circuit which
contains the exploder. In this way the clectric current
passes over a fine platinum wire bridge, which offers so much
resistance that the wire becomes red hot, and this heat ex-
plodes a small quantity of fulminate of mercury which is in
the cap.

15058. Fig. 446 shows a cap with wire connections. The
wires C, leading from the battery, are connected by a fine
platinum bridge /£ /). /is a cement, usually made of sul-
phur, for the purpose of holding the ends of the wires intact,

F16. 46.

and serving to seal the mouth of the exploder. 2 is the
fulminating mercury. The whole is encased in a tube A,
which is similar in appearance to a gun cartridge. It is
about 1} inches long and } inch in diameter. The wire C
should be of pure copper, of about No. 20, American wire
gauge, and well insulated by cotton or other substance,
wound double over the wire.

The passage of electricity through any substance is practi-
cally instantaneous when compared with the passage of
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heat. Therefore, in a hole where there are scveral cartridges,
to ensure immediate explosion of all of them, an exploder
should be placed in every second or third cartridge; the best
result will be secured if there is an exploder in each.

When blasting is done under water (the result accom-
plished is then only } that of dry blasting), and whenever
the explosive is gelatin, gun-cotton, forcite, or dynamite,
the double strength exploder should be used.

1506. The greatest explosion that can be made is pro-
duced when the detonation 13 sufficient to ensure the im-
mediate explosion of the entire charge. If dynamite which
has frozen is not thawed out, it will take a much higher
initial explosion of detonation to set it off. In some cases,
several ounces of powder are put inthe hole in contact with
the exploder and on top of the dynamite, in order to produce
the large amount of shock and heat to discharge the higher
explosive—dynamite.

1507. The explosion is simply the conversion of the
solid into a gas. The gas occupies more space than the solid;
hence, in the tendency to expand it breaks the rock. The
higher the grade of the explosive the more sudden is the
conversion into gas, and the more effective is the blow
which it deliversin the drill hole. Thissuddenness of conver-
sion into gas is sometimes of more importance than the
number of volumes of gas produced by a certain number of
cubic inches of the explosive, as it increases the amount of
work done.

1508. For firing by electricity, two systems of connect-
ing the wires to the machines arein use. In the first, Fig.
447, the fuses are connected in series; that is to say, one
wire of the first hole is connected to one wire of the second
hole, and the other wire of the second hole to one wire of
the third hole, and so on, until all are joined, when there
will be one wire of the last hole and one wire of the first hole
left unconnected. These are now joined by wires to the
machine, which is in a place of safety.
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1510. Electric Blasting Apparatus.— Fig. 451
shows a good type of magneto-electric machine, weighing
about 16 pounds and occupying less
than § a cubic foot of space. These
machines are of different capacities;
one kind will fire 15 holes, while another
kind will fire from 25 to 40 holes.
With these machines no uncertainty
exists.

In using these machines a fuse, or
exploder with two wires attached, is
used as already described. The charges
having been connected as directed (the
leading wires being long enough toreach
a point at a safe distance from the

FI1G. 451, blast) and all being ready, the workmen
connect the leading wires, one to cach of the winged nuts
on the front side of the machine. This is accomplished
by placing the wire between the nut and the shoulder and
tightly screwing the nut against the wire.

To fire, take hold of the handle A and lift the rack (or
square rod, toothed upon one side) to its full length, and
press it down, for the first inch of its stroke with moderate
speed, but finishing the stroke with all force, bringing the
rack to the bottom of the box with a solid thud, when the
explosion will take place.

EXPLOSIVES.

1511. M. Berthelot describes nitroglycerin as ‘‘really
the ideal of portable force. It burns completely without
residue—in fact, gives an excess of oxygen; it develops twice
as much heat as powder, three and a half times more gas,
and has seven times the explosive force, weight for weight,
and taken volume for volume, it possesses twelve times as
much energy.”

1512. The name ‘ high explosives” is generally ap-
plied to that class of explosives of which nitroglycerin is
the active principle. They are commonly known by the
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name of dymamite. This usually burns freely without
explosion when unconfined in the open air, but when fired
by a blasting cap it explodes with enormous force.

All nitroglycerin compounds freeze at 40° F., and resume
their soft, pasty condition upon being warmed. To secure
its full explosive power, dynamite must never be used in
even a semi-frozen state. All nitroglycerin compounds
decompose when exposed to the direct rays of the sun for
any length of time, whatever the temperature of the air
may be, and hence lose their efficiency. All frozen car-
tridges should be thawed; as, when frozen, the powder loses
much of its efficiency, its properties change and it is
difficult to explode it with a cap.

1513. When the cartridges are frozen, they should not
be exposed to a direct heat, but should be thawed by one of
the following methods:

1. The number of cartridges needed for a day’s work
should be placed on shelves in a room heated by steam pipes
or a stove. If a small house is built for this purpose, it
should be banked with earth, or preferably fresh manure.

2. The cartridges may be put in a water-tight kettle
and this placed within a larger kettle, filling the space
between the kettles with water at 130° F. to 140° F., or at
such a heat as can be borne by the hand. If the water
cools, it should ‘not be reheated in the kettle, but fresh
warm water should be added. The kettles should be cov-
ered to rctain the heat. The temperature should not be
allowed to get above 212° F.

3. When the number of cartridges to be thawed is small,
they are sometimes placed about the person of the workman
until he is ready to use them, but this is a dangerous
practice. ) .

Cartridges should not be thawed by putting them in hot
water or by exposing them to live steam, as this (unfor-
tunately very common) method has an injurious effect on
the powder. Neither should they be thawed by holding
them in the hand before a fire, Cartridges exposed after
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ditions of each case; but these modifications must, in some
respects, be radical, and the best results will be obtained by
adopting from each-of the several systems the methods and
appliances that are best suited to the case.

In order to pass through quicksand, special means are
employed, the principal ones being (1) the Piling method,
(2) the Drum method, (3) the Gobert or improved Poetsch
sinking process, and (4) the Triger method.

PILING METHOD.

1516. When the quicksand or other soft material is
near the surface, the method of piling shown in Fig. 452
is employed. This -
requires the shaft
at the commence-
ment of the soft
material to be very
large, especially
where it must be
carried to a con-
siderable depth.

In such a case,

a wooden curb of

the size and shape

of the opzning

is laid down in

its true position.

This may be made

of oak about 9

inches wide and

6 inches thick.

Outside of this, FiG. 452,

and all around it, piles from 6 inches to 9 inches wide
and 3 inches thick are driven as deep as possible without
breaking. After the first set of piles have been driven at
the surface, excavation is started. When the excavation
reaches a depth of about £ the length of the piles, the work is
squared up, and the second set of piles is driven within
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outside is perfectly smooth, and meets with little resistance
in passing through the ground. The joints between the
segments are filled with sheet lead, the segments being
drawn together by bolts. The ribs are made broader where
weights have to be used to sink the drum, and the cutter
(Fig. 456) is attached to the bottom segment.

FIG. 456.

Sometimes the drum will sink too fast, and unevenly.
To avoid this, the tubbing is hung at three, four, or more
points by chains and a lowering screw arrangement from
transverse bcams at the surface. The speed can in this
manner be rcgulated at will, and when boulders, or any
other obstructions, are met, they can be removed to prevent
canting the drum.

1522. Cast-iron drums are not suitable for unequal
strains, so in work where such strains are expected wrought-
iron drums should be used.

Fig. 455 shows a drum with five tiers of segments above
the cutter 4, and Fig. 456 shows a perspective view of the
cutter.

THE IMPROVED POETSCH, OR GOBERT FREEZING
PROCESS.

1523. When beds of quicksand are met at considerable
depths below the surface, the foregoing methods are im-
practicable, and are replaced by an ingenious method known
as Gobert's freezing process. In this system, tubes are
forced through the water-bearing strata, and such a degree
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of coldness is produced within the tubes that a cylinder of
ice is formed around them. By placing the tubes in the
proper position, an ice wall or dam may be formed around
the line of shaft, or if sufficient time be given for the freez-
ing, a solid mass of ice will form directly below the shaft,
enabling the workmen to continue the sinking with uriusual
rapidity and a fair degree of safety.

1524. In Fig. 457 are shown a vertical and horizontal
section of a shaft where this system is applied to a bed of
quicksand about 30 feet thick and producing such a quantity
of ‘'water that the pumps can readily keep it to the level of
the bed. The vertical section A is taken on the line /) and
the horizontal section B on the line £ /% Large wrought-
iron tubes p, about 8 inches in diameter, are driven into the
quicksand at such an angle that the permanent walling can
be put in without removing them. These tubes are con-
nected together at the top by cast-iron fittings ¢, and pro-
vided at the bottom with a circular shoe s to facilitate the
passage of the tubes through the quicksand. They are also
closed at the bottom, after being driven to their permanent
position, by a lead plug 7 and several alternate layers of
cement and pitch /. Within each tube p is placed a small
tube 7, having a helicoidal or serpentine shape, and provided
at the top with a valve @ to regulate the inflow of the liquid
which produces the lowering in temperature. The tubes ¢
are also connected together above the valves v.

1525. When the system is properly connected, anhy-
drous liquid ammonia is forced from the refrigerating plant
at the surface down the tube ¢ into the small serpentine
tubes 7, along which it is allowed to escape into the tubes p
through small orifices /% placed in the valley-beds of these
tubes. The liquid continuously flows in thin streams
through the orifices, vaporizes, and, consequently, takes up
a great deal of heat from the surrounding strata, causing
them to freeze. This vapor is forced through the tube ¢ to
the refrigerator, where it is deprived of its heat and again
compressed into a liquid ready to return through the
tube ¢.
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The pressure within the tubes p is almost invariably less
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FIG. 457,

than the external pressure, thereby preventing any pos-
sibility of the liquid flowing out in case of a break in any of
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The compressed air enters the chamber. I” by the pipe A.
The water within the tube is then pressed out through the
pipe IV, The mode of entering and leaving the chambers
is interesting, and is as follows: It seldom (or never) hap-
pens that the valves ), and D, are open together when D,
is closed, it being so arranged in the figure only to make the
details plain.

Suppose it is necessary for gravel and stones to be lifted
from I into 7, or for the workman in V" to pass up into 7.
The valve D), is then closed by a workman in the middle
chamber, who also opens the small tap £, and in a short
time the pressure in 7 is equal to the pressure in V. The
workman in V then opens the valve /), when he can pass
into the middle chamber 7; or stones and dirt can pass
from I7into 7. If a change of workmen is to take place,
one passes into V, and closes /);; the man in the middle
chamber is then relicved by the tap // being opened; D), is
then opened, and the two men change again. The man
passing into 7 shuts /), and opens £ to equalize the pres-
sure between 7 and V), and the man in R opens X to equal-
ize the pressure with that of the atmosphere, when he can
open D, either to discharge dirt or pass out himself. The
pulley 2 is used in raising or lowering men or material
through the valves /), and /D,

After a bed of rock is reached by this process, the inside
of the cylinder is lined with brick to prevent damage to
flanges which might occur in working the shaft for mining
purposes.

1529. The depth which can be reached by this method
is limited; for the pressure of water outside the cylinder
increases with the depth, and a highcr pressure of air must
be used in the lower compartment to stop the inflow of
water. A point is soon reached at which sinkers can not
work. As much as 121 feet of quicksand have been passed
through by this method, the greatest atmospheric pressure
being about 41 pounds per square inch.

There arc other pneumatic systems, but they are all subject
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Fig. 459, is differently constructed, according to the nature
of the ground it is intended to cut. When intended for
cutting soft material, the bar in which the teeth are at-
tached is suspended by a fork of wrought iron; but where
hard rock is to be cut, the bar is to be forged in a single
picee and weighs from 13,000 to 22,400 pounds. The steel
teeth fit into sockets in the main bar, and are additionally
recured by a pin, which is readily driven out when the teeth
must be sharpenedorrenewed. The instrument shown in Fig.
4hY is capable of advancing S feet per day in ordinary ground.
I'he arm A A is for the purpose of steadying the motion of
the machine and is slightly larger in diameter than the lower
part 3. The teeth C, Con the arm A4 A widen the hole
slightly and trim off the edges.

1534. When the cutter or trepan has done work for
nome hours, usually at the rate of 9 or 10 strokes per minute,
nometimes at about 20 strokes per minute, it is raised by a
small hoisting engine, with a flat hemp rope 144 inches wide
by 2% inches thick, and by the successive unscrewing of rods.
The hole is then cleared by means of a sheet-iron cylinder,
uwbout 6 feet in length, with two valves in the bottom,which
ix lowered and raised by the rods. On being worked up and
down and turned in the same manner as the cutting tool,
the débris is drawn into it; and when it has sunk to its
depth in the loose stuff, it is raised, the valves close, and the
material is brought to the surface.

15835. The larger cutter, or trepan, Fig. 460, which
weighs about 36,000 to 49,000 pounds, is similarly formed of
a wrought-iron bar having teeth attached for that portion of
its length which exceeds the diameter of the smaller excava-
tion. It is guided below by a cradle or iron bar €, which
{its closely within the smaller excavation.

The teeth are so formed and set that they always cut the
bottom of this second stage into a sloping surface, so as to
allow the fragments to roll into the smaller shaft, where they
are caught in a shect-iron bucket which has been previously
lowered into it. The rate of progress in ordinary ground,
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when all is going well, is about 40 inchesbper day; but in
hard rock the rate will not exceed 10 inches per day.

1536. In order to obviate the tremendous vibration
which would be imparted to the rods by tools of this great
weight, a special arrangement is necessary in order that the
heavy rod and cutting tool, which together are 36 feet long,
may be ¢ free falling,” the balance of the rods being used
simply to raise the cutter to the desired height of stroke.
To accomplish this, a slide piece of great strength is used in
a manner resembling the ‘‘jars” in the American rope
method of boring. ‘

The guides of the smaller trepan are set at right angles
and formed of two strong iron bars. In the case of the
larger trepan, one cross-piece only is rigid ; the other one,
at right angles to it, is hinged on both sides of the main rod
in such a way as to be lowered or raised during the shifting
of the tools. These folding arms, when required to be used,
are brought into position when the tool is ready for work.
The guide then forms a cross, through the central opening
of which the rod of the tool slides freely up and down.

Figs. 459 and 460 show the dimensions of the tools for
boring a shaft 14 feet in diameter.

1537. The most remarkable part of the operation is
the fixing of the tubbing, Fig. 461, without the use of
pumping engines, in such a manner that it securely dams
back the water in the measures sunk through. The lower
ring of the tubbing is, like all the upper portion, cast in a
single piece. Its bottom flange 1, which comes to rest on
the bed or scat cut in water-tight ground, is turned outwards,
and its upper flange 5 inwards. Upon the lower flange, and
all around the ring, a wall of well-picked moss C is tightly
packed. This moss is enclosed in network while being
lowered to position. To aid in the forcing of the moss
against the side of the shaft, small sheet-iron springs D are
placed above and below, as seen in Fig. 461, which have the
effect of giving the pressure a definite direction. The next
ring £, which is large enough to slide down on the outside
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PFic. 1.

of the bottom piece, rests
on the moss cushion by
a flange also turned out-
wards. As soon as the
moss is pressed down by
the weight of the ring
£, the ordinary rings of
the tubbing are built
upon it, as before, and
their weight continues
to compress the moss
until it is practically
solid. Each flange is
planed, and between
them a ring of sheet
lead % inch thick is laid,
which, after screwing up
the bolts, is beaten in on
both sides with hammer
and chisel.

The tubbing is of extra
thickness, and each ring
is generally made 4} feet
to 5 feet high. The
lower ring is 22 inches
thick, and the upper ones
are made gradually light-
er. Inorderto facilitate

" the gradual lowering of

this enormous weight by
the six rods and screws
used for this purpose, a
diaphragm or false bot-
tom /£ is attached by
screw bolts near the bot-
tom of the tubbing, which
causes it to float on the
water. A central equi-
librium tube G passes up
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2. The water pressure in the shaft to a great degree pre-
vents the inflow of quicksand or other soft material.

1539. The Lippman System.—In this system the
hole is bored any required size from the beginning by a
large trepan having a cutting tool bifurcated at both ends,
or shaped like a Y at each end. This form of trepan,
shown in Fig. 462, A :
is adopted in order
that the blows near
the circumference
will be approxim-
ately as close as
those near the
center. In this Fic. 4.
system, the engine gives motion to the boring lever by
means of an endless chain and an eccentric, which prevents
all shock. For removing the débris, an iron box divided
into three compartments, each compartment having nine
holes closed by valves opening inwards, is operated just as
is the sheet-iron cylinder used in connection with Fig. 459.
This iron box must generally be filled twice before boring
can be resumed.

The sides of the shaft are secured in a similar manner to
that employed in the Kind-Chaudron system.

THE LONG HOLE SYSTEM.

1540. This process consists of drilling holes from 100
to 300 feet deep, or morc, and close enough to each other
(3 to 4 feet apart) to be used for blasting. When the drills
are taken out of the holes, the holes are filled up with sand.
The sinkers then usually drill sumping holes in the center
and blast out the rock. They then remove 3 or 4 feet of
sand from the long holes. The inner group of long holes is
always fired first, and the outside rows afterwards. The
outside holes generally square the shaft nicely, so that little
dressing is required. When the bottoms of the holes are
reached, the drills are again put at work.
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into chairs made fast on the buntons and on the sides of the
shaft timbers. The rails should be fastened together by
fish-plates attached to the back of the rail. In such a case
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FIG. 464. Guides. — Where wire

buntons. A small space
rope conductors are used in deep shafts, the clearance must

should be left between
the ends of the rails at
the joints for expansion,
and the holes in the fish-
plates should be made
oval, sothat the bolts are
. freetomove upanddown,
. as required by expansion
and contraction, without
any lateral play.

1550. Wire Rope
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be more than with rigid conductors, because of the vibra-
tion that is set up in the guide ropes by the running cages

Fig. 464 shows the various arrangements for wire rope
guides for the different arrangements of the cages.

At a is shown a cage with four cars and four wire con-
ductors; at 4 is shown a cage with two cars and two con-
ductors; at ¢ is shown a cage with three cars and three
conductors; at ¢ is shown a cage with two carsand two con-
ductors; at ¢ is shown a cage with two cars and three con-
ductors; at £ is shown two cages with two cars each and two
conductors each, and flat rope or safety conductors between.
Two conductors, both on one side of the cage, are used, and
between the cages, and unconnected to either of them, two
other ropes are suspended. These latter ropes are often flat
(not always), and at the passing point are lined or covered
with steel or copper strips which prevent any possibility of
the cages colliding when the clearance is very little. At g
is shown two cages with two conductors each and two cars
each; at / is shown two cages with three cars each and two
conductors each.

The arrows show the direction in which the cars are run
on to the cage, and the dots show the position of the guides.
The dotted lines show the position of the cage chains.

1551. Wire rope conductors, like T-rail and other iron
guides already mentioned, are subject to expansionand con-
traction. This is provided for in the following manner :
Each conductor is made secure at the top of the head-frame
with two or more wrought-iron clamps. These clamps grip
the conductor and rest upon timbers of sufficient strength
to safely carry the greatest weight necessary to keep the
conductors taut. Care must be exercised in fitting the
clamps nicely to the guides; otherwise, instcad of holding
the conductors firmly, the clamps may actually nip and tend
to break them.

At the lower end, in the sump, heavy weights are placed
upon clamps, one or two pairs gripping the conductors.
The weight varies according to the depth, but a fair rule is
2,240 pounds for each 600 feet of the depth.
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1553. In commencing a slope, the ground is excavated
in an open cut, precisely as a railroad cut is made, the sides
being trimmed back to the angle of repose, or made perpen-
dicular and supported by crib work. The excavated ground
is thrown out by hand or removed by wheelbarrows. When
the face of the cutting has a greater vertical height than
the total height of the timber to be used, the sinking of the
slope is commenced in the following manner:

Sufficient room is first excavated for a set of timbers in
advance of the one set up where the open cut was discon-
tinued. Where the ground is friable, as it frequently is at
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shallow depths, lagging of timber (usually 3-inch or 4-inch
plank on top, and 2-inch or 3-inch plank on the sides in well-
finished work) is securely placed. The lagging is made flush
with the front of the first set of timbers, but on each set
thereafter, it reaches from center to center. Sometimes,
the ground is so soft that forepoling, or piling driven in
the roof inadvance of each set of timbers, is employed (sec
Fig. 466), so that the timbers can be put in without removing
an unnecessary amount of material.

1554. Frequently, the overhead lagging is put up by
cutting a trench from the top to the bottom of the face of
the slope, from 12 inches to 18 inches wide, the one end of
the lagging board resting on the last set of timbers, and the
forward end resting on a temporary prop of suitable length.
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1560. Fig. 481 shows the provision made to keep the
track in place, that is, to prevent it from slipping down the
pitch in the slope. The
| long ties are shown rest-
ing against the legs in the
| lower portion of the figure;
the middle shows the ar-
rangement of the roadbed
when only a center prop
is used, and the upper
part of the figure shows
the arrangement when no
timberisused; aa’ are long
ties, 00’ are theregular ties,
ande¢, ¢, care braces to keep
the ties in proper place.
When square sets are
Fio. 481, used or where the sills of
round sets are hewed on the upper side, a long tie is spiked
upon it, or the sill itself may take the place of  a’, but this
requires greater care in ballastingand ‘‘lining up” the tracks.

1561. Where the dip does not exceed 40°, the height
of the slope is made about the same as the height of the
entries or gangways, but it is never desirable to have the
height less than about 6 feet. .

Slope timbers are set leaning up the pitch a few degrees
less than right angles to the dip, for reasons given hereafter.

1562. There are many methods of jointing timbers, but
those given are as good as any forms in common use.

In the notching of timbers, there is a general principle of
right and wrong. The joints should be cut so that every
square inch shall have a uniform bearing. If the joint is
poorly fitted, the whole weight will be thrown on a small
surface, which will give way.

Care must be taken not to reduce the strength of the set
too much by having too much spread, or batter, on the legs.
Just what the batter should be is a debatable question, but
it should not exceed 1in 6 or 1in 5.
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15683. Where it is necessary or desirable to dispense
with the center prop of a wide set of timbers, the following
methods (Figs. 482 and 483) are employed. Besides the
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FIG. 48 Plo. 483
usual set of squared timber, there are pieces @, @ running
along the slope, with props 4, & and braces ¢, ¢, the whole,
as shown, approximating to the form of an arch.

WALLING.
1564. When the price of timber becomes more than
that of brick, or where timber strong enough to give the
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frames which have the form of the invert and arch), iron
templates are used for turning the invert and arch.
Where a heavy lateral pressure is expected, the sides of

FiG. 486.
the arch should be concaved from their intersection with
the invert, as shown in Fig. 486.

Fig. 487 shows an elliptical arched roadway, which is the
strongest form that is suitable for mineroads. The circular
is not practicable. The elliptical form will resist pressure
from any or all directions better than any of the other forms
given.

1565. Very little mortar should be used between the
joints when building any one of these forms of arches. No
old wood or anything subject to decay should be put in or
left behind the walling. When there is considerable water
in the strata, the space behind the walling should be filled
in with concrete. At great depths the crush is enormous,
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and arches of great strength are thereby destroyed. It has
been found that by packing the top and sides with sand toa

Fic. 47,
thickness of not less than one foot, the weight is distributed
over the whole surface of the arch; consequently, it will
stand a greater pressure.

SINKING OPERATIONS.

1566. In slope sinking, the operation of getting out
the coal is accomplished in the same manner as when dri-
ving entries or gangways. The face is advanced by blasting
out of the solid by means of flanking shots, alternating from
one side to the other. Where the coal is hard enough to
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blast, but not too hard to shear, the coal is ‘“shorn” in the
center from top to bottom and the coalon either side of this
shearing is blown off the solid. In soft coal it is necessary
to mine the coal, which may be done on the top or bottom,
as the water will permit.

1567. In thick seams, where water is coming in freely,
the upper portion of the coal is removed in advance of the
bottom, the coal left forming a sump for the water. This
lower coal may be advanced by leading the water to a small
hole dug in the bottom, from which it is drawn by the
pump, until the shot has been placed and fired. In thin
seams this method is not practicable. Here some small
proportion of the whole width must be kept in advance,
either in the center or sides, from which the water is
pumped. When there is no water, slope sinking is com-
paratively an easy matter.

1568. In “‘rock slope” sinking, the operation is on
much the same principle. When air drills are used, how-
ever, the center is usually advanced first. A great deal
depends on the judgment of the sinker in charge, and his
skill may change the manner of procedure from time to
time in order to get the benefit of natural advantages.

The tracks, together with the timbering or walling, are
carried forward simultaneously with the sinking,

DRIFTS.

1569. A horizontal, or neady horizontal, opening
driven in the coal from the surface above water level is
termed a drift. When the seam of coal dips slightly in-
ward, insteagl of starting the drift in the coal at the outcrop,
it is best to start it some distance below and give it such a
grade that when the drift is driven far enough for the first
““parting " or ‘‘turnout,” it will have reached the bottom
of the coal seam. In this way an easy grade can be made
for the loaded cars, whereby the haulage from the main
parting to the tipple will be greatly facilitated. The cost
of opening a drift in this way is but little greater than that




METHODS OF WORKING COAL MINES.

(PART 1)

PILLAR AND CHAMBER METHODS.

SHAFT PILLARS.

1573. There are necessarily a great many methods of
working coal mines, because coal not only varies widely in
its physical properties, but is found in different strata, and
at different depths and inclinations. All the methods,
however, may be classified in a general way under two
principal divisions, viz.: Pillar and Chamber and Longwall
methods. Either of these two divisions may be so modified
as to make it difficult to determine whether the modified
method should be called Pillar and Chamber or Longwall.

1574. After a shaft has been sunk to the seam, the
levels, entries, headings, gangways, or galleries to commu-
nicate with every part of the territory to be mined are
turned off. Whatever the method adopted, no coal should
be mined for a certain distance around the shaft except for
the opening of roads. The pillars thus left should be large
enough to protect the shaft from rupture.

15875K. The size of the shaft pillar depends on:

1. The Dcpth of the Seam.—Because the pressure of the
superincumbent strata increases with the depth.

2. The Inclination of the Seam.—Because the plane of
fracture lies between the vertical and a line drawn at right
angles to the pitch, and what is known as the ‘‘zone of
subsidence” diminishes in height as the pitch increases.

The working of a seam causes the overlying strata to
settle, and produces what is called ‘‘subsidence.” If the
seam is horizontal and not too deep, this subsidence will
reach the surface and be greatest at a point vertically over

§14
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the center of the excavation; but, if the seam is deep-seated,
the settlement may not be perceptible at the surface. In
case the subsidence reaches the surface, its limits bound
what is called the zone of subsidence. If it does not
reach the surface, a dome is formed, and we have what is
termed the dome of subsidence. When the strata are
homogeneous and horizontal, the dome of subsidence is
symmetrical and its axis is vertical; but when the strata
are inclined, the dome is not symmetrical and its axis is
inclined. As the inclination of the strata approaches the
vertical, the height of the dome becomes less. When the
zone of subsidence crosses strata of varying inclinations,
the axis of the dome is deflected; and, if the strata are
soft and loose, the dome may reach far beyond the limits of
the excavation, especially if the strata contain water. In
all cases the plane of fracture of stratified rocks lies between
the vertical and a line perpendicular to the strata.

8. The Naturcof the Overlying and Underlying Strata.—
Because the nature of the strata affects the domes variously,
that is, the hardness, elasticity, plasticity, compressibility,
etc., are conditions which affect the result. If the rocksare
hard and brittle, the fall increases in volume much more than
if they are plastic. If they are firm and cohesive, they yield
only under forces very much greater than those which suffice
to draw away soft strata. If it has elasticity, it transmits
to a greater distance the pressure which it receives. The
compressibility of rocks after expansion is also very variable.
Therefore, over identical excavations domes are formed
which differ in length, height, and width. When water is
present with a soft fireclay bottom for the seam, it makes
the protcction of the shaft more difficult. The excessive
pressure on the pillar of coal compresses the fireclay and also
forces it up on the roadways, from which it must be removed;
the process may go on indefinitely if the pillar is not very
large, and may eventually destroy the alinement of the shaft.

4. The Texture of the Coal.—Because harder coal can
withstand more pressure without crushing than softer coal,
and is not so much affected by atmospheric influences.
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5. The Thickness of the Scam.—DBecause the dome ot
subzidence, as a rule, develops in breadth and in height with
the height of theexcavation; however, there seems to be no
direct ratio in the amount of subsidence to the height of the
excavation.

It follows from the above considerations that in pitching
seams the rise side pillars should be the larger, as shown in
Fig. 438. Here, a
much larger pillar
is shown on the
rise side than on
the dip side of the
shaft. The verti-
cal lines are shown
dotted at @ 4 and
a’ &', and the lines
at right angles to
the dip are shown
dotted at @ ¢ and
a' /. The lines of
fracture are shown
solid between the
dotted lines. On
the rise side, the
line of fracture ap-
proaches the shaft,
while on the dip
side it goes away
from the shaft.

There is, per-
haps, no point in
mining on which FlG. 488,
so much diversity of opinion exists among authorities as on
the size of shaft pillars required under given conditions.
Any accident to the shaft caused by a pillar “of insufficient
size entails great expense and loss of output, and it is better,
therefore, to err on the side of safety in this matter.
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protect the shaft and the buildings 5, the furthest being
100 feet from the center of the shaft.

1877. For shafts deeper than 700 feet, a good formula
for determining the approximate size of shaft pillar under
average conditions is : radius of shaft pillar =3 X ¢/ x ¢,
where ) =depth of shaft, and 7= thickness of seam.
Thus, a shaft 900 feet deep, which is sunk to a seam 8 feet
thick, should have a pillar whose radius =3 X 4900 X 8 =
254.56 ft. When a shaft exceeds 700 feet in depth, it is
seldom necessary to provide extra pillar for buildings, unless
the seam is extraordinarily thick.

Great care should be exercised in determining the size of
shaft pillars in districts where cxperience has not already
determined the best dimensions.

SLOPE PILLARS.

15878. These pillars depend on the five principal points
mentioned in speaking of shaft pillars. However, there is
not much danger of the draw destroying the slope, because
the line of the slope is nearly at right angles to the plane of
fracture, whereas in a shaft, the line of the shaft and the
plane of fracture converge in pitching seams.

1579. By assuming that a mass of strata receives no
support by virtue of its own strength or adhesion to the sur-
rounding strata, which is true over large areas, it may be
inferred that pillars will be subject to weights varying
directly as their depth from the surface, multiplied by the
cosine of the angle of dip. Therefore, pillars should increase
insize as the slope advances downwards. What the exact
increase should be can not be determined definitely enough
to warrant the formation of a rule.

For a close approximation of the size of pillars required at
the bottom of a slope, when conditions are normal, the
formula 3 X ¢//) X ¢ (see Art. 1577) may be used, in
which D should represent the wertica/ depth of the slope
below the surface, and ¢ the thickness of the seam. The
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removed as soon as space is made for other longitudinal
pieces. This process goes on until a complete lining, con-
sisting of longitudinal bars and cross-struts between them,
exists all around the excavation. In heavy ground, the
longitudinal pieces are often connected by transverse bars
a, a, Fig. 492. Vertical props b, & are set between these
bars until, at the completion of the work, the appearance is
as shown in Fig. 492, where A is a cross-section and B a
longitudinal section on the line + y. The masonry is now
commenced. A lining of sand is spread in the bottom, and
shaped to the curve of the brickwork. A wooden frame or
‘“template,” built the exact shape and size of the finished
dimensions of the inside of the arch, is fixed at such a height
above this sand as will allow the thickness of the brickwork
decided upon to be placed between it and the sand. The
bottom arch or invert is built first; then the sides are con-
tinued until they mect in the center line at the top of the
arch.

1588. In most of the shaft bottoms in America, cars
are caged from both sides, there being an empty and a
loaded track on each side. It is often necessary to pass cars
from one side to the other, and because the law (of Penn-
sylvania) requires a passage around the shaft, the bottom is
so arranged. In well-arranged collieries, the caging is all
done from one side, and the cars travel in the direction
shown by arrows in Fig. 493, the tracks having a down grade
in that direction.

Perhaps the most satisfactory arrangement of a shaft
bottom, where conditions are favorable, is shown in Fig. 493,
in which /2 is a plan and A a section of the roads. The
method of handling the cars is as follows: A loaded car is
taken from the road ¢ to the shaft s by way of the road &
or ¢, depending upon which cage is down, and by it the
empty car standing on the cage is bumped off and run by
gravity to the point 4, and by virtue of its start it ascends
the steep grade & ¢ sufficiently far to give it force enough
when it reverses to run along the road 4 g & far enough to
accommodate a trip of cars. At the point §, there is a pair
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matter. By the arrangement shown in Figs. 493 and 494, the
gradients are so arranged that the movement of the loaded
and empty cars is almost automatic. When there is more
than one deck, this arrangement will only suit when the
position of the cage is changed to bring each deck alter-
nately on a level with the shaft bottom. Each change will
take nearly as much time as hoisting one car to the surface
by a single cage. To overcome the difficulty of changing
the position of the cage, the bottom is arranged to suit the -
decks of the cage, the loaded car being lowered to the deck-
level and the empty cars being raised to the level of the
seam by an inclined plane or an engine. When there is con-
siderable dip to the seam, if the production from each side
is equal, two decks may be used by making the bottoms
independent of each other, at levels suiting the decks of the
cage.

1591. Where endless chain or rope ha