THE SHERIDAN COAL FIELD, WYOMING.

By JoseEpu A. TaAFr.

INTRODUCTION.

This report is a brief discussion of the economic geology of the coal
in the Sheridan field, Wyoming, and includes in addition only so

much of the stratigraphy, topography, structure, and culture as seem.

to have a bearing on the development of the coal field. A more com-

plete report on the coal fields of northeastern Wyoming, east of the
Bighorn Mountains, is contemplated, to be prepared when geologic
surveys are carried farther south and east.

The Sheridan field is covered by public-land surveys, and no maps
other than township plats were available for field use, with the excep-
tion that a small part of the coal area west of the longltude of Sheridan
is within the Dayton quadrangle and has been surveyed topographic-
ally. The principal object in the survey being the classification of
the coal land, it was necessary that all points should be located with
reference to the Land Office unit of subdivision—the section. Many
of the section corners could not be found, even in the larger valleys
" where settlements have been made. In the rougher parts of the field
the number of corners that could be found was still less, and many of
those that were located contained no distinctive markings. Local
county and other surveyors report that great difficulty has been
encountered in locating settlers upon their lands, the only corners
that could be found being in many cases several miles distant from
these lands. Moreover, the locations of stream crossings on section
lines and of other topographic features shown on the township plats
were found to be so erroneous as to suggest that a considerable part
of the land subdivisions had never been made.

The map (Pl. VIII) accompanying this paper is based on compass
surveys tied to known land corners and to each other. Distances
were measured by pacing on section lines or froni section corners. In
the eastern and central parts of the field but few section corners could
be found. The traverse lines between known section corners were
long, and even when these lines are adjusted to each other and to the
known corners the locations of many points are only approximately
correct.

123



124  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1907, PART II.

The writer was assisted in the field work by Albert W. Thompson
and Fred'H. Kay, and in the office by Mr. Kay. The larger part of
the results obtained in the season’s work is due to the competent serv-
ices of these men. The officers of the coal-mining companies located
at Dietz, Carneyville, Monarch, and Kooi, together with individual
owners of coal lands, rendered valuable assistance.

LOCATION AND GEOGRAPHIC RELATIONS:

The Sheridan coal field is located in northeastern Wyoming, to the
east of and near the Bighorn Mountains. The northern edge of the
field is the Wyoming-Montana State line, and is arbitrarily chosen
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without reference to.the boundary of coal-bearing rocks. Likewise
the eastern and southern borders are conveniently situated on range
and township lines and have no particular geologic significance, being
chosen to mark.the limits of the surveys of the season. The western
boundary of the coal field, however, is the western boundary of the
rocks that contain Workable coal beds. The field thus defined is a
part of the Fort Union coal region, which extends from northeastern
Wyoming into eastern Montana and North Dakota. The Wyoming
part of this larger region is in the wide, flat trough or basin between
the Black Hills and the Bighorn Mountains.
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ACCESSIBILITY.-

The Chicago, Burlington and Quincy Railroad, a single-track line,
crosses the Sheridan field in a general northwest-southeast direction.
It has connections with trunk-line roads in Nebraska and Montana
to the southeast and northwest. Railroad construction is feasible
through the Sheridan field northward along either Powder River or
Tongue River valley to the Northern Pacific Railway on Yellowstone
River in Montana, and from the Burlington Railroad southward up
Powder River.

CULTURE AND WATER SUPPLY.

Sheridan is the commercial center of the coal fields of northeastern
Wyoming, and is the largest town in the northern part of the State,
having an estimated population of 8,000. Dietz, on Goose Creek 2%
miles from its junction with Tongue River, and Carneyville and Mon-
arch, on Tongue River, are the three principal mining towns. They
have about 2,000, 1,400, and 700 inhabitants, respectively, and the
energies of the people are devoted solely to coal mining, about 1,600
men being employed in the operations. Within a year Kooi and
Riverside, farther up Tongue River, have been established for coal-
mining purposes. ,

Clear, Little Goose, and Goose creeks and Tongue River, having
their sources in the Bighorn Mountains, afford a supply of excellent
water. Their alluvial bottom lands, aided by abundant water for
irrigation, support thriving farming communities.

TOPOGRAPHY.

The Sheridan coal field is in the western edge of the broad. plain
that extends from the Bighorn Mountains to the Black Hills. The
plains feature in this field is referable, however, only to the crests of
the main watersheds and higher ridges between the principal valleys.
The crests of these highlands undulate between levels of nearly 4,200
feet in- the eastern end of the field to 4,600 feet at the approach to the
foothills of the Bighorn Mountains. Fere and there the headwaters
of the streams have reduced the highlands to zigzag sharp-crested
ridges, which are in places intersected by shallow gaps.

The larger valleys are graded and the streams meander in flat,
alluvium-filled bottoms. The lowest point in the mapped area is in
Tongue River valley at the State line, and is nearly 3,400 feet above
the sea. Thick coal beds have been burned in many places near the
outcrop, producing extensive clinker beds and metamorphosing the
strata that overlie the coal. These clinkers and baked strata are very
resistant, and, as a consequence, are now found capping steep terraces,
spurs, buttes, and cones,
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Broad stretches of flat, gravel-covered benches and gently sloping
table-lands make a large part of the country contiguous to the valley
of Little Goose Creek, and between Little Goose Creek and Tongue
River. )

The valleys of Goose and Little Goose creeks and Tongue River are
floored with a thick deposit of gravel, sand, and silt, and are wide

and flat.
DRAINAGE.

Tongue River and Little Goose, Goose, and Clear creeks are the
'only streams within the mapped area that have a continuous flow.
These streams afford an abundant supply of excellent water. Their
sources are toward the crests. of the Bighorn Mountains, where snow
lies during a large part of the year and where rainfall is more abundant
than in the plains country surrounding the mountains. All the other

“valleys have intermittent streams that are dependent on the scanty

rainfall of the plains region.
0

FOREST CONDITIONS AND TIMBER SUPPLY.

The Sheridan district has no forests. The few trees in the valleys
consist of cottonwood, ash, etc., that are found in scattering growths
near the streams. Pine and cedar grow here and there on the more
stony uplands. More rarely scrub oaks are found in protected gulches
near the heads of the valleys. The Bighorn National Forest, a few
miles west of the mapped area, will afford ample timber supply for all |
needs of mining. Timber for mines, railroads, and other purposes is
floated down Tongue River to the railroad near Ranchester.

GEOLOGY.
STRATIGRAPHY.

GENERAL OUTLINE.

It is proposed to discuss here only the rock formations that contain
the coal, together with the formation that lies in contact below and
the surficial gravels and alluvium above, that have, or seem to have,
economic bearing on the development of the coal resources. The sur-
ficial deposits are the only formations in this district that overlie the
coal-bearing rocks. The formations that lie below the coal-bearing
strata require further field study for better age classification. Two
or more of these lower formations crop out across the southwestern
part of T. 55 N., R. 85 W. All the remaining part of the Sheridan
field as mapped contains coal-bearing strata, except in the areas of
surface gravel and alluvium. The geology of the coal-bearing rocks
has been briefly discussed by Darton.®

a Darton, N. H., Geology of the Bighorn Mountains: Prof. Paper U. 8. Geol. Survey No. 51, 1906; also
Bald Mountain-Dayton folio (No. 141), Geologic Atlas U. S., U. 8. Geol. Survey, 1906.
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The formation that immediately underlies the coal-bearing rocks
consists of a group of thick beds of drab to brown sandstone that are
separated by blue clay and brownish or black carbonaceous shale
layers. The carbonaceous shale contains a féw thin seams of coal, but .
no coal of any commercial value is known to occur in the formation.
This has been named the Piney formation in the Bald Mountain-Day-
ton folio. Southward from Tongue River the outcrops become gradu-
ally obscure, until but little can be seen of them on Goose Creek near
the southwest corner of the area mapped. The obscure exposures
are evidently due to the gravel that has been spread over much of
the upland.

This formation has been correlated ¢ locally with the Fox Hills
sandstone, of known Cretaceous age, and referred to as a definite
marker below the coal. Its exact age is not yet known, and it is too
far beneath the coal beds to be of any economic value as a datum for

reference.
COAL-BEARING ROCKS.

The rocks that contain the coal in the Sheridan field consist of
comparatively soft shale and sandstone, alternately stratified and in
apparently conformable succession. The shales vary widely in com-
position from clay through carbonaceous clay to coaly shale or bone,
on the one hand, and from clay to sandy clay and shaly sand on the
other. The more clayey shale is, as a rule, very slightly, if at all,
indurated, except where the burning of coal beds has changed its tex-
ture. The sandstone and shaly sandstone strata are generally friable
or consist of only partially consolidated sand that breaks down readily
into loose sand on exposure. Here and there in the section, however,
there are certain sandstone beds that have been changed to stony
hardness, and weather out in projecting ledges. Such indurated beds
are more or less local, and no individual sandstone formation is trace-
able by its exposures for a great distance.

The coal-bearing rocks are divisible into two parts, which may be
called the lower and upper members, distinguished by the relative
quantities of sandstone and shale and by the general color of the rocks.
The dividing line is near the middle of the rock section as exposed in
the Sheridan field and is marked approximately by the Carney coal
bed, as it is known on Tongue River.

LOWER MEMBER.

The rocks below the Carney coal are essentially all shale or are shaly
in character and prevailingly dull drab, bluish, and brown in color.
They contain numerous segregations of ferruginous, globular concre-
tions, many of which, are several feet in diameter. On weathering

a Kennedy, Stewah, The lignites of northeastern Wyoming: Mines and Minerals, vol. 27, 1907,
PP. 294-297, ’ . :
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they take on yellow to brown rusty hues and break into angular lumps -

of small size. These segregations of ferruginous, sandy clay are
more abundant in the upper part than elsewhere in the member.
Bluish shale of varied texture, interspersed with a great number of
beds of carbonaceous shale, makes up the greater part of the rock
section. The carbonaceous strata range from thin seams to beds 15
to 20 feet thick, and locally contain thin bands of coal. At one
locality near the State line, west of the mapped area, 800 to 1,000
feet below the top of the member, there is a variable and local bed of
coal separated into benches by several bands of blue clay and brown
carbonaceous shale. The coal layers aggregate 5 feet in thickness at
one place. At another place near by the total thickness of coal is 4
feet 10 inches. Near the top of the member, as exposed on the north

side of the Tongue River valley, there are two other coal beds that

appear to be of local extent. One is nearly 60 feet above the other,
and they are separated by dark shale. The upper of the two beds is
about 75 feet below the Carney coal bed, from which it is separated
by bluish shale and thin beds of brown sandstone. These two coal
beds are each about 6 feet thick on the north side of the Tongue River
valley, in T. 57 N., R. 85 W., and are locally known as the Masters
coal beds. )

The total thickness of the lower member north of Tongue River is
estimated to be 2,500 to 2,800 feet. The exposures are so obscure
south of Tongue River that reliable estimates of the thickness there
could not be made.

UPPER MEMBER.

General character.—The rocks from the lower member upward to
the top of the section exposed in the Sheridan district consist of shale,
sandstone, and coal, in many beds interstratified. It is- estimated
that the aggregate thickness of the shale is approximately twice that
of the sandstone. The shales range from clay of bluish tints to brown
carbonaceous clay and bony coal, on the one hand, and from clay
through grades of sandy clay to shaly sandstone, on the other. In
weathered surfaces the shale and sandstone, aside from the carbo-
naceous beds, present various hues of light yellow, brown, and white,
except where the burning of the coal has transformed them to hues of
red and pink.” The sandstones range in color from drab or brown to
white. The carbonaceous strata, being originally black to dark
brown, retain a dark shade until weathered to soil. As a whole the
surface coloring is yellow.

The thickness of the upper member exposed in the Sheridan dlS—
trict is estimated to be not less than 2,200 feet. The rocks are very
slightly tilted or lie in a horizontal position, and the edges of the beds
are spread over a wide area. As elevations were obtained by means



SHERIDAN COAL FIELD, WYOMING. 129

of aneroid barometers, the determinations of thickness of strata are
only approximately correct.

With respect to the occurrence of coal, this member may be sepa—
rated into three divisions. From the base upward, through nearly
800 feet of rock, there are at least seven workable beds of coal. These
coal beds are exposed principally in the valley of Tongue River, and
for convenience of reference and economic discussion they will be
termed the Tongue River coal group.

Tongue River coal group.—The lowest workable bed of this group
" is known as the Carney bed. It occurs in two benches in the Tongue

River Valley. The upper bench is 4 feet 6 inches thick, and the lower
between 10 and 11 feet. The two benches are separated by a thin
parting of shale.

The next workable bed occurs about 86 feet higher in the section

~on Tongue River, and is known locally as.the Monarch bed. This
bed also is divided into two benches. The upper one is reported to
be nearly 10 feet thick and to contain partings of shale. The lower
bench is 18 to 22 feet thick, as reported from drill prospectmg and .
mine working. Part of the coal is left for roof in mining until the
pillars are. robbed, therefore a full section of the coal could not be
seen. A large part of the rock between the Carney and Monarch coal
beds consists of white, massive sandstone. In the bluffs of Tongue
River at Carneyville the sandstone is nearly 60 feet thick. A variable
thin shale lies between it and the Carney coal, and a thicker bed of
shale separates it from the Monarch bed above.

Nearly, 120 feet above the Monarch coal bed there is another bed,
known as the Dietz No. 3 coal. This is not exposed directly above a
known outcrop of the Monarch bed, its identity being determined
from records of drilling and structural conditions between Monarch
and the junction of Goose Creek and Tongue River. A prospect near
the mouth of Goose Creek exposes 6 feet of the Dietz No. 3 bed, and
it is reported to be 12 to 14 feet thick in prospect drillings. The rocks
between the Monarch and Dietz No. 3 coals consist of bluish shale
and thin-bedded and shaly drab sandstone.

Another coal bed, known as the Dietz No. 2, lies about 100 feet
above the Dietz No. 3. Its known thickness is 8 to 9 feet, and it is
reported to thicken locally to 14 feet. Dietz coal bed No. 1, the fifth
in the Tongue River coal group, counting from the base, occurs 100
to 115 feet above Dietz bed No. 2. This bed is 83 feet thick near
Dietz, and is succeeded by an upper bench 18 inches to 2 feet thick,
with a gray shale of the same thickness intervening. The same bed
is exposed in the bluffs of Tongue River near the mouth of Goose
Creek. The rocks separating the Dietz coal beds consist of yellow to
brown sandstone, bluish shale, and brown carbonaceous shale in beds
of variable thickness. Certain thick sandstone beds between Dietz

71497—Bull. 341—09——9 '
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coals Nos. 1 and 2 make bluffs along Goose Creek north of Dietz and
on Tongue River east of Goose Creek.

A sixth coal bed in the Tongue River group is exposed 210 to 215
feet above Dietz bed No. 1, in the hills south of Dietz, where itis
mined for local use. The coal here is nearly 5 feet thick and is
referred to as the Smith coal, from the name of the operator of the
local mine. A massive white sandstone 20 feet thick underlies the
" blue-shale floor of the coal. The outcrop of the sandstone makes a
white band and is a marked feature of the hills both northeast and
south of Dietz. The rocks are chiefly shale from this white sandstone
down to Dietz coal No. 1.

The uppermost bed at present known of the Tongue River coal
group occurs 125 feet above the Smith coal, and is separated from it
by shale with a few thin sandstone beds. This coal bed has been
prospected and mined for local consumption 2 miles northeast of -
Dietz by Mr. Roland, and may be known for purposes of description
as the Roland coal. The bed at this locality is 13 feet thick. Be-
tween Dietz and Sheridan the Roland coal bed is believed to be
~ replaced by a thick bed of bituminous shale, with bands of bony coal

2 feet and less in thickness in its midst.

Intermediate coal group.—From the Roland coal, which marks the top
of the Tongue River coal group, upward 700 feet the rocks are com-
posed chiefly of shale. Here and there are thin strata of white to
brown sandstone. Bands of carbonaceous shale are of common
occurrence, and there are several beds of coal that are evidently-
limited to small areas. Continuing upward there are 450 to 470 feet
of shale and sandstone in alternating strata, each kind of rock being
nearly equal to the other in aggregate thickness. A number of car-
bonaceous shale beds 10 to 20 feet thick were noted, with a few beds
of coal of workable thickness though of small areal extent.”

Ulm coal group.—Two workable beds of coal of considerable areal
extent occur in the rock section 1,100 to 1,200 feet above the top of
the Tongue River coal group. Over the larger part of the Sheridan

- field these upper coal beds have been removed by erosion. Their
remnants are found in the south-central part of the mapped area, near
the top of the watershed between Tongue River and Clear Creek.
These two coal beds are termed for convenience the Ulm coal group,
because of their best known occurrence in the vicinity of Ulm,
on the Burlington Railroad. They are separated by about 100 feet
of shale and soft sandstone beds similar to the sandstone and shale
lying below. The Ulm coal beds vary both in section and thickness.
Exposures of these beds, however, are rare on account of the exten-
sive burning they have suffered near the surface. Both beds are
broken by shale partings, usually into two or more benches, but the -
total coal in each is ample for mining. Above these two coal beds
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there is an estimated thickness of 200 feet of soft shale and whitish
to light-yellow sandstone, making the topmost part of the section of
rocks exposed in this field. :

VARIATIONS IN THE COAL-BEARING ROCKS,

A considerable part of the coal-bearing rocks change in character
in certain respects toward the south, in the general direction of the
strike of the beds. Near the State line, in T. 58 N., R. 86 W., certain
light-colored sandstone strata in the upper part of the lower member
thm out and disappear southward along the strike. Some brownish
and yellow sandy strata that lie still higher, near the top of the same
member on Tongue River, seem to thin out toward the south and give
place to dull-colored shale or sandy strata on Goose and Beaver
creeks in T. 55 N, R. 85 W. These conditions seem to indicate that
the parting between the two members rises in the rock section
toward the south. ‘

The upper member also changes in character southward along the
strike of the rocks. From the central part of the field southward
the differentiation between the sandstone and shale strata becomes
less. distinet. The sandstone on the whole is duller in color, and near
the southern boundary of the mapped area the sandstone beds con-
tain pebbles of limestone, quartz, and -chert. In the southeastern
part of T. 54 N., R. 83 W., and in T. 54 N., R. 84 W., many hundred
feet of strata in the central part of the upper member merge into
conglomerate. The constituent parts of the conglomerate become
coarser rather abruptly on the approach to the Paleozoic rocks of
the Bighorn Mountains, upon which the conglomerates overlap
unconformably. The exposed section of conglomerate strata is more
than 1,000 feet thick between Little Goose and Sandy Creek valleys,
at the base of the Bighorn Mountains, on the southern border of the
Sheridan field. The gradation from the conglomerate into the sandy
and shaly strata takes place toward the east and north, and involves
almost the whole section of this member from the Tongue River coal
group upward nearly to the top of the rock section. The economic
bearing of the conglomerate is a negative one, for the coal beds thin
out and disappear near its outer fringe.

AGE OF COAL-BEARING ROCKS.

Many collections of fossil plants were made at various places
throughout the section of the coal-bearing rocks, and fossil shells were
collected at various places in the. section from ‘the Tongue River
coal group upward. Reports on the plants by F. H. Knowlton and
on the shells by T. W. Stanton agree in stating that the rocks which
included the fossil collections are of Fort Union age. At the present
time the tendency is to class the Fort Union as lower Eocene (basal
Tertiary).
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STRUCTURE.

The rocks in the western part of the Sheridan field are tilted at
low angles in a generally eastward direction. From the Tongue
River valley southward on the strike of the lowest coal outcrop the
rocks dip about 4° E. Northward from Tongue River the dip is
. toward the southeast at about the same angle. These dips produce
a shallow eastward-pitching trough or basin. East of the mouth of
Goose Creek this basin structure is scarcely perceptible. Similar
structure, if it is not the same shallow trough, can be seen in the
western slopes of the Badger Hills, in T. 58 N., R. 82 W., when
viewed from a distance. The warping of the strata hereis so slight that
it is not perceived unless a considerable part of the broad fold is in
view. North of the mouth of Goose Creek the northeasterly dip,
though slight, is resumed. The tilt of the rocks eastward grows
gradually less on the whole, but with local variations in degree. On
the east side of the Goose Creek valley the dips average about 3°.
In the Prairie Dog Creek valley it is only 1°. Farther east and
continuing to the Powder River valley, beyond the area mapped,
the rock strata are essentially horizontal.

THE COAL.
GROUPING OF COAL BEDS.

As noted previously, the coal beds of this field are divided into
three groups, each group depending on the association of certain
beds and their seeming continuity in lateral extent.

Order and: thickness of the coal beds in the Sheridan field.

ULM COAL GROUP.

Feet
Upper Ulm coal bed (variable)..................o.o... 12
Lower Ulm coal bed (variable)......... .. ... ... ... ........ 16
INTERMEDIATE COAL GROUP.
"Several workable coal beds of local extent, probably eight in
number, varying in thickness up to 9 feet; total maximum thick-
ness about 30 feet.
TONGUE RIVER COAL GROUP.
Roland coal bed (variable). ................ooiiiiiii.. 13
Smith coal bed (variable)..... ... .. ... .. ... 5
Dietz coal bed No. 1. ... 8
Dietz coal bed No. 2....... e e et 8
Dietz coal bed No. 3 (variable)........... e 12
Monarch coal bed. . ... .. i 18-32
Carney coal bed.. ... ... L.l 12-17
Masters upper coal bed. ... .. ...l 6
Masters lower coal bed..._ .. ... .. iiil... 6

Estimated average of known exposures.................... 149
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The Ulm coal group occupies but a relatively small part of the
Sheridan district, and the amount of coal has been further reduced
by burning of the beds. Each of the coal beds of the intermediate
coal group, as estimated, is of workable thickness in only a small part
of the field. Some of the workable beds in the Tongue River coal
group are known to thin out, and others doubtless vary in thickness
from place to place. It can not be assumed, therefore, that the
average thickness of coal for the whole area can be more than a small
fractlon of the total average of the known thickness of the separate

beds.-
PHYSICAL PROPERTIES OF THE COAL.

The coal beds in the Tongue River group are so nearly uniform in
physical character that select specimens from one bed can scarcely
be distinguished from like specimens from other beds. All these coals
are distinctly black and have a shiny luster when fresh. On exposure
in dry air the blackness is intensified by a partial loss of the shiny
luster and the coal assumes a dull, dead blackness. At the same time
it undergoes a rapid change by the loss of free moisture, which causes
it to check or crack in various directions. Though weakened by
shrinkage through a partial loss of water the coal will adhere together
as mined for an indefinite time if protected from the weather. When
it is subjected to alternate wetting and drying, however, it breaks
into small Jumps and finally is reduced to a powder-like dust. For
these reasons the coals are marketed more successfully by shipment
in box cars.” The streak of fine dust produced by abrading the coal is
distinctly brown. The coals in the thicker beds especially are not
as a rule distinctly laminated, but are for the most part massive. In
mining they break into angular or subcubical blocks that present
hackly and conchoidal surfaces. The coal in this district is not reg-
ularly or distinctly jointed and in mining is undercut by pick or
machine and shot from the solid.

Though the coals of the Tongue River group contain a compara-~
tively high percentage of water and disintegrate on exposure, like the
lignites, they do not show woody structure. Some of the coal beds
in the upper part of the intermediate group and in the Ulm group
show the texture or fiber of certain plants that took part in forming
the coal. These coals are homogenous, however, and black like the
coal beds lower in the section, but their  water content is a little
greater than that of the coals on Tongue River. Their fuel value also
is a little lower, as indicated by the calorific determinations.
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QUALITY OF THE COAL.

The coals that have been tested chemically are considered to be
representative, with few exceptions, of the several beds that have been
examined. The samples believed not to be truly representative were
obtained from shallow workings and from mines near the outcrop, and
are thought to have suffered a partial loss of volatile matter, due to
the more or less free access of air. Such samples seem to show a higher
. percentage of moisture than the average coal of the same beds, though
the coal at the time the samples were collected did not contain an
apparent- excess of water. Samples Nos. 5 and 6 in the table of
analyses were taken from the same mine, one under a thick and the
other under-a thin covenng of rock. Nos 2 and 4 represent samples
from the same bed, one in a deep mine and the other under shallow
cover. It is probable therefore, that coals represented by samples
Nos. 4, 6,7, 8,20, 21, and 22 contained reduced components of volatile
matter and a slight excess of moisture, so that the samples as received
and in the air-dried state are not truly representative of the beds
from which they were taken. However, they were the best that could
be obtained at the time examinations were made and are approx1mate
within a small percentage.

All the coal samples were collected in conformity, as nearly as pos-
sible, with the regulations of the fuel-testing plant. Each sample is
first subjected to warm, dry air in a protected vessel until the free
moisture is evaporated and the coal has attained practically a con-’
stant weight. In this state it is said to be air dried and is analyzed.
The analysis is then recalculated back to the condition of the sample
as received. A comparison of these two analyses indicates the
approximate relative fuel values of the coal in its moist and dry state.

The chemical analyses show that the coals of the Sheridan district
as & whole have higher heat values and are therefore more efficient
fuels than the better grades of lignites. These coals are black and in
that respect are also unlike the lignites, which are brown. Because
of their general homogeneous texture, blackness, and fuel efficiencies
the Sheridan coals are distinctly separate in quality from lignites.
On the other hand, they are distinguished from bituminous coals
chiefly on account of their relatively high percentage of moisture,
conchoidal fracture, varying luster, and inability to withstand weath-
ering agencies. The average bituminous coal contains considerably
less than 10 per cent of moisture, has angular or cubical as distin-
guished from conchoidal fracture, retains luster, and will not check
or slack on exposure to the weather. The coal of the Sheridan dis-
trict stands between bituminous coal and lignite, and is to be classed
as subbituminous. _

The chemical analyses here given were made at the laboratory of
the Geological Survey fuel-testing plant, Pittsburg, Pa.
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Analyses of coal samples from Sheridan field, Wyoming. -
[F. M. Stanton, chemist in charge.]
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1. 2. 3. 4. 5. 6.« 7. 8. 9.
Mon-
l; . { Upper ((3lamey E}amey c (ar«(:ih ]:[r%]f; M h Mon-
Coalbed......ccocennen. as~ ower | (upper [ Carney. | (under onarch.
ters. |bench).|bench), y thick (nea; arch(?)
cover).| ¢TOP)-
Sec. 14, o |sec1z| Sec. 24, | 2miles | 5o 3
Location................ T.57N.,| Carneyville. |T.57N.,| Monarch. T.57N., ‘Mon- T.55N.
R.85W, R.8W. R.&W. ocn. |R.85W,
Laboratory No......... 5389, 5388. | 5387. 5394, 5386. | 5395. 5393 5391. 5392,
Sample as received:
. (Moisture.......... 22.71( 2276
%] Volatile matter...| 34.78| 3422
&1 Fixed carbon..... 36.60 | 39.58
PilfAsh......... | os91| 344
Sulphur.. .29 .35
 |Hydrogen. 6. 14 6.03
=1Carbon.... 52,64 | 54.89
P Nitrogen.. 1.03 102
Oxygen.. o309 3427
Calories.............. 5115 | 5,239
British thermal units.| 9,207 | 9,430
Loss of moisture on air
drying............eeen 9. 50 6. 60
Air-dried sample
. (Moisture.......... 14.60 | 17.30
% |Volatile matter...) 3843 36.64
=1 Fixed carbon..... 40.44 | 42.38
PlfjAsh.............] 6.53] 3.68
Sulphur. . .32 .38
s |Hydrogen. 5. 61 5. 67
=4Carbon.... 58.06 | 58.77
P INitrogen. . L14| 1.09
Oxygen.. 28341 30.41
Calories.............. 5,662 | 5,609
British thermal units.| 10,173 | 10,096
10. | 1L
Coalbed......c.evuenn.  Monarch (?) { I]\?(’ft; Dietz No. 2. I? (i’(ftlz Evans,
Beaver # mile Sec. 2
Sec. 11, | Creek, | Sec. 22, { Sec. 27, South T 57N,
Location.........ooocee. T.55N.,,| see. 14, |T.57N.,|T.57N., Dietz, £ Dietz REUW,
R.&W.T.55N, |R.8 W. R.84W. Dia S
R.85W ietz.
Laboratory No.........| 5747 5390. 5383 5384. 5378, 5385 5379. | 5381, | 5377,
Sample as received:
. (Moisture. ....... .. 19.87 24,12 10.83 | 22.38
§ Volatile matter. .. 35. 98 38.27 35. 05 31. 85
=\ Fixed carbon 38. 86 29. 42 38.91 39. 42
Ash.. 5.29 819 6. 21 6. 35
Sulphu: .47 1.06 .94 1.16
o [Hydrogen - 5. 86 6.32 1.
=1{Carbon.. 53.21 52.25 |.
Nitroge 1.08 119 |..
Oxygen ... 3270 3273 (..
Calories. .... | 5,089 4,692 5,148 5,137
British thermal units.| 9,160 | 8,446 9,266 9,247
Loss of moisture on air ' .
drying.....coeevinnnes 890 6.90 7.00 8.10 8.70 6. 30 6.70 | 10.40 7.10
Air-dried sample:
. (Moisture.......... 12. 04 18.49 1379 | .15.54 | 15511 15.97 | 16.97 | 15. 96 14.30
%] Volatile matter...| 39.49 41.11 37.69 34.66 1 36.37 | 36.37| 37.84 | 4191 36. 80
=\ Fixed carbon..... 42. 66 31. 60 41. 84 42.89 1 40.58 | 40.29 | 36.93 A 3
Ash. ............ . 6.68 6.91 7. 54 7.37 8.26 3 3
Sulphur. .. . 1.01 1. 26 1.34 1.20 .92 .
& |Hydrogen 5.46 L0 P IO IO . 6
=1{Carbon.... 57.22 56.86 [.ocieiiifoeneneii]oannnats .
PINitrogen. .. 116 129 || 119
Oxygen.. . 28.47 P77t 3 IR IR R .
Calories.............. X 5,536 5,690 | 5,477 | 5,469 | 5,382 | 5,520 | 5,850
British thermal units.| 10,055 9,072 9,963 | 10,062 | 9,860 ), 9,687 [ 9,98 10,531
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Analysis of coal samples from Sheridan field, Wyoming—Continued.

19. 20. 21. 22. 23. 24. 25. 26.
: Badger| Ken- |Powder
Coalbed................. Smith. | Roland. { Creek.| drick. | River.
. SW.% Kendrick
D miles | goc. 25, | Sec. 29, 590 2T Sec. 21, | NW. % |ec, 18, | station,
Location................ Sheri- T.57 N., | T.58 N., E. Mon. T.57N.,Isec.7, T.[T. 54 N.,| sec. 24, T.
R.84W. R.82W.l " R.76W. 55N., (R.83W.|55N,, R.
dan. tana. R.83W. 8 W.
Laboratory No.......... 5545. 5380. 5382. 5403. 5402. 5546. 5748. 5922.
Sample as received:
. (Moisture.......... 28. 86 28. 55 22.35 24.70 30.32
% | Volatile matter.... 29. 50 29. 43 3L.41 35.17 30.79
= Fixed carbon...... 38.36 38.31 34.70 30.02 31.90
ol 17 WO 3.28} 3.71| 11.54| 10.11 6.99
Sulphur.......... .32 - .28 2.67 46 1.25
o |Hydrogen......... . 6.31 6. 43 569 |......... 6.36
5 Carbon............ 48.66 48.52 . 44.76
Nitrogen.......... .84 .76 .91
oxygen............ 40.59 |  40.30 39.73
Calories.............. 4,573 4,574 4,278
British thermal units. 8,231 | 8,233 7,700
Léss of moisture on air
b 5’5 111 SN 8.10 6.90 10. 00 12.80 14.20 15. 30
Air-dried sample:
. (Moisture.......... 17.23 18.42 16.72 17.74
% | Volatile matter.... 38.90 33.83 34.31 36.35
=\ Fixed carbon...... 37.27 43.99 44.65 37.66
h 6.60 3.76 4.32 8.25
.89 .37 .33 1.48
6.09 5.61 5.65 5.50
55. 47 55.80 56. 55 52.85
1.18 .96 89 1.07
29.77 |.. 33.50 32.26 30.85
i .. 5,334 5,244 5,331 5,051
British thermal units. 9,602 9,439 9, 596 9,091

DETAILED DESCRIPTION OF COAL BEDS.

The following brief descriptions of coal are given in order of groups
from the base of the section upward. This order of treatment hap-
pens to run at the same time from the better-known and more exten-
sively developed coals to those less known and of less value at the
present time.

MASTERS COAL BEDS.

The upper of the two Masters coal beds has been exposed in pros-
pect pits and mined at various times for local use at several places
in secs. 10 and 14, T. 57 N., R. 85 W. It is reported that both beds
have been penetrated by prospect drills at a number of other places
in the vicinity. At the base of a small butte in sec. 4, T. 57 N,, R.
85 W., the lower bed is exposed as follows:

Section of lower Masters coal bed, in sec. 4, T. 57 N., R. 85 W.

Shale, carbonaceous. Ft. in.
Coal. e PO 3
Shale, blue. . ... .o i e 2
L7 ) N 6 6

Shale, gray.
Tutal workable coal ... ... . ... 6 6
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When this field was examined in August, 1907, preparations were
being made to develop the upper Masters bed on a commercial scale
in sec. 14, T. 57 N., R. 85 W., where a section was made and a sample
collected for analysis. An entry had been driven 300 feet at this
place.

~ Section of upper Masters coal in sec. 14, T. 57 N., R. 85 W.

Shale, soft drab. Ft. in.
[0 X N 410
Shale, s0ft. oo 3
(607 B R 11

Shale, soft blue.
. Total workable coal........oooei i 410

The Masters coal beds are not positively known except between
Tongue River and Slater Creek, in T. 57 N., R. 85 W. One of the
beds has been reported in a drill record at the west edge of sec. 24,
just south of Tongue River.

A coal thought to be one of the Masters beds has been mined for
local use on Soldier Creek, in the SE. % sec. 29, T. 56 N., R. 85 W.
There was 7 feet 6 inches of coal visible in the drift, and the base of
the bed was not exposed. This coal seemed to be equal in quality
to the Masters coals on Tongue River.

CARNEY COAL BED.

The Carney coal bed is exposed at only a few places and these are -
in and north of the Tongue River valley. The best locality is at the
Carneyville mines in Carneyville, where extensive mining opera-
tions are being conducted. The following are sections of the bed
at that place and at Monarch:

Section of Carney coal bed at Carneyville.

Sandstone, white, massive. Ft. in.

Shale, variable.... .. .. ... . iiiiiiiiiiiiaiaia.. 36
Coal, upper bench............... e 4 6
Shale . et i i eiieeeeaaaeaeaeaa 2—4
1070721 AN 10 9

Shale, carbonaceous.

Total workable coal...... ... ... .. ... . ... .......... 15 3
Section of Carney coal bed in shaft at Monarch.

Shale. Ft. in
Coal.eeneeneeo.. e 4
Sl e e 4
0 R 10

Shale, carbonaceous. .

Total workable coal... ... i i iieiaiaeann 14

The Carney coal is admirably situated for mining just above the
Tongue River bottom on.the north side at Carneyville, and at a depth
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of 86 feet at Monarch, on the south side, where extensive mines are
in operation.

The same coal bed is exposed in a couple of prospects on the east
side of Slater Creek in sec. 12, T. 57 N., R. 85 W. The one on the
south, known as the Conable prospect, has an entry 150 feet in
length. The lower bench is 8 feet thick at the face of the entry, as
shown by the subjoined section:

Section of Carney coal bed at Conable prospect, in sec. 12, T. 57 N., R. 85 W.

Shale, blue. - Feet.
07 N -5
Shale, blue. .. .... i 1
(67X 8

Shale.

Total workable coal. .. .. . ... .. ... . ... iiiiii.. 13

A coal believed to be the Carney bed is 14 feet thick in a gulch near
the southwest corner of sec. 35, T. 58 N., R. 85 W. Near the north-
east corner of sec. 34 a bed of coal presumably the Carney bed, is 7
feet thick but within 100 feet thms out.

Reports by drillers prospecting for coal show that the Carney.coal .
bed is 16 feet thick in sec. 9, 17 feet in sec. 15, 16 feet 6 inches in
sec. 16, and 16 feet in sec. 17, T 57 N., R. 84 W.; and 15 feet thlck in
sec. 25, T. 57 N., R. 85 W.

MONARCH COAL BED.

The thickest coal in the Sheridan field is the Monarch bed, which
is nearly 100 feet above the Carney coal, and is mined on a large scale
at the town of Monarch. It usually occurs, according to reports of
mine operators and prospectors, as a double bed similar to the Carney
in the same locality. Its thickness is such that in mining a consid-
erable part of the bed is left for roof. In the mine at Monarch the
lower and main bench is massive.coal from 18 to 20 feet thick, and is
separated from the upper bench by a variable parting of shale. The
upper bench is not utilized, and is reported by prospectors to be sepa-
rated into layers by shale. Unless care is exercised in mining, this
upper bench, together with the portion of the lower bench left for
roof, becomes a menace, being subject to spontaneous ignition in
abandoned and partially closed sections of the workings.

On Goose and Beaver creeks a thick coal’bed is mined at several
localities to supply local demands. The physical properties of the
coal and the character of the contact rocks seem to indicate that it
is higher than the Carney and probably referable to the Monarch
coal bed as it is known on Tongue River.

Prospects made by Stewart Kennedy on the Monarch bed in sec.
24, T. 57 N., R. 85 W., show a section of coal nearly the same as that
at Monarch
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A shallow prospect in the E. % sec..23 of the same township exposes
5 feet of coal in the upper part of the Monarch bed. The mine at
Kooi, near. the center of the same section, was being driven on the
Jlower 7 feet 6 inches of the same bed in August; 1907, and the operator
reported that an equal thickness of coal was left in the roof. The
main entry had then been driven but a few hundred feet from the
mouth.
. Numerous drill holes have been made in prospectmg for the Mon-
arch coal on both sides of the Tongue River valley. Some of the -
records note the presence of this bed as follows:

-

Thickness of Monarch coal bed in Tongue River valley as shown by drill holes.

Feet
T.57 N, R. 8 W.: SE. sec. 23. .. coiiiiiiii ittt 18
Near centersec. 25..... ... ... ... ... 29
NE. $sec. 26.......... e 18
T.57N, R.84W.: SW.dsec: 19. ..o, 29
' Near SE. cor.sec. 19 ... ..., 34
NE.$sec. 9. 20
NW.tsec. 10. ... i 20

At the north side of the Big Goose Creek valley, near the east side
of sec. 3, T. 55 N., R. 85 W., a mine known locally as the Black Dia-
mond exposes 12 feet of clean coal underlain by 3 feet 6 inches of
coal and shale in thin layers. The same bed has been mined for local
use at several places in the vicinity of the Black Diamond mine.

A small mine has been developed by Mr. Moore in the S. } sec. 11,
T. 55 N., R. 85 W. It is presumed that this is the same bed as that
of the Black Diamond mine. The bed is 11 feet thick, but only the
lower 9 feet is mined.

In the Beaver Creek mine, in the SE. 3 sec. 14, T. 55 N, R. 85 W.,
the coal bed has the followlng section:

Settion of coal bed at Beaver Creek mine, in sec. 14, T. 55 N., R. 85 W.

Shale. ' : Feet.
Coal. e, 6- 7
Shale. o 1
L0707 Y A 12

Shale, blue.

Total workable coal....... ..o o i, 18-19

The upper bench at this mine is left in the roof.
The Black Diamond, Moore, and Beaver Creek mines are operated
chiefly in the fall to supply Sheridan with domestic fuel.

DIETZ COAL BEDS.

Three workable coal beds have been located on the east side of
Goose Creek from Tongue River southward for a distance of about 3
miles. They are known locally as the Dietz coals because of their
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development in and near the town of Dietz, and are designated by
numbers from the uppermost downward as Dietz coals Nos. 1, 2, and
3. Stewart Kennedy believes that there is at least one workable bed
between the Dietz No. 3 coal and the Monarch bed. This opinion is
based on the interpretation of drill records and has not been sup-
ported by other evidence. The dip of the rocks eastward from the
Monarch mine on Tongue River to the exposure of the Dietz No. 3
coal on Goose Creek is very low and is not considered sufficient to
place the Monarch coal more than 120 feet beneath the Dletz No. 3
coal near the mouth of Goose Creek.

The Dietz No. 3 coal bed is exposed in only two prospects near the
junction of Goose Creek and Tongue River. Six feet of coal is visible,
but at neither prospect is a complete section exposed. Mr. Kennedy,
who has prospected this bed, reports its thickness as 14 feet. A
report from another source of a drilling in the Goose Creek valley indi-
cates nearly the same thickness for this bed. An outcrop in the
SE. 1 sec. 20, T. 57 N., R. 84 W, believed to be in the stratlgraphlc
position of the Dietz No 3 coal, 1ndlcates that the bed is so shaly
as to be of no value. An abandoned drift had been driven 80 feet
from the surface at the base of a high bluff of Goose Creek, in the
NE. % sec. 22, T. 57 N., R. 84 W.

The Dietz No. 2 coal bed has received most attention of the three.
In 1907 it was being worked on a commercial scale at mine No. 5, in
sec. 27, T. 57 N., R. 84 W., in Nos. 2 and 4 mines, at Dietz, and in No.
3 mine three-fourths of a mile south of Dietz. In all these mines it
has a thickness of about 8 feet 6 inches. In mine No. 3 the coal has a
variable thin parting of shale 3 feet above the base. At the other
localities named the coal is not divided by shale. 4

The Dietz No. 2 coal is also prospected in the bluff of Tongue River,
in the SE.  SE. 1 sec. 15, T. 57 N,, R. 84 W.

The Dietz No. 1 coal has been mined only at Dietz, where a large
tonnage has been removed. The following is a section of this bed:

Section of No. 1 coal bed at Dietz.

Shale, gray. , . Ft. in.
(0 Y 2
Shale, Gray ..o 1 6
(077 S 7 10
Y LN 0-1
(0757 ) 9

Shale.

Total workable coal...... ... .. .. .. i ..., 8 7

There is a probability that all the Dietz coal beds decrease in thick-
ness toward the south from the vicinity of Dietz. The uplands south
of Dietz are well covered with gravel, but the rocks in the bluffs of
Goose Creek are fairly well exposed and all the Dietz coals should
show west of Sheridan, but no such outerops have been noted.
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SMITH COAL BED.

The Smith coal bed is exposed in the hill 1 mile southeast of Dietz
and was being mined in the NE. } sec. 10, T. 56 N., R. 84 W., and
“hauled to Sheridan. A section in this mine follows:

Section of coal at Smith mine, in sec. 10, T. 56 N., R. 84 W.
Shale, blue.

Ft. in
Shale, carbonaceous. ... ... ocoiii it e, 5
Coal, DONY . .o e 6
(0707 4 11
Shale, blue........ccoi i 14
Sandstone, white..........coo i 20
Total worka,.ble 1677 Y 4 11

The section of coal at the outcrop southeast of Dietz is essentially
the same as at the Smith mine. Neither the Dietz No. 1 nor the
Smith coal bed was identified except in the vicinity of Dietz.

OTHER COAL BEDS OF TONGUE RIVER GROUP.

Three outcrops of workable coal beds were noted on Tongue River,
near the Wyoming-Montana boundary line, that were not correlated
definitely with other coal beds. To judge from the physical properties
and the composition of one of the beds they are probably equivalent
to the Dietz or Monarch coal. One of these beds has been mined for
domestic use in the S. § sec. 2, T. 57 N., R. 84 W., by Mr. Evans, who
lives in the neighborhood. The following section represents this bed:

Section of Evans coal bed on Tongue River, in sec.. 2, T. 57 N., R. 84 W. )

N Ft. in.
Shale, light blue..... O e 16
Coal and shale, alternate layers........... ... ... ... ... 2 10
Conl. .o 5 2
Bony shale, thin parting.
Coal tolevel of river.... ... ... ..o i 9 2
Base of coal bed concealed.
Total workable coal exposed..........c...oooiiiiia.l. 14 4

The calorific value of this coal indicates that it is one of the best
coals in the district.

The same bed, or one near its stratigraphic. position, is exposed in
the bluffs of Tongue River near the west side of sec. 6, T. 57 N., R.
83 W., where it shows the following section:

Section of coal in bluff of Tongue River, in sec. 6, T. 57 N., R. 83 W.

Ft. in.
Sandstone. . ... ... 25
Shale.. oo e 5
(077 DR 3
Sandstone. ... ... i iiieiieaeaaaa 6
Coal down to level of Tongue River......................... 18

Base of coal concealed.

Total workable coal exposed.............. D 18
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A coal bed near the same geologic position was noted in the -east
bluff of Tongue River, near the center of the W. § sec. 21; T. 58 N., .
R. 83 W. A section follows:

Section of coal on Tongue River, in sec. 21, T. 58 N., R. 88 W.

Ft. in
Sandstone. . .. ...t 7
(0707 4
Sandstone. . . ..o 1
Shale. ... 1 6
(0707 10-12
Base of coal concealed.
Total workable coal...........ooiiiiin e, 10-12

*ROLAND COAL BED.

The coal next above the Smith coal bed has been mined for domes-
tic use in sec. 25, T. 57 N., R. 84 W, by Mr. Roland. In August,
1907, one entry was abandoned and the roof had fallen. Another
has been driven about 60 feet on the upper 7 feet 6 inches of the coal.
Across the gulch a complete section of the bed is exposed, showing 13
feet of workable coal. -

The Roland coal bed seems to thin out toward the south, like the
Dietz coals. A coal bed 2 feet thick, which appears to be equivalent
to the Roland bed, has been prospected near the northwest corner
of sec. 11, T. 56 N., R. 84 W., one-fourth mile east of the Smith
mine. ' ) :

COAL BEDS OF DOUBTFUL STRATIGRAPHIC POSITION.
- A coal bed in about the position of the' Roland coal has been mined
for local use on Badger Creek, near the northeast corner of sec. 29,
T. 58 N., R. 82 W. A drift 30 feet long has been driven on 6 feet
of coal in the center of the bed, which is 9 feet thick. The bed here
seemed to be homogeneous.

A coal bed similarly situated stratlgraphlcally is exposed at two
places on Hanging Woman Creek. One is near the south line of sec.
22, T. 58 N., R. 79 W., and the other near the northwest corner of
sec. 3, T. 57 N, R. 79 W. The section of the bed at both exposures
is as follows:

Section of coal bed on Hanging Woman Creek, in sec. 22, 1. 58 N., R. 79 W.

Ft. in

Sandstone, white. ... ... ... ... 25
L0707 | s 13
Shale. .. ..o il 2
L7 17
Shale. .. ..o i 110
L0707 DR 11 2

Shale, carbonaceous.

Total workable coal..... ... ... ... . . ... ... ..... 11 2
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Two coal beds were noted in the valley of Hanging Woman Creek
in Montana, about 12 miles north of the Wyoming line. J. B: Ken-
drick has a small mine in sec. 2, T. 8 S., R. 43 E., on a coal bed 11
feet 3 inches thick, with an overlying bench 2 feet thick. This bed
is near the stratigraphic position of the Dietz coals, and the physical
character and fuel value of the coals are similar. A short drift had
been made on 7 feet 3 inches of coal in the lower part of the bed.

Another bed nearly 300 feet lower in the rocks occurs in the bluffs
of Hanging Woman Creek, near the north line of T. 8 S., R. 43 E,,
Montana. - Fifteen feet of coal is exposed from the creek bed upward.
The upper half of the bed seems to be a fair quality, but the lower

" part contains partings of bony shale. _

A coal bed at about the same horizon is exposed in the bluffs of

- Powder River in sec. 21, T. 57 N., R. 76 W. Its section is as follows:

Section of coal bed on: Powder River, in sec. 21, T. 57 N., R. 76 W.

Ft. in.
Shale. - el 20
(67 4
Shale, carbonaceous. ... ... ... ool 6
Coal. oo 5 4
Shale, carbonaceous..............ooooiiiiiiiiiiiL 8
Coal.............. e e 22 4
~ Shale, white................... ... e e 10
Shale, blue t0 FIVer. . .....ooet it 5
Total workable coal.......ooooiiemiiiiiiiiiiiiiaiiaaann. 31 8

This coal 1s exposed beneath an overhanging bluff and a small
quantity of coal has been removed from the lower bench.

Another coal bed of considerable thickness and areal extent has
been burned in the bluffs of Powder River, 150 feet above the coal
last described. Similar indications of burned coal occur along Hang-
ing Woman Creek above the Kendrick coal from the Wyoming line
northward.

COAL BEDS ABOVE TONGUE RIVER GROUP.

Several coal beds of probable commercial value were noted at a
number of places between the Tongue River and Ulm coal groups.
The coal beds are usually separated into several benches by shale or
bands of bony coal. Most of these beds occur high in the rock sec-
tion and nearer the Ulm coals, which lie above them, than the Tongue
River coals, which lie below. The following are sections of coa,l beds
that are known only at the locahtles specified:

Section of coal bed in SW. % sec. 18, T. 57 N., R. 83 W.

Ft. in
Shale, blue and carbonaceous. «.......coooiiiiiiiiii i 10
L0 3
Shale, bony. ... 3

(07 2
Shale, blue. .

Totalworkablecoal...................................'. 5
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Section of coal bed in SW. - NW. % sec. 7, T. 55 N., R. 83 W.

. Ft. in
Sandstone, yellow. ... ... e 12
Shale, blue............. P 3 6
Coal, oDy .ot 3 6
Shale, blue. .. ... i i 2
Coal, bony, and silicified wood............ccoeoeio.... ... 410
Total workable coal........... .0 .o ... 410

An entry 75 feet long has been driven on the lower bench of this
coal, which has been worked for domestic use.

Section of coal bed in SE. ¥ SE. § sec. $6, 1. 56 N., R. 83 W.

. Ft. -in.
Shale, blue, sandy. ... ....oooimii i e 2
008l e e i e 2
T L S 2
Coal, POOT- .. 1
ST T L 6
) L 1
Shale, carbonaceous. .. ..o v ettt e 210
Total coal bed.......coooieia oo, . s 4

It is possible that the included thin shale shown here may pinch
out and that the coal may be workable in this vicinity.

Section of coal bed in NE. 3 SW. % sec. 82, T. 56 N., R. 88 W.

Ft. in
Shale, CarbonaceoUs. ... ovveeeeeeeieeeeeeeeeaecaaaneaaaaannnn 20
(077 1 U SR 3
Shale, carbonaceOUs. .o uvneen e e e e 3
Coal, with three thin shale seams........ e eeanceeasacacennn 5 6
Shale, drab. ... 1
L0 Y A 5
Shale, drab, soft.
Total workable coal. ... ... ... .. ... ... ... _.......... 5
Section of coal bed in SW. % SE. % sec. 12,/T. 55 N., R. 84 W.
Ft. in.
Shale, carbonaceoUS. .. .o vcti ittt ittt 4 -
L0 11
Shale, carbonaceous..... ... ... ... ..., 3
L0772 1 3
Shale, carbonaceous... .. ... ... .. ..ol 2
L0 ) A 9
Shale, thin seam.
(0 Y 5
Shale, bony. ..o 7
(07 Y 11
Shale, carbonaceous. ... i 3
Coal. ool 1 6
Total coal bed......cooii 7 2

In August, 1907, this bed was being worked and hauled by citizens
for domestic use. The fuel value of the aggregate is evidently low.
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Section of coal bed in SW. } sec. 21, T.56 N., R. 82 W.

Shale, carbonaceous. Ft. in.
Coal, bony, Weatherea.......covoveieeienneancecanrananas 2 2
1] 17 9
Coal, bony...ccveevmeeean.n. et aaaaan 5

Base concealed.

Section of coal bed near east side sec. 7, T. 56 N., R. 82 W.

Ft. in

) 1Ty L 25
00BL. e et 3
Shale . et e 3
(0 A 5

Shale, blue. ..o e 5 6

Sandstone, White. ... .coeiiei i 104

Section of coal bed near southwest corner sec. 32, T. 56 N., R. 88 W.
' Feet.

Shale, carbonaceous. . . ..ot 50

Shale with thin seams of coal ... .. ... i il 5
Coal....ooeeeeiaa. .. et R S

Shale ‘ .

Section of coal bed in SW. % sec. 81, T. 56 N., R. 79 W.
Shale, blue. Ft. in.
" Coal, shale, and carbonaceous sandstone.................... 6 6
Coal, bony and silicified wood................ ... ... ..... 2 6
Shale, blue, thin seam. .
(671 33 6
Shale ‘
Section of coal bed in NW. % sec. 16, T. 56 N., R. 82 W.

Shale, carbonaceous. ' Ft. in.
1072 ) I 10
1 LY 6
L7 8
Shale. ot 1

v (07 2 6

Base concealed.

Section of coal bed in NE. % sec. 28, T. 56 N., R. 82 W.
Sandstone, soft. Ft. in.
Shale................. e i 2
Coal, bony, 8haly.....cooviiieiie i 3
(0737 Y I 7
2 105 1= YN 2
L) 4
] T 3
Coal and DO, - oot et 6
310 (- YU 1
107 6
Boneandshale........oovoieneo e 4

L0707 3

In the NW. % sec. 25, same township and range, this bed is mainly
carbondaceous shale with two thin bands of coal. »
71497—Bull. 341—09———10
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Section of coal bed in Kirkman prospect, sec. 26, T. 55 N., R. 80 W.

Sandstone, soft, white. Ft. in.
Shale, blue....ieii i e 6
L0707 1
Shale, thin seam.
(0737 2 4
Bone, 8andy. . oot 1
L0 R 1
Shale.
Total coal bed.u.m et ieieaaaas 4 4

A coal bed of workable thickness is exposed on Clear Creek near
the north line of sec. 11, T. 55 N., R. 78 W, east of the area mapped.
Ten feet of coal is exposed down to water level. At the time this coal
was examined the creek was at flood and the lower part of the bed
was concealed. The same coal bed has been prospected with the drill
in secs. 23, 24, and 25 and shafts have been sunk to it in the SW. %
sec. 22 and the NE. 1 SE. } sec. 24, T. 55 N., R. 78 W. The follow-
ing data are reported by J. N. Sweat, who is in charge of the con-
struction of a coal-mining plant at Kendrick station, in sec. 25, T.
55 N., R. 78 W.

Thickness of coal bed in T. 55 N., R. 78 W.

Depth to | Thickness

Location. Opening. coal of coal

. Feet. Feet.
SW. 1 SW. 386C. 22, .. ittt eeeaees Shaft 110 13
Near center W.3sec. 23.............. ....] Drill hole 116 12
SE.3SE. $sec.23............... ... N U d 148 12
NE. 1 SE. }sec 24..... Shaft 148 12

On the same authority is given the following record of a well drilled
at Clearmont, in sec. 21, T. 54 N., Rt 79 W.:

Section of well at Clearmont, sec. 21, T. 54 N., R. 79 W. ’

. Feet

Sandstone and shale...... ..ot enet e e 195
L0727 ) 12
Sandstone and shale... .. ... . ... .. ... 101
(07 X 18

No information was obtainable as to the quality of the coal reported

in this section.
ULM COAL BEDS.

The presence of the Ulm coal beds is more generally indicated by
burned rock than by their exposures. The Upper Ulm coal bed,
especially, has been burned very extensively. Complete sections
of the Ulm coal beds could be obtained at only a few localities, and
these indicate that the beds are usually divided into several benches
and that both the individual benches and the beds as a whole vary
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in thickness from place to place. The Ulm coals are not mined for
commercial purposes and are not taken for local fuel supply except
at a few places. The following sections represent the lower bed:

Sections of Lower Ulm coal bed.

SEC. 34, T. 54 N., R. 80 W.- | PROSPECT NEAR CENTER OF SEC. 20, T.
. i Ft. in. 54 N., R. 82 W.—Continued.
Coal with silicified wood .......... 2
Shale. . .n e e 9 | Shale, carbonaceous, etc.—Cont’d. Ft.in.
Coal oo, 210 (07,7} D 1 4
——-5 Shale, drab
NE. $ SEC. 30, T. 54 N., R. 80 W. Total coal bed. ... ..... 5 3
Shale. Feet.
Coal, with lentils of sandstone NW. 1 SEC. 13, T. 55 N, R. 81 W.
and silicified wood. ........ 5 Sandstone, soft. » Fb. in
Coal. ..o 5
Coal in pit, reported 6 Shale, carbonaceous.............. 4
PR (07 S 76
.16 Shale, thin seam.
JACOB LANG PROSPECT, SEC. 3, T. 54 N., Coal...ooouinieiitaa, 2
R.80 W. . Shale.
Ft. in —
Shale, carbonaceous.............. 13 Total workable coal......... 9 6
Coal...oooiiiii i 2 2
Shale, thin, carbonaceous, BETHEUREM PROSPECT, SEC. 14, T. 54 N.,
with fossil shells. ) k.83 W. Pt in
(éoa}. b """ b """ f o d """ 4 Shale, carbonaceous.............. 9
08 ’1 :l)ny, ase of bed con- Shale, with thin coal seams. ...... 5
cealed. Shale, blue....................... 1
Total coal..........ocon... ¢ 2 | Coal, bony..............o..oLLL. 2
PROSPECT NEAR CENTER OF SEC. 20, 7. | Shale, drab..........oooiiin. 6
54 N., R. 82 W. o Coal, bony.. ..o 2 4
- t. in. Shale, carbonaceous.......... 6
Shale, carbonaceous, and thin coal. 7 Cc:al‘ _____ 1
Coal, with two thin shale seams 2 8 ) Shalé‘ blue """"""""" 4
Shale, carbonaceous.......... 3 Coal, 'bony T g
Coal..oooreie it 1
Shale, thin parting. Total coal bed.............. 6 2

The shale bands in the section at the Betheurem prospect are
variable both in composition and thickness. The lower 5 feet 4 inches
of coal was being mined for domestic fuel. The shale seams were
rejected in mining.

Six feet of the Lower Ulm coal bed is exposed in a prospect pit in
the SW. % sec. 34, T. 54 N., R. 81 W., but the lower part of the bed is
concealed. The same condition also prevails near the south side of
sec. 23, T. 54 N., R. 82 W., where 5 feet of the upper part of the bed
is exposed. Four feet of good coal in the upper part of the Lower
Ulm bed was exposed near the southwest corner of sec. 6, T. 54 N.,
R.80W.

In a prospect pit on the Lower Ulm coal bed in the SE. } sec. 30,
T. 54 N., R. 80 W ., 4 feet 6 inches of coal is exposed, the lower part
of the bed being concealed.
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The following sections represent the upper bed of the Ulm coal

group:

Sections of Upper Ulm coal bed.

NEAR CENTER OF EAST SIDE SEC. 33, T.

OUTCROP NEAR CENTER OF EAST SIDE

54N, R. 80 W. SEC. 13, T. 56 N., R. 82 W.
Shale. Ft. in, Ft. in.
(6 3 Shale, carbonaceous, with many
Shale, carbonaceous. ... ..... 3 thin seams of coal. e 20
008l e 4 Coal. .. ooee il 5
Shale. .o 2 Shale.....ooo.ooiiiiiiaa.. 4
Coal.e oo 5 Coal...ooeeeiieea i 1
Coal, bony to base of exposure. 4 Shale.....ccveiieonieoniiinn.. 5
—_— Coal.eonien L 1
Total workable coal......... 12 Shale, carbonaceous. A
Total coal bed .............. 7 9

Three feet of coal that is considered to be the central part of the
Upper Ulm bed is exposed in a natural outcrop near the northeast
corner of sec. 12, T. 54 N, R. 81 W.

- DEVELOPMENT.

Coal mining in the Sheridan district, except for local domestic fuel,
is restricted to the coal beds. of the Tongue River group on Goose
Creek and Tongue River. The thriving mining communities of
Dietz, Carneyville, Monarch, and Kooi are an index to the rapid
growth of the coal-mining industry. The following ‘information in
regard to the development of the field is obtained from an article by
Stewart Kennedy ¢ and from field work in 1907.

As early as 1880 coal of workable thickness was known and mined
for domestic use by ranchmen at the present location of Dietz. From
this time on to 1893, when the first commercial mining began, coal
from several prospects on what are now known as the Dietz coal beds
Nos. 1 and 2 was mined and hauled to Sheridan. A drift was run on
the Dietz No. 1 coal near the east side of sec. 34, T. 57 N., R. 84 W,
in the winter of 1892-93 and the first shipment of coal was made in
the following May. Operations continued until 1899, the coal being
mined by pick and hoisted by mule power. A modern steam plant
was erected in 1899 for the development of mine No. 1 and the output
was greatly increased. A shaft was put down in 1900 in sec. 35, T. 57
N., R. 84 W, to the Dietz No. 2 coal bed and the development of mine
No. 2 began with the erection of a complete hoisting plant and shops..
Later a large electric plant was built and machine mining and electric
haulage were established in the Dietz mines. In 1903 a shaft was
sunk on the Dietz No. 2 coal bed in sec. 3, T. 56 N., R. 84 W, and a
modern hoisting plant established as mine No. 3. Also a slope was

a Mines and Minerals, vol. 27, 1907, pp. 204-297.
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driven on coal bed No. 2 in Dietz and a drift on the same bed 1} miles
north of Dietz, with adequate equipments, as mines Nos. 4 and 5,
respectively. These mines at and near Dietz, operated by the
Sheridan Coal Company, employ at the present time about 800 men
and support a population of about 2,000 persons.

A slope mine was opened in 1904 by the Wyoming Coal Mining
Company on the Monarch bed at the west side of sec. 19, T. 57 N.,
R. 84 W., and a complete modern equipment for extensive Immng,
including electric power, was installed. This plant employs about
325 men and the town of Monarch, established here, has a population
of nearly 700. Recently a shaft has been sunk at the Monarch mine
86 feet to the Carney coal bed. Both the Monarch and Carney beds,
with an aggregate of at least 34 feet of clear coal, will be exploited at
this plant.

The Carney Coal Company opened mines on the Carney coal bed
on the north side of Tongue River, near the southeast corner of
sec. 17, T. 57 N., R. 84 W., in the latter half of 1904. A modern
equipment for mining, hauling, hoisting, and loading coal, including
an electric plant, was erected on the south side of the river. The
mine is driven north of west on the rise of the coal bed. . Later a
second mine was opened adjoining the first on the same bed, in the
SW. 1 SW. } sec. 16, and recently a second tipple was erected to
accommodate the increased output. The mining town of Carneyville
has a population of approximately 1,400, and the company employs
about 500 men.

The mining town of Kooi was established in the N. % sec. 23,
T. 57 N., R. 85 W., during 1907, and a slope mine was driven on
the Monarch coal southward from the outcrop. The village is
reported to contain 100 inhabitants, with about 75 men employed
. in mining operations. A spur connects the mine with the Chicago,
Burlington and Quiney Railroad on the north side of Tongue River.

Late in the season of 1907 the Riverside Coal Company began
operations on the Upper Masters coal bed in sec. 14, T. 57 N., R. 85 W.;
but the extent of the development is not reported. A mining plant
was in process of construction at Kendrick station, in sec. 25, T. 55 N.,
R. 78 W., by the Wyoming Smokeless Coal Company, for the
exploitation of a 12-foot coal bed.

UTILIZATION AND MARKET.

Prior to 1900 the Sheridan coals were used principally for domestic
fuel. They were not regarded as successful for steaming purposes,
especially where strong drafts and small fire spaces were used. The
difficulties with the use of this coal for steaming, especially in
locomotives, seemed to be due to the decrepitation of the fuel when
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suddenly heated. The small particles of coal that are thrown off by
the sudden application of strong heat are in large part either blown
out of the stack or fall between the grate bars used in the ordinary
fire box of locomotives and other engines.

The Burlington Railroad began a series of tests of the Sheridan
coals in its locomotives in 1900. By the use of specially constructed
grates of large area, with modified fire boxes and stacks, the Sheridan
coal is said to produce very satisfactory results. Coal from all the
beds now mined is used extensively in locomotives and stationary
engines.

A large part of the production of coal in the Sheridan district is
used by the Burlington Railroad. It is marketed in Wyoming and
Nebraska as far east as Omaha; in the Black Hills region; at
Billings, Butte, and other points in Montana, a,nd as far west as
Idaho and Washington.



THE GLENROCK COAL FIELD, WYOMING.

By E. WesLeY SHAW.

INTRODUCTION.

The Glenrock coal field, in the east-central part of Wyoming,
comprises the southern end of a great area of coal-bearing rocks, the
Fort Union region, which covers the northeastern part of Wyoming,
most of the eastern half of Montana, and the western half of North
Dakota. (See fig. 4.) The principal towns in this field are Casper

1n2° 10° 108 108 ¥ : 1049, . .

FiG6. 4.—Index map showing location of Glenrock coal field, Wyoming.

and Douglas, each having about 1,000 inhabitants and being the
center of an extensive stock-raising community. There are also
three or four smaller towns along the line of the Chicago and North-
western Railway, the most important of which in regard to coal
mining is Glenrock. The field described in this report is nearly
rectangular, with Douglas near the southeast corner and Casper near
the southwest corner. - It is about 56 miles east and west by 27 miles
north and south, and comprises an area of about 1,512 square miles. .
: 151
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The field lies at the foot of the front range of the Rocky Moun-
tains, at the point where it changes in trend from the long north-
south course across Colorado and the southern part of Wyoming to
an east-west course of 50 miles parallel with and on the south side of
North Platte River. At the west end of this 50-mile stretch the
range as such disappears, but farther north it is represented by the
Bighorn Mountains, which are similarly situated with reference to
the coal fields on the east. About three-fourths of the Glenrock field
lies on the north side of North Platte River.

The work of which this paper is a report was of a reconnaissance
character, and on the west and south it was carried to the limits of
the coal-bearing rocks. The eastern and northern boundaries of
the field as mapped are arbitrary, depending principally on the amount
of time at the disposal of the party. East of the field the coal-
bearing formations are partly covered with barren Tertiary rocks,

- but toward the north they are found at the surface almost without
interruption for hundreds of miles.

- The writer was assisted by Charles T. Lupton, E. H. Sirich, R. A
Branson, and A. S. Ogle. As the work was primarily one of land
classiﬁcation, it was necessary to retrace the lines of the old land

- survey and locate the outcrops of the coal beds with reference to
the corner stones established by that survey. The other features
of the country were located also by their distance and direction from
the land corners. The exact astronomic location of the land lines is
not known, :
} ' TOPOGRAPHY.

The surface of the country is hilly, but not mountainous. It is
generally possible to drive wherever one desires, whether there is a
road or-not. Near the mountains the country is essentially a plain
that has been deeply dissected by the streams, leaving mesas sloping
gently toward the north or away from the mountains. Farther away
from the mountains the country is gently rolling, with a few flat-
topped hills, but there are a few small areas of rough country where
the mantle of Tertiary and Quaternary material is removed, revealing
the presence of the lower and more indurated rocks. A rather unusual
feature is that much of the field is covered with sand dunes.

North Platte River flows eastward across the field, and there are

five bridges across it. It is seldom that the stream can be forded
except late in summer, but at that time it may be crossed at a great
many places. There are very few other perennial streams, and most
of these are on the south side of the river and owe their existence to
the mountains. Nerth of the river water is scarce and the quality
is very poor. There are some ‘‘alkali seeps’ where water may be
had at any time of the year by digging a shallow. well, but to get good
water it would generally be necessary to drill a thousand feet or more.
Casper, Douglas, and all the smaller towns and post-offices are situa-
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ted along North Platte River, and the Chicago and Northwestern
Railway runs through these towns, mostly in the bottom land of
the river.

Throughout a considerable part of the field the building of first-
class roads would be difficult on account of the sandy nature of the
soil. There is no other route so well adapted to railroad building as
the river valley, but it would be possible to build a railroad to any
point, as the country as a whole is not rough, and cuts and fills could
be made without the excavation of much rock. The main obstruction
to a north-south railroad is the divide between North Platte and
Powder rivers, which, however, presents no great difficulty, as it is
only 500 to 1,000 feet higher than the valley of the North Platte.

GEOLOGY.
STRUCTURE.

~ The structure is dominated by the uplift of the Rocky Mountain
front range on the south and a slight uplift on the west. The strata
dip, in general, north at the east end of the field and northeast at the
west end, so that the structure, as a whole, is that of a broad, shallow
syncline pitching to the northeast. In a belt 6 or 8 miles wide, lying
along the foot of the mountains, the average dip is 15°, but it varies
greatly in this belt, as does also the strike. Along thesouthern border
of the field the strata in this belt are commonly upturned very steeply,
‘but farther from the mountains the strata are almost horizontal.
No great faults affect the area of coal-bearing rocks, though there are
probably numerous small ones. For example, there is one in the
Glenrock mine which has a throw of 8 feet.

STRATIGRAPHY.
GENERAL SECTION.

The following formations occur in the Glenrock field (see also
columnar section on map, P1. IX).

Quaternary: Wind-blown sand, rain wash, mesa and terrace gravel, lake beds, and
flood-plain deposits.
Tertiary:

Red and light-gray conglomerate and sandstone. :

White clay, more or less calcareous and commonly sandy (White River formation).

Fort Union (?) formation (shales, sandstones, and coal).

Cretaceous:

Montana—upper two-thirds principally sandstone with coal; lower third dark
shale with no coal.

Colorado—mostly dark-brown shale with some brown sandstone layers, and at the
top a buff to white sandstone, which may be Niobrara. Near the base is the
Mowry member, a very resistant dark shale which weathers white.

Cloverly—massive, brown, resistant sandstone, which commonly forms a pro-
nounced hogback. Near the top there is some shale, and at the bottom a fine
conglomerate, : ‘



154 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1907, PART IL

- MONTANA, OR LOWEST COAL-BEARING FORMATION.

The subjoined generalized section of the Montana formation is rep-
resentative of its character in the Glenrock field.

Generalized section of Montana formation.

Feet.
12. Sandstone, with numerous hard layers and some beds of
shale .. ..o s 200
11. Shale, sandy, locally carbonaceous........................ 125
10. Sandstone, white, marly or argillaceous.................... 50
9. Sandstone, brown, lower part massive, upper part more
thinly bedded, medium grained; has numerous worm or .
lamellibranch borings, rather resistant to weathering...... 575
8. Shale, dark, uniform in color and texture.................. 475
7. Sandstone, white, massive, the most resistant member of the
Montana; includes one or two beds of coal....... . 120
6. Shale and sandstone alternating ... ... .. .. .. .. ... ... 510
5. Shale, sandy..... ... ... 280
4. Coal, one or two beds, total thickness..................... 44"
3. Sandstone, white, argillaceous, with two layers of very re-
sistant dark-brown sandstone forming hogback with char-
acteristically irregularcrest........... ... ... .. ... . 110
2. Shale, sandy, with several layers of sandstone ............. 800
1. Shale, 8andy ..ooceiiei e, e 1, 800
5,049+

The character of any particular member is fairly constant, though
the color, composition, and thickness of the beds composing it change
from place to place. Exposures 50 feet apart on the outcrops of a
single layer 2 or 3 feet thick are commonly so different in appear-
ance that it is difficult to recognize them as the same bed.

The lowest member of the Montana may be recognized by its posi-
tion just below the coal-bearing rocks and above older noncoal-
bearing formations, also by its physical character. It is composed of
uniformly dark shale 1,800 feet thick, containing numerous more or
less round concretions. The outcrop of the shale forms a belt along
the south side and west end of the coal field, including the area in
which the town of Casper is located.

The next member (No. 2 in the section given above) contains sev-
eral beds of sandstone. Otherwise it resembles the member just
described.

The third member commonly forms a hogback with a very ragged
crest of dark-brown sandstone. The white parts of the member,
being less resistant, are not so prominent.

Just above this sandstone is a bed or two of coal (bed B on the
map, P1. IX). The overlying shale (No. 5) is sandy, and is much like
member No. 1, but its outcrop is generally covered with soil, and the
details of its composition are unknown. There are local exposures of
parts of the sixth mémber, but the seventh is the most resistant and
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consequently the most conspicuous part of the whole section. At
many places it forms a large, low; pine-covered hogback. One very
good exposure is located in sec. 16, T. 33 N., R. 78 W., 6 or 7 miles
southeast of Casper. This sandstone contains one or two beds of coal,
and its outcrop agrees approximately with that of coal bed A, which
crosses sec. 16, as shown on the map.

In going from the resistant white sandstone (No. 7) in the direction
of the dip, one usually crosses a broad, shallow depression which is
underlain by shale (No. 8) and comes to an outcrop of brown sand-
stone (No. 9). In some places the latter forms a hogback several
miles long, for example, 6 or 8 miles southeast of Glenrock. Its
weathered surface is everywhere much smoother than exposed parts
of No. 3. 4

The upper boundary of the brown sandstone is usually indistinct,
as the brown grades into the white of the succeeding member (No. 10).
This and the remaining members of the Montana are not resistant, and
few outcrops are visible.

The exact upper boundary of the Montana was hard to determine
in the field because the strata known to be of this age are overlain by a
nonfossiliferous sandstone which is much like the bedsbelow and which
in turn is overlain by the Fort Union (?). No distinct stratigraphic
break was found, although in one or two places there are slight indi-
cations of such a break at the base of this sandstone, and on the map
the boundary between the formations is drawn at this horizon. It
may, however, possibly be as much as 400 feet stratigraphically, or
one-fourth to one-half mile on the surface, from its true position.

Parts of the Montana formation contain many shells and other ani-
mal remains, but there are very few fossil leaves. In this respect the
Montana is different from the succeeding coal-bearing formation,
which has many leaf imprints and almost no shells.

The upper two-thirds of the Montana may be equivalent to the
Mesaverde of Colorado and southern Wyoming, but exact correlation
is not possible at the present time.

FORT UNION (?) FORMATION.

At or immediately above the top of the Montana formation there is
about 400 feet of massive white or buff sandstone (mentioned above),
with several coal beds and some shale. No fossils were found in it.
This member and the accompanying coal beds may be Montana, Lar-
amie, or Fort Union. In this paper they are provisionally regarded
as Fort Union. '

The Fort Union (?) as a whole resembles the Montana, but it is even
more irregularly bedded. There are very few zones which can be
recognized wherever seen, and the formation is much thicker than the
Montana. It may be separated into three members—a lower one of
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white to brown sandstone, already described, which is best exposed
near Glenrock and on Cole Creek neai Big Muddy; a middle member,
which underlies a large area north and northwest of Douglas and is
made up of dark shale and sandstone; and an upper member of bluish
shale which weathers white and outcrops in a small area on the north
side of the Glenrock field.

The central part of the Fort Union (%) isa great mass of dark shale,
much of it carbonaceous, but it contains also light shale, sandstone,
and some coal beds. Near the top is a zone of loglike concretionary
masses, the origin of which is not well understood. They are found
in greatest abundance 6 to 10 miles north of Douglas.

Near the middle of the north side of the field there are outcrops of
very light beds consisting of shale and some sandstone, which do not
appear elsewhere in this field. "The weathered surface of the shale is
white, but the unweathered parts are blue. No coal was found in
this member, and it is thought to constitute the top of the Fort
Union (?) section.

FORMATIONS ABOVE THE COAL.

The coal-bearing rocks described above are unconformably over-
lain by Tertiary and Quaternary formations. The White River, a
Tertiary formation of white sandy clay and conglomerate, covers a
considerable area in the southeastern part of the field. It isspread
over parts of all the older formations, and is even found high up in the
mountains. The so-called Chalk Buttes, 3 miles southwest of Doug-
las, are also composed of Tertiary rocks, and the outcrop of similar
rocks extends westward for 25 miles along the foot of the mountains.

The irregular areas of sand dunes which cover a large part of the
field obscure the geology of the rocks below. Some whole townships
are covered to a depth of 1 to 200 feet, the average thickness of the
sand being about 25 feet. Here and there among the dunes are out-
crops of coarse sandstone, and it seems probable that this rock is of
Tertiary age, and that the sand is the result of its disintegration.

Red conglomerate of Tertiary age occurs on the mesa 15 miles
north of Douglas. This is an isolated deposit and can not be cor-
related with other rocks in this field of the same general age.

A gray Tertiary conglomerate occurs in the valley of the North
Platte 10 to 150 feet above the river, but it is not extensive and hence
is not an important consideration in coal mining.

The Quaternary formations consist of the sand just mentioned,
gravel deposits on mesas and terraces, rain wash, and stream deposits.
Rain wash is of much importance in this field, for it obscures the bed
rock and reduces. the number of exposures. There are large areas
of gently rolling country where the products of weathering completely
cover the underlying rocks. In such places, as in the sand areas, the
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position of geologic boundaries could not be determined, and lines
on the map referring to bed rock are broken because of this uncer-
tainty. :

The mesa and high-terrace gravel deposits are usually less than 25
feet thick, but in the process of erosion the gravel is let down as a
mantle on the sides of the mesas. Many hills that are largely com-
posed of coal-bearing rock appear to be solid gravel because of this
mantle.

THE COAL.

HISTORY OF DEVELOPMENT.

The oldest mines in the field are at Glenrock and near Douglas.
They were opened about 1883. The Inez mine was opened in 1888
by Governor J. D. Richards and Messrs. Chamberlain and Vosbergh.
The Big Muddy mine was opened by Messrs. Tracey and Veitch in
1900. Coal declaratory statements have been filed on many tracts
of land, and some have been taken up in other ways because of their
coal-producing possibilities. Much of this was done in 1887, when
the railroad was first put in operation. At that time many new mines,
were opened and coal mining received a great impetus, but most of
the beds were found to be too thin or too poor to be worked with
profit, and as a result final proof was not made on many of the tracts,
and they reverted to the public domain. The only productive mines
at present are the Glenrock and the Big Muddy.

COAL BEDS OF THE MONTANA FORMATION.

Workable coal beds occur in members Nos. 4 and 7 of the section
on page 154. The coal is of fair quality compared with other Wyo-
ming coals, but the beds are generally too thin to be worked with
profit. The greatest thickness observed was scarcely 4 feet.

The coal in member No. 4 is'worked 7 to 10 miles southeast of Cas-
per, on and near N ichdla,ysen’s ranch. The workings consist of a
dozen or more drifts, some of which have been driven 100 feet into
the hillsides. The coal has been stripped where it outcrops at Weber’s
ranch, southwest of Big Muddy, and a little is obtained from the out-
crop in the north bank of the river, 3 miles east of Casper, but it is
not worked elsewhere in the field. - The thickness of the coal beds of
this lower zone ranges from 2 to 4 feet. ‘

The uppermost coal beds of the Montana formation occur in the
resistant white sandstone (No. 7), which js exposed in many places;
consequently the coal is comparatively easy to locate. In Tps. 34,
35, and 36 N., Rs. 79 and 80 W., there is a long and almost continu-
_ ous outcrop of the sandstone, but the full thickness is not exposed in
any one place. In many localities the coal associated with the sand-
stone is not visible, but it is probable that one or more coal beds 2 to
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3 feet thick are present wherever the sandstone occurs. The follow-,
“ing is a typical section:

Section of coal beds in white sandstone on north side of North Platte River, 4 miles east

of Casper.
Ft. in.
Shale, carbonaceous. .. .. ..o i il 3
Sandstone, yellowish white..........o.oooiiioii Lt 6
107 2
Sandstone, White. ..o ooooieie it 25
L0707 Y N 210
Sandstone, White. ... ooiioii i i 3
Shale, sandy, carbonaceous. . ...o.uivuurinoiiiaiiiaiiaaaaann. 6
47 10

. COAL BEDS OF THE -FORT UNION (?) FORMATION. -

The Fort Union (%) formation contains two coal zones of importance
and traces of coal at a number of other horizons. The most exten-
sive coal mining of the region is being done on the beds of the Big
Muddy-Glenrock zone, at the base of this formation. The coal beds
are probably not identical at these two places, but they occur in the
same zone and are not far apart stratigraphically. At Big Muddy
two beds are worked, one 4 feet 8 inches thick and the other 3 feet 6
inches. At Glenrock only one bed is worked -to any extent; it is
more than 5 feet thick. The localities where the coal belonging to
this zone may be seen are shown on the map (Pl. IX). One very
good outcrop is on Cole Creek, in sec. 31, T. 3¢ N., R. 76 W. Another
is on the north bank of the river, near the southwest corner of T. 34
N., R. 756 W. In the southeastern part of the field this coal is cov-
ered with the white Tertiary clays and conglomerate to a depth of
1 to 600 feet. The following section, showing the coal beds in this
zone, has been furnished by the Glenrock Coal Company: -

Section showing strata passed through by diamond drill at the northeast corner of the SE. t
NE. % sec. 4, T. 88 N., R. 75 W., Glenrock, Wyo.

Ft. in,
Surface 80il. . ..o 3
Sand and gravel...........oo i 7
Shale, SANAY - - . e 28
. Sandstone, 80ft. . .uo i et 9 10
Shale, sandy......c.ooiiiiiiill e 41 10
S0APSEOME. - - e e et e et eaaan 8 2
Sandstone. - ... ... oo S 2
B0aPStONe. ..o e 3
Sandstone. ... ..o D8
Slate, black. - ..ot 4
L0 2
Coal, Dony. .o e 2
Fire Clay . oo i 4
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Ft. in.
Shale, gray.....coomoemiiiii i 2
R 0 S 3
Fire Clay .o 6
Shale, sandy. ... ... e 17
Sandstone, 80ft. . oeuen i e 21
Y I« 5 .. 902
Shale, brown. ... 8
Shale, black........oc..ooun... e 9
Shale, gray. ..o e 9
Shale, brown. ... ..ot 4
Shale, black. ... ..o i 8
Shale, sandy. ... io. i 2
Sandstone, 80ft........cooiiiiiii i 18
Sandstone, hard...... ... il 1 2
Shale, sandy . ... ... i 14 5
Shale and trace of coal.......coourenieieiii it 14
Shale, gray. . ... i 9
Sandstone, hard. ... 3
Shale, gray. ... ...oooiii e 9 3
Tronrock.... ... o..iiilll. e, 1 8
Shale, sandy .. ...l e 6 2
Sandstone, soft..... ... 10 10
Sandstone, hard........cooiiii e ... 1
Sandstone, soft............. R e i 18 5
Shale, DIOWIL. .. ..o it 1
Coal. .o 76
Fire Clay. ..o 6
S0aPStone. - ... i 10 4
Shale, gray. ... ..o e 16
JRL 0 O P 2 2
Fire Clay . e ettt i 4.
"Sandstone, 80ft. ... 52 8
Sandstone, hard. ... ... o L., 16
Sandstone, soft. ... ..o 12
© Sandstone, hard. ... ... i 1 6
Sandstone, 80ft....cevuireriennaiiiaeaan, e eeieeaeaa. 34
Shale, sandy.....cooiimi e 5
Sandstone, soft.................o.o.olL.. . 21 4
Sandstone, hard... ... ..o e 1 4
Sandstone, 80ft. ... ..o i et 68 4
L0 1 13
CFire clay. ool 6
Slate, black. ..o e 410
L7 8
Fire Clay c o e e 4
Slate, black. ...couineii e e e 1 8
Slate, ray....coommmm i 3
Slate, black. .. ... i 6
Slate, Gray-«eeeeeeei ot 2
Shale, black. . ...ooior o 7
Sandstone, hard. ... ... .. i 1
S0APSEONE, BIAY . . eiii ittt 2 6
Shale, Gray ... ccuuemiiii it 5 7
(077 ) 5

.
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Ft. in.
Fire clay. ..o -6
Shale, gray. . 1
Shale, Brown......coooiiiiii i, et 6
L0 5
Fire Clay. ..o 1
Shale, gray ...t 12 1
L0 ) 5
Fire clay. . oo i 3
Shale, light colored...... ... i i 11 6
0 8
Fire clay and black shale.............ooooo oo, 6
Shale, Bray . . oot e 2
Shale, BroWn. ..o e 3
Shale, sandy........coeeenns e, 5.6
Sandstone, soft............o...o.oooll.. et 82 11
652 43

The next coal zone above the Glenrock-Big Muddy is about 2,500
feet above the base of the Fort Union (%) formation. Itisabout 1,000
feet thick, and will be called the Douglas-Inez coal zone, because
Douglas and Inez are the most important places where the beds are
worked. It outcrops in a broad belt running from a point near the

southeast corner of the field to the north side of T. 36 N., R. 76 W.
" Near Inez there are two beds of coal, each more than 5 feet thick,
and the property would seem to be the most valuable in the area;
but the company which undertook to work them did not make a
success. The reasons assigned were that (1) the roof and floor are
very poor, (2) there was much water, and (3) the coal is not of
very good quality. There were three mines on the two beds only a
short distance from the railroad, and the coal was worked out for
several hundred feet down the dip. A railroad spur was built out
to the mines, but mining was abandoned some years ago and the
track has been removed.

There are several thinner beds of coal near the two above men-
tioned, but elsewhere in the field there are not so many beds in this
zone. The following is a section near Inez:

Section of Douglas-Inez coal zone 2 miles southwest of Inez.

Ft. in.

Sandstone, brown, very resistant.................. ... ... ... 3
Shale, alternating dark and light.._.... ... ... ... ... ..... 240
Shale, sandy, yellowish white...... . .. ... .. ... ..... 15
Sandstone, hard, dark brown, concretionary ................. 4-10
Shale, bluish, light todark......... ... ... . ..., 12

Coal (leaves in roof)......... ... o il -3
Sandstone, massive, white, soft . ..... ... ... . o il 4
Shale, dark, carbonaceous, traces of coal........... ... .. ... 4
Sandstone, massive, white, rathersoft.......... ... ... .... 18

(0707 ) S 2 11
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Ft. in
Shale, dark... ... ... . e 29
Shale, blue. ... i 6
Coal ..o e 2 2
Shale, with hard concretionary layers, weathering to very dark
brown..:.....oo... ... e 11
Shale, light gray. ... ..o 4
Concretions, hard, dark brown..... ... ... ... .. ... 1-12
Shale, bluish, massive............. .. ... ..ol 100
Shale, thin bedded..... ... ... ... .. il 1
365

The outcrop of the beds at Inez trends about northwest and
southeast, but a short distance farther southeast the trend changes’
to nearly east and the beds, crossing the river near Douglas, con-
tinue in this direction to the east end of the field. Just west of
Douglas there are six or eight coal prospects, none of which is
worked to any extent at present. The bed ranges in thickness
from a little over 2 to a little over 3 feet.

Northwest of Inez the beds are exposed almost continuously to
the river. About 1 mile north of the river they probably.swing
around to the west for a few miles, and then the outcrop trends in
a general northwesterly direction to the north side of the field. The
coal-bearing zone outcrops only here and there north of the river,
and there are few, if any, prospects except those at Inez.

QUALITY OF THE COAL.

The coals found in the region between Casper and Douglas are all
classed as subbituminous (‘“‘black lignite’’), but some are almost
good enough to be called bituminous. They are placed in the
lower class because all yield rapidly to weathering, through loss of
moisture on exposure to the atmosphere, and because bedding
planes are very conspicuous, showing that the coal has not reached
an advanced stage of metamorphism. The development of joints
varies greatly and the fracture is hackly to conchoidal. The coal
is black, but when it is exposed to the weather. it.cracks and’ the
surface becomes slightly brown. At the mines piles of slack take
fire spontaneously; however, it is believed that the coal does not
slack so readily or take fire so easily as that found 100 to 150 miles
to the north. The table of analyses shows that the moisture con-
tent of air-dried samples ranges from 13.50 to 20.94 per cent, and
also that in a general way the amount of moisture varies with the
geologic age of the coal, the youngest having the most moisture.

The samples were not selected lumps of coal, but contained coal
from all parts of the bed, so that the analyses show the composi-
tion of the average output. To this end nothing was excluded from
the samples except such partings as are excluded in mining. Unfor-

' 71497—Bull. 341—09——11
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tunately, there are only a few places in the area where fresh samples
could be obtained. On account of the weathered condition of the
coal many of the samples are low in heating value, yielding only a
little over 5,000 British thermal units. The two samples from the
Glenrock-Big Muddy zone which run over 9,300 British thermal
units were quite fresh.

* Analyses of coal samples from the Glenrock coal field, Wyoming.
[F. M. Stanton, chemist in charge.]

Geologic formation.... Fort Union (?). Montana.
: Resistant | Low-
Name of coal zone. . ... Douglas-Inez. Glenrock-Big Muddy. sandstone. | est

Laboratory No........ 65318 (45317 (65321 |a5422 | 5325 | 5326 | 5330 5322 |a 5320 |a 5323 | 65319

Sa,m%lde as recelved'

% |Volatile matter. ..
& Fixed carbon.....

Ash 37.12 | 12.57
Sulphur. 52 .72
Y
£{Carbon 30.68 |......
Nitrogen . {10 P
Oxygen.. . 27.27 |......
Calories.............. 4,071 5,040 2,718 | 4,581
British thermal units | 7,328 | 5,645 | 5,150 | 5,931 | 8,422 | 8,921 | 9,072 4,892 | 8,246
Loss of moisture on air
rying........ocenen. 4.30 | 5.30 | 21.40 { 23.30 | 4.40| 4.20| 3.30 | 1.50 ( 2.40| 5.30| 2.00
Air-dried sample:
oisture.......... 19.46 | 15.99 | 20.94 | 15.27 | 19.32 | 19.49 | 19.23 | 18.70 | 13.50 | 14.65 | 18.19
N Volatile matter...| 44.53 | 32.19 | 37.00 | 37.11 | 50.24 | 35.37 | 35.2L | 50.00 | 23.85 | 27.63 | 42.23
& F)\x%d carbon..... 23.25 | 19.72 | 28.46 | 37.57 | 21.49 | 38.32 | 38.66 | 20.56 | 23.24 | 18.52 | 26.75

British thermal units

Thickness of coal bed. .

a Weathered sample.

There is much less variation in quality than the above analyses
would indicate, but it seems probable that coals of the Fort Union (?)
formation are slightly inferior to those of the Montana. The latter
are blacker, more brittle, lustrous, and clean. Of the Fort Union (%)
coals, those at the base, in the Glenrock-Blg Muddy zone, seem to be
the best.

METHOD OF WORKING.

So far mining has been carried on by beginning at the outcrop and
followmg the coal down the dip to the north or northeast. It may
be that in the future, when coal is more valuable and the parts near
the outcrop are worked out, shafts will be sunk back from the out-
crop and the coal worked up the rise.
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- At many places in the field coal is mined for local consumption by
stripping. The comparatively thin beds which are common in this
field are much more easily worked by stripping and i in small mines
than they are some distance below the surface.

A very common class of coal workings comprises those in which
coal is taken out through slopes 10 to 200 feet long. These workings
have been made principally for prospecting. In most of them it was
hoped that better coal or more of it would be reached by drifting in
on the bed, but generally it was found that the coal beds were not
thick enough to be worked with profit.

There are two mines which use steam power, the Glenrock and the
Big Muddy. The Inez mine also used steam when it was being
worked. In most of the mines the main gangway is driven down the
dip, and entries are driven from this gangway on each side, rooms
being turned off up the rise of the bed. Thus, the Big Muddy mine
has been worked down the dip for about 1,000 feet, and has three
entries on each side which are 800 to 1,000 feet long The Glenrock
mine has two openings, one down the dlp for 3,000 feet and the other
nearly on the strike for about 1,200 feet.

The deepest part of the Glenrock mine is-more than 200 feet below
the surface, and it is nearly under the river. This necessitates con-
stant pumping. A bore hole has just been put down to the deepest
part of the mine, to be used in pumping water. The Glenrock Com-
pany has an air-compressing plant and fan. Mining is done by
undercutting with a machine, and then breaking the coal down with
picks. From the rooms the cars are hauled to the main gangway by
mules, and thence to the surface by cable.

The Big Muddy Company uses a similar room and pillar system;
but at Big Muddy the dip is much steeper than at Glenrock, so that
cross entries are driven out from the car track and other entries par-
allel to the main gangway, from which the rooms are driven in the
direction of the strike. The coal is taken out of the rooms to the
dip entry, then let down the dip to the cross entry, where it is hauled
across to the main gangway by mules, and thence to the surface by

cable.
PRODUCTION AND MARKET.

The coal production of Converse County in 1907 was 48,700 short
tons. Big Muddy is very close to the western boundary of Con-
verse County, but the mine is in this county and its production is
included in the above figures.

Natrona County has no producing mines, except for local use, and
its production is slight and comes from many mines and prospects.
It is probable that in 1907 the total production of Converse and
Natrona counties was not 1,000 tons in excess of the output of the
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Glenrock and Big Muddy mines. This includes all the coal used by
ranchmen and others, and much of this amount was not sold, but
mined by consumers.

The market for the coal is found in towns along the Chicago and
Northwestern Railway in this field, and to the east far into Nebraska.
The coal has not been used by the railroad, because it decrepitates
and is blown out of the smokestack by the heavy fire and draft of the
locomotive. However, as similar coals are being used by other rail-
roads, it seems probable that in time locomotives will be so modi-
fied as to burn coal from the Glenrock field. At present much more
than half of the product goes to Nebraska, where it is used as steam
. and domestic fuel. '

FUTURE OF THE FIELD.

The reasons  why so little is being done with the coal in the Glen-
rock field seem to be (1) the scarcity of thick beds; (2) the high cost
of mining due to thinness of bed, high price of labor and timber, poor
roof, and presence of water; and (3) the inability to utilize the coal
as locomotive fuel. ’ '

Nevertheless, this field, like all other areas containing coal, is one
of growing importance, because of the growing population and the
increasing demand for fuel. At present there is much coal in the
field which can not be worked with profit, but it is probable that in .
the future more and more of this will be mined. The coal beds are
generally lenticular, and they vary in quality. from place to place,
but careful prospecting would reveal many localities where even at
the present time the coal could be worked with profit.



'COAL FIELDS OF THE NORTHEAST SIDE OF THE
BIGHORN BASIN, WYOMING, AND OF
BRIDGER MONTANA

By CaestEr W. WASHBURNE.

INTRODUCTION.

This report describes the coal fields of the northeast side of the
Bighorn Basin, Wyoming, north of No Wood Creek, and also includes
the connected Bridger field in southern Montana. The field work
was done in the summer of 1907, under the general direction of C. A.
Fisher. Max A. Pishel, E. F. Schramm, and Homer P. Little acted
as field assistants. The territory was surveyed both topographically
and geologically, land-survey lines being the basis of horizontal con-
trol. Land corners were located by pacing along alternate section
lines, but where the geology or topography is intricate, or where the
coal is valuable, every east-west section line was run. The outcrops
of the workable coal beds were meandered, and at every available
point they were measured.

Previous reconnaissance work on the coal of this area has been
done by Eldridge,* Fisher,®> and Darton.c

LOCATION AND EXTENT.

The fields described in this paper are located mostly in the north-
eastern part of the Bighorn Basin, Wyoming, but extend northwest-
ward across the valley of Clark Fork to the vicinity of Joliet, Mont.
The- length of the territory is 102 miles, the maximum width 30
miles, and the total area about 1,700 square miles. Bighorn River
flows through the southeastern part. ‘

TOPOGRAPHY.

The Bighorn Basin is essentially a region of broad, dissected plains,
composed superficially of Tertiary deposits and Recent wash from the
surrounding mountains. The controlling factor in the topography
is Bighorn River, which enters the basin after passing through the
Owl Creek Mountains in a canyon, traverses the east side of the-

a Eldridge, G. H., A geological reconnaissance in northwest Wyoming: Bull. U. S. Geol. Survey No. ~
119,1894.

b Fisher, C. A., Coal of the Bighorn Basin, in northwest Wyoming: Bull. U. 8. Geol. Survey No. 225,
1904, pp. 345-362; Mineral resources of the Bighorn Basin, Wyoming: Bull. U. 8. Geol. Survey No. 285, ~
1906, pp. 311-312; Geology and water resources of the Bighorn Basin, Wyoning: Prof. Paper U. S.
Geol. Survey No. 53, 1906, pp. 46-56.

o Darton N.H., Coa.ls of Carbon County, Montana: Bull. U. S. Geol. Survey No. 316, 1907 pp. 174-193.
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basin to the Pryor Mountains, through which it passes in another
deep canyon, ultimately reaching Yellowstone River in central
Montana. In the Bighorn Basin the river occupies a broad, alluvial
valley, bordered by wide terraces which are extensively cultivated
wherever irrigation is practicable.

In all the coal fields described in this paper, except the Silvertip
field, the topography is gently rolling or hilly. The Laramie coal
bed in the Basin field south of No Wood Creek outcrops in the valley
of Sand Creek, which would furnish a convenient route for a spur of
the Chicago, Burlington and Quincy Railroad. The same coal bed
on the north side of No Wood Creek is readily accessible because it
lies under an undissected plain. The workable part of the Fort
Union coal bed in the Basin field lies beneath a gravel-covered ter-
race. The Laramie coal in T. 50 N., R. 93 W., outcrops in a sharp
ravine and is not easy of access.

The coal district south of Lovell, in T. 55 N., R. 96 W, is a hilly
area from which the coal will probably be removed only by wagon.

In the northern part of the Garland field the coal bed lies beneath
a high plain, largely covered by coarse gravel, but in the southern half
of T. 57 N. the coal outcrops near the top of a high, eastward-facing
escarpment. In T. 56 N. the outcrop is again in the low country of
- gentle relief that characterizes the southern part of this field.

. The Silvertip field is an anticline in which the coal encircles an open
valley known as the Elk basin. On the east side of the field the coal
outcrops in westward-facing cliffs. On the west side the coal outcrops
generally in the second hogback ridge. Here, as well as at the north
end of the field, the coal bed dips beneath a region of deeply cut val-
leys and high hills. The largest of these valleys, that of Silvertip
Creek, furnishes a direct and feasible route for a railroad connecting
with the Yellowstone Park Railroad below Belfry.

The outcrop of the coal bed of the Bridger field north of Clark Fork
follows an eastward-facing escarpment of Eagle sandstone. In sev-
eral places this escarpment is broken by the small valleys of eastward-
flowing transverse streams, in which the coal is more readily accessi- -
ble; yet there is no place on the outcrop of the coal bed north of
Bridger that could not be reached by a short spur from one of the two
branches of the Northern Pacific Rallway The coal bed south of
Bridger,in T. 7 S., R. 23 E., outcrops in rolhng hills in the northern -
. part of the townshlp and in high ridges in the southern part. The
isolated area of workable coal on the south edge of T. 8 S., R. 24 E.,
is in a high, rugged cliff facing toward Jack Creek. The proposed
Scribner-Fromberg branch of the Burlington Railroad would pass
down Jack Creek, about 2 miles from the coal outcrop.

Horseback travel over the region is easy, and there are many roads
over which wagons may be taken. Timber is limited to deciduous
trees, growing along the alluvial plains of the rivers, and to a few
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scraggy pines on some of the higher sandstone ridges. Elsewhere
there is no vegetation except sagebrush, prickly pear, greasewood,
grasses, and similar small plants. The nearest trees suitable for mine
timber grow on Pryor Mountain, northeast of Bowler; on the Bear-
tooth Mountains, 25 miles southwest of the Bridger field; and on the
headwaters of No Wood Creek, 35 miles southeast of the Basin field.

GEOLOGY.
STRATIGRAPHY.
GENERAL SECTION.

The rocks exposed on the east side of the Bighorn Basin embrace
strata of all ages from the Carboniferous to the lower Eocene, but only
the Cretaceous and Tertiary formations need be considered, as they are
the only ones containing coal. These formations are shown in the
accompanying geologic section.

Stratigraphic column on the east side of the Bighorn Basin, Wyoming. ¢

Thickness

Series. Group. Formation. (feet) Characteristics.
Bright-colored clays, with a few thin
Wasatch forma- 500 lenses of sandstone. Contains work-
tion. able coal in the central part of the

Eocene (Tertiary). —Unconformity. basin.

Fort Union for- 1,000 to | Dark-colored shale and massive
° mtioﬂf‘m or 2,000 sanldstoue. Contains workable
coal.

Unconformity (?)

Laramie (?) for- | 150 to 700 | Massive sandstone with subordinate
mation.b shale. Contains workable coal.

Bearpaw shale. 150 | Dark marine shale.

Judith River for- | 340 14 400 | Variegated clays and soft sandstone.

mation.
Upper Cretaceous. Montana. V Massive fresh and brackish water
' (‘-l;zi%%ett forma- | 46040 500 | ~ sandstones and dark shale. Coal
* not workable.
M&ssi(\;et fresh and I%r?jclsish w]a;ter
. sandstones, separated by carbon-
Eagle sandstone. | 150 to 225 aceous shale. Contains workable
: coal.
. Dark shale with one or two conspicu-
) gltlls gaﬁ]ds:gnes,hnot ditxgsib 413 52}1(1)
do shale. 4,400 is field, though more than 1,
Colorodo s ! feet of the lower part is known to
be equivalent to the Benton shale.
Unconformity
Bright-colored clays, with massive
Low o Cretace- Cloverly. 0t0275 | sandstones at the top and bottom.
_ous (D). Coal niot workable.

a For the recognition of the formations in the field the writer is indebted to the guidance of C. A.
Fisher. The subdivisions of the Montana group are correlated with similar subdivisions proposed by
Stanton and Hatcher in the Judith River region of northern Montana (Stanton, T. W., and Hatcher,
J. B., Geology and paleontology of the Judith River beds; Bull. U. S. Geol. Survey No. 257, 1905). This
correlation also is made possibie through the work of Fisﬁer, who has traced the formations southward

"from the t;g)a locality into Wyoming-(Econ. Geology, vol. 3, 1908 g)p. .

bThe evidence is not sufficlent to class this formation as undoui) ed Laramie, consequently the term

is used throughout this report in a questionable sense.
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DESCRIPTION OF FORMATIONS.

Cloverly formation.—At the base of the Cloverly formation in its
typical development on Gypsum Creek, north of Lovell, Wyo., there is
"40 to 50 feet of massive sandstone, locally contalmng shale partings
and a thin coal bed. The coal is of little economic importance, though
it has been mined at times for local use near Bell’s ranch on No Wood
Creek. There is no coal in the Cloverly at any place within the ter-
ritory studied by the writer. Overlying the sandstone are 100 to 150
feet of bright variegated clays and soft sandstones, with concretions
of limestone and chert. The top member of the formation is a mas-
- sive gray sandstone about 70 feet thick, overlain by 15 feet of dark-
purplish shale. In all other places examined none of the formation
above the basal sandstone is certainly present, and in most places the
entire formation is absent. This hiatus is due to an unconformity,
separating the Cloverly formation from the overlying marine Colorado .
shale. The age of the Cloverly is believed to be Lower Cretaceous,
probably equlvalent to that of the Kootenai of northern Montana
and Alberta.c
Colorado shale.—The Colorado shale cons1sts of over 4,000 feet of
dark marine shale, with one or two conspicuous sandstones about 1,000
. feet above the base. The upper part of the formation is probably
synchronous though not lithologically identical with -the Niobrara,
and an indeterminate amount of the lower part of the formation
is of Benton age. The Benton fauna ranges through more than
3,000 feet of the lower part of the formation. The Colorado con-
tains some oil and probably valuable stores of gas. In its lower part
occur thin beds of pure white bentonite.
Eagle sandstone.—The Eagle sandstone consists of two or three mas-
sive sandstones, 35 to 75 feet thick, separated by carbonaceous shale

with three beds of coal.  These are the workable beds of the Silvertip

~ and the Bridger coal fields. A
-~ Claggett formation.—Overlying the Eagle is another partially marine
formation, the Claggett, consisting of massive yellow and gray sand-
stonés with subordinate dark shale. Beds of coal occur in the forma-
tion in most exposures, but they are thin and valueless.

Judith River formation—The Judith River formation is like the
Cloverly in its bright coloration. It consists of variegated green,
white, purple, and red clays and soft white sandstone. Fossil wood
and bones are abundant nearly everywhere in this formation.

Bearpaw shale.—The Bearpaw shale consists of dark, thin-bedded
shale, in many places laminated, with ra1ely some thin beds of sand-
stone. The shale is thought to be marine, but no marine fossils have
been found south of the Silvertip a.nticline on the Montana-Wyoming

- aFisher, C. A., Southern extension of the Kootenai and Montana coal-bearing formations in northern
Montana: Econ. Geology, vol. 3, 1908, pp. 77-99.
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State line. At that place fossils of the Pierre fauna (marine) were
collected from calcareous nodules in black shale.

Laramie formation.—The Laramie formation consists of 150 to 700
feet of massive sandstone with subordinate shale. The sandstones
are thick, coarse grained, and conspicuous, and contain many large
. ferruginous concretions. Usually the massive sandstone at the top of
the Laramie is white from leaching or other causes. In the Basin
field the lower part of the formation contains 100 feet of varicolored
soft shale—dark green, white, black, and other colors—in which there
are three closely adjacent coal beds. The middle bed is workable. In
the Garland field three or more coal beds occur between 300 and 400
feet above the base of the Laramie, above a series of massive sand-
stones and at the base of several hundred feet of dark shale.

Fort Union formation.—The contact between the Fort Union and
the Laramie is probably unconformable, but the unconformity is not
" apparent in most places, and the formations are hard to separate in
the field. Lithologically they are almost identical. The Fort Union
consists principally of dark shale with thick lenticular masses of sand-
stone. The sandstone is especially-abundant near the bottom of the
formation, where some of the beds are in places more than 100 feet
thick. West of Sheep Mountain there is over 1,200 feet of white
conglomeratic sandstone at the base of the Fort Union, but this is
exceptional. The lenticular sandstones in the formation contain
many ferruginous concretions, which reach 40 feet or more in diam-
eter. The shale contains smaller, hard, dense, ferruginous concre-
tions, weathering yellow and brown. These are characteristic of the
formation. Coal occurs locally in all parts of the Fort Union forma-
tion. The coal beds mined southwest of Basin, near Manderson, are
about 700 feet above its base. .

Wasatch formation.—The Wasatch formation is a series of varie-
gated red and pink banded shales or clays, containing subordinate,
irregular, nonpersistent beds of soft white sandstone. It rests in
places unconformably on the upturned edges of the underlying for-
mations; in other places the unconformity is not conspicuous. = The
Wasatch does not contain coal. -

STRUCTURE.

In general, the structure of the coal-bearing rocks is that of a
simple westward or southwestward dipping monocline, forming part
of the east limb of the Bighorn Basin syncline. The angle of dip is
low (2° to 20° SW.) at all places where the coal is of workable thick-
ness. West of Sheep Mountain the Laramie coal beds are nearly
vertical, but they have.no economic value. In the central part of
the basin the coal beds are doubtless flat, but they are covered by .
several thousand feet of barren rock. '
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Folds.—A small anticline in the Basin coal field results in north-
easterly dips for a short distance in T. 50 N., R. 92 W. The coal
bed follows a devious S-shaped course around the anticline and the
adjoining syncline.

The only other fold affecting workable coal beds is the Silvertip
anticline. At Silvertip the coal of the Eagle sandstone is exposed
in a broad, domelike, unsymmetrical anticline, with dips of 11° to
20° SW. on the west limb and of 20° to 45° NE. on the east limb.

As shown by the geologic map (PL. X), the nonworkable parts of
the coal beds are involved in a number of small anticlinal and syn-
clinal folds near Garland and Lovell, Wyo.

Faults—Small dip faults, trending nearly at right angles to the
strike, occur in all parts of the field. They are especially common
on the anticlines. As a rule, these faults will not interfere with min-
ing, except in the Silvertip anticline, on the east side of which some
of them are so closely spaced as to prevent the development of side
workings more than 2,000 feet from the main entries. Along a large
isolated fault 4 miles north of Bridger, Mont., the outcrop of the
Bridger coal bed is offset nearly 2 miles. A smaller isolated fault
- encountered in the Rogers & Gapin mine, near Manderson, Wyo.,
probably offsets the outcrop of the coal bed to the Converse prospect,
on the bank of No Wood Creek. Depressed fault blocks, with their -
longer axis across the strike and widening in the direction of the dip,
are characteristic features of the structure. The Hopkins and Sar-
ver coal mines are located near the southern and northern limits,
respectively, of one of these depressed fault blocks. The north bound-
ary fault of this block offsets the outcrop of the coal bed over three-
fourths of a mile; the south boundary offsets the outcrop over .
one-fourth of a mile. There is a similar depressed fault block 6
miles south of Bridger, Mont., in which the Bridger coal bed is offset
three-fourths of a mile to the east. - (See map, PL. X.)

DISTRIBUTION OF COAL.

Coal occurs in the Cloverly, Eagle, Claggett, Laramie, and Fort
Union formations. The coal of the Cloverly is not workable within
the borders of the area mapped, but Fisher reports that a coal bed
from which coal has been mined for domestic use on:neighboring
farms occurs near the base of this formation in the vicinity of Bonanza, -
about 25 miles southeast of Basin, Wyo.

The Claggett formation contains several thin beds, none of which
is of economic importance On Dry Creek, west of Grey Bull, Wyo.
(see p. 172), an opening has been made on a Claggett coal bed, which
is not workable. The best exposure of Claggett coal is on the south
bank of Shoshone River, near Byron (see p. 181), where there is 21
inches of coal.
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The coal of the Eagle, sandstone is workable only in the northern
part of the area, in the Clark Fork valley, Montana, and in the Sil-
vertip coal field, near the State line. The formation contains three
coal beds, only one of which is workable at any one point in the
Clark Fork valley, but. two of which are workable at many places in
the Silvertip field. South of the Silvertip field the coal beds dete-
riorate and are replaced by black carbonaceous shale which contains
thin partings of coal less than 1 foot thick. These partings disap-
pear a short distance south of Shoshone River. Farther south the
shale is less carbonaceous, and at the crossing of Dry Creek it is a
yellow sandy shale, with no suggestion of coal or carbonaceous mat-
ter such as characterizes it farther north. The beds at this horizon
maintain this character in the southern part of the area studied in
1907, but beyond that area, in the southeastern part of the Bighorn
Basin, the formation again contains workable coal.

Coal of the Laramie formation is known to occur at the south end
of the area, on Sand Creek, a tributary of No Wood Creek. From
this point the coal beds—three in number—at the base of the Laramie
formation may be traced northwestward across Bighorn River to a
point southwest of Basin, where they disappear beneath the surface
wash. Between this point and the neighborhood of Garland, 45
miles northwest of Basin, workable coal beds have not been discov-
ered in the Laramie, although prospecting has been thoroughly done.
Near Garland there are two or more workable beds which have been
traced northward about 10 miles to a high terrace, on which the out-
crop of the coal is covered by gravel. Where the bed reappears on
the north side of this terrace the coal is not workable, and there is
no point in Montana within the field studied by the writer where the
Laramie coal reaches minable thickness.

Coal occurs in the Fort Union formation at several horizons, but
the coal beds are not persistent. A coal in this formation is mined
on the east side of Bighorn River, 10 miles southeast of Basin, Wyo.
North of this point the coal is probably not workable, except in a
small district southwest of Lovell, where there is about 2 feet of
coal, and possibly at one locality west of the Silvertip field, where
about 3 feet of coal was found in this formation. Near the latter
locality exposures of the same bed showed less than 18 inches of coal.

. THE COAL.

Although the coal-bearing formations extend continuously from
one end of the area, examined to the other, nevertheless the area is
divisible into four distinct fields, which contain all the coal of economic
importance. These fields are separated by larger areas within which
coal is either absent or else too thin to be mined. The fields are
designated as follows: (1) The Basin coal field, south of Basin, Wyo.,
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with which for convenience is included a small coal district south of
Lovell; (2) the Garland coal field, north and east of Garland, Wyo.;
(3) the Silvertip coal field, at the head of Silvertip Creek, 20 miles
south of Bridger, Mont., and (4) the Bridger coal field, extending
from the vicinity of Bridger northward beyond Joliet, Mont.

'BASIN COAL FIELD.

The Basin field, at the south end of the territory mapped, con-
sists of a small area of about 15 square miles, lying on both sides of No
Wood Creek, principally east of Bighorn Rlver -

Coal in Claggett formation.—Coal is present in the Claggett forma-
tion at a number of places in the Basin field, but has no economic
value. The following section indicates the nature of the coal beds:

Sectwn of coal beds on Dry Creek, 2 miles west of Grey Bull, Wyo.

Ft. in.
Coal. . 4
Bome. .ot 6
Coal. i, o 43
Shale, lignitic. ... ....oiiii e 1 6
Shale, carbonaceous, and sandstone........ s 18
Sandstone, SOft. - ..t i 1 6
Coal, bony. ... . .l 11

From this locality the coal has been traced south-southeastward
across Grey Bull River, 24 miles above the town of Grey Bull. Tt.is
exposed near the railroad, on the bgnk of a small creek 1 mile south
of Basin. Here only 14 1nches of coal is present, and south of this
point the coal disappears.

Coal in Laramie formation.—The Laramie coal beds are well
developed in the Basin field. On the west bank of Sand Creek, the
southern tributary of No Wood Creek, they outcrop for a dlstance of
4 miles, occurring in a series of variegated greenish-white and dark
carbonaceous shales. . The shales resemble those of the Judith River
formation, both in appearance and in being very soft, so that valleys
have been eroded in them. The coal is typically shown on the south
bank of No Wood Creek, 1} miles southwest of the J ordan mill, where
the following section was measured:

Section of coal bed and associated rocks on the south bank of No Wood Creek, Wyoming.

. Ft. in.
Sandstone, gray....oooociiiiiiiiii oot e 30
Sandstone, pure white (probably base of Fort Union)............ 12
Shale, dark, carbonaceous (Laramie?)........................ 74
Sandstone and sandy shale.... ..o il 5
L7 4%
Clay.......... e e e e et 1
Coal with bony streaks, poor.......... e e 1 11

Total Coal. .. . iiiieeiiee et eeeaceaeaaaaeaaans 2 3%
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About 225 yards northwest of this opening is a prospect with 30
inches of bright, clean coal, containing 2 to 4 inches of bony coal
which is dull black and includes small, lenticular clay concretions.
~ There are three coal beds present in these shales at most localities.
The lower bed is in all exposures the best of the three, and usually it
is the only one that is workable. A section of this bed in the Cox
prospect on Sand Creek is given below.

Section of coal bed on Sand Creck, 2% miles south of Jordan mill, in sec. 10, T. 49 N.,

R.92 W.

Sandstone? Ft. in.
C0al. . e e 11
Bone. .o 1
C0al. o e 4’
L0 5
C0al. e 4
L0 2
C0al. e T 1 8
L8] 3
(07 8

Shale, carbonaceous.

Total coal. ... 311

Farther south the bed deteriorates, and in the SW. + NE.  sec. 14,
T. 49 N., R..92 W, the lower bed contains only 1 foot 4 inches of coal.
It is not workable south of this point. On the north bank of No
Wood Creek the middle bed is only 23 inches thick and is not work-
" able. As shown by the map, the outcrop of the Laramie coal follows
a devious, S-shaped course through T. 50 N., R. 92 W., where it is
involved in an anticlinal and a synclinal fold. The exposures are
poor in this township, and it is uncertain whether or not the coal
reaches workable thickness.

In section 12 of the next township west the coal is well exposed in
an old prospect, where the following section was obtained:

Section of coal bed 5 miles southeast of Basin, in sec. 12, 1. 50 N., R. 98 W.

Ft. in.

Coal.......... et 8
Shale. . oo 15

C0al. et 13

Coal, bony. ... .ovveiiiie e 2

Shale, carbonaceous.

North of this point the coal is not workable. On the south bank
of No Wood Creek, in sec. 33, T. 50 N., R. 92 W, the following sec-
tion was obtained:
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Section of coal beds 1 mile south-southwest of Jordan mill, in sec. 33, T.50 N., R. 92 W.

Ft. in.
Sandstone and sandy shale............ ... .. ... ... 10
L0707 ) 9
Shale. ... i 3
Coal, dirty. .. ..ooo i 1
Shale, carbonaceous, and unexposed rock...................... 15
Sandstone, concretionary........... .. ..ioiiiiiiioiiiio. 8
Shale, carbonaceous, and coaly......... ... .. ..i..o.. 2
Coal, bony. ..o oo i 3
L 11
Shale, sandy.....ooooiri e 1
Coal. .o e reeaa 11

Coal beds occur also at higher horizons, believed to be in the
Laramie formation. A section of one of these upper beds which
. outcrops in the SW. % sec. 25, T. 52 N., R. 94 W., is given below.

Section of Laramie (?) coal bed 4 miles southwest of Grey Bull, in sec. 25, T.52 N., R. 94 W.

Sandstone, yellow, heavy. - Ft. in.

Shale, lignitic. ... o oo 4

Sandstone, yellowish... ... ... ... . . 4
07 13

Shale. ..ot 6
107 1 5
Sandstone, heavy, whitish.. ... ... ... . .. .. ... .........o... 21
L0707 8
Total coal. ... o il 2 4

In sec. 6, T. 53 N., R. 94 W., the coal is only 6 inches thick. In
sec. 8 it is 18 inches thick. A good idea of the character of the upper
coal beds may be obtained from the following section, made 250 feet .
southwest of the north quarter corner of sec. 16, T. 53 N., R. 94 W.:

Section of coal beds 8% males northwest of Grey Bull, in sec. 16, T. 58 N., R. 94 W.

Ft. in.
Sandstone (probably base of Fort Union)....................... 12
Shale. ..o i 2
Coal. e e : 6
Shale. ... el 20
Sandstone. . ..veoe e 10
Coal. o iiiiee . 106
Concealed. ... ..ooomnmeeee i 30
[0 1
Shale. .. 18
Sandstone. . ... e 10
Shale. oo e 10
Coal, bony, and shale...................... P 3
Shale, carbonaceoUs. .. ..o venee et a e 10
(60 13
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Coal in the Fort Union formation.—The thickest coal beds of the
Basin field are found in the Fort Union formation. At the Rogers &
Gapin coal mine, 7 miles south-southeast of Basin, there is over 5 feet
of coal in one of these beds, separated by many thin partings of shale,
which are hard to remove in mining and which therefore make the
commercial product very dirty. The coal is too friable to be well
adapted to washing. The following section was made at the working
face of the mine: '

Section of coal bed in Rogers & Gapin mine.

(07 DN 17
Shale. .o e 1%
L0717 7%
Shale. i 3
[0 13
Shale. ..o 2
[0 R S 7%
Shale. .. i 5
[0 Y 5
Shale. .. 1
107 5%
Shale. .ot e 1
C0al. oo e 63
BoDe. o i 1%
Coal; said to be best part of bed............. et 1 4
Shale.
Total coal. . ... oo e 5 8%

At another place in the same mine Fisher* made the following
section in 1905:

Section of coal bed in Rogers & Gapin mine.

! Ft. in.

Coal. e 11
Shale, impure, coaly......... ... i i 1
C0ml. e e -8
Shale, black. ... .ccoiioii e 2
L0773 7
Clay, dark gray..........c.o.coiiiiiiiiiiin e 6
Coal........... e e e e e e e e e 5
Shale, coaly. ... ..o i 2
(07 1 11
Clay, dark gray. .. .. ..o 2
107 ) 13
Total coal.....ooooe 411

a Geology and water resources of the Bighorn Basin: Prof. Paper U. 8. Geol. Survey No. 53, 1907, p. 54.
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The coal bed is thinly covered and shows slight evidence of weather-
ing in the deposition of sulphur and salts in some of the joints. The
coal slacks rapidly and can be kept in stock only a month or two.
The sulphur and ash are both high, the sulphur exceeding that of
any of the other coals of the Bighorn Basin. (See analysis, p. 198.)
The coal is finely banded, bright layers with waxy luster predomi-
nating over dull layers. The parting along the bedding planes is
well developed, causing the coal to break into thin plates. The
cross breaks are irregular, with a tendency to conchoidal fracture in
‘the hard, bright layers.

The mine was opened more than twenty years ago It has been
worked almost continuously since 1900, with an average production,
according to Fisher,® of about 400 tons per year. In 1907 the output
was about 1,000 tons, but this will probably increase, as the product
is used ent1rely by the town of Basin, which has been growing rapldly
in population since the construction of the railroad. The coal is sold
for about $2 per ton at the mine. It is hauled to Basin in wagons.

On the east bank of No Wood Creek, one-half mile northeast of
Manderson, is an opening known as the Converse prospect, at which
the following section was made:

Section of coal bed at the Converse prospect, near Manderson.

Shale. ¥i. in.
Coal, dirty.... ...l s P 1 2
Shale. .. ... 2
Coal. e 6
SBALE. - 3
Coal. ... 4
Shale. .. it 4
C0al. . e 6
Shale. ... ... e 8
Conl. e 8 .
Shale. ... ..o 10
Coal. o i 8
Shale. .. ... 1
Coal. .ot 10
Shale. ... ..o 4

B 0 O S 1 4

Clay )

Total coal...................... ettt eeieieaaeaaaan. -6

This is thought to be the same coal bed as that exposed in the
Rogers & Gapin mine; but if it is, there must be a fault between the
two openings, producing an offset of over a quarter of a mile. The
miners report that in the Rogers & Gapin mine they encountered a
fault which cut off the coal bed at the end of the abandoned workings.
This fault could not be examined in 1907, on account of a fire in the

aLoc. cit.
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mine. North of this mine the coal is workable for only a short dis-
tance, deteriorating rapidly to a bed of brown, lignitic shale, which
contains a few coal partings. At the Converse prospect the coal bed
disappears under the alluvium of the No Wood Valley, reappearing
in a railroad cut 1 mile south of Manderson. At the latter point the -
coal is not workable, its total thickness being only 15 inches.
Southwest of Basin several openings have been made on the Rogers
& Gapin coal bed. Coal has been mined from these openings for
local use, but on account of the thinness of the bed it is probable that
shipping mines can not be developed in this locality. Measurements
made in the SW. } sec. 33, T. 51 N., R. 93 W., show from 14 to 18
inches of clean coal occurring in bony coal and carbonaceous shale.
In the NW. % SE. § sec. 29, T. 51 N, R. 93 W., the coal is possibly
workable, as may be seen by an inspection of the following section:

Section of coal bed tn an old prospect 13 males southwest of Basin, in sec. 29, T. 51 N.,

R. 98 W. :
Shale. : Ft. in
' (077 N 17
1371 LT 6
L0 Y 6

Total coal... ... . ... .. 201

When Fisher visited this neighborhood in 1905 one of the mines
was in operation, but it was abandoned soon afterward on account of
the thinning out of the coal bed. Fisher @ writes of this mine:

There is another mine in this district, located about 1 mile southwest of Basin,
owned by G. N. Mecklen. The bed is 24 feet thick, with a 6-inch shaly parting near
the base. The coal is contained in sandy beds, which here dip to the south at such
a steep angle that the limit of ecunomic mining will soon be reached. This mine pro-
duces about 600 tons a year, which is consumed by the residents of Basin and the
Bighorn River Valley. The mine is poorly improved and the bed is too thin to warrant
any considerable development, as is shown by the following section:

Sec-tfion of coal bed at Mecklen mine, near Basin, Wyo.

. Ft. in
(077 Y AR 2
Slate, dark-gray. ... ... .. ... 6
Coal............ e e 6

Total coal. ... ..o i 2 6

North of this point the coal is not known to be workable at any
place. It is exposed on the wagon road between Basin and Germania,
2 miles west of Basin, also in the SW. 1 SW. % sec. 10, T. 52 N.,
R. 94 W. .

Coal occurs at higher horizons in the Fort Union formation, but
these are irregular and nonpersistent. So far as known, none of the
higher beds are of workable thickness. A 15-inch bed outcrops on

aLoc. ¢its
71497—Bull. 341—09—12
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the bluff one-half mile southwest of Manderson station, in the NE. 1
sec. 36, T. 50 N., R. 93 W., and there are two similar beds outcropping
on the bluffs of Elk Creek, near the middle of sec. 15, T.50 N.,R.93 W.

Lovell coal district.—South and southwest of Lovell, Wyo., there
. are two or more thin coal beds, probably in the Laramie formation,
but possibly at the base of the Fort Union. It seems likely that the
beds occur at nearly the same horizon as those at the Sarver and
Hopkins mines, north of Garland. The lower bed is the poorer,
being only 6 inches thick in some places, and at no place 2 feet thick.
The upper bed is of workable thickness in the SW. $ NW. } sec. 11,
T. 55 N., R. 96 W., as shown by the following section:

Section of coal bed in sec. 11, T. 55 N., R. 96 W.

Ft. in.

Coal. oo 6

Shale. . ... i 1

C0al. e 1 6
Shale. .. ... i 4

L0 X 1 6

Totalcéal........................................., ...... 3 6

The above measurement was made on the north side of a small,
isolated coal basin or syncline. (See Pl X.)

The same bed is exposed in a prospect 7 miles south of Lovell, in
the NW.  NE. % sec. 21, T 55 N., R. 96 W. The bed here attains its
maximum thickness, 2 feet 10 inches, and is opened by an entry 75 feet
long, from which coal is hauled to Lovell by wagon. A section of
the bed is given below:

» Section of coal bed in sec. 21, T. 55 N., R. 96 W.
Sandstone, ' Ft. in

Total Coal.. ... iiirirrreacvrveaacriveererrssrarcaaneennens 210 -
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At other places in the same township the beds are too thin and dirty
to be mined, as shown by the following sections:

Sections of Laramie (2) coal beds in T. 55 N., R. 96 W.

SW. $SW. $SEC. 16.

Total coal

NW. } NE.  SEC. 18,
Sandstone.

Total coal

R RS NN OOt

NW. 3 NW. } SEC. 18.

Sandstone.

NW. } SE. } SEC. 22.

Sandstone, shaly.

Shale,

Coal, somewhat dirty

Shale.

Total coal.......coeavnan.. ..
NW. 1 SW. 3 SEC. 23.

sandy.

Total coal

Section of Laramic (?) coal bed in SW. } sec. 12, 1'. 55 N., K. 97 W.

Sandstone.

Ft.

11
Ft. in
10

9

6

2

6
110
Ft. in.
4

1

9
11

GARLAND COAL FIELD.

The Garland coal field extends from Shoshone River near the town
of Garland, Wyo., northward to the Montana line. Coals are pres-
ent in the Claggett, Eagle, Laramie, and Fort Union formations, but
only those in the Laramie are workable.

Coal in Eagle sandstone.—Coal has been mined by farmers for
their own use from a thin bed 2 miles north of Byron, Wyo., in sec. 15,

T.56 N., R. 97 W. This bed is in the Eagle sandstone.

- tion is as follows: |

Its sec-
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Section of coal bed in an old mine 2 miles north of Byron, in sec. 15, T. 56 N., R. 97 W.

Ft. in.

[0 Y 6
(0] 6
L2 R 1 3
Total coal....... e e e e e 19

The coal outcrops in the northwest end of a small anticline which
trends southeastward from this point, running beneath the alluvium
of the Shoshone River valley and reappearing in the bluffs on the
south side. The same bed is exposed in the cliffs on the south side
of Sage Creek, 1 mile southwest of Cowley station. The coal has been
traced westward along these bluffs for about 8 miles to sec. 3, T. 56 N.,
R. 98 W., where it bends sharply across the axis of a syncline and
then runs southeastward along the east side of the Garland anticline.
On the west side of the Garland anticline the coal bed has been traced
northwestward from Shoshone River to the Bridger field in Montana.
In the bluffs on the north side of Shoshone River, in the NE. } sec. 6,
T. 55 N., R. 97 W., Eagle coal is exposed in the following section:

Section of Eagle coal bed 4 miles east of Garland, in sec. 6, 1. 55 N., R. 97 W.

- Ft. in.
Sandstone, massive, yellow, Eagle.............. ... ......... 35
Clay. oo e e 2
L0 5
Coal, bony. ..o 10
L0 6
L7 ) 5
Shale, carbonaceous. . .........ocoiiiii i 5
(0] 2
Shale, carbonaceous. ... ... oot i 3
Total coal....o..ocoivenniinnaan.. e 1 8

Eight miles northwest of this point there is a prospect in the NW. }
sec. 4, T. 56 N., R. 98 W, about a quarter of a mile east of the Cody
branch of the Burlington Railroad. The coal here is about 20 inches
thick. The Eagle coal bed is not believed to exceed this thickness
in any part of the Garland coal field. On Polecat Butte, 4 miles

_southwest-of Frannie, Wyo., this coal horizon is represented by black
carbonaceous shale containing a few worthless streaks of coal. Such
is its character from this point northward beyond the State line.

Coal n the Claggett formation.—The Claggett formation contains
thin beds of coal at many places in the Garland field. These beds
are not workable at any of the exposures examined by the writer, the
greatest thickness being only 1 foot 9 inches. This exposure is in
the SW. 1 sec. 5, T. 55 N., R. 97 W, 3 miles below the Garland wagon
bridge, on the south bank of Shoshone River. The section here is
as follows:
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Section of Claggett coal beds on the south bank of Shoshone River, in sec. 5, T. 65 N.,
R. 97 W.

Ft. in.
Clay, white (bentonite?). ... .. ... ... . i 6

L0 Y O P 1
Shale, carbonaceous, and bony coal........................: 1 6
L7 Y 9

~ Shaleand sandstone....... .. .. .. i 59
Coal. e e 5
Shale, hard. .. ... ... ... 3
Coal...... S 3
Shale, hard....... ... .. i 4
Coal. i 11
Shale, carbonaCeOUS. . . - . ..ottt et e 1 3

(0707 Rt 6 -

Shale; carbonaceous. ...ttt 8

Coal in the Laramie and Fort Union formations.—The minable coal .
of the Garland field occurs in the Laramie and Fort Union formations,
near the dividing line between the two. As the Laramie can not be
clearly distinguished from the Fort Union in this field, it is impossible
to tell whether some of the beds are Fort Union or Laramie, and
consequently no attempt will be made to differentiate them.

Three miles north-northwest of Garland are two mines which were
worked a few years ago to supply the local coal market. In one of
these, known as the Sarver mine, the coal has the following thickness:

Section of coal bed in the Sarver mine, 8 miles north of Garland.

Shale, sandy. Ft. in.
L0 S 2
Shale. ..o e ieeeeeaaaann 2 2
07 R 1
Shale. ... e 4
(67 1

Total coal..................... . 4

About 200 feet north of the Sarver mine there is an opening on
an underlying bed which shows 4 feet of clean coal beneath a good
sandstone roof. This mine and the Hopkins mine, half a mile farther
north, are located on opposite sides of a depressed fault block. On
the south side of this block the coal beds are offset more than one-
fourth of a.mile; on the north side they are offset more than three-
fourths of a mile.

Close to the northeast corner of sec. 13, T. 56 N., R. 99 W., 32
inches of coal is exposed in an old slope. Only one bed appears
to be present at this point. One mile farther northwest, in the
NW. 1 SW. % sec. 1, the same bed is 3 feet thick. The bed at this
point contains a -inch shale parting 4 inches below the top. In
places the upper 4 inches of the bed is bony. There is a small mine
on this bed in the SW. 2 NW. % sec. 1, T. 56 N., R. 99 W. At this
mine there is 30 to 40 inches of coal, thickening from the entrance
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inward. The bed is clean except for two 6-inch clay-ironstone con-
cretions observed at one place. The mine consists of a slope 100
feet in length with one 15-foot room turned southward at a distance
‘of 80 feet from the entrance. The roof of the slope is sandstone,
which stands without timber. The bed here dips 7° S. 65° W.

At the entrance to an old coal mine near the head of Polecat Creek,
in sec. 24, T. 57 N, R. 99 W., the coal bed has the following section:

Section of coal bed at the head of Polecat Creck, in sec. 24, T. 57 N., R. 99 W.

Shale. ‘ Ft. in.
(077 P 3
52 (U= 6
(0707 ) O 1 2

Shale.

Total coal.. . ..o i 1 5

Such a bed would not be worked, but it is reported that the coal is
about 30 inches thick farther in the mine. This report could not-be
verified because the workings had caved in and could not be exam-
ined. The coal at this point is in a gentle syncline. Where the bed
reaches the top of a bluff on the northeast side of this syncline it is
concealed by terrace gravel, beneath which it runs north-northwest-
ward to the Montana line. The gravel is thin, and prospecting could
be carried on by sinking small shafts or drill holes through it. The
gravel is cut through by a small creek which exposes the coal in the
.W. }sec. 1, T. 57 N., R. 99 W. too imperfectly, however, to make
it possible to measure the thickness of the bed. There are two sim-
ilar exposures, probably of the same bed, in the SE. } NE. } sec. 35
and the SW. 3 NW. % sec. 25, T. 58 N., R. 99 W. The coal is possibly
workable at both these places. At the latter exposure the following
section was made:

Section of coal bed in sec. 25, T. 58 N., R. 99 W.

Shale. Ft. in.
Coal. e 6
Shale. . oo 1
Coal. s, 9
Shale. ..o 3
008l . - e 4
Shale. .. e 8
Coal. e 15

Total coal. . . ..o 3

North of the State line, in Montana, the Laramie-Fort Union
coals are less than 2 feet thick at all points examined. It is reported
that a bed of workable thickness occurs on the head of Cottonwood
Creek, but it could not be found. Three coal beds about 18 inches
thick were found on the west side of Little Cottonwood Creek, and
there are innumerable smaller beds.
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SILVERTIP COAL FIELD.

On the State line between Montana and Wyoming is an anticline
which exposes the Eagle coal horizon. This fold may be known as
the Silvertip anticline, from the name of the principal mine at that
place, and the same name will be used in this report for the coal
field. The field lies about 12 miles west of the line of the Chicago,
Burlington and Quincy Railroad. It is about 20 miles northwest of
Garland, Wyo., which is situated on the Cody branch of the Burling-
ton Railroad, 21 miles south of Bridger, Mont., at the end of a branch
of the Northern Pacific Railway; and 12 miles southwest of Belfry,
Mont., on the Yellowstone Park Railroad, which connects at Bridger
_ with the Northern Pacific. The coal is most accessible from Belfry,
as the valley of Silvertip Creek would furnish a practicable route
for a railroad between Silvertip and that town.

The Silvertip coal field is a broad ellipse about 8 miles long and
4 miles wide. On the west side of this ellipse the dips are south-
westward at angles of 15° to 20°. On the east side the dips are
slightly steeper, ranging from 22° to 45° NE. The continuity of the
coal bed is broken by a great many normal faults which trend north-
east and southwest across the axis of the anticline. © These faults will
probably interfere seriously with the mining of the coal on the east
side of the anticline, but on the west side they are less numerous
and will give little trouble. The throw of the faults ranges from
10 to 250 feet. :

In the greater part of the Silvertip field, lying north of the State
line, there are two workable coal beds, but most of the part of the
field lying in Wyoming contains only one workable bed, though in
places two beds may be found to be thick enough to mine.

Three coal beds are recognizable in the Silvertip field. These
probably correspond to the three beds near Bridger and Fromberg,
- Mont. The lower bed is not workable at any place in this field.
The workability of the two upper beds depends largely on the amount
and strength of the material separating them. In most places this
material is so thick that both coal beds can not be mined together,
and in some places it is not thick enough nor strong enough to make
it possible to mine the two beds separately. On the west side of
the field the parting consists of only 2 to 8 feet of sandy shale, but on
the east side it consists of 4 to 10 feet of sandy shale and sandstone,
which is usually sufficient to permit both beds to be mined separately.
Typical sections of the three beds as exposed on the west side of the
field are shown on the following page. .-
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Sections of Eagle coal beds in SE. } sec. 25, T. 58 N., R. 100 W.

OUTCROP 600 FEET SOUTH OF ENTRANCE
TO SILVERTIP MINE.

OUTCROP 50 FEET SOUTH OF ENTRANCE
TO SILVERTIP MINE.

Upper bed:
Shale. Ft. in.
Coal, poor........... .. 6
Coal, good............... 1 4
Bone....oooeiial. 2
Coal.....ooveeeiin... 1 10
Bone.................... 2
Coal, good............... 1 6
Sandstone, shaly............ 3 9
Total coal.................. 4 8
Middle bed: o
Coal, good............... 9
Shale, black, bituminous 9
Coal, very good......... 11
Shale.................... 3 8
Total coal.................. 1 10
Lower bed:
Coal ... .oooiiiiiL. 7
Bone.................... 2%
Coal, bony............... 3
Bone..................l. 2 5
Coal. . ..ol 6
Shale............co.ooo.. 6
Total coal.................. 1 1

Middle bed: Ft. in,
- Coal...ooovuneeiaan... 9
Shale................... 1
Coal..................... 1 1
Shale ...................... 4 b
Total coal.................. 1 10
Lower bed:
Coal.... .. ............ 7
Bone.. .................. 3
Coal..................... "3
Shale................... 4
Coal.........ooiiilo.. 1
Shale, black, carbona-
CEOUS.cuencacaannacnnnn 2 8
Coal. ... ......oo....... 6
Sandstone and shale......... 55
Total coal.................. 1 5

Othér sections of coal in the Silvertip coal field are as follows:

Sections of coal beds in T. 58 N., R. 99 W.

NE. ; NW. } SEC. 31
Shale. i Tt. i

jos]

S

B

>
o|lwwawh mo e P

NW. 1 NE. &

Upper bed:
Sandstone.
Shale.

SEC. 30.
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Sections of coal beds in T'. 58

NW. 1 NE.  SEC. 30.

Ft. in.
Middle bed:
Coal...ooeeeeia .. 6
Shale...................... 3
Coal....oovvnneeennn... 6
Shale, with some bituminous
matter. :
Total coal................. 1
Lower bed:
Shale...................... 1 6
Coal....oooee ... 2
Total coal............ 2
NE 3 NW. } SEC. 19.
Upper bed:
Sandstone. Tt. in.
Coal....ooveiein... 4
Shale....... ... ... ...... 4
(607 S 1
Shale...................... 10 (?)
Sandstone................. i
Shale...................... 3
Total coal............ 5
Middle bed:
Coal. ... ... 3
Shale.................. 1 6
Coal.................... 2
Total coal............ 5

In the northern part of the field
as shown by the following sections:

Section of coal beds in sec. 23, T.

Upper bed: @
Shale. Ft. in.
Coal..oovevennenninn... 3
Shale and bony coal.... 5
Coal...covvveeaao. 3
Shale, carbonaceous........ 1 6
Shale, sandy............... 10
Sandstone................. 2
Shale, carbonaceous........ 2
Total coal................. 3 3

185

N., R. 99 W.—Continued.

SE. § NE. ; SEC. 30.

Ft. in.
Shale and strong thin-bedded
sandstone..............o...... 10
Sandy shale..................... 5
Coal, with two 1-inch part-
ings of bony coal contain-
ing thin concretions about
linch across.............. 2 10
Shale, sandy............... 6
Coal......ovveeeiii i 6
Shale, carbonaceous........ 3
Shale, sandy............... 10
Coal......ooooiiiii 1
Shale, carbonaceous........ 4
Coal and carbonaceous shale
in thin layers, not minable
or valuable for any pur-
pose; including a 12-inch,
8-inch, and 6-inch bed.... 5
Coal..ooooiei 1 6
Sandstone, coarse, white,
thin-bedded............. 4
Coal......ooooiiiiiiiio.. 8
Sandstone, tawny............... 5

the coal beds are most excellent,

58 N., R. 100 W. (Wyoming.)
Middle bed:

Coal............oona.s 3
Shale.................. 4
Coal.................... 11
Shale and bony coal.... 2 4
Coal.................... 2 10
Shale, carbonaceous........ 4
Totalcoal................. 4
Lower bed:
Coad.................... 8

aThe upper bed is exposed in a prospect on the east line of sec. 23, 1,600 feet south of the State line.
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Sectwn of coal beds in NE. 3 NW. % sec. 85, T. 9 S., R. 23 E. (Montana).

Upper bed: Ft. in. | Middle bed: Ft. in.
Coal ...l 9 - Qoal.......o..illL. 3 11
Clay..coeeeeiiai.. 8 | Lower bed: i
Coal. .. 4 Bands of shale and coal; not

workable. Thickest coal,
Total coal............ -4 9 8 inches.

In the southern part of the field the coal beds are thinner, as shown
by the following section, which is typical of that part of the field:

Section of coal beds in sec. 5, T. 57 N., R. 99 W. (Wyoming ).

Ft. in.
Sandstone, tawny, strong. ... ... ... ... ... 5
Shale, sandy, carbonaceous........... ... ... il 10
Coal. .. e 6
Shale, carbonaceous........... e 3
i Coal, bony, with carbonaceous shale partings.............. 2
Shale, carbonaceous.........oveieeinii i 1
Coal. .. el .1 3
Coal, bony in places; mostly carbonaceous shale other
places largely coal; nowhere Workable .................... 6.
Coal. ..o e 10
Shale. ..o 5
Total coal....ooeeiiii e 2 7

Silvertip mine.—The Silvertip mine, which is on the west side of
the field, about 2 miles south of the State line, is the only producing
mine in the field. It consists of a slope about 300 feet long, from
which two rooms have been turned off to theleft. The total produc-
tion up to July, 1907, is reported to be only 500 tons, but the size of
the workings 1ndlcates a much larger production. The coal is mined
by one or two men during part of the year, especially in winter,
hoisted from the mine by a gasoline engine, and hauled in summer
time by wagons to Garland and to the camps of the Reclamation
Service at Corbett, Wyo., where it is sold for $5 to $6 per ton. The
fol]owing are sections at this mine: o

Sections of coal bed at the Silvertip mine, in NW. }+ SE. } sec. 25, T 58 N., R. 100 W.

(Wyoming).
. MAIN ENTRY. FIRST ROOM ON LEFT OF ENTRY.
Shale. - Ft. in. ‘ Ft. in,
Coali o 1 8 |Coal..o oo 8
Shale.....o.ovnereenannannss 23 [Clay. ..o 13
Coal. o 8. Coal.oooieeiiiii L 2
Bone.....oooiiiii 2
Shale......o....o.oiiat. L B bt
Coal...ooeiiieieee e 21 Coal.......oooumueniieininnnnne. 8

Talcose material; white, greasy,
_crystalline, granular, soft......
Total coal.............. . 4 0 [Coal..oiiii 43

Base not exposed.

Coal, good, with three or four dis-_
continuous }-inch films of clay. 2 1

Total coal ............... 3 113
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The quality of the coal has not been determined chemically, but
probably it is similar to that of the same coal bed where it outcrops
at Bridger, Mont. The coal bed is thicker and cleaner at Silvertip
than it is at Bridger, and for this reason it would seem probable that
extensive developments will follow.

BRIDGER COAL FIELD.a

The most productive of the fields described in this paper is that
lying along the west side of Clark Fork, in southern Montana. This
field may be known as the Bridger coal field, from the name of the
principal town and of one of the largest mines. The field extends
from the south side of T. 7 S., R. 23 E. of the Montana meridian,
northward for 25 miles. The part of the field treated in this
report is bounded on the north by the north side of T. 4 S., R. 22 E.,
about 4 miles north of Joliet, Mont.

The coal beds are the same as those in the Silvertip coal field,
belonging to the Eagle sandstone. They cross the State line from
Wyoming in T. 9S., R. 25 E.  On the Wyoming side of the line these
beds are not workable. West of Frannie, Wyo., they have prac-
tically disappeared, being represented only by a few thin layers of
coal in a mass of black carbonaceous shale. _

The southernmost point of workable coal is in the NW. + NW. %
“sec. 2, T. 95, R. 24 E., where the bed is exposed on both sides of a
. gulch that cuts deeply mto the Eagle sandstone. On the north side
- of this gulch the following section was obtained:

Section of Eagle coal 4% miles west of Scribner, Mont., in sec. 2, T. 9 8., R. 24 E.

Ft. in
Sandstone, massive, gray.........oooiiiiiiiiii . e 27
Shale, coaly. ... e 2
Coal........ et e e e et 6
Bome. e 6
107 M 2
Shale, dark, coaly........ ... ..l 2
Alternating layers of sandstone and pale bluish-gray shale........ 15
Total coal . ..ot 2 6

The coal is exposed in two prospect drifts which have not been
worked for many years. On the south side of the gulch the coal
is not workable, being only 14 inches thick. Northward through
T. 8 S., Rs. 23 and 24 E., the coals of the Eagle sandstone are too
thin to work; but in T 7 8., R. 23 E., they are of workable
thlckness

a The writer is indebted to N. H. Darton’s paper on the Coals of Carbon County, Mont. (Bull. U. S.
Geol. Survey No. 316, 1907, pp. 174-193), for supplementary data on this coal field.
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In the NE. % sec. 27,>T. 7 S, R. 23 E., the following section of the

coal bed was obtained:

Section of Eagle coal bed 7 miles south of Bridger, in sec. 27, T.7 8., R. 28 E.

Ft. in

Shale, CarboNACEOUS. .. ...t ie e et e e e e ee i et 11
Bome. e 8
L0771 O 1 2

About one-fourth of a mile northwest of the point at which the
foregoing section was obtained the following measurements were
made: '

Section of Eagle coal bed 6% miles south of Bridger.

Middle bed: Ft. in.
(07071 10
Shale. ..ot 2
(070 Y 1 1
Shale, carbonaCeOUS . .. ... u vt e e e e e e e e e iaaeana 4
Coal. . e 1
Shale, carbonaceous. .. ... ..ooieere et 1
Sandstone, shaly...... ... .. . o i .. : 2
Coal, DOny ..o e 1 3
Total coal. ... .. .. ... 2 11
TLower bed:
Shale, carbonaceous. ... ... oiiiii e 7
0081 e 6
Shale. ..o e 1
(0707 ) R 1
Total coal.....o..oooiiiii 1 6

Ft. in

00l . e 11
Bome. ... e 8
(071 12
Total coal .. .ot 2 3

About 750 feet farther north there is a fault which trends N. 45° E.,
producing an offset of 1 mile in the outcrop of the coal bed. This
fault has been traced from the southeast corner of sec. 15 for more
than 2 miles southwestward, beyond the southeast corner of sec. 29.
About 1 mile northwest of it is another fault trending about N. 65° E.,
with downthrow on the southeast side. Between these two faults is
a depressed block of strata in which the coal bed is bent in a small
flexure. Apparently the coal does not reach workable thickness in
the block, the beds being in most places less than 2 feet thick. How-
ever, it is reported on good authority that the coal is over 2 feet thick
at some places in this fault block.
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About 1 mile farther north, in sec. 9, T. 7 S., R. 23 E., about 3%
miles south of Bridger, the following section was obtained in an old
prospect:

Section of coal bed in a prospect 8% miles south of Bridger, in sec. 9, T.7 8., R. 28 E.

Ft. in.

Shale, sandy .. ... e 2
Coal. el 5
L0 8
C0ad. e 2 6
Total coal. ... 2 11

North of this point the outcrop of the coal bed disappears beneath
the alluvium of the Clark Fork valley. It reappears in the hills on
the northwest side of the valley and runs along the cliffs northward
across T.6S., R. 23 E. Inthe NE. } sec. 29 the following section was

made:

Section of coal bed 1 mile southwest of Bridger, in sec. 29, T. 6 S., R. 28 E.

Ft. in.
Sandstone, thin-bedded, yellow..... ... . .. ... ... 5
Sandstone, thin-bedded, and shale, carbonaceous, with coaly
BEEEAKS . ¢ .ot 13
Coal. o 19
Shale. e 13
(077 8
Total coal.... ..o i ... 2°5H

At the mine of the Bridger Coal Improvement Company, in the
SW. sec. 17, T. 6 S., R. 23 E., 1 mile northwest of Bridger, the follow-
ing section was measured:

Section, of coal in Bridger mine.

| Ft. in
L0 N 1 2
Shale. ..o 6-18
Coal. . 3 6
Shale and sandstone. . ........ ... .. ... . iiiii.. 1
Shale. ..o 6
C0aL . o 1
Total coal. .. ... ... . i 5 8
Sandstone, with a little shale....... ... ... .. .. ... .. ...... 20
Coal (reported as good blacksmith coal).................. 1 9
Clay, white, 80ft...e.eoe et 6-8

This mine was opened in 1897 and commenced shipping coal in 1898,
It is worked by the long-wall method. A mining machine is used in
driving air courses and gangways. In the deeper parts of the present
workings, where the coal is about 800 feet deep, the roof pressure is
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high and is utilized to some extent in the mining. When the working
face of the coal is undercut and left for a few hours, the face breaks
off extensively as a result of the roof pressure. Heavy timbering is
required on the slopes. Mining is done largely by blasting down the
coal with black powder; the coalis very hard and can usually be mined
only by shooting. The mine employs about 100 men, working two
shifts a day of eight hours each. The miners are paid $1 per ton for
mining coal. This is 25 cents per ton in excess of the wages paid to
the miners at Bear Creek or Red Lodge, the higher price being due to
the thinness of the bed at Bridger and to the fact that the coal is
harder, which renders mining more difficult. The miners produce
from 3 to 6 tons per day per man. The main slope has 4 length at the
present time (1907) of 5,000 feet. This slope runs west-southwest-
ward down the dip of the bed, which here amounts to 6° SW. The
maximum output of the mine is about 250 tons per day. The coal
is hoisted up the incline by a 250-horsepower electric hoist. The
trains of coal cars, or trips, are coupled to an electric motor at the

top of the slope, and drawn over a trolley line three-fourths of a mile " °

to the tipple. ,

The coal is sold both as lump and nut coal. The egg and pea sizes
go into the cars without being separated from the rest. The waste
coal and slack is used in generating electricity. The quality of the
coal at Bridger is practically the same as that of the coal in the other
mines on the same bed, namely, the McCarthy and Gebo mines, near
Fromberg; the Burgin mine, near Joliet, Mont.; and the Silvertip
mine, in northern Wyoming. It is superior in many respects to the
coal of the Fort Union and Laramie formations which is mined at
Red Lodge and Bear Creek, Mont., and near Basin, Wyo. The supe-
riority consists chiefly in its better keeping qualities, due largely to
its hardness and compactness, and it is said that for this reason it sells
in the Montana market for about $1 per ton more than the Red Lodge
and Bear Creek coals. The moisture content and fuel ratio are prac-
tically the same as in those coals, but the ash content is somewhat
higher. The Bridger coal shows the first indication of slacking in
about two months after it is mined, but the deterioration is not
sufficient to affect the value of the coal for about one year. When:
kept in stock it is much less subject to spontaneous combustion than
the Sheridan, Bear Creek, and other coals of the Fort Union forma-
tion. The partings of the coal bed thicken and thin, the middle
parting decreasing from a maximum thickness of about 4 feet in the
upper part of the mine to a minimum thickness of only 6 inches at the
present working face. The miners believe that this indicates that the
parting will disappear at a greater depth.

From Bridger the outcrop of the coal bed trends north-northwest-
ward across T. 6 N. No prospects were noted in this township.
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About 500 feet north of the northwest corner of sec. 6, T. 6 S., R. 23
E., a fault cuts the outcrop of the coal bed and produces an offset of
nearly 2 miles. The trend of this fault is N. 52° E., and the down-
throw is to the northwest. On the south side of the fault the coal is
exposed in several places, but owing to the drag of the fault a good
~ section could not be obtained. At one place 21 inches of coal was
noted and at another 31 inches.

The nearest opening north of the fault line is the McCarthy mine
No. 1. Tt is located in the SE. + SW. % sec. 19, T. 5 S., R. 23 E,,
Montana, principal meridian.- .At one time as many as twenty men
were employed here, but now the mine is shut down, as it can not com-.
pete with the McCarthy mine No. 2 and the Gebo mine, where the bed
is thicker and nearer the railroad. Owing to caving of the mine, only
3 feet of coal was visible.

In a prospect hole in the SW. $ NE. {sec. 19, T.5S.,R. 23 E,, 1}
miles southwest of Fromberg, a section of part of the coal bed is as
follows:

Section of coal bed in a prospect 1% males southwest of Fromberg.

Shale, sandy. ' Ft. in.
[0 1 4
Shale. . oot 1
L7 Y 6
Shale. .. e 13
Coal. . i 10+

Bottom not exposed.

Total coal. ... ..o i e 2 8+

The following section was taken in a caved-in prospect hole about
1% miles south of west of Fromberg, in the NW. } NE. } sec. 19, T.5 S.,
R.23 E.:

Section of coal bed in a prospect 1% miles west-southwest of Fromberg.

Shale, sandy. Ft. in.
Coal. e 10
Shale. ... e 1
L0 7
Shale. et aas 13
Coal . e 1

Total coal....................... e 2 5

The strike of the bed is N. 25° W. and the dip is about 6° SW.

The McCarthy mine No. 2, also known as the Carbon mine, owned
and operated by the Alba Coal Company, of Fromberg, is located in
the SE.} SW.% sec. 18, T. 5 S,, R. 23 E. Twenty-five men are em-
ployed at this mine, and the coal is hauled in wagons to the railroad
at Fromberg. The coal bed, which dips 5° W., is worked from two
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openings about 500 feet apart. The southern opening runs N. 85°
"W. A section taken 700 feet in from the mouth of this opemng is as
follows:

Section of coal bed in south opening, McCarthy mine No. 2.

Sandstone. Ft. in.
Coal (poor, used a8 100f). .......oooiiiiii it 3
Coal, g00d...oeee e 6
Bone. e 9
[0 1 A 2
Bome. . e 6
L0707 A e 2 4

Sandstone floor.

Total minable coal ............... S 410

A fault of 3-foot throw was noted 300 feet in from the mouth of the
first opening. It strikes north and south, with a downthrow on the
west side. Several other faults were found farther in, according to
Mr. Weber, one of the operators; but they have small throws and do
not interfere with the mining of the coal.

The Gebo mine is located 1 mile west of Coalville (formerly called
Gebo), Mont., in the NE. 2 NE. $sec. 13, T.5 S., R..22 E. It is con-
nected with the branch line of the Northern Pacific Railway by a
spur from Fromberg, and is owned and operated by the Bituminous
Coal Company

This mine is worked by the room and pillar system. Up to the
time of the writer’s visit, the coal was mined by electric machines,
but owing to a strike among the miners the machines were taken
out and hand mining was adopted. The coal is hauled by an electric
tramway out of the mine to a steel tipple three-fourths of a mile away.
Electric power is used for tram, hoist, drilling, and ventilation. The
output is 200 tons per day. The beds dips about 6° W. It is mined
from three openings, one running northeastward and tapping a small
outlying area called by the miners a “bench.” At the working face
of the northeast entry, 1,000 feet from the mouth the followmg sec-
tion was made:

Section of coal bed in northeast entry, Gebo mine.

] . Ft. in
Coal, bony, used asroof........ ... .. ... .......... 2
Coal, g0od. . ... i 11
Coal, DOnY .. .. i 14
Coal, g0od . ..o e 3
Coal, bony, used as floor.

Total minable coal ...... . ... . . ... 4 1

In the main slope, which runs westward under the bluff, the follow-
ing section was taken 500 feet from the entrance:
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Section of coal bed in main entry, Gebo mine.

Bone, used as roof. Ft. in
L0 ) 1 6
5703 11 6
(0707 SRS 3 6

TOAL CORL- - e e ee e e e e e e e e e e e e eaeeas 5

The third opening, running northwestward, connects with the
working of the main slope farther in. Electricity is used as power
throughout the mine. A box-car loader was installed at the time of
the writer’s visit.

The strike of the coal strata is slightly west of north. In the SE.}
NE.  sec. 36, T. 4 S, R. 22 E., the following section was obtained:

Section of coal bed 3% miles north of Coalville, in sec. 36, T. 4 8., R. 22 E.

Sandstone, shaly. ' Ft. in.
Coal, dirty................ e e et aeaaaea 10
(0707 S 6
Y17 1= 1
(074 A 8
BOme. .. 4
(07 1 N 2

Total minable coal ...... .. ... i 3 2

The Burgin mine, also known as the Squaw Smith mine, one of the
oldest in the neighborhood, is located in the SE. } SE. } sec.26,T. 4 S., -
R. 22 E., on the north bank of Elbow Creek, 24 miles south of Joliet,
Mont. It is owned by the Joliet Coal and Fuel Company and is oper-
ated by Barrett Brothers. Formerly it supplied only the local de-
mand, but since the extension of the railroad up Rock Creek coal is
hauled to Joliet in wagons. Mining is done by hand, following the
. room and pillar system. The dip of the strata is 5° W.; the strike
is north. The bed is said to improve in quality toward the west.
The following is a section in this mine:

Section of coal bed in Burgin mine, 500 feet from entrance.

Sandstone, shaly. ) Ft. in.
00l .. 2
Boneand dirt. ... .. 156
Coal. . e 4
BOne. ..o 2
Coal. . 6
BoOne. .o e 8
Coal. . e 1 4

03 1 U= 6

Shale floor.

Total minable coal ... ... . ... . .. ... .. 2 4

71497—Bull. 341—09——13
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The Barrett mine, owned by the Montana Fuel and Iron Company
and operated by the Barrett Brothers, of Joliet, is located in the NW. %
SW. 1 sec. 25, T. 4 8., R. 22 E., about 2 miles south of Joliet. The
coal output, which does not exceed 40 tons per day, is hauled in
wagons to the railroad at Joliet. The strike of the rocks here is N.
5° E. and the dip 5° W. The following section was obtained in the
mine about 250 feet from the mouth:

Section of coal bed in the Barrett mine.

Sandstone. Ft. in.
L7 X 2
Boneand dirt.... ... oL 10
Bome. oo 11
Coal. .o 1 2%
5703 4 U< 6
[0 ) 1 2

Shale.

Total coal....oovueeiiiii e 2 6}

A shaft is being sunk in the SE. § sec. 23, T. 4 S,, R. 22 E., with
the intention of reaching the Bridger coal bed. The location has the
advantage of being nearer the railroad than the two mines last de-
scribed. Two other openings are located in the NE. 1 NE. % sec. 26,
T. 4 S., R. 22 E., but owing to the thinness of the coal bed they were
abandoned. The small mine one-half mile south of Joliet, on the
* south bank of Rock Creek, was abandoned for the same reason. It
is several years since mining was carried on here and the slope is
caved. In the NE.} NE. % sec. 23, T. 4 S, R. 22 E., brick-colored
fragments of sandstone point to a burning of the coal bed. Clinkers
due to the above cause are rare in this field.

From Joliet northward the strike of the rocks is north and south;
the dip immediately north of Joliet is 4° W., but decreases to 2° near
the north line of the township. About a mile north of Joliet an old
caved-in prospect was found, said to have produced coal at one time.
It is the intention of the Barrett Brothers to reopen this if possible.
The only prospect north of Rock Creek where a section could be ob-
tained is located in the SW. ¥ NW. :sec. 1, T.4 S, R. 22 E. The
section is as follows:

Section of coal bed 2% miles north of Joliel, in sec. 1, 1 4 S., R. 22 .

Sandstone roof. Ft. in.

Coal....oovveeeieiia i N 17

B . 1

Coal, bony............... e e e 6
Shale.

Total Coal. ..ot et e, 21
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As the roof is excellent and the floor rather soft and easily picked,
the mining of this coal could perhaps be carried on with profit in the
future.

The following note on the prospect at Carbonado, on the Red Lodge
branch of the Northern Pacific Railway, 8 miles west of Joliet, is
quoted from N. H. Darton:®

Several years ago a large shaft was sunk at Carbonado station to reach the Bridger
coal bed. A preliminary drill hole was bored, which gave promise of a thick bed,
but in the shaft the coal has a thickness of 4 feet with a parting, and occurs at a depth
of about 980 feet. The enterprise belonged to the late Marcus Daly and was equipped
for extensive workings. A very large amount of water was encountered, and as the
bed was not satisfactory the project was abandoned.

QUALITY OF THE COAL.

The coals of the fields treated in this paper are all of the subbitu-

minous class, often called black lignite, intermediate between true
lignite and bituminous coal. They show no trace of woody structure.
The Eagle coal compares favorably with other subbituminous coals
of the Rocky Mountain region. The Laramie and Fort Union coals
of the Bighorn Basin are of poorer quality.

PHYSICAL PROPERTIES.

~ The coal of the Eagle sandstone has similar physical properties
in all parts of the field. The coals of the Laramie and Fort Union
formations are variable in physical properties and differ markedly
as a group from the Eagle coal. In general the Eagle coal is harder
and more compact than the Laramie-Fort Union coals. As the
coals contain practically equal amounts of water; the better keeping
quality of the Eagle coal may be in part due to this superior hard-
ness and compactness. The difference in hardness affects mining
by making it necessary to blast all the coal that is removed. No
coal can be removed by picking alone, as is done in some mines that
work the higher beds. At the working face of the Bridger mine, on
the Eagle coal, a strong blow of the pick results merely in shattering
a little coal about the point struck. It is not possible to drive the
pick on cleats and partings and pry out the blocks of coal. The
Eagle coal is more brittle and less tough than the higher coals in the
Laramie and Fort Union formations. The coals of both groups are
about equally dirty to handle, leaving considerable smut on the
fingers.

One of the most important physical differences between coals lies
in their minute jointing—a property whose value in distinguishing
coals of different quality has not been sufficiently recognized. The

aBull. U. S. Geol. Survey No. 316, 1907, p. 192.
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fine jointing of the Eagle coal of the Silvertip and Bridger fields
approaches that of eastern bituminous coals, though it is not quite
so closely spaced. The jointing of the Laramie-Fort Union coals,
on the other hand, is much more imperfect than that of the Kagle
coal, yet superior to that of coals of the saime age near Sheridan, and
to that of the coals of the other coal-mining regions of eastern
Wyoming and Montana. As jointing and cleavage are doubtless
results of rock pressure and are promoted by mechanical movement,
the perfection of the jointing is to some extent an index of the pres-
sures and movements to which the coal has been subject. The
firmer and better bituminous and subbituminous coals have more
highly developed jointing than poorer coals of the same groups,
probably in part because they have been subject to greater pressure
or more deformation. This may explain why jointing is more per-
fect in the Fort Union-Laramie coals of the Bighorn Basin, where
the rocks are deformed, than it is in coals of the same age in the flat, -
undisturbed strata of the coal fields east of the Bighorn Mountains
and in eastern Montana. Other differences in the coals of the two
regions may be due to wholly unlike causes, such as the deposition
of different vegetable materials or deposition under different condi-
tions, but the important difference in jointing seems to be the effect
of subsequent deformation or pressure on the coal. In like manner
the difference in jointing between the Eagle coal of the Bridger field
and the Fort Union coal of the Bear Creek-Red Lodge fields, a short
distance to the west, may be assigned to the greater pressure which
has been exerted on the former by an excess of load consisting of
over 5,000 feet of strata, and to the post-Laramie pre-Fort Union
deformation, which affected only the earlier coal.

The jointing of the Eagle coal is rectangular. It tends to divide
the coal into small, roughly cubical blocks, with smooth, shiny faces.
The little cubical blocks are larger than those common to most of the
bituminous coals of the Appalachian province, owing to the wider
spacing of the cleavage. Within each block the fracture is conchoidal,
but the conchoidal breaks are not conspicuous, owing to their small
size and to the prominence of the rectangular joints. Joints parallel
to the bedding are not so prominent as either of the two sets of joints
normal to the bedding. '

The jointing of the Laramie-Fort Union coals of the Bighorn Basin
is irregular and poorly developed. At places cubical jointing is
noticeable, but it never has the perfection of that in the Eagle coal.
Parting parallel to the bedding is conspicuous. In the Rogers &
Gapin mine, 7 miles southeast of Basin, this parting parallel to the
bedding is so pronounced that the coal breaks out in flat slabs, which
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are in marked contrast with the more equidimensional lumps of the
Eagle coal from the Silvertip and Bridger mines.

Most of the Fort Union-Laramie coals on the east side of the Big-
horn Basin are finely banded. At the Rogers & Gapin mine the
coal is composed of thin layers of bright, shiny coal of vitreous luster,
alternating with less conspicuous, thinner layers of dull, lusterless
coal. The bright layers predominate.

The Eagle coal is banded in a similar way, but the structure is not
nearly so conspicuous. The bright bands are not so bright as those
of the higher coals, and they have a pitchy or varnish-like luster.
The intervening bands are not so dull as the similar bands in the
Fort Union coal, but they have a faint, satiny luster. As a result of
those differences the banding of the Eagle coal is less conspicuous.
The effect is intensified by the spreading of a sheen over some faces
of Eagle coal, possibly the result either of slight shearing or of the

- deposition of a lustrous coaly substance on those faces. Faces hav-
ing this sheen do not exhibit the banding as clearly as other faces in
the same specimen that lack it. This feature has not been observed
in any of the Laramie or Fort Union coals.

The color of the Eagle coal is always jet-black. That of the Lara-
mie-Fort Union coals ranges from jet-black to brownish black. The
streak of the Eagle coal is dark brown on a white plate; that of
the Laramie-Fort Union coals is also dark brown, but of a lighter
tint. When scratched with a knife, none of the coals shows a pul-
verulent streak, but one that is shiny, greasy, dark brown, almost
black. -

The coals are said to be more easily ignited than eastern soft coals
and to burn with longer, smokier flames. The Eagle coal has a shorter,
bluer flame than the Laramie-Fort Union coal and is more satisfac-
tory for use under locomotive and other strong-draft furnaces,

because less of the coal is blown out by the draft. A locomotive = -

burning either coal emits a shower of glowing cinders greatly in excess
of that seen behind the funnel of a locomotive that is burning
eastern coal. .

In their weathering and keeping properties lies the most important
commercial difference between the two groups of coals. The Eagle
coal may be kept in stock for a year or more without much deterio-
ration; the Laramie-Fort Union coals begin to slack in one month, and
in a year are likely to be reduced to a mass of small pieces. Moreover,
the latter are more subject to spontaneous combustion.
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CHEMICAL PROPERTIES.

The chemical character of these coals is indicated by the subjoined
analyses:

Analyses of coal samples from Basin, Wyo., and Bridger, Mont., coal fields.

[F. M. Stanton, chemist in charge.]

Basin, Wyo.
(Fort Bridger, Mont. (Eagle).
Union). :
Laboratory No......ceeveuenannas ceen 5778. 5495, 3955. 3956. 5508. 3954.
Sample as received: -
. (Moisture 14.94 14.83 8.47. 8.70 9.76 8.93
%) Volatile matter 33.43 g
£\ Tixed carbon. . 37.90
sh..... 13.73
Sulphur 1.76
Hydrogen 5.68
E4Carbon... 53.27
Nitrogen. 1.02
Oxygen..... 24. 54
Calories......ocevunenn. 5,281
British thermal units 9,506
Loss of moisture on air drying....... 4.60
Air-dried sample: -
v Moisture......cooiiiianniiaaa. 10.84
¥ ) Volatile matter. . 35.04
=) Fixed carbon 39.73
Ash. 14.39
i‘Sulphu 1.84
ydrogen. 5.42
£lcarbon. . 55.84
Nitrogen e .. 1.07
Oxygen..... . .. 21. 44
Calories. ... ........... 5,536
British thermal units............ 9 964 11,005

5778. Seven miles southeast of Basin, Wyo. Collected by C. A. Fisher, 1907.
5495. One mile west of Bridger, Mont. Coliected by C. W. Washburne, 1907,
3955, 3056. One mile west of Bnd%er Mont. Collected by N. H. Darton, 1906.
5508 Coalville, Mont. Collected by M. A. Pishel, 1907.

3954. One mile west of Fromberg, Mont. Coliected by N. H. Darton, 1906.

An air-dried sample of Fort Union coal has a calorific value of 9,964
British thermal units; similar samples of Eagle coal show 11,005 and
10,629 British thermal units. The superiority of the Eagle coal is .
further indicated by the higher content of fixed carbon and lower
content of sulphur.

CONDITIONS OF MINING

The gentle dip of the minable coal in these fields is favorable to
development. The amount of water is not great, but in some locali-
ties, especially in the Silvertip field, it necessitates pumping. Near
Fromberg and Coalville the amount of water that enters the mines is
so small that it is drawn out in water cars attached to the regular
trips. Dust is always present in the dry mines, but not in dangerous
quantities. Gas is not troublesome. Open lamps are used in all the
mines, but there have been no explosions. Practically no mine tim-
ber is produced in the region. Yellow pine and fir shipped in from
the outside cost, in 1907, about $25 per 1,000 feet-B. M.
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Labor conditions are similar to those in the other camps in Mon-
tana and Wyoming. The miners are mostly foreigners, largely Rou-
manians and Cornishmen. They receive from 75 cents to $1 per ton
for hand mining, the higher prices prevailing in mines that work the
Eagle coal. The miners make from $4 to $6 per day. Machines were
formerly used in the mines near Fromberg, but after a strike in 1907
they were taken out on demand of the miners. The workmen are
well organized in unions under the control of the Western Federation
of Miners.

: TRANSPORTATION.

The mines in the Bridger and Garland coal fields are close to rail-
roads. The Northern Pacific Railway carries the product of the for-
mer field, and the Cody branch of the Burlington Railroad will be the
carrier for the Garland field when its coal is shipped. The Silvertip

coal field could be easily reached by a 15-mile spur of gentle grade,
built up the valley of Silvertip Creek from the Yellowstone Park Rail-

road near Belfry, Mont. At present the small output of this field is

hauled by wagon about 18 miles to Garland and neighboring towns.

The best part of the Basin coal field is only 1 mile from the Kirby

extension of the Burlington Railroad. At present the output of the

only productive mine, the Rogers & Gapin, is hauled 10 miles by

wagons, across a ford in Bighorn River, to Basin.

FUTURE DEVELOPMENT.

The Bridger coal field is now producing about 105,000 tons per year.
This output can be increased by the opening of a few new mines.
Yet the present state of development is as high as that of most of the
western coal fields. None of the mines, except the Bridger, are
worked to more than a small part of their capacity.

The poor quality and small amount of coal in the Basin field make
extensive developments improbable. . Coal from Sheridan, Wyo.,
competes with it successfully at Basin, in spite of the longer haul and
higher price. The same statement will hold good for the Garland
coal field. Both fields will probably be worked on a small scale, and
only for local use.

The Silvertip field, on the other hand, contains thick beds of good
coal in sufficient quantity to justify the building of a railroad from
*- the vicinity of Belfry, Mont. Large mines will probably be opened .
in this field. :



COAL FIELDS OF THE SOUTHWEST SIDE OF THE
BIGHORN BASIN, WYOMING.

By E. G. WoODRUFF.

INTRODUCTION.

The paper here presented is a preliminary report of s detailed
reconnaissance survey of the coal fields of the southwest side of the Big-
horn Basin in Wyoming.¢ C. A. Fisher exercised general supervision
over the work and J. Ernest Carman and E. L. De Golyer assisted the
writer in collecting the data here set forth. The primary purpose of
the survey was to determine what lands in the area are underlain by
coal and to segregate and classify such lands by legal subdivisions
(40-acre tracts). Land surveys were used as a basis of the work.

In the field work, surveys were tied to land corners that were located
by meandering such lines across each township in east-west or north-
south directions. Where rough topography prevented the usual
method, irregular traverses were made, and connected to land corners
wherever possible. Coal outcrops were meandered and located with-
reference to land corners and sections were measured at short intervals.
The locations of the coal outerop and of part of the sections measured
are shown on PL. XI. Itshould benoted that the land corners between
Tps. 44 and 45 N. and between Tps. 52 and 57 N. are not well marked,
and many of the corner stones and posts are not in proper place;
consequently less dependence should be placed on that part of the
map which represents those areas than on other parts.

LOCATION AND EXTENT.

The coal fields described in this report are situated on the southwest
side of the Bighorn Basin at the base of the Shoshone-Rattlesnake Moun-
tain Range. They form a zone of irregular outline from 6 to 15 miles
wide, extending from a point 2 miles north of Clark Fork of Yellow-
stone River 110 miles southeastward to Bighorh River, near Kirby.
As shown on Pl. XI, they comprise an area of about 1,300 square
miles. The chief towns in the area are Cody, the terminus of the

a A detailed report is now in course of preparation and will be issued as a separate bulletin,
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Cody branch of the Chicago, Burlington and Quincy Railroad; Mee-
teetse, an inland town on Grey Bull River; and Kirby, a railroad
station near the Gebo mines, at present the terminus of the Worland-
Kirby extension of the Burlington Railroad. Coal beds which have
sufficient thickness and extent to be of local interest are distributed
throughout the fields, but deposits of commercial 1mportance lie
- mainly in the southern part of the basin.

SURFACE FEATURES.

The area is characterized mostly by hilly topography. It lies on
the edge of a broad structural basin, in a zone between mountain and
plains, where the strata which are upturned along the mountains are
being rapidly eroded. These conditions have produced sharp strike
ridges which in general parallel the main uplift or encircle small out-
lying anticlines or domes. The field is crossed at short intervals by
narrow valleys cut by rivers or creeks which rise in the mountains and
flow eastward into the basin. The general topographic features are
modified by many badland areas, plateau remnants, and small ero-
sional basins. In the northern part of the area Heart Peak rises as
an isolated mountain, 3,000 feet above the general level. The altitude
of the field averages about 5,000 feet, but ranges from 4,000 feet on
Clark Fork to 8,000 feet on Heart Peak, and 8,200 feet in the south-
western portion of the area. Variations in altitude of 200 to 500 feet
in a horizontal distance of one-fourth mile are not uncommon, and at
many places cliffs rise almost perpendicularly 100 to 400 feet.

The fields are drained by three rivers and many smaller streams
which rise in the mountains and flow eastward, crossing the fields in
their passage to Bighorn River, which is the trunk stream of the basin.
Clark Fork, the northernmost of these rivers, flows eastward, then
northeastward beyond the boundaries of the area mapped; Shoshone
River crosses the area near Cody in a gorge 100 to 150 feet deep; and
Grey Bull River, south of the center, is a swiftly flowing stream with
narrow flood plains bordered by rugged areas. Bighorn River forms
the southeastern limit of the territory examined in 1907. Between
the rivers are minor streams, notably Pat O’Hara, Sage, Meeteetse,
* Gooseberry, Grass, and Cottonwood creeks. All the streams are in a

youthful stage of erosion, generally with entrenched valleys and basins .
having moderately steep slopes from the stream courses to the inter-

stream divides.
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GEOLOGY.

STRATIGRAPHY.
GENERAL SECTION.

The sedimentary rocks outcropping in these coal fields comprise an
extensive series of rocks ranging from Carboniferous limestone to the
Wasatch formation. In general the beds outcrop in.a series of bands
forming a regular succession from the ‘‘Red Beds’’ at the base of the
mountains eastward to the badlands of the Wasatch. A section of
the strata measured at Cody, where the beds are clearly exposed, is
set forth in the following table: :

Section of coal-bearing and associated rocks exposed along Shoshome River near Cody,

Wyo.
System. Formation. Tl;}(é};l;l)(?ss Characteristics.
. ’ Various colored shales interbedded with sand-
Wasatch formation. stone and conglomerate.
. Unconformity.
Tertiary. Gray to d({ag) saud}I’ slﬁm]le and tan-colm;ed mi%.ss-
n f . ive sandstone. In the lower part of the for-
Fort Union formation. 8,100 mation conglomerates occur at intervals
through 1,000 fect of strata.
“| Unconformity (?) -
. L . Dull green sandy shale with local brown leaf-
Laramie (7) formation. 2,630 | “pearing beds and gray massive sandstone.
. Inlower part gray massive sandstone and dark-
S‘ Undifferentiated 760 colored sandy shale in alternating layers; in
° Montana. ! upper part dark and light gray shales alter-
&0 nating, and numerous lignitic beds.
§
1 Gray massive sandstone, weathering tan, and
Cretaceous. S | Eagle sandstone. 220 gray sandy shale with dark coaly bands. Lo-
= cally coal-bearing.

Black to dar&c gray shale ‘with r(ljlsgy santds{gIOn%

. at base and gray massive sandstone at shor
Colorado shale. 3,375 | * intervals in lower half. Thin beds of coal
occur a little below the middle.

Gray, green, and maroon shales and gray com-

Cloverly formation. .300 pact sandstone.

As shown in the above table, the thickness of sandstone and shale
between the top of the Colorado formation and the great uncon-
formity at the base of the Wasatch formerly mapped by Fisher® as
“Laramie and associated formations’’ is here tentatively subdivided
into Eagle, undifferentiated Montana, Laramie(%), and Fort Union.
These formations are suggested on lithologic and paleontoogic evi-
dence, which, however, is not sufficiently conclusive for final decision.
At the beginning of the field season, in the absence of definite fossil

a Fisher, C. A., Prof. Paper U. S. Geol. Survey No. 53, 1906, p. 8.
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evidence, differences in lithology alone were accepted as a basis for:
the subdivision into formations. A subsequent study of the fossils,
both in the field and in the laboratory, by T. W. Stanton and F. H.
Knowlton, has shown that the lithologic units do not coincide in all
particulars with the formations as they are recognized farther north
and elsewhere. Fossils collected at various localities in the fields
point to the presence of the Eagle and Laramie formations, though
the evidence is not conclusive, as many of the species are either new or
heretofore unknown to the formations, and strictly characteristic
specimens are lacking. A fresh-water-fauna which contains forms
suggestive of upper Montana occurs in beds between the Eagle and
Laramie(?). There is abundant fossil evidence to prove the presence
of the Fort Union formation. A suggestive break cccurs at thebase
of the conglomerate beds noted in the table, which was thought .in
the field to be an unconformity at the base of the Fort Union, but
later study of the plant collections shows that Fort Union forms occur
a few feet below this horizon. As the final determinative evidence
has not been obtained, the divisions shown in the table are only
provisionally introduced.

Of the seven formations shown in the table only four, the Colorado,
Eagle, Laramie(?), and Fort Union, are coal bearing; and the Cloverly,
which seems to include at least part of the coal-bearing Kootenal for-
mation of Montana,?is barren in the field here discussed.

COLORADO SHALE.

The Colorado shale consists mainly of gray to black shale 3,375
feet thick, as measured at Cody, with massive rusty sandstones in
the lower part and a mass of tan-colored sandy shale 200 feet thick
forming the upper part.’ Broad strike valleys bordered by sharp
ridges constitute the characteristic topographic expression of this
formation where it is exposed along the west side of the area. Thin
beds of coal interbedded with massive sandstone occur in the lower
part of the formation. AbedS$ inches thick outcrops on a branch of
Pat O’Hara Creek near Allison’s ranch, and another 6 inches thick
occurs in the bluffs along Shoshone River a short distance above the
Cody bridge. Exposures of coal in the Colorado were noted at
many points in the field, but none approaches workable thickness.

MONTANA GROUP.

In the northern part of Montana this group is subdivided into
Eagle, Claggett, Judith River, and Bearpaw. Of these subdivisions
the Eagle is the only one recognized in the area under discussion.

& Fisher, C. A., Econ. Geology, vol. 3, 1908 pp. 77-99.

b Fossils were collected in 1908 from the upper sandy shale in the southeastern part of the Bighom
Basin. T. W. Stanton states that ‘‘ These fossils are more closely related to the Montana fauna than to
the Colorado.” It is probable therefore, that a part if not all of this shale belongs to the Montana

group.
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The remaining formations are thought to be represented, but there is
not sufficient evidence .at hand to identify them positively. There-
fore the group is presented in this report as Eagle and undifferentiated

Montana.
EAGLE SANDSTONE.

The Eagle sandstone is recognized in the west side of the Bjghorn
Basin on stratigraphic and lithologic and not on paleontologic evi-
dence. The fossil plants that were collected from this formation are
either new or not sufficiently typical to prove its age conclusively.
The formation is rather definitely identified, however, both by its
stratigraphic position immediately above known Colorado shale and
by its lithologic characteristics. In all essential particulars the forma-
tion resembles the Eagle as it is recognized 20 miles to the north, in
the Clark Fork valley. It consists of massive sandstone and sandy
shale with carbonaceous and coal beds. A section of the formation
measured on Shoshone River 3 miles northeast of Cody is as follows:

Section of Eagle sandstone exposed along Shoshone River 3 miles northeast of Cody, Wyo.

Feet.
Shale, drab, containing a few iron concretionary layers, also a 12-inch

bedof coal ... oo 22
Sandstone, gray, Massive . .o. ... ..eeetion it 5
Sandstone and shale with dark coaly bands, in alterna.tmg layers.... 65
Sandstone, gray, massive ... .. .. ...ttt 28
Sandstone, greenish, shaly at base . .................o..... ... 33
Sandstone, gray, massive, concretiona,ry/, weatheringtan.........._. 65

218

The Eagle is usually characterized by two massive sandstones from
25 to 65 feet thick, which weather into bold cliffs. These sandstones
serve as guides to the location of the coal horizon which occurs
between them. Coal of workable thickness is not continuous, how-
ever, at this horizon, but varies locally. In general character the for-
mation remains fairly constant throughout the field, except in the
extreme southern part, where it is slightly thicker and contains a
greater number of beds, none of which is so massive as those to the

north.
UNDIFFERE NTIATED- MONTANA.

As considered in this report the upper or undifferentiated part of
the Montana consists of gray sandstone and dark-colored shale in
alternating layers. It generally maintains a thickness of about 750
feet throughout the field except near Meeteetse, where the formation
seems to be much thicker. Fossils collected from these beds include
forms similar to those found in the Judith River formation of Mon-
tana. Insufficient evidence exists, however, to differentiate the for-
mations recognized to the north, hence only the group name is here
applied. The upper limit of the group is drawn on lithologic grounds
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at the top of the massive sandstones. Above the boundary line the
shale members are gray and contain thin coal beds and lignitic layers.
The formation contains no workable coal beds. Carbonaceous
shale and coal beds are exposed in many of the outcrops, and near the
west end of the Grass Creek basin the lower sandy member of the for-
mation contains a bed of coal 18 inches thick. The undifferentiated
Montana, however, contains no coal of commercial importance.

LARAMIE(?) FORMATION.

Overlying the Montana group is a series of sandstones and shales
containing beds of coal and lignite. This formation, which is 2,630
feet thick where it is exposed on Shoshone River, is composed of two
parts. The lower part consists of 980 feet of dark and light gray
sandy shales, with a few rust-colored layers and numerous beds of
coal and lignite. The carbonaceous beds are so numerous that they
give a distinctly banded appearance to the shale. The upper part
consists of dull green sandy shale with local brown leaf-bearing beds
and gray or dull green massive sandstone.

Fossils collected from these beds were examined by T. W. Stanton,
who reports that the species found belong to a fauna characteristic of
the ‘“ Ceratops beds.” As the stratigraphic position of these beds is
not definitely determined, the name Laramie is applied, because the
Laramie formation occupies a position in the geologic column between
the Montana and Fort Union. Furthermore, it is thought best not to
introduce a new name for these beds because they are a part of the
series which is known in the literature of the region as the Laramie
formation. The name, however, should not be considered as indica-
tive of a positive correlation with beds of Laramie age to the south.
Lenticular coal beds are exposed in this formation at various places
throughout the field. :

FORT UNTON FORMATION.

The upper coal-bearing formation consists mainly of soft shale and
massive sandstone with conglomeratic beds in the lower part. Where
it is typically exposed along Shoshone River northeast of Cody it con-
sists of three members. At the base there are about 1,000 feet of gray
massive sandstone and green shale with coaly layers and numerous
beds of conglomerate throughout. This member is overlain by 1,700
feet of soft sandstone and somber-colored shale in alternating layers,
some of which contain coal beds. At the top of the formation there
are 400 feet of gray sandy shale with local beds of sandstone.

Fossils collected at various horizons in this formation have been
examined by T. W. Stanton and F. H. Knowlton, who report them
to be characteristic of the Fort Union. A few fossil plants were
found in a sandstone immediately below the conglomerate beds and
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lower than the apparent unconformity previously mentioned. Ac-
cording to F. H. Knowlton these plants are Fort Union forms, and if
further study confirms this opinion, the Fort Union probably includes
séveral hundred feet of beds which are considered Laramie in this
report, and the thickness of the Laramie is correspondingly thinner
than is shown in the table.

STRUCTURE.

The coal fields here described lie on the edge of a broad structural
basin where the beds dip gently to the east or northeast and strike
parallel to the main uplift of the mountains to the west and south-
west. This simple, moderately inclined structure is interrupted by
minor folds which parallel the major structure and involve the coal-
bearing rocks in a series of anticlines and synclines. The anticlines
are gently arched and have the steeper side facing the mountains and
more gentle slopes toward the basin. The synclines form shallow
structural depressions about equal in extent to the anticlines.

Erosion has acted unequally on different parts of the folds. It has
cut away the top of the anticlines and exposed Colorado shale in the
interior, encircled by escarpments of the higher formations. The
synclines have been affected to an equal extent, leaving outliers of
coal-bearing rocks in plains of Colorado shale. The position of the
outcrop of the coal beds in each field is dependent chiefly on the
structure. : :

To the north of the Ccdy field the coal beds are included in the
normally eastward-dipping strata. On Shoshone River they occupy
the east flank of a small anticline. Along Sage Creek the beds appear
in the west limb of a syncline, pass around its southern point, and after
encircling the Oregon Basin outcrop in the west side of Frost Ridge. -
In the Meeteetse field the structure is complicated. The coal beds
are included in normally dipping strata from the Meeteetse Rim
southeastward to Grey Bull River and across the lower course of
Meeteetse Creek. The coal-bearing rocks are included in the Upper
Buffalo Basin anticline, a small uplift at Renner’s ranch, and a fold
along Wood River. Coal beds are also included in a number of
structural depressions, notably the Sunshine syncline, the trough
crossed by Rawhide Creek, and the syncline north of Renner’s ranch.

In the Grass Creek field the outcrop of the coal beds encompasses
an irregular uplift extending from Dickie’s ranch to Ilo. Beds of
coal are also found in a small syncline at Mayfield’s ranch.

In the Gebo field a strike ridge locally variable in direction extends
westward from Bighorn River to the east line of T. 45 N., R. 99 W,
where it swings to the south and joins a small anticline along Cotton-
wood Creek. In the eastern part of T. 44 N., R. 99 W., the rocks are
brought up into a small anticline which exposes coal beds in the
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valley of Cottonwood Creek. A small syncline encompassed by coal
beds lies in the southern part of the field and another of similar
size forms a spur from the main body of coal-bearing rocks, 3 miles
southeast of Gebo. Further details of the structure are presented on
P1. XT.

THE COAL.

GEOLOGIC OCCURRENCE.

In the western part of the Bighorn Basin coal of workable thickness
occurs in three formations—the Eagle, Laramie (%, and Fort Union.
The Eagle coal occurs mainly at one horizon, between the two massive
sandstones comprising this formation. Generally this coal is below
the limit of workability, but locally it is of sufficient thickness to be
of importance. There are a number of small mines and prospects in
the Eagle formation throughout the field, and the only commercial
mines in' the Bighorn Basin are in this formation in the vicinity of
Gebo. In one of these mines the coal locally reaches a thickness of
11 feet.

The coal beds of the Laramie (?) formation occur in rather small
lenses, which in few places form a continuous outcrop for more than
1 mile and which are workable for a much shorter distance. There
1s, however, northeast of Cody an exceptionally extended bed which
has been prospected at intervals for 7 miles along its outcrop by the
Cody Coal Company and others. Numerous partings of bone and
shale separate the beds into benches generally less than 1 foot thick.
The Laramie (%) coals are not mined at present, though there are some
abandoned mines and many prospects.

The Fort Union formation contains some of the best and thickest
coal beds in the western part of the Bighorn Basin. The beds, like
those of the Laramie (%), are lenticular, but they are thicker and con-
tain fewer partings. In the Mayfield syncline there are three beds,
one of which is reported as containing 32 feet® of good coal. The
Black Diamond mine, near Meeteetse, is operated throughout the
year on a bed of coal of this age.

The location of the mines and prospects and sections representative
of local conditions are shown on Pl. XI. -

GENERAL MINING CONDITIONS.

There are a few commercial and many small mines and prospects in
the area. Three of the largest mines located near Gebo are being
extensively developed since the building of the Burlington Railroad
into the field during the fall of 1907. Two small commercial mines
near Meeteetse supply the local trade in Grey Bull Valley. Many

a During the fall of 1907, 24 feet of coal in a single bench was exposed in a prospect'thc bottom of which
was filled with water. Mr. Mayfield, who owns the property, states that the total thickness is 32 feet.
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small mines are operated chiefly by ra.nchmen to procure fuel for
private use.

All the mines are operated by the room and pillar system. They
are dry and contain only small quantities of gas; hence pumping and
safety lamps are unnecessary. Generally the coal is mined by ‘“bear-
ing in”’ at some convenient dirt band and shooting it down with black
powder. Most of the mines employ horse haulage, but some of the
more recently developed mines are installing cables in the main
gangways. :
COAL FIELDS.

To facilitate description the area may be divided into four fields,
which in a general way coincide with four drainage basins. Except
for minor modifications they also agree with divisions adopted by
Eldridge® and Fisher.® They are the Cody field, Meeteetse field,
Grass Creek field, and Gebo field. A possible fifth field includes the
valley of Clark Fork, but as that region contains only one abandoned
mine and no exposures of coal that promise future development it is
not treated in this report.

CODY FIELD.

The Cody field lies mainly in the Shoshone River valley. It is
limited on the south by the Meeteetse Rim and to the north extends
a short distance beyond the divide which culminates in Heart Peak.
In this district coal occurs in the Dagle and Laramie (%) formations.
It has been mined from the Eagle at the Allison, Schwab, and Wiley
mines and from the Laramie (?) at the mine of the Cod'y Coal Company.

Allison mine.—The Allison mine is located in the NE. 1 SE. 1 sec.
25, T. 55 N., R. 102 W, on the east side of Skull Creek, a branch of
Pat O’Hara Creek. An entry has been driven for about 100 feet on
beds which dip 23°. One room has been opened from the entry and
about 250 tons of coal taken out for use at neighboring ranches. It
is a good subbituminous¢ coal suitable for domestic purposes. The
coal lies beneath a thin shale bed, which in turn is covered by a massive
sandstone. Section No. 2 on Pl. XI shows the character of the bed
at the mine where the most favorable conditions are presented. The
bed is thinner along the strike on both sides of the mine.

Navine mine.—The Navine mine, 34 miles northeast of Cody, for-
merly supplied a domestic trade in the Shoshone Valley. The mine
is now abandoned and the roof so badly caved that a section of the
bed could not be measured, and the previous extent of the mine was
not determined.

aEldridge, G. H., Bull. U. 8. Geol. Survey No. 119, 1894, p. 54.

b Fisher, C. A., Prof. Paper U. 8. Geol. Survey No. 53, 1906, p. 46.

¢ The name subbituminous has recently been adopted by the United States Geological Survey for the
class of coal above the brown lignites and below the bituminous coals—the class generally called ‘‘ black
lignite.”
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Cody Coal Company’s mine.—During the season of 1905 the Cody
Coal Company opened a mine 3 miles northeast of Cody, where
Laramie (%) beds are exposed in a bluff along the Burlington Railroad
about 30 feet above the track. The coal occurs in two benches, 24 -
and 30 inches thick, separated by a thin parting, and dipping 56° E.
A main entry has been driven about 200 feet to the north along the
strike and is intersected at the end by a slope sunk from the top of
the terrace. The slope extends about 75 feet below the main entry
and has small rooms opened near the bottom. Horsepower machin-
ery was installed, and a few hundred tons of coal were taken out
prior to the closing of the mine in 1907. The coal is subbituminous,
with a black color, pitchy luster, and moderate hardness. A section
of the bed is No. 3 on Pl. XI. . ‘
To the north for a short distance the bed is covered by gravel.
Where it is exposed again at the old Navine mine conditions are-
unfavorable for extensive development. To the south, across Sho-

shone River, an attempt at mining has been abandoned. Beyond
this point further examination of the bed is prevented by a cover of
gravel, ‘
Schwab mine.—The Schwab mine, formerly known as the Burns &
Rogers mine, is 5 miles southeast of Cody, in the NW. % sec. 21, T.
52 N, R. 101 W, on the east side of the stage road from Cody to
Meeteetse, where the steeply dipping Eagle sandstone forms a promi-
nent strike ridge. Starting on the outcrop of the coal a slope has
been driven for 75 feet on a bed which dips 51°, and three entries
have been opened to the south—one 10 feet long, another 15 feet,
and a third 50 feet. The mine equipment consists of two small mine
cars, a cable, and a horsepower whim. Two men are employed at this
mine during part of the winter months, and the output is small, not
exceeding 100 tons a year. Lump coal is sold at the mine for $4
per ton. The coal is subbituminous, and is suitable for domestic
uses. It has been so badly crushed in the upturning of the beds that
a considerable percentage is too fine for the domestic market. A
section of the bed at this mine, as shown in No. 4 on Pl. XI, contains
39 inches of coal in three benches. About 500 feet to the south the
bed is not so thick, and to the north it is covered by valley wash.
At this mine conditions are unfavorable for extensive development.
East Wiley mine.—A small mine, known as the East Wiley, has
been opened in the Eagle sandstone on the east side of the Oregon
Basin, in the NE. % sec. 10, T. 51 N., R. 100 W. It consists of a 22°
slope 200 feet long, with one small room at the bottom. The section
(No. 6, Pl. XI) measured at this mine shows a total thickness of 42
inches in three benches, which are separated by two partings of shale,
the larger being 2 inches thick. Other sections of the bed, both to
the north and to the south of the mine, are shown on the same
plate. It is estimated that 200 tons of good subbituminous coal has
been taken from this mine to supply local ranch trade.
T1497—Bull. 341—09-—14

s



910 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1907, PART II.

West Wiley mine.—The West Wiley mine is located southwest of
the Oregon Basin, at the base of Frost Ridge, in the SE. } sec. 34,
T. 51 N,, R. 101 W It consists of a slope 195 feet long, with two
small rooms at the bottom. At this mine the beds dip 28°. The
coal occurs in two benches separated by a layer of carbonaceous shale.
In the east room the lower bench is 38 inches thick and the upper
bench 6 inches. In the west room, however, the thickness of the
lower bench is not so great. Section No. 11, Pl. X1, is representative
of the best conditions in this mine. The mine is located near the
western edge of a lenticular bed. The bed contains 8 feet of coal
where it is exposed in a ravine one-eighth of a mile to the east, and
a short distance farther east it passes below workable limits. To the
_west the beds are variable and probably workable at several points
between the mine and Sage Creek.

The mine is operated chiefly to supply coal to the Blghorn Basin
- Development Company, which is constructing extensive irrigation
works in the vicinity. A small part of the coal is sold for domestic
purposes at $3 per ton.. The annual production is about 150 tons.
The coal has a brownish-black color, pitchy luster, and moderately
smooth joints where not affected by slickensiding. It has been
badly crushed, however, by the uplift of the beds, and as a conse-
quence breaks 1rre0fularly and yields a high percentage of ﬁne coal in
mining.

Orr’s mine.—Orr’s mine is on the west limb of a syncline lying
between the Oregon Basin and Sage Creek, in the NW. 4 sec. 12, T.
50 N., R. 102 W. It is near the crest of a hogback of Eagle sand-
stone that dips 47°. A drift has been driven for 125 feet along the
strike and a small amount of coal taken out, mostly from an open
pit which has not reached below the zone of weathering. A section
of the coal bed is shown in No. 13, Pl. XI. The large number of
partings and the steep d1p of the strata preclude extensive dcvelop-
ment at this mine.

Prospecting.—Some prospecting has been done in the northern part
of the Cody field near Heart Peak and at several places northeast of
- Cody. The part of the district lying north of Shoshone River seems to
contain very little workable coal, and even where the coal beds are of
sufficient thickness to be minable the steep dip of the strata prevents
extensive development.

South of the river prospecting has been done at various places,
notably east of the Oregon Basin and along Frost Ridge. At the
former locality the coal appears to have a sufficient thickness and
favorable attitude for the opening of small mines. On the north side
of Frost Ridge also there are several promising locations. The bed:
mentioned as exposed in a gulch south of the West Wiley mine,



COAL ON SOUTHWEST SIDE OF BIGHORN BASIN, wyo. 211

where the coal is locally thickened, is the most favorable undevel-
oped deposit in the Cody district. To the southwest, on the opposite
side of Frost Ridge, there will probably be very little mining.

MEETEETSE FIELD.

The Meeteetse field lies mainly in Grey Bull Valley. It extends:
from the Meeteetse Rim on the north to Gooseberry Creek on the:
south. Unequal erosion of the complex folds has greatly extended
the outerop of .the coal-bearing beds by bringing them to the surface
around a number of synclines and anticlines. Coal is mined in the
Eagle and Fort Union formations and has been prospected in the
Laramie (%). It is a good variety of subbituminous coal. -

The Black Diamond and Erskine mines are operated throughout
the year to supply the local trade in Grey Bull Valley, and other
small mines at various places furnish coal to adjacent ranches,

Conie mine.—The Conie mine, on an isolated portion of the Mee-
teetse Rim, in the NW. } sec. 4, T. 49 N., R. 101 W., is now aban-
doned after unsuccessful attempts at operation. The coal lies
between beds of soft shale and is difficult to mine. Section No. 14,
Pl. XTI, was measured at this mine.

Orr's Horse Creek mine.—A miné formerly operated by Mr. Orr is
situated on Horse Creek, about 3 miles northwest of Gray’s ranch, in
the NE. % sec. 7, T. 49 N,, R. 101 W. It consists of a well-timbered
drift about 200 feet deep, from which entries have been turned. - At
the time this mine was examined it was not in operation and was
partly filled with water, hence the extent of the workings could not
be determined. It is known, however, that several hundred tons of
coal have been mined. The coal bed is in the Eagle formation, dip-
ping 21° E., and contains 48 inches of coal in two benches of about
equal thickness, the upper bench being 22 inches and the lower bench
26 inches thick. The coal is a brownish-black subbituminous variety
typical of the Eagle coals. 'When fresh it has a bright luster and well-
developed joints and makes a desirable domestic fuel. If a market
for the coal were accessible, this mine could be extended and a large
amount of coal taken out.

Blake mine.—The Blake mine is about 2% miles above Meeteetse on
the north side of Grey Bull River. It is now abandoned and caved
to such an extent that a representative section could not be obtained.
It consisted of a main entry about 150 feet long and several side entries.
. It is estimated that several thousand tons of coal have been taken
from this mine since its opening in 1892.

Black Diamond mine.—During the summer of 1904 the Black Dia-
mond or Woodruff mine was opened at the base of a small hill near the
Cody-Meeteetse stage road, 3 miles northwest of Meeteetse. Since
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that time it has been operated continuously. The coal bed is 42
inches thick, with no continuous partings, and it dips 20° E. The
mine consists of one main gangway 400 feet long, two entries, and eight
roorns, and is equipped with small coal cars which are brought to the
surface by a cable wound on a drum driven by horsepower. One
man is employed during the summer months and five in winter. It
is estimated that this mine has produced 5,000 tons of coal, which has
been sold to local ranchmen along Grey Bull Valley and in Meeteetse
at $2.25 per ton. The coal is a moderately hard black subbituminous
variety which ignites readily and makes an excellent fuel. It slacks
when exposed to the atmosphere, hence can not be stored in large
quantities or for long periods of time. To the northwest along the
strike the bed is exposed at intervals for more than a mile before it
passes beneath the gravel-covered terrace which forms the eastern
part of the Meeteetse Rim, but in the opposite direction it is covered
by valley wash a short distance from the mine and is not exposed
again between this place and Grey Bull River. At the river 44 inches
of good coal is exposed. Farther southeast, beyond the river, the bed
is thinner and can not be traced more than 2 miles.

Erskine mine.—The Erskine mine is situated on the south side of
Grey Bull Valley, across the river from the Blake mine, in sec. 13,
T. 48 N, R. 101 W. The mine is on a bed of Eagle coal which dips
12° NE. It consists of a main gangway 500 feet long, one entry 300
feet long, and a smallroom. About 4,500 tons of coal has been mined
and sold for $2.25 per ton at the mine. The mine is near the river, and
within a short distance the dip of the strata carries the coal bed below
water level, so that considerable difficulty is encountered in keeping
the mine dry. The bed contains 5 feet of coal with a number of soft
shale partings. A section measured at this mine is shown in No. 19,
Pl. XI. The coal is a medium-hard black subbituminous variety,

well suited for domestic purposes. As mined it includes a ¢onsider-
able quantity of dirt.

The workable coal in this bed seems to be restricted to the river
valley and the area immediately north. Within a quarter of a mile
to the south from the mine it thins below workable thickness and
to the northwest a short distance beyond the Blake mine it is not
minable. ' :

Prospecting.—North of Grey Bull River prospecting has exposed a
bed of workable coal on Meeteetse Creek near the mouth of Horse
Creek above Gray’s ranch and at the same horizon on Antelope
Creek west of Meeteetse. Though not worked at present, itisexpected
that these beds will be developed in the future to supply a small
amount of coal.

South of the river conditions are favorable for development at sev-
eral places. Southeast of Meeteetsé the Laramie (?) contains a coal
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bed whichhasbeen prospected at the point marked No.21onPL. XI. It
continues southeastward for about 24 miles, then becomes too thin to
be mined. The coal is subbituminous and suitable for domestic pur-
poses, but the bed is included in soft shale, which renders mining diffi-
cult. The upper Buffalo Basin to the south is encircled by an out-
crop of the Eagle sandstone, but at this place the formation does not
contain workable coal beds. West of this basin, near the Iron Creek
road, the Laramie (%) contains two beds of workable coal, one near
the base of a steep northward-facing bluff and the other near its sum-
mit. A section measured at this point is shown in No. 22, Pl. XT.
At present this region is difficult of access, but with increased demand
for coal small mines could be operated.

The western part of the district contains extensive exposures of the
Eagle sandstone which are coal bearing. A bed of workable coal
extends along a steep westward-facing scarp on the east side of Wood
River. The bed has been prospected, but no attempt at mining has
been made. The Sunshine syncline previously discussed is encom-
passed by an outcrop of coal-bearing beds. In the southern half the
beds attain workable thicknesses. The structure is unsymmetrical,
the east limb dipping 40° to 50° and the west limb 10° to 15°. The
trough is relatively narrow and the coal beds probably do not pass
below workable depths. The coal occurs in two beds about 70 feet
apart, only the lower one being of minable thickness. The thicker
bed ranges from less than 30 inches in the north end of the syncline
to 7% feet at one point near the south end. Sections measured at
intervals about the syncline are shown in Nos. 28 to 35 on Pl. XI.
The coal has a bright luster, is medium in hardness, and is relatively
free from impurities. A mine has been opened in Sunshine Gulch
and a small amount of coal taken out.

The Sunshine syncline is one of the best undeveloped areas in the
western part of the Bighorn Basin. It contains a large tonnage of coal
in a favorable attitude and of a quality which finds ready sale in the
general market.

GRASS CREEK FIELD.

The Grass Creek field lies along the valley of Grass Creek, extend-
ing from Ilo post-office westward to the foot of the mountains and
from Gooseberry Creek on the north to Cottonwood on the south.
There are two coal-bearing formations—the Eagle, which is exposed
in a zone encircling the Grass Creek anticline, and the Fort Union.
The Eagle coal is workable along the northeast side of the anticlineand
at intervals on the west and southwest. It has been mined at Dickie
No. 1 and prospected at Dickie No. 2 mine.

A bed of coal of workable thickness occurs on Left Hand Creek in
T. 46 N., R. 100 W., but owing to the absence of good land surveys in



214 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1907, PART II.

that township its exact location was not determined, and conse-
quently its location as shown on Pl. X1 is only relative.

Dickie mine No. 1.—Dickie mine No. 1 is on the north side of the .

Grass Creek anticline, in the NW. } sec. 2, T. 46 N., R. 99 W., where
the strata dip 19° N. The bed lies below a massive sandstone and
contains 40 inches of coal in the lower bench. The mine consists of an
entry about 100 feet long with one room opened to the west. About
200 tons of coal has been taken out to supply fuel to neighboring
ranches. The physical properties of the coal are identical with those
previously described from the Eagle sandstone.

Dickie mane No. 2.—Dickie mine No. 2, locally known as the O’Riley
mine, is a small prospect in a gulch separating a small outlier from the
main body, in the NE. } sec. 14, T. 46 N., R. 99 W. The bed contains
7 feet 8 inches of ¢oal in two benches. A section of the coal is shown
by No. 47,PL. XT. It is a subbituminous coal similar to that in Dickie
mine No. 1. The bed at this prospect seems to be a local thickening
of the upper bench. One-fourth of a mile to the west the bed is too
thin to work, and at an equal distance along the strike to the south it
has a dlmlnlshed thickness and conta,ms so many partings that it is
not minable.

Prospecting.—All the coal beds in the Grass Creek field have been
traced out by prospectors and opened at short intervals, and the
limits of workable deposits have been determined.. In the Mayfield
syncline erosion has cut away the coal beds from the shallow trough
until only remnants are left. Where the beds are uneroded, however,
there seems to be sufficient capping to have prevented the alteration
of the coals by atmospheric agencies. The syncline is cut trans-
versely by Grass Creek, leaving a coal-bearing portion on either side.
The coal occurs in three beds near the base of the Fort Union forma-
tion. One of the beds has & maximum thickness of 32 feet, the second
of 15 feet, and the third of 6 feet. Sections of these beds are shown
in Nos. 49 to 55, inclusive, Pl. XI, and an analysis of coal from the
first bed 1s given on page 217. The coal is moderately hard, burns
well, seems to stand exposure to the air, and as a domestic coal is
highly satisfactory. To the unaided eye the coal is free from pyrite,
but under a lens small irregular particles are visible. The area of the
field is not great, but owing to the thickness of the beds it contains a
large tonnage. The Mayfield district has been extensively pros-
pected, but is wholly undeveloped, because’ there is no accessible
market for the product.

On the north of the Grass Creek antlchne there are opportunities
for small mines. The beds have a workable thickness and a favorable
dip. To their detriment, however, most of the exposures are high on
the face of a steep escarpment, where it is difficult to construct and
maintain roads.
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GEBO FIELD. "

The Gebo field extends from Bighorn River near Kirby westward
between Meeyero and Owl creeks, and along Cottonwood Creek to the
foothills of the mountains. The important mines in this field are the
Eades, Price & Jones, Gebo, and Stein. The most extensive coal beds

“and the greatest number of producing mines are in the eastern part
of the field. Beds of workable thickness underlie the Gebo syncline

. and outcrop from the ‘west line of T. 44 N., R. 95 W., to the valley of
Bighorn River.

F ades mine.—In the western part of the field the Eades mine is the
only one of any size, though there are a number of prospects. This
mine, located in sec. 33, T. 44 N., R. 96 W., is an opening on a bed of
Eagle coal 45 inches thick and dipping 9°. The main entry is 150
feet long, with two rooms from which about 200 tons of coal have’
been removed. Sections of the coal and its workable extent along the
strike are shown in No. 69, P1. XI.

Price & Jones mine.—The Price & Jones mine, in the SW. 1 sec. 22,
T. 44 N,, R. 95 W, in the east end of the Gebo synchne is one of the
oldest mines in the district. It was opened seven years ago and has
been operated during the fall, winter, and early spring since that time.
The mine workings consist of one main gangway, one entry, and three
rooms, from which about 1,000 tons of coal have been taken and sold
loca,lly at $2.50 per ton.

Gebo mines.—Pit No. 1, in the S. } sec. 11, T. 44 N, R. 95 W, is
only in an early stage of development but is alroady the most exten-
sive coal mine in northwestern Wyoming. From 20 to 65 men have
been employed since the mine was opened in November, 1906.
This mine is working on a coal bed 11 feet thick whi¢h dips 22°. The
underground workings consist of one main gangway 1,200 feet long,
one air course, and eight entries. About 8,000 tons of coal has been
mined, but most of this is the product of development work previous
to the construction of the Burlington Railroad. A spur track has
just been completed to this mine and is being extended to mine No. 2,
three-fourths of a mile to the southeast. A large tipple has been con-

- structed and a complete set of hoisting and screening machinery is
being put in place. - Dwellings have been built for the miners and all
provisions made for extensive operations. This mine is expected to
produce 500 tons per day, which will be supplied to the railroads and
shipped to various places in the Bighorn Basin and adjacent areas.

Development work has just begun on mine No. 2, where a main.
gangway has been driven for 240 feet, but no entries have been turned.
The railroad is being extended to the mine, and complete equipment
is to be installed.
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Stein mine.—The Stein mine, 2 miles southeast of Gebo mine No. 1,
in the SW. % sec. 18, T. 44 N., R. 94 W, is, like the Gebo mines, being
developed prior to the construction of railroad tracks. A main gang-
way has been driven for 200 feet and two entries have been opened.
Six miners are employed, with an output of 20 tons per day. The
small dump now in use and the horsepower haulage are to be replaced
by a large tipple and a complete equipment of heavy machinery.
This mine will probably be one of the large producers of the field. At
present coal is hauled by wagon to Kirby station, and there loaded
on cars. The selling price is $2.50 per ton.

Prospecting.—The coal beds in the Gebo field have been examined
along their outcrops by prospectors and openings made at short inter-
vals. In the western part of the field the exposures usually occur in
steep slopes where talus does not interfere with examination, hence
" prospect pits are unnecessary. Some mining has been done along
Cottonwood Creek and in a syncline near the southern edge of the
area, but at present these small mines are not operated. In this part
of the field there are opportunities for small mines, but no beds thick
enough to support extensive mining. In the eastern part the beds
have been opened at many places and their thickness and extent along
the outcrop determined. No drill records are available to show the
condition of the beds down the dip, but it seems probable that they
have about the same thickness as along the strike. Favorable con-
ditions for the opening of mines exist near Bighorn River, west of
the Gebo mines, and in the small syncline to the south.

CHARACTER OF THE COAL.

PHYSICAL PROPERTIES.

The coals of the western side of Bighorn Basin are subbituminous.
The Fort Union and Laramie (%) coals are black and the Eagle
brownish black. The Eagle, however, and to a less extent the Lara-
mie (?) coals contain thin lusterless layers alternating with bright
bands, giving to the vertical faces of the bed a faintly banded appear-
ance. On the other hand, the Fort Union coal has a uniform texture
and is not banded. Jointing is either indistinct or absent. The
Eagle coal shows a moderate tendency to break along bedding planes
and less regularly in perpendicular planes, but the Fort Union coal
is almost devoid of regular joints. Specimens from the various beds
are medium in hardness and show a tendency toward a small con-
choidal fracture, and in some samples of Fort Union coal there is a
peculiar pitted structure which has been designated by English
writers as “bird’s-eye.” Some of the lower beds contain small accre-
tions of light-brown resin similar to the resin balls in the coal mines
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at Red Lodge, Mont., but in smaller nodules and more widely scat-
tered than in either of the coals noted. The physical properties of
~ the beds in the higher strata resemble those of the coal at Red Lodge

.and Bear Creek, Mont., and the lower coal is similar to that at
Bridger. To the una,lded eye the coal appears free from pyrite, but
under a lens small irregular particles are vxslb]e

CHEMICAL PROPERTIES.

The composition of the coal is shown in the accompanying table.
Samples for analysis were taken at the various mines and prospects in
the field according to the method described by M. R. Campbell on pages
12-13 of this volume. Analyses were made under the direction of
F. M. Stanton, of the United States Geological Survey.

The table shows both proximate and ultimate analyses of the coal
as received at the laboratory and after air drying. The analysis of
the sample as received indicates the condition of the coal as it comes
from the mine; that of the air-dried sample denotes approximately
the state of the coal as it is burned. In comparisons, therefore, the
analysis of the air-dried sample should be taken.

Analyses of coal samples from the southwest side of the Bighorn Basin, Wyoming.

[F. M. Stanton, chemist in charge.]

Name of field.......... Cody. Meeteetse. grré”:]? Gebo.

Laboratory No........ 45763, | @ 5766. | b 5762, | b 5767. | b 5768. | b 5764. | b 5769. | @ 5770. | b 5787. | b 5788. | 5765.
Sample as received:

Moisture.......... 13,77 | 17.29 | 13.43 | 15.04 | 17.67 { 16.12 | 15.04 | 12.84 | 17.04 | 16.11 | 12.08
>< Volatile matter.. .| 3503 | 31.33 | 35.16 | 31.87 | 27.28 | 35.12 | 32.49 | 33.96 | 35.53 | 32.96 | 32.58
8 Fixed carbon..... 39.31 | 45.89 | 42.86 | 38.39 | 47.46 | 40.78 | 41.64 | 48.15 | 45.10 | 48.09 | 49.23
AiifAsh.. et 11.80 | 5.49( 855 |14.70 | 7.9 | 7.98 | 10.83 | 5.05{ 2.33| 2.84| 6.11
Sulphur.. R .64 .35 .44 .76 .17 .53 [ 107 .39 .37 .50 .91
& [Hydrogen .| 542 564 592| 549 | 535| 591 | 567 592 596 597 | 542
=<«Carbon. 152.84 [ 59.15 | 58.42 | 52,42 | 57.08 | 54.12 | 55.43 | 63.68 | 62.22 | 62.50 | 63.76
P Nitroger 1.00 .85 1.05 .97 .84 L9241 110 .80 111 1.04 .99
Oxygen. 28.21 | 28.52 | 25.62 | 25.66 | 28.97 | 30.54 | 25.90 | 24.16 | 28.01 | 27.15 | 22.81
Calories. . 6,248 | 6,106 | 6,228 | 6,251

5
British thermal units | 9,266 [10,055 |10,148 | 6,270 | 0,688 | 9,322 | 0,925 (11,246 [10,991 (11,211 |11,252

Loss of moisture'on air

.80 .18 .56 | 1.12 .40 .39 .53 .94
5.22| 496! 561 | 542! 577| 567 568 525
B X . 54.95 | 60.92 ( 57.27 | 57.98 | 65.58 | 65.70 | 66.07 | 65.73
Nitrogen.. . L . . 1.01 .90 .97 115 .8 1.17] 1.10) 1.02

.. 22.61 | 24.94 ( 27.14 | 23.00 | 22.22 | 24.61 | 23.62 | 20.76

5 5,398 | 5,744 | 5,480 | 5,768 | 6,435 | 6,448 | 6,584 | 6,444

British thermal units| 9,733 10,662 {10,682 | 9,717 (10,339 | 9,865 10 382 111,582 (11,606 ll 851 (11,600

drying............... 4.8 | 570 500 460| 6.30| 550! 440 | 2.90 | 530 540 3.00
Air-dried sample: .
. (Moisture.......... 9.42 | 12.29 | 8.87|10.94 | 12.13 | 11.24 | 11.13 | 10.24 | 12.40 | 11.32 | 9.36
%) Volatile matter.. .| 36.80 | 33.22 | 37.01 | 33.41 | 29.12 | 37.16 | 33.98 | 34.97 | 37.52 | 34.84 | 33.59
& Fixed carbon..... 41.29 | 48.67 | 45.12 | 40.24 | 50.65 | 43.15 | 43.56 | 49.59 | 47.62 | 50.84 | 50.75
Ash Og 15,41 | 810 | 8.45(11.33 | 520 | 2.46| 3.00| 6.30
LA
64
50

a3ampled by E. G. Woodruff, b Sampled by R. L. Nelson. ¢ Sampled by E. L. De Golyer.

According to the classification of coal adopted by the United States
Geological Survey, these coals are of the high-grade subbituminous
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variety, which closely approach the bituminous class. - The coal
usually cleaves in small blocks and at some places breaks into prisms,
but weathering generally develops a platy structure along the bed-
ding planes. This coal does not stock well, and is therefore placed
below the bituminous class, though in heat value it approaches some
of the bituminous coals of the MlSSlss1pp1 Valley

The heat value of three of the coals given in the above table falls
below 10,000 British thermal units. This low heat value is probably
due to the high ash or moisture content and not to the quality of the
coal, and therefore these three coals should be classed like the others.
The coal ignites readily and burns freely. It gives a quick but not a
long-continued heat and is adapted to general use, especially for
domestic purposes. Analyses- of coals from adjacent regions, by
which comparison may be made, are given by other writers in this
volume. ' .

. MARKET.

The market for the Bighorn Basin coal fields is and probably will
remain in the railroads of the region and the agricultural areas where
irrigation is carried on. At present large tracts of land are being irri-
gated in the Bighorn Basin, and the area of irrigation is rapidly ex-
tending. The United States Reclamation Service is now engaged on
an extensive project at Cody which will bring a large tract of land
under cultivation by people who will demand fuel for many months
each year. Private companies are planning to construct extensive
irrigation works, which are attracting settlers. These various settle-
ments will increase the demand for domestic fuel, which will prob-
ably be supplied from the mines in the field. The railroads of the
basin will probably draw on the mines for a constant supply. There
are no large cities with extensive ma,nufacturmg plants in the
area, NOT is there promise of any being established in the immediate
future. Any estimate of the production of the fields at the present
time can not be fairly representative, for the southeastern field is
rapidly developing.

FUTURE DEVELOPMENT.

These coal fields have a very promising future. During the fall of
1907 the Gebo field was entered by-the southern extension of the Bur-
lington Railroad to Kirby station, where the mines of the Gebo dis-
trict are being rapidly developed. A branch of the same railway
reaches Cody, but in that vicinity there are no coal beds which prom-
ise extensive development. The Grass Creek and Meeteetse are two
very promising fields which remain without railway facilities, hence
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- they are not extensively developed. A survey has been made for a
railway to extend from Basin, on Bighorn River, up Grey Bull River
past Meeteetse to the junction of Wood River, thence up Wood River
to Kirwin, in the mountains, thus in its course crossing the Meeteetse
field. The Grass Creek field could be entered by a line of railroad
extending from a point near Kirby station up Meeyero and Grass
creeks to the Grass Creek basin. Neither of these suggested lines is
impossible and both of them seem to promise easy construction.
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THE EASTERN PART OF THE GREAT DIVIDE BASIN
- COAL FIELD, WYOMING

By E. EeGLESTON SMITH.

INTRODUCTION.

The Great Divide Basin coal field is situated along and north of the
Union Pacific Railroad in south-central Wyoming, and embraces
portions of the northeast end of Sweetwater County, the northwest
end of Carbon County, and the southeast corner of -Fremont
County. The portion® of the basin covered by this report extends
from Rawlins westward along the Union Pacific Railroad to Tipton
and from the railroad northward to the Green Mountains, Muddy
Creek Gap, and the Ferris Mountains, and includes Tps. 21 to 28 N.,
Rs. 88 to 92 W.; Tps. 21 to 25 N, Rs. 93 to 96 W.; and portions of
T. 20 N., Rs. 90 to 96 W.

A detailed reconnaissance survey was made of this region. Geo-
logic and topographic sketch maps were constructed on the scale of
2 inches to the mile. As the primary object of the survey was to
classify the coal land, the horizontal control was based entirely on
Land Office subdivisions. Land lines were paced at intervals of
one-half ‘mile to 2 miles, depending on the character of the relief,
the distribution of the coal outcrops, and the:complexity of the
geology. All geologic and topographic data were tied to the nearest
known Government corners on the lines thus run. A detailed
topographic base map on the scale of 1 inch to the mile is now being
constructed from the field sheets and will be included in the final
report. This map will show the geologic structure and the dis-
tribution of the coal-bearing formations, the outcrops of the prin-
cipal coal beds, the location of coal mines and prospects, and the
surface exposures where sections of coal beds were measured.

In preparing the map (Pl. XII) accompanying this report the
lengths of the land lines as given on the plats of the original Land
Office surveys were accepted as correct and were plotted by so

o This paper is a preliminary report of field work carried on by the writer, assisted by W. B. Heroy,
E. B. Hopkins, William Mulholland, and V. H. Barnett, during the summer of 1907. A final report
{s in course of preparation and will be published as a separate bulletin.

* bFor a description of the other portionsof the Great Divide Basin, see reports by Max W. Ball and
Alfred R. Schultz (pp. 243 and 256).
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balancing the recorded distances about two perpendicular right lines
intersecting near the center of the map that the distortions due to
convergence of meridians and errors of surveying are distributed
equally over the sheet. As a result of this balanced plotting of dis-

tances rather than directions the length of the sides of any given
township or section on Pl. XII agrees with-that given on the Land

Office plat, but the shape of the township or section may be different
from the shape shown on that plat or from the true shape. Because
of this method of construction Pl. XII does not exactly agree in the
shape of the land subdivisions in the parts where it coincides with
the maps of the Little Snake River coal field (Pl. XIII), of the north-
ern part of the Rock Springs coal field (P1. XIV), and of the east-cen-
tral Carbon County fields.®

TOPOGRAPHY AND DRAINAGE.

Most of the topography of this area is simple and very favorable
to economic development of the coal beds. At no place does the coal
reach an altitude greater than 7,400 feet. About five-sixths of the
total area, comprising the entire central, western, and southern parts,
and a small fraction of the east-central part, is a region of very low
relief. It is characterized by broad flats conmining small alkaline
lakes and scattered silt and sand dunes; low, flat-topped hills, many
of which are capped by gravel; low, abrupt escarpments at the edges -
of the flat-topped hills; broad, gently sloping outwash plains; and
relatively low, parallel ridges formed by the outcrops of highly
inclined, rather soft beds of sandstone. The last-mentioned feature
is peculiar to a narrow belt running a little west of north from Solon,
on the Union Pacific Railroad, to Lost Soldier, in T. 26 N., R. 90 W.,
and coinciding with the outcrops of the upper members of the Cre-
taceous system.

In the remaining sixth of the area the relief is much greater, the
altitude ranging from 6,450 feet above sea level near Boundary Lake,.
in T. 23 N, R. 88 W., to 9,200 feet at the top of Whisky Peak, in
T. 27 N., R. 90 W. This part of the basin' may be divided into four
districts, each having its own topographic characteristics. The
Rawlins Hills, in Tps. 21 to 24 N., R. 88 W., form one district char-
acterized by abrupt scarp faces and long dip slopes. The Ferris
Mountains, in T. 26 N., R. 88 W., T. 27 N, Rs. 88 and 89 W., and
T. 28 N, R. 89 W., form another district resembling that of the
Rawlins Hills, but with a much greater range of elevation. The
Green Mountains, of which Whisky Peak forms the east end, compose
the third district. They are situated in Tps. 27 and 28 N., Rs. 90 to
92 W. This district is characterized by a broad, plateau-like summit
with high, irregular, systemless spurs and deep valleys running out

aVeatch, A. C., Bull. U. 8. Geol. Survey No. 316, 1906, P1. XIV,
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to the north and south. The relief on the north side of the mountains -
is much greater and more rugged than on the south side. Extending
southeastward from a point near the center of Green Mountains to
the valley of Separation Creek, in T. 23 N., R. 89 W., is a prominent
escarpment which makes up the fourth district. The face of the
escarpment is somewhat irregular and is cut in several places by large
valleys heading behind the main crest. The top of the escarpment
decreases in a,ltltude gradually toward the south. From the crest
low hills and broad undulating plains slope off gently toward the
southwest, where they merge into the flats of the Great Divide Basin.

The general character of the drainage, the absence of permanent
streams, and the highly alkaline character of the water of the lakes
of this area are unfavorable to economic development of the coals.
All but about 300 square miles of the region covered by this survey
has no outward drainage. The Continental Divide to the south of
this field follows the crest of the Sierra Madre and the Savery Plateau
nearly to the headwaters of Separation and Muddy creeks, in
sec. 7, T. 18 N., R. 89 W. Here the main divide is replaced by two
low divides which separate the interior drainage from the Atlantic
drainage on the east and north and from the Pacific drainage on the
south and west. The eastern divide trends east of north, crossing
the Union Pacific Railroad near Ferris, thence passing across the
center of the Rawlins Hills to a point near North Platte River, in
T. 22 N., R. 86 W., thence north along the Haystack Hills nearly to
the eastern summit of the Ferris Mountains, thence nearly westward
to South Pass, touching the crests of the Green Mountains, Crooks
Mountain, and Antelope Hills only for short distances and making
wide detours to the southward around the drainage basins of Muddy,
Crooks and Alkali creeks. The western divide runs nearly westward
to Robinson, on the Union Pacific Railroad, following: for a part of
the distance the crest of the Laney Rim, thence running northwest-
ward to the vicinity of Steamboat Mountain and South Pass. At
South Pass the two low divides reunite in one main divide which
continues northward along the crest of the Wind River Mountains.
These low divides inclose a basin area.of approximately 4,200 square
miles.

All the streams of the basin are intermittent, flowing only during
the melting of snowsin the spring. They flow into broad depressions,
forming shallow lakes, many of which dry up -during the summer.
Six large depressions receive most of the drainage. They are as
follows, enumerated from east to west: Separation flats, in Tps. 23
and 24 N., Rs. 87 and 88 W, and in Tps. 20 to 23 N., Rs. 89 and 90
W.; Lost Soldier flats, in T. 26 N., R. 89 W.; Dry Lake flats, which
extend westward in T. 22 N. through Rs. 91 to 94 W.; Chain Lake
flats,” which extend westward through T. 23 N., Rs. 90 to' 94 W.;
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Lost Creek flats, in Tps. 23 and 24 N., Rs. 94 and 95 W.; and Red
Desert flats, whlch extend northwestward from the Union Pacific
Railroad at Red Desert through Tps. 20 to 25 N. and Rs. 95 to 97 W.
Most of the large and many of the small depressions are occupied by
small, shallow alkaline lakes into which there is no distinct drainage.
The lakes lie at or just below the mean ground-water level, and are
supplied by ground water, being much larger during wet than during
dry seasons.

All of the remaining area—300 square miles—lies on the Atlantic
side of the watershed. About 36 square miles in Tps. 21 and 22 N,
R. 88 W., near Rawlins, drains eastward into North Platte River.
The remainder, in T. 26 N., Rs. 88 and 89 W., and Tps. 27 and 28 N.,
Rs. 88 to 92 W, drains into Sweetwater River. The only permanent
streams in the area are situated in the latter region.

GEOLOGY.
STRATIGRAPHY.

The coal-bearing rocks of the area here described are of Upper
Cretaceous and Tertiary ages. They consist of the Colorado, Mon-
tana, Laramie, undifferentiated Tertiary, and Wasatch formations.
Of these, only the last four contain workable coal beds. Thin beds
of coal occur in the basal portion of the Colorado, but at no place
within the area treated do they reach minable thickness. The coal-

" bearing formations show considerable change in character from the
southern to the northern edge of the field. Those of the Cretaceous
system thin rapidly toward the north and the outcrops of the beds
of the undifferentiated Tertiary hecome more and more narrow,
owing to the overlap of Wasatch conglomerate. The accompanying
section (pp. 224-225) shows the thickness and general characteristics
of the coal-bearing formations near the Union Pacific Railroad and in
the gap between Whisky Peak and the Ferris Mountains.



Section of the Cretaceous and Tertiary rocks of the Great Divide Basin coal field, Wyoming.

Thickness in feet.
aylg' Group Formation South end | North end General characteristics. Economic resources.
: of field. of field.
In the southern part of the area it is composed of massive -
white and yellowish-brown soft sandstones alternating
with layers of drab to black carbonaceous shale. The
sandstone members harden locally and weather into | Coal bearing in southern and western
o forms resembling large concretions. The basal portion portions of the field. Contains nu-
Wasatch 900+ 1,800+ | isalsoconcretionary and contains small granite pebbles. merous thin beds of lignite and im-
. : 27"7=| In the northern part of the field it consists entirely of pure subbituminous coal; several
white conglomerate containing decomposed granite workable beds of low-grade subbitu-
bowlders up to 6 feet in diameter in the upper. portion, minous coal near the center.
and of coarse-grained white sandstone containing scat-
tered bowlders of granite and sedimentary rocks in
- . lower portion.
< ——— Unconformity—— e
-] Alternating layers of soft yellowish-brown and white sand- N
s storz;gas and ;‘aéb, l%rm;tn, 1:inld blacti:k shg,lets. Thed middle
5] portion consists of soft shale and sandstone and is not : .
& exposed in this area. Massive white sandstone at the C%a%l;)ggﬁngécuie&al&lebuedsel?f v;gﬂ"
%3 7 0804 2. 000 base is conglomeratic and contains pebbles of Paleozoic | 50 ¢ ¢, SHO0T 0 e th%plo portion
et ’ rocks. At the north end of the field only the lower PATt | ot yonr Kngbs.  Not coal botsins
Undifferentiated of the formation is exposed. The groportion of shale is in northern part "of the field. ng
Tertiary.e much greater than at the south end. The basal portion )
Ty contains conglomeratic layers with Cretaceous pebbles
up to 8 inches in diameter.
Alternating layers of soft drab, brown, and black shales
and thin strata of dark, rusty-brown resistant sand-
) . 800 1,800 stone. Sandstone is increasingly conglomeratic toward
}:he top. Shales in northern portion erode into badland '
. orms.
Unconformity ——
: b . . In southern part of the field it is prolif-
. Alternating layers of yellowish-brown and white massive ically coal bearing throughout. The
(? sandstones, thin brown sandstone, and drab, brown, and | | coal beds are numerous, but $
Laramic.b 39004 1,050 black shales. Sandstones are very resistant in southern | © gp8 0908 878 BWHEHD S’Inunnx?trllle 0
. y IOV = g portion. At north end the sandstones in the basal part ot of the égld the upper o rtgm
. ‘are more resistant than those in the upper part, and con- | P prolifically coal bearIi)rl?g P the
stitute prominent topographie features. lower portion is slightly 0.
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In southern part of the area it consists of very dark drab
slfla.le with cgnsiderabllﬁ gg'psu.m 1i.nd sevemlftlﬁin la,yeri
" = of rusty sandstone. the northern part of the area i
Lewis shale. 1,520+ 520 consists of drab shale and soft yellowish-brown sand-
stone containing some thin layers of gypsum. Produces
a region of low relief.
Coal bearing above and in base of upper
massive sandstoneand at top oflower
mgs}l;ve sandstone. The two le\p %r
; ; N : - tain workable
! : Near the top and at the base are two massive white sand- | ¢08,-06aTiNg zomes con A
Montana. M stones which are resistant and form two prominent ridges coal. The lower zone contains coal
esaverde. 3,600+ 2,000+ or hogbacks. Between them is a soft brown sandstone too thin to be mined. Coal has been
interbedded with drab to brown shale taken from middle zone near Ferris.
g Basal member may be of economic
value as building stone. In northern
part of field the beds are thin and
poorly exposed.
]
] Upper portion is exposed only at south end of field and con-
2 sists of soft brown shaly sandstone interbedded with
=] ) 5,000 4,000+ drab to brown shale. Lower portion consists of very
3] ’ - 4 dark drab calcareous shale, containing numerous thin,
] soft brown sandstones near the top. Produces areas of
low relief.
i Three massive yellowish-brown sandstones with dark ' .
Fgggxtill%{“san dstone 900+ 500. shale between, containing numerous concretions. Upper saa’édﬁﬁ?ﬁ?iénﬁi’;t'éﬁi :lf economic value
: sandstone is slightly conglomeratie. .
- Compact gray and black shales which break with con- | May be of economic value in the manu-
Colorado. Mowry shale member. 700+ 1,000 choidal fracture and contain abundant fish scales. facture of Portland cement.
° 30+ 20+ Mg:i%%ayeuowsh—brom to pink sandstone resembling May be of value as building material.
. ' . . . Contains very thin beds of impure coa!
100+ 60+ Black shale which breaks with conchoidal fracture. along south base of Ferris Mountain,
- = = | Massive yellowish-brown to pink sandstone, containin, [ .
) Dalkota sandstone. 100-150 160-175 amall chert pebbles near ba.sg. Locally quartzitic. € | May be of value as building material.
a The fossil evidence from this group is conflicting and the age of the group can not be decided until further paleontologié work is done.
b Marine Cretaceous (upper Montana) species were obtained about 500 feet above the base of this formation in sec. 1, T.-21 N., R. 89 W., and at the base in sec. 26, T. 26 N.,
R. 90 W. They may probably be found at various places iu the lower portion, and therefore no definite formation line can be drawn on paleontologic evidence.

the sandstones has been used in mapping the formation because it is the only line which is marked lithologically.
¢ This formation is equivalent to the Niobrara and the basal shale portion of the Montana. A local name will probably be applied to it.

The base of
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STRUCTURE.

A line trending 20° west of north from Knobs, on the Union Pacific
Railroad, divides the region into two structural units. The part to
the west is a broad, flat synclinal basin and is filled with nearly hori-
zontal Tertiary strata. Beds of undifferentiated Tertiary outcrop in
small isolated patches across the southeastern corner of this area,
with a strike of about N. 30° E. and a dip of 15° to 18° NW. which
within a short distance flattens to between 5° and 7°. The coal
beds in this part are very nearly horizontal and can be easily worked
some distance back from the outcrop, or they may be reached by
shafts at moderate depths. In the area east of the line mentioned
above the formations are more or less highly tilted. From the Union
Pacific Railroad between Ferris and Knobs the coal-bearing forma-
tions strike northwestward to a point near Lost Soldier, in T. 26 N,
R. 90 W, having a dip of 25° to 80° W.; thence they swing eastward,
dipping to the north under Whisky Peak. The lower formations con-
tinue southeastward in a narrow syncline parallel to and about 6
miles from the crest of the Ferris Mountains, until they disappear
beneath sand dunes in T. 26 N., R. 88 W.. The upper formations
turn around a low anticline in the large syncline and join the north
limb of the syncline, whence they continue northwestward until they
disappear under the terraces and against the granite of the Sweet-
water Valley. Throughout this area the coal beds are highly inclined
and can in only a few places be developed more than a mile from the
outcrop. Whisky Peak, the Green Mountains, and the ridge trending
southeastward from the vicinity of Lost Soldier are composed of
massive Wasatch conglomerate capped by waterworn granite bowl-
ders, and these rocks conceal the coal-bearing formations over a large
area.

THE COAL.

COAL-BEARING FORMATIONS,
COLORADO GROUP.

The oldest beds containing coal in this region are probably of lower
Colorado (Benton) age. They are the shale and sandstone members
which lie between the heavy Dakota sandstone and conglomerate and
the overlying Mowry shale member. Although no fossils have been
found in these beds, from their lithologic resemblance to the overlying
rocks they have been tentatively referred to the lower portion of the
Benton. They contain coal in a few places along the southern flank
. of the Ferris Mountains. The beds are thin and the coal is very
impure; consequently they are of no economic value, and are there-
fore not shown on the accompanying map. The Frontier sandstone
member, which contains the high-grade Kemmerer coals of western
Wyoming, was not observed to be coal bearing in this region.
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MESAVERDE FORMATION.

The best coal beds of this region occur in the Mesaverde formation.
This is characterized throughout the region by two prominent ridges
of rather resistant, massive white sandstone, between which are alter-
nating beds of soft brown sandstone and carbonaceous shale which
weather down and form a pronounced depression except where cov-
ered by gravel in the northern part. The coal occurs in three zones—
one near the middle of the formation, immediately overlying the
lower heavy sandstone member; another in the base of the upper
sandstone member, and a third at the top of the formation.

In the lower coal zone there are four to six irregular beds of impure
coal. The exposures are very poor, and where the beds were seen
they were too thin to be worked profitably at the present time. The
exposures of the middle coal zone are also very poor. In the portion
of the field between Lost Soldier and Separation Creek there are sev-
eral thin beds, but they are of no economic value. South of Sepa-
ration Creek the beds appear to thicken toward the south and at the
Union Pacific Railroad near Ferris, in sec. 22, T. 21 N, R. 88 W,
the coal bed exposed in an abandoned mine has a thickness of 8 feet
4 inches. This is the only place within the field where Mesaverde
coal has been mined. South of the railroad, in sec. 36, T. 21 N., R.
88 W., coal has been taken from the same zone at the old Dillon
mine.® In the upper coal zone there are four or more thin beds of
coal. They have not been mined within the field, but, according to
Veatch,® near the Seminoe Mountains, in sec. 23, T. 25 N., R. 86 W.,
at the Fieldhouse opening, some coal has been taken from one of these
beds for local use. Three sections of coal beds of the middle and
upper zones are given in the following table:

Sections of coal beds in Mesaverde formation,

No.on| Location.
Section of coal bed. Remarks.

Pl
XII. Sec. TR

Abandoned coal mine. bpencd
75 feet.

-

SE.3SE.§. |22]21|ss

Sandstone. 1
SW.1SE.}. 2221488 Coal, poor........... 1 6 | Surface prospect.

[ V)

Shale...............o...

SW.iNW.1. | 4 24|  Soob impure.

Coal, impure.
le.

Surface prospect.

@

Shal

aVeateh, A. C., Coal fields of east-central Carbon County, Wyo.: Bull. U. S. Geol. Survey No. 316,
1907, p. 248. Ball, M. W., The western portion of the Little Snake River cogl ficld, Wyoming, pp. 243~
255 of this volume. i

b Loe. cit.
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LARAMIE FORMATION.

The Laramie formation is composed of soft carbonaceous shale and
white to brown sandstone and appears as a prominent ridge through-
out most of the field. It is separated from the Mesaverde by the
soft, calcareous shale of the Lewis. The basal portion of the Laramie
as mapped contains marine invertebrates which are referred to upper
Montana (Lewis) age. This condition is common throughout much
of southern Wyoming and northern Colorado (see pp. 224-225), and
has led to the inclusion in the Laramie of- these massive beds on the
ground of their lithologic similarity to the other part of that formation.

The Laramie formation is prolifically coal bearing throughout. In
secs. 29 and 30, T. 25 N., R. 89 W., about 1,800 feet of strata contain
a total thickness of about 54 feet of coal, nearly 28 feet of which is
of workable thickness. The following section shows the number and
thickness of the beds and their relative positions:

Section of a part of the Laramie formation in secs. 29 and 30, T. 25 N., R. 89 W.

Ft. in.
Sandstone, gray, and drab shale._..... ... .. ... ... .. ... 45
Coal. . 110
Sandstone and shale, brown todrab........... ... ... ... ... .. 58 10
Coal................ e iiieeiiaal 13
Shale and sandstone, brown.................. .. ... .. ....... 84 3
Coal, good. - 2 8
Shale, brownand drab...... ... ... ... .. ... ... 18 9
Coal, good. ... .o il 41
Shale, drab._ .. ... i 5
Coal. oo 17
Shale and sandstone, brown and drab._............. ... ... .. 35 3
(0773 2
Shale, brown, carbonaceous ........... ... .. .. ... 78
Coal. .. 13
Shale. ..., 4
Coal.......... L e et eeaeeeeeeaaaaaaaeaaaaan 3
Sandstone and shale, brown........ ... ... .. ... ... .. ... 29 38
L0707 9
Shale and sandstone...... ... .o i, 46 6
Coal. i 2 4
Shale and sandstone, alternating......... ... ... .. ... ... 76 6
L7 Y 1 6
Shale and sandstone, brown..................oooill 23 8
C0al. ool 6
Shale and shaly sandstone...... ... ... ... ..o ... 75 1
Coal. il 2
Sandstone and shale, carbonaceous and brown................ 123 7
(07571 AN 10
Shale and sandstone............ ... iiiiiiiiiiiiiiiian 65 5
Coal. .o e 1 4
Shale, brownand drab... ... ... . . iiiiL. 9 9
L0707 ) 13
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Tt. in
Shale. .. 7 6
[0 1 3
Shale and sandstone.......... ... ... ..., 9 2
Coal............C R 6
Sandstone, yellow to brown........ ... . .. ... ... . ... .. 12 4
Coal. o 5
Sandstone, soft, with some shale............................. 40 8
Coal. o 2 4
Shale. .ooo e 2 5
L0 A 3
Shale. ... e 6
0 Y O P .3
Shale. o 311
0l e 8
Sandstoneand shale......... ... .. ... .. .. ... . ............ 11 3
L0 Y I 1 8
Sandstone with drabshale............ ... .. ... ... ... .. ... 55 2
Coal................ . 7 6
Shale and sandstone. ..ot e 75
(077 10
Sandstone and brown shale....... .. ... ... ... ... .. 40 2
L0732 2
Sandstone, gray. . .. ceee i 40 8
0 PR 4 3
Shale, brown. ... i 3 4
(07, Y 1 2
Shale, brown and drab. ...l 1 7
L0 S 1 2
Shale, blackand drab. ... ... 2 8
(073 O 3
Shale and sandstone. .......... oo 20 3
Covered, occasional sandstone outcrop........................ 300
Coal. ..o SR 16
Sandstone and drabshale..... .. .. .. ... .. .. ... ... 213 5
Coal, bony. ... ..ol 10
Shale and sandstone................. e 37
(0752 11
Shale, black, and gray sandstone..... ... ... ... ... ...... 99
1,825 11

The general character and thickness of the coal beds of the Laramie
formation are shown in the following measured sections:

Sections of coal beds in Laramie formation.

No. on| Location. .
S 2 Section of coal bed. Remarks.
XII. Sec. l T | R.
4 NE. $. | 12|21 | 89 Surface exposure.
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Sections of coal beds in Laramie formation—Continued.

No. on| Location.
Pl - Section of coal bed. Remarks.
XII. Sec. T.| R.
5/ NE.} NE. . [ 12|21 |89 Surface exposure.

6| NE.3NW.%1.| 1|21|89 Surface exposure.

7| NW.iNE.1. | 1|21 |89 Coal, good

.. Surface exposure.
Sandstone...............

Shale....................
Coal, impure........

8| NW.3NE: 3. | 1]21 |89 Shale.......... Surface exposure.

9| SE.1SW.1. |36|22]89 Surface exposure.

10| NE.}NW.%. | 3]|22|89 Surface exposure.

Coal, poor........... 9
Shale and sandstone.....
Coal, good........
11 | NW.3 NW. 1|27 | 23 | 89 | Shale and sandstone..... Surface exposure.
Coal, good........... 13
35 5
12| SE.3NE.3. |30|25]80 Surface exposure.
13(SE.32NE.%. [30]25]|89 Surface exposure.
14 | NE.31NE.}. |30 25|89 Surface exposure.
15| NE.1NE. . (30 25]| 89 Surface exposure.
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Sections of coal beds in Laramie formation—Continued.

No. on Location. )
Pi. Section of coal bed. Remarks.
XII. Sec. T. | R. ‘
Shale. It. in
Coal, good........... 7
16 | NW. 31 NW.1.|29| 25| 89 Coal’ (€9 . 3 Surface prospect.
Shale. d
10
Sandstone.”
Coal.......ooooiie 57
17 | NW.1NW. 31292589 Shal(()e(_”.ll.‘.:::::::::::::::: %2 Surface exposure,
17
Sandstone............... 4
Coal........ 3
Shale....... 110
Coal........ 5
18 | SE.{NW 1 |18|25 |89 Sandstone.. 8 | Surface prospect.
Coal, good.. 610
hale.. ... 7
147
Sandstone
Coal....oo....... ...
19| SE.{ NW.4. | 18|25 |89 Surface prospect.
20 | NE.4NW.4. (312689 Surface exposure.
21 | SE. 3 NW.4. 1362690 Surface exposure.
22 | SE.INW. L 362690 Surface prospect.
Shale and sandstonc..... 63
Coal, good.. .
23 | NE.} SE. 4. |27 (2690 Shale.................... Surface exposure.
24 | NE.} SE. . | 27|26 | 90 Surface exposure.
5 8
B Shale, carbonaceous. 2
oal......... 15
_ Shale, carbon 8 6 .
25 | NE. $ SE.%. 27|26 |90 Coal, good 9 1| Surfacc exposure.
. Shale........ 5 3
26 3
- Sandstonc Abandoned min Lost Sol
26| NE.3 NW.4. | 16|26 | 90 081 e 12 dinconed mine noar Lost Bol-
" | Shale. ler.
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Sections of coal beds in Laramie formation—Continued.

No. on Location.
Pl. [— -— -~ s Section of coal bed. Remarks.
XII. Sec. T.lR.
Ft. in.
Shale.................... 1
- Coal......ooooeoiiann 4 6
27 |SW.3NE. .| 42690 (Sjggie..::...:::::.::: 1 2| Abandoned mine.
Shale.
6 8
28 | NE.4SW. & [ 33)27 |90 Surface exposure.
20| SE. 1 SE. 4. | 20|27 89 Surface exposure.
30 | SW I'NE. 4. |17 |27 | 89 Surface prospect.
31 |NE.} SE. §. |17 |27 | 89 Surface exposure.
32| NE.} NW.1. [ 17 /27| 8 Suﬁaceexposure.
33| NE.A NW.4. |17 )27 | 89 Surface exposure.
Shale.
34| NE.}NW.3. |17 |27 (80|  Coal....ovwrvmnnnn... 7 g | Surface exposure.
Sa.niistone.
ale... ...l 1 2 :
"""""" Abandoned coal mine. Opened
3| SW.ENW.L.| 827|890  Coal............... 12 06 o0t Down dipof 256,
13 2
36| SW.ANW.4. | 8127 (80| Coal.................... 6+ | Mine abandoued and caved.
Speyer’s coal mine. Opened 75
37 | SW.1 SE. 1. | 6|27 )89 h &
4 ¢ Sandstone. feet. Down dip of 22°
Shale.
38| SW.ANW.1. | 6|27 |89 " lCoal, good........... 6 4 | Surface exposure.
ale.
. Shale.................... 20
39 | SW.ANW.4 | 62789 Coal, good............ 54 Surface exposure.
25 4 o
. Shale..: ..........o.....
Coal, good.
40 |SE. 1 NE. 4. | 127190 (Shale...........o........ Surface exposure.
41| NE.} SW.4. |3 (28 oo |Covered. 5+ | Surface prospect.
42| 8W.3 SE.1. | 27|28 | 90 (07 ) DN 5 Abandoned coal mine, Vertical

shait 40 feet deep.
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UNDIFFERENTIATED TERTIARY ROCKS.%

- The coal-bearing beds of the undifferentiated Tertiary are sepa-
rated from the Laramie formation by an unconformity, above which
is a noncoal-bearing series of soft shale and brown conglomeratic
sandstones probably constituting the bottom part of the Tertiary.
In the southern part of the field this formation is coal bearing in
both the lower and upper portions.

The lower member is abundantly coal bearing near the railroad
and becomes less so to the north. In T. 27 N, R 90 W., this is the
only part of the formation not covered by Wasatch beds, and 1t is
apparently not coal bearing.

The upper member contains numerous coal beds of workable thick-
ness between Riner and Fillmore, on the Union Pacific Railroad. To
the northeast it disappears under Separation Flats and is concealed
by Quaternary gravel and the overlapping Wasatch conglomerate.
The highest dip is 7°, and within a short distance to the northwest
the beds probably” are horizontal. At Cherokee siding, in sec. 10,
T. 20 N., R. 91 W., a prospect slope has been driven down a dip of
7° to a distance of 75 feet. At the old Fillmore station, in sec. 31,
T. 21 N, R. 90 W., in an artesian well drilled by the Union Pacific
Railroad Company, a 20-foot bed of coal was reported at a depth of
220 feet, a 10-foot bed at 270 feet, and a 15-foot bed at 320 feet.

" At Wamsutter, in sec. 34, T. 20 N., R. 94 W, in an artesian well put
down by the same company, two 5-foot coal beds were found at
depths of 150 and 220 feet. These beds probably belong to the
upper member of the undifferentiated Tertiary.

The following sections show the general character and thwkness of
the coal beds of this formation. Nos 43 to 49 occur in the lower
member, and the remainder in the upper.

Sections of coal beds in the undifferentiated Tertiary deposits.

No. on Location. .
Pl Section of coal bed. Remarks.
XII. Sec. T. ! R.
Ft. in
Coal, impure....... 2
Shale.............. 2 6
43 | NW.INW.1. (25121 |89 Coal, impure....... 3 6 Abandoned mine.
Coal, good......... 4+
124
Sandstone............. 25
Coul, impure....... 6
44 | SW.LSW.1. |24 |21(89 Coal, good......... 54 Abandoned mine.
7114

a Since this paper was written fossil plants have been collected from several horizons in these beds
near Riner. The fossils have not been studied in detail, but are believed to be of Fort Union age.

.
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Sections of coal beds in the undifferentiated Tertiary deposits—Continued.
No. on! Location.
Pl Section of coal bed. Remarks.
XII. Sec. T. | R.
Shale.................. 5
Coal, impure....... 11
Sandstone......... .8
45| SW.3SW.% |24|21 |s9|  goabgood......... 3 Abandoned mine,
. Coal, good......... 3+
6 1+
46 | SW.31SW.3. |12 ' 21! 89 Sm%somn?ﬁ]pure _______ 6 Surface exposure.
4 Shale...........o.oe... 4
Coal, impure....... 2 6
Coal, good......... 6
Shale.............. 2
47 |SE.:1SW.i. [35]22(89 Co:léf'flf"f?_’":::: 2 Surface exposure.
Coal, impure....... 1
Shale.................. 3
19 3
1 o
2 6
48 | SE.$1NE.%. |18 (2489 } ; Surface exposure.
6
49 | NE.2SE.%. |20 26|90 Abandoned mine.
50 | SW.1SW.1%. 9(20(91 Coal....... L, 4 Surface exposure.
Shale.
Shale, carbonaceous... 4
51 | NW.3SE.1. [10]20 |o1| ©C08l-eeroooooon 6 44 ‘ E‘é?%_n feet long. Down dip
10 44
Sandstone............. 3
Coal, impure....... 15
Shale.............. 1 .
i 4
652 | SE.4SW.1. |12 |20 91 4 Surface exposure.
. Coal, fair.......... 6
Bottom not exposed. n
5

6 This section is south of the Union Pacific Railroad and lies in the area mapped by M. W.Ball. (See
PD. 243-255.)

WASATCH FORMATION.®

The basal member of the Wasatch near the Union Pacific Railroad
is very thin and contains numerous small granite pebbles. It thick-
ens to the north and contains more and more conglomerate until in

aThese beds represent the lower part of the Wasatch group of Hayden (Rept. U. S. Geol. Survey
Terr. for 1877, 1879, pp. 127-129). They also represent the lower part of the Vermilion Creek group of
King (U. S. Geol. Expl. 40th Par., vol. 1, 1878, pp. 360-377), and have been traced into the type
section on Vermilion Creek in northwestern Colorado.
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the Green Mountains many of the granite bowlders are 6 feet in
diameter. The coal-bearing portion of the Wasatch immediately
overlies this basal member and is present in the southern and western
parts of the field only. Lithologically it resembles the upper member
of the undifferentiated Tertiary, except that the shales have a slightly
more pronounced color. The coal beds lie nearly horizontal, and their
edges are in many places concealed by clinkers due to the burning of
the coal.

Several prospect pits have been opened by the Union Pacific Rail-
road Company, and from them most of the following sections were
taken: .

Sections of coal beds of the Wasatch formation.

No. on Location.

Pl Section of coal bed. Remarks.
XII. Sec. T, { R.

Prospect opened by sheep herd-

53 | SE.}1NW.%. |28 24| 9 o

54 | SW.1SW.4. 119 | 24|95 (S:oa{ T g g Surface prospect.
9+
: Shale.
55| NW.iNW.1, | 2122|095 sh 1Coal, good......... 5 3 Surface prospect.
ale.

56 | NE. 1 SE.}. 21 | 23 | 94 Sha - 510 Surface prospect.

57| NE.$SE.%. [23|22|94 Surface prospect.

58 | NE.} NW.1. (29| 22|94 Surface exposure.
Shale.

50 | NE.3NE.}. | 1|21 |04 Surface exposure.

60 | SW.3SW.} | 3|21 |94 Surface exposure.
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Sections of coal beds of the Wasatch formation—Continued.

No.on Location.

. Section of coal bed. Remarks.
XII. Sec. T.| R.

6l | NE.}SW.%. | 19|22 |93 Surface prospect..

3
A [ep— 211
62 | NW.32SW.%.| 3|20 |93 S&ngggghégn.m‘c,btfwn é % Surface prospect.
9 4
Sandstone.

Coal...

Shale. .
33 | Center. 14 {20 | 93 ggg,{éimpure 2 1 Surface prospect.
Coal, impure....... 310
18 9
Shale.....c............ 7
Coal............... 1
64 | SE.3SE.}. |14]20|93 gﬂgﬁ::::::::_’::: 6 1| Surface prospect.
Shale.
7 8
Shale.
Coal, very impure . 1
65 | SW.1SW.$. |32]2192 Coal, fair_......... 41 Surface exposure.
Shale. |
51
N Shale, carbonaceous... 4
I oal... ..., 9 -
66 | SE. } SE. §. 7 | 20 | 92 | Shale, carbonaceous... 1 Surface prospect.
8 9

QUALITY OF THE COAL.
PHYSICAL PROPERTIES.

The quality of the coal of this area is very poorly shown by the
analyses of samples collected within the field itself. Nowhere has
development been carried beyond the zone of surface alteration.
The coal of Mesaverde age is not exposed in this field except at the
abandoned mine in sec. 22, T. 21 N, R. 88 W., and at a few small
surface outcrops near Bull Springs. It is so badly weathered that
its physical properties could not be studied.. The remaining coals
weather very rapidly. Several slopes have been driven to distances
of about 75 feet in beds of the different zones, but the surfaces exposed
in these slopes are badly weathered. Apparently fresh blocks of coal,
obtained beneath the weathered surface, on exposure to the direct
rays of the sun rapidly break up independently of the joint planes
into smaller and smaller fragments with irregular faces, until the
final fragments are about the size of a pea. The original blocks have
a bright luster and many of them a slight conchoidal fracture.. The
resultant fragments are lusterless, and their surfaces do not show an
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even fracture of any kind. Blocks of coal taken in 1905 from one of
the mines in T. 27 N., R. 89 W., and kept in a shed with open windows
were examined by the writer in October, 1907. They were large and
firm, but the surface of the coal had lost its luster and was in places
shghtly checked. The specific gravity of the coal was con31dcrably
less than that of fresh coal from the same mine.

CHEMICAL PROPERTIES.

On account of the slight amount of development within this field,
it was not possible to obtain good representative samples of the coal
for chemical analysis. Only six samples ¢ were taken, and but one
of these was obtained from a fresh working face. All these samples
were collected near weathered surfaces and were probably more or
less altered. A comparison of the coals of the same geologic age in
the surrounding regions, where actual mining is being carried on
and where good representative samples have been collected, shows
the probable quality and character of the coals of this field. The
analyses in the following table represent samples collected by A. C.
Veatch in east-central Carbon County and by the writer in the field
covered by this report:

Analyses of coal samples from the Great Diwvide Basin and adjacent coal fields, Wyoming.

[F. M. Stanton, chemist in charge.]

Geologic formation..... PO Mesaverde. " Laramie.
No.onPL XII....ooioiiiiiiimiiiii]ocniiiant]oneneaaas 37. 35. 26 feeeeeeeii]eeeaeen
Laboratory No...........c.o.oooooo. 53921, | b3925. 5816. 5818. 5826. | ©3790.| b3548.
Sample as received:
(Moisture............o.oaiio. 5 . 23. 60 18.98 40. 58 13.06 10. 96
N Volatile matter. . 44.30 34.15 26. 51 35.11 38.04
£\ Fixed carbon. . . 28.00 40.22 30.21 48. 86 48. 59
A {Aqh ......... 410 6.65| 270 2.97 2.41
Sulphur..... 29 51 .30 1.10 29
. |Hydrogen.. 5.95 5.87 6. 50 5. 52 5.37
£{Carbon...... 53. 60 53. 58 37.38 61.72 62.25
Nitrogen..... 86 87 .94 1.38 1.59
Oxygen ...... 35.20 32,52 52.18 27.31 2809
Calories.............. 5,013 5,074 3,213 6,041 902
British thermal units 9,023 9 133 5,783 | 10,874 10,624
Loss of moisture on air drying 7.00 5.20 8.30 7.10 26. 80 3.70 | 80
Alr-dried sample:
. (Moisture.....................L 7.03 9.33 16. 68 12.7¢ 18. 82 9.72 10.24
%) Volatile matter............... 34.42 | 3564| 4831 36.76| 36.22| 36.46 38.35
B Fixed carbon................. . 3 30. 54 43.29 41.27 50.74 48.98
AlfAsh. ... . . 4.47 7.16 | 3.69 3.08° 2.43
.. .32 .55 .41 1.14 .29
5.49 5. 47 4.78 5.31 5.32
58. 45 57.67 51.07 64.09 62.75
.94 .94 1.28 1.43 1.61
30.33 28.21 38.77 24,95 27.60
5,467 5,462 4,389 6,273 5,850
9 840 9,831 7,900 | 11,292 10,710
Ft.in.| Ftin.| Ftin.| Ftin.| Ftin.| Ftin. Ft.in.
Thickness of coal bed sampled....... 3 4 4 2 6 0 4 6 10 0 56 73

o These samples were collected according to the uniform method described by M. R. Campbell on
pp. 12-13 of this volume. The analyses were made at the chemical laboratory of the fuel-testing
plant of the United States Geological Survey at the Carnegie Technical Schools, Pittsburg, under the
direction of F. M. Stanton, according to the methods described by N. W. Lord in Prof. Paper U. S. Geol.
Survey No. 48, pt. 1, 1906, pp. 174-195, and in Bull. U. 8. Geol. Survey No. 290, 1906, pp. 29-30.

b Samples collected in the coal fields of east-central Carbon County. Veatch, A. C., Bull. U. 8. Geol.
Survey No. 316, 1907, pp. 253-258,
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Analyses of coal samples from the Great Divide Basin and adjacent coal ﬁel(ls Wyoming—

Continued.

L . . . . Wa-
Geologic formation.................. Undifferentiated Tertiary. satch.
No.on PL XIT.....o..oo.ooiciaiio. 46. ;) VO P PO FUSURUN FPPU INPORU 64. _
Laboratory No.........ocooooen... 5815, | 5817. | a3808. | @3826. | ©3806. | @3610. | 63605. | 5949.
Sample as received:

.(Moisture.................... 17.24

%] Volatile matter. 31.88

£ Fixed carbon. . ’ 49.28

Ash....... e 1.60
Sulphur. .14
Hydrogen 5.71
£!Carbon. 59.08
Nitrogen .33
Oxygen. 33.14
Calories..... 5,719
British thermal units........_.. 10,294
Loss of moisture on air drying...... 5.60 7.30 4.30 2.30 5.10 2.50 2.20 28.00
Alr-dried sample:
Moisture..............o...o.. X 3 9.70 [ 11.15 | 20.49 9.18
’4 Volatile matter .. 33.20 | 32.45 | 34.19 | 43.67
& Fixed carbon ... A 3 51.57 | 51.41 | 39.39 | 40.34
Ash......... e . . 5.53 4.99 5.93 6. 81
iSquhur. .- e . . 34 25 .25 39
{ydrogen... 3 3 495 el 5.12
£1Carbon..... et 3 63.80 |. ... foiaioill 61.19
]Nltrogen e . . . -1/ FOOUN R, .96
Oxygen . 9. 24.51 | ... “e...| 25.53
Calories ... ............. .. 6,045 |........ eaenan 6,205
British thermal units 10 2721 O P I 11,169
Ft.in.| Ftin.| Ft.in.| Ftin.
Thickness of coal hed sampled......|........ 5 4 76 70 70 8 0

aSamples collected in the coal fields of east-central Carbon County. Veatch, A. C., Bull. U. S. Geol.
Survey No. 316, 1907, pp. 253-258.

3921. Fort Stcele, 20 miles north of, NE. 3+ SW. 1 sec. 9, T. 24 N R.85W.

3925. Fort Steele, 25 miles northwest of, SE. 4+ NE. § sec. 23, T 95 N., R.86 W.; upper part of bed, 7
feet 10 inches thick,

5816. Lost Soldier, 9 miles northeast of, SW. 1 SE. 1 sec. 6 T.27TN..R.89W. -

5818, Lost Soldxer 9 miles northeast of SW. -‘~ NW.%sec. 8 T.27 N, R. 89 W. Abandoned slope.
5826. Lost Soldler, 14 miles east of, NE. A} NW. 4 sec. 16, T. % N., R.90 W. Abandoned tunnel.
3790. Hanna, 16 miles northwest of SW. 3 NE. $sec. 11, T.24 N,, R. 83 W.

3548. Walcott. 9 miles southeast of NW.4SE.%1sec.1, T.20 N.,, R. 83 W.

5815. Rawlins, 8 miles west of, SW. } SW. % sec. 12, T. 21 N., R. 89 W. Surface exposure.

5817. Cherokee siding, 100 yards north of, NW. } SE. } sec. 10, T. 20 N., R. 91 W. ~Abandoned slope.
3808. Walcott, 12 miles north of, NW. SW. 1 sec. 25, T.23N,,R.84 W.

3826. W‘l.lcott 12 miles north of SE.} sW. $sec. 25, T.23 N.,, R. 84 W.

3806. Same; surface sample.

3610. Hanna; lower bench of No. 2 bed.

3605. Hanna; lower part of top bench of No. 1 bed.

)5949. Latham; one-half mile northwest of, SE. 4 SE. § sec. 14, T. 20 N., R.93 W. Shallow prospect.

COMPARATIVE VALUE OF COALS.

MESAVERDE COAL.

The coals of Mesaverde age are not developed to any great extent
in this field. In the region just south of Rawlins and along the
western edge of the Hanna field the openings and prospects are shal-
low and are worked for local use only. One of these, the Dillon
mine (abandoned), 4 miles southwest of Rawlins, is filled with water
below a depth of about 350 feet. Samples from the Mesaverde
formation at Rock Springs¢ show heating values ranging from 11,101
to 12,271 British thermal units on samples as received, and from
11,574 to 12,782 British thermal units on air-dried samples. Sam-
ples taken from prospects and openings similar to those south of

a §ee report by A. R. Schultz, pp. 256-282 of this volume,
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Rawlins, on the same coals, show heating values ranging from 8,339
to 10,849 British thermal units on samples as received, and from
8,806 to 11,567 British thermal units on air-dried samples. From
these two sets of figures it is evident that samples taken from surface
openings and prospects do not represent the true value of the coals.
It is probable that more extensive development of the Mesaverde
coals near Rawlins will prove them to be bituminous coals comparing
favorably with the best of those at Rock Springs.

LARAMIE COAL.

The Laramie coals of this field are somewhat inferior to the Mesa-
verde coals. The percentage of ash is somewhat smaller, but the
moisture content is greater, and in three of the samples much greater,
than in the Mesaverde coals. No. 5816 was taken about 15 feet
down the dip from a prospect which had been filled with mud and
water for nearly ten years. No. 6826 was taken from an abandoned
drift only a few feet above the dry course of Lost Soldier Creek. The
drift has probably been subjected to flooding in the spring for sev-
eral years past. Nos. 3790 and 3548 were taken by A. C. Veatch®
from better openings in central Carbon County, and probably repre-
sent more nearly the true value of the coal.

UNDIFFERENTIATED TERTIARY COAL.

The coals of the undifferentiated Tertiary have been developed
very little in this field. The only entry or drift of any considerable
size was. driven several years ago in a nearly horizontal bed in the
upper part of the formation near Cherokee Siding. This coal occurs
in about the same part of the formation as that mined at Hanna, in
central Carbon County. Analyses Nos. 3610 and 3605, representing
samples from Hanna, according to Veatch,® show a fairly good low-
grade bituminous. coal. It is not improbable that the coal of the
same age in this field, if developed beyond the zone of surface altera-
tion, would be of similar quality. Sample No. 5815 was taken from
lens-shaped masses of brittle, shiny coal found in one of the beds of
the lower part of the formation, and probably represents local pecu-
liarities in the coal.

WASATCH COAL.

No prospects of any great depth have been opened from which rep-
resentative samples of the Wasatch coals could be obtained. Sam-
ple No. 5949 was taken from a shallow surface prospect and was very
badly weathered. The effect of weathering on the coals of this
formation may be readily seen by comparing samples Nos. 5930 and
5374 with Nos. 5375 and 5367.® In the first two samples, which

aBull. U. S. Geol. Survey No. 316, 1907, pp. 253-258.
b See report by A. R. Schultz, pp. 256-282 of this volume.
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were taken from a mine and a prospect, the percentages of moisture
and ash are much less than in the other two, which were taken from
surface croppings, and the calorific values in British thermal units
are correspondingly higher. If, as it seems reasonable to believe, the
effect of weathering on these coals is similar throughout this rather
small basin, the Wasatch coals of the area covered by this report
should show a heating value of more than 10,500 British thermal
units, and they should be considered as high-grade subbituminous
coals. '
HISTORY OF DEVELOPMENT.

Coal was first developed in this region by the Union Pacific Rail-
road Company in 1868, in secs. 24 and 25, T. 21 N., R. 89 W. Hay-
den?® makes the following statement concerning the operations there:

Near Separation, about 10 miles west of Rawlings Springs [Rawlins], a coal min2
has been opened with a bed of coal 11 feet in thickness. I am inclined to believe
that it is really the same bed as the one opened at Carbon, and also near Rock Creek
and Coopers Creek. The strata dip nearly west about 10°. The mine has been
opened from the summit of the hill, and the bed followed down the inclination, so
that all the coal will have to be taken up the grade, and the difficulties in drainage
will be greatly increased. The coal is of most excellent quality. There is, above
and below the coal, the usual drab indurated clay. Below the clay is a bed of gray
ferruginous sandstone. '

This mine was abandoned in a short time on account of difficulty
of mining and distance from the railroad.? -

No further development was attempted in this field until recent
years. Along the eastern and northeastern border several small
mines have been opened to supply coal for local use. In sec. 22, T.
21 N, R. 88 W., a mine (p. 227) was opened on a bed of coal of Mesa-
verde age. The bed has a thickness of 8 feet 4 inches and is nearly
vertical. A slope was driven down in the bed with an inclination of
30° until water was encountered at a distance of 80 feet. At this
point work was abandoned on account of the difficulty of mining
economically a bed so nearly vertical.

Shallow mines have been opened on beds of Laramie age in sec. 18,
T.25N., R. 89 W., and secs. 4 and 16, T. 26 N., R. 90 W., from which
coal was taken for local use, but these have been abandoned. In
sec. 8, T. 27 N., R. 89 W., two mines were developed on separate beds
of the same age to a depth of about 100 feet along the slope, but were
abandoned when ground-water level was reached. A new mine is .
now being opened in sec. 6, T. 27 N., R. 89 W., by Frederick C. Speyer,
of Split Rock, Wyo., in a 16-foot bed, the lower of the two just
referred to, which dips 26° SW. The slope is being driven down the
dip and has reached a distance of 75 feet. The lower 10 feet of the
coal is being removed and the remainder left for a roof. The coal

a Hayden, F. V., Repts. U. 8. Geol. Survey Terr. for 1867, 1868, and 1569, 1873, pi). 97, 98.
b Lesquereux, Leo, Rept. U. S, Geol. Survey Terr. for 1872 ,1873, p. 333, |
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is being consumed on the ranches of the Sweetwater Valley. In sec.
27, T. 28 N., R. 90 W,, a shaft 4 feet square has been sunk for about
40 feet down a ver twal coal bed of Laramie age 5 feet thick, but it is
now abandoned and is caving in. In sec. 20, T. 26 N., R. 90 W,

coal has been mined from a-bed in the undifferentiated Tertiary for
use at the Lost Soldier stage station, but the mine is now abandoned

and caved.
FUTURE DEVELOPMENT.

Several conditions will influence the future development of the coal
of the area. They are (1) access1b111ty, (2) water supply, (3) timber
supply, and (4) market.

ACCESSIBILITY.

The coal of this region is readily accessible. The Union Pacific
Railroad borders the field on the south, and branch lines from it

could easily be constructed to any part of the field. By the con-
struction of a railroad from Knobs northward along Separation
Flats all the coal on the east side of the field as far as the gap
between Whisky Peak and the Ferris Mountains could be easily
reached. In case a railroad should be built along the line sur-
veyed by the Nebraska, Wyoming and Western in Tps. 24 and
25 N., the coals of the east-central portion of the region would be
easily accessible. A preliminary survey has also been made up the
valley of the Sweetwater. If this line is constructed in the near
future, as it seems reasonable to believe, the coals of the Muddy
Creek region will be the nearest to the railroad in central Wyoming
and will be in great demand. '

WATER SUPPLY.

The scarcity of water throughout the field has considerable bear-
ing on the economic development of the coal. Water may probably
be obtained in any part of the field by drilling to rélatively shallow
depths, but the water so obtained may be highly alkaline and
unsuitable both for steam and domestic purposes, unless some
means is adopted for the precipitation of the salts. Artesian wells
have been drilled at several stations between Rawlins and Tipton
by the Union Pacific Railroad Company. In nearly all of them
water was obtained within 600 feet of the surface, but it was too
alkaline for use in the locomotives. At Riner water is pumped
from a 1,600-foot artesian well and also from a 1,400-foot well
drilled at Old Fillmore and connected with Riner by a pipe line.
Water from these wells is used to supplement the supply brought
in the tenders and water cars from Wamsutter and Rawlins. At
Wamsutter water is obtained from a depth of 1,300 feet in a 1,600~
foot well. The water from all three of these wells is strongly alka-

71497—Bull. 341—09——16 ‘
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line, but it is the best that has been found between North Platte
‘River and Point of Rocks. It is used merely because the haulage of
water for locomotive use on this portion of the road is too expensive.

In any part of the field water as good as that obtained at Wam-
sutter could probably be found by boring to about the same depth.
Until late in the summer of 1907 all the water for about 3,000 men
and for the development of the coal mines at Superior was brought
by rail from Green River. Recently artesian water, which will
probably furnish - supply sufficient to meet the demand, has been
obtained at Superior. Any extensive mining development will have
to be supplied with water in a similar way from sources outside of
the field until deep wells can be put down.

" TIMBER SUPPLY.

The roofs of most of the coal beds are very poor and mines will
have to be extensively timbered. The area is devoid of timber
except along the crests of the Ferris and Green mountains, where
timber is abundant enough to supply extensive operations in the
northeastern part of the field. Timber for the remainder of the
area will probably have to be brought by rail from other localities
in the surrounding Rocky Mountain region, and will be a large item .
in the expense of mining the coal.

MARKET.

This field is situated in about the center of the coal fields of south--
ern Wyoming.. Its coal should have the same market as that at
present shipped from the Rock Springs and Hanna fields. Coal
from these two fields has been carried eastward as far as Omaha,
where it comes into competition with the coals of Towa and Mis-
sourl; southward as far as Denver, where it is marketed with the
Colorado coals; northward to the Black Hills, where it competes
with the Sheridan and Cambria coals; and westward as far as the
Pacific coast. During 1907 the demand of western markets became
so great that eastward shipments from Rock Springs were entirely
abandoned and all the commercial coal produced was sent west-
ward. The construction of the proposed railroad up the Sweet-
water will extend this market eastward down the valley of North
Platte River and northward to the Owl Creek Mountains.

The local market for the coal will be very slight. Outside of
> Rawlins its use will be confined to a few scattering ranches and to
the development of the mineral resources of the surrounding moun-
tains.



THE WESTERN PART OF THE IIITLE SNAKE RIVER
COAT, FIELD, WYOMING.

By Max W. Barr.

INTRODUCTION.

This paper is a brief statement of the results of a survey made
in 1907 by the writer, assisted by B. L. Johnson, J. T. Singewald, jr.,
L. Reinecke, Robert D. Sawin, and for a month early in the season
by V. H. Barnett. Geologic and topographic mapping was done on
a scale of 2 inches to the mile. Locations were determined by
pacing from land-subdivision corners; elevations were based on
aneroid-barometer readings, controlled by a line of levels run diag-
onally across the field from Rawlins to Baggs.

The map (Pl. XTIII) accompanying this paper has béen compiled
from the field sheets to show only the more prominent cultural and
drainage features and the main geologic facts related to the occur-
rence of coal. The boundaries of the coal-bearing formations are
indicated, but no attempt is made on this map to show the location
of actual coal outerops. With the exception of a few corner stones
near Five Buttes and a few stones that were established along
Muddy Creek by E. Lambert, county surveyor, no land corners
‘were ever set in Tps. 14, 15, and 16 N,, in this field, and the
location on the map of the features in this part of the field can
not be considered accurate. In preparing the present base map
the lengths of the land lines as given on the plats of the original
Land Office surveys were accepted as correct and were plotted by
so balancing the recorded distances about vertical and horizontal
right lines intersecting near the center of the map that the distor-
tions due to convergence of meridians and errors of surveying were
distributed equally over the sheet. As a result of this balanced
plotting of distances rather than directions the length of the sides
of any given township or section is the same as that shown on the
Land Office plat, but the shape of the township or section may be
different from the shape given on that plat or from the shape which
would be obtained if the balance lines were located in some other
position. Thus this map does not exactly agree with the map of

243



Ed .
5 N
244 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1907, PART II

the Great Divide Basin field (Pl. XII), or with the map of the east-
central Carbon County fields,® both of which were plotted about
balance lines intersecting near their own centers. When the entire
Wyoming area of the Little Snake River field shall have been sur-
veyed, a final report will be published, accompanied by a complete
contour map.

~ The writer wishes to acknowledge the receipt of valuable infor-
mation and assistance from the Union Pacific Railroad Company;
E. Lambert, county surveyor, Carbon County; W. S. Smith, M. W.
Dillon, L. Calvert, A. Stratton, and others.

GEOGRAPHY. °

The coal field drained by Little Snake River extends from the
Sierra Madre westward to and partly into the Red Desert, and from
the summit of the Elkhead Mountains of Colorado northward to the
divide between the Pacific and Great Divide Basin drainages, a few
miles south of the Union Pacific Railroad.

The area discussed in this paperis located near the middle of the south-
ern boundary of the State. It extendsalong the Union Pacific Railroad
from Rawlins to Red Desert station, and southward to Little Snake
River between Baggs and Dixon. It comprises all except the south-
east corner of the Wyoming portion of the Little Snake River field, as
well as that part of the Great Divide Basin field which lies south of
the Union Pacific Railroad and east of range 96. It joins along the
Union Pacific Railroad with the work of E. E. Smith in the Great
Divide Basin field (pp. 220-242), at the northwest corner with that of
A. R. Schultz in the Rock Springs field (pp. 256-282), and at the north-
east corner with_the mapping of A. C. Veatch?in 1906 in the Kindt
coal basin. It is separated by the Elkhead Mountains from the
Yampa field mapped by Fenneman and Gale in 1905.%

The eastern part of the area consists of high plateaus and ridges
cut by deep, rocky canyons. West of this is a depression, in places a
simple valley, elsewhere a broad area of low, irregular relief. It is
followed by a series of hogbacks and low transverse ridges which in
the north end of the field give place gradually to the broad, com-
paratively level expanse of gentle dip slopes, dry lake beds, and
alkali flats forming the eastern border of the Red Desert. The level
expanse is terminated on the west by the brilliant red and white
escarpment of the Laney Rim, and on the south by the highly colored
bluffs which extend eastward from ‘Flat Top Mountain and which
south of the mouth of Red Creek form the western boundary of the

a Veatch, A. C., Map of the coal fields of east-central Carbon County, Wyo.: Bull. U. S. Geol. Survey
No. 316, 1907, P1. XIV.

b Fenneman, N. M., and Gale, H. S., The Yampa coal field, Routt County, Colo.: Bull. U. S. Geol.
Survey No. 297, 1906. ,



R 87w

BULLETIN NO 341 PL Xiit

R 88W

R &2 W

U S GEOLOGICAL SURVEY

T2 N X T 20N & ﬁ TIGN _ v T:8N TI7 N _ TIEN TIs5N Ti4N TIBN TI2N
N AKX, ! ¢
S S > WEE 1s
W e B P
m X WWQW e LT A S
g RWMNWH S %z X . 3 %w\ & M m
ZNNLe e e A
O RN & I
A NN e
SEONMNZ AR
2 CPR NN %
SS SO\ |

%r
& y ratton Ranch
i )é ‘
&,
e

&
N s,
11
PN
0
i
%
7 e
=

R 90W

N oG ST T ReEEa e
SN e .
SRR NN ey |
R B R S o N A R L R A R K AR s, -1 ird
$ %\ < W fv&/ W ] y / o Ww.ﬂ i % S y 3 < T = 3
K»\f/y;%%, ave ,a»,/V, Aﬁﬁdxvlwuﬁw RSN S L S zmwmv AR S N > % G 5 _ NG
Saense NN Z 22| i WY \MEEDEE
ESREKS < NMNNNNNSEZZZ s ey DR : N7 N\ =y |
St O NN i NN N\
SRR o OO s 222 2 \\NIFEENAE
RS S RN : X XY AN ¢ oY TR
RSO SIS &W&Z NNSNKezz 2 R e NN JE LY
wiu S Eia R 0% ettt et O oy Az e SN N S I
v&%@&w& _ w% @&%Aﬂ/ WMA%VAA JW/W// NNz sz e WAL 7724 LRI R P el PR
: DA %0 0% e e NN IR G KT RN N %W,A///,*//ﬂ//ﬁ N WNWM SRS 7 "
SHSRNENEEETENS RGO\ aamae S ART AR
B NN s = —
3 KROISIX D S s e Mg A R A N v e o S Sik
e I A S ISR A R I IE SRR PRI SR AN e P B - 4 HIEW
b e s s e NN O N i U I G
e NN N R ST
e : X e ¢ \ NRNNER ST g2 i .
e e NN R ]
BERGe e S s e ” | SN
BN R e i e R EEE AR
5 x@%%yyx SSPSERIERESE || R T DI S T ) | P
A S B SN I > v e e - ]
} YQXXL\%&V%NQJ@XY /f\ 9 P S iy | ! _»ow,\ ~ \ = % 2 X e
XS %W%\%Y% WNV\A//Xv\ W, 3 ,%K\KWW%L\\ w \\A \v_/v[/\mmh\vﬁw\f_ :v,\ AM,..«A&\A WNM _r o « <1 x alsis
z WWW/«N mm \X,VA\WAX/ _ %«M WAMM%MV « \WWW%W/AW\&%M ” J\ﬂ _ B _ e e lyty M x 1z
33 2 > ESX ) < N 3 P : 15
RMW/%V/&XXWM < > X % \ J N k,ml!vlﬂ mwv‘ V\v\x R *, “ LY o 9 2 K 9 NP )
SRS NS SASZE :
RIS <X QMVX&W\MMMQ%&@&J« - L | MRELELELE :
hy /a/ &N NZ I avay) - ! %5 - 17 ’ e |~ 2R R <7
%&W; SRS :
S < X . TN _ L S :
S . \ g g ) vl X /\\ m«n_,//_r m | i 2 N M N nmu
" CIRESEIE | Ty ]k | I § .
VX\AM K™ - _ 1 =TT i oS M I
- 1 ! W PIW l,a,om i~ /nu M
[ le i N B N
5 2 = _ | ,K Mﬂwu m s m 25 wfw s Am k m Wf
R R e =
| s ISR | BB
m _ . M«\ “ " (\C:\E.&hb WQQMU«WW\MMM:
Nig L NG2 L N&i L NGI4L NZLL L —— NGI L NSt Nvi L NEL Ny

ROIW COLORADO

By Max W Bali and Bertram L Johnson

P oz W

MAP OF THI: WESTERN PART OF THE LITTLE SNAKE RIVER COAL FIELD, WYOMING




M
LITTLE SNAKE RIVER COAL FIELD, WYOMING. 245

hogback region. Westward from the Laney Rim and the bluffs
which constitute its southerly extension lies a great area of badlands,
broken dip slopes, and isolated buttes.

A prominent terrace extends southward from Creston to a point
north of Coal Bank Spring, whence it runs southeastward, terminating
just west of the Rawlins-Baggs stage road about midway between
Sulphur and the headwaters of Fillmore Creek. Formerly the crest
of this terrace was considered and described as a part of the Conti-
nental Divide, but the investigations of 1906 and 1907 show that
although for a short distance it constitutes the divide between Little
Snake River and the Great Divide Basin, the greater part of the ter-
race lies within the Great Divide Basin.

The relatively low relief of the greater part of the area makes the
coals readily accessible. Wagon roads of easy grade reach all present
openings and pass near almost all prominent outcrops. Railroad
connection to some of the coals lying high up on the Mesaverde pla-
teaus would involve some moderately difficult engineering, but most
of the Mesaverde and all of the higher coals could be reached by easy
and inexpensive railroad construction.

Lack of timber and scarcity of water present serious difficulties in
the development of the coals. The area is devoid of timber except
for a few small cedars on the ridges east of Sixteenmile and Twenty-
mile ranches. There is, however, an abundance of timber in the
Elkhead Mountains to the south, and in the southern part of the
Sierra Madre, southeast of the area.

The surface water supply of the region is scanty, consisting, besides
half a dozen alkaline springs, of a few streams which head in the
plateaus and high ridges forming the eastern part of the area, and
continue permanent for short ‘distances after leaving the higher
country. The amount of water obtainable by wells is best indicated
by the borings made by the Union Pacific Railroad Company along
the north edge of the field. These results indicate that a supply of
water could be obtained in most parts of the field within a few hun-
dred feet of the surface. This water, however, west of the center of
the valley which lies just west of the plateau region, will be highly
alkaline. Deeper wells, 1,500 feet or more, would probably give an

abundance of water which, though very hard, would be much better
than that obtained nearer the surface.

GEOLOGY.
STRATIGRAPHY.
GENERAL SECTION.

The stratigraphic relations of the coal-bearing and associated for-
mations, with their general character and approximate thicknesses,
are shown in the following table:
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Generalized section of coal-bearing rocks in western portion of the Little Snake River.
) coal field, Wyoming. '

Thickness in
feet.

Sys-

Economic designa-~
tem. tion.

Formation. Description. ] North | South
end of | end of

field. field.

Upper part of Wa- Variegﬁted clay, passing up-
satch and later Ter- ward into brown and gray | Top not seen.
tiary. . shales, sands, and sand-

stones. Not coal bearing.

Wasatch. Shale and soft sandstone, with
many beds of impure coal.

Conglomerate.

Gray and brown sandstones
ar;ghgray andl%rfab shales,

with many coal beds.

(Na Upper coal group. Whittla todarkelay shale. No | 8500

) coal.

Heavy sandstone, with inter-
bedded shale and numerous
beds of good coal; con-
glomerate at the base.

Tertiary. .
S o

=
8¢

Brown and gray shaly and
concretionary  sandstones
and dark shale, with several

) beds of coal. In the south-

Laramie formation.b | Middle coal group. ern end of the field the lower | 4,000

half ie yellow, softer, and

more sandy and apf)a.rently

* contains little coal. Ma-

rine fossils in base. -

No
gs

Drab, .%light]yhsz}udy',ﬂ]laig},lly
gypsiferous shale, with a few
t]’l,ili‘:, soft sandstones. Not | 1,600 | 2 300(?)
coal bearing. -

Lewis shale.

Cretaceous.

Upper and lower members con-
sist of heavy sandstone with

, a few interbedded shales. Bottom
Lower coal group. Intermediate member con- | 2,500 not

: sists of shaly sandstone and seen.

shale. Upper member coal

bearing.

Mesaverde forma-
tion.

Montana group.

Dark drab, concretionary,
calcareous shale,with several
thin, soft, brown sand-

stones. Not coal bearing.

Bottom not seen.

aThe three lower members of the upper coal group have the stratigraphic position of the ‘‘Upper
:h%rsigne” of A. C.GVeatch. Coal fields of east-central Carbon County, Wyo.: Bull. U. 8. Geol. Survey No.
, 1907, pp. 244-260. .
b This formation is the equivalent of the ‘* Lower Laramie’’ of the report noted above. .

SHALE.

The shale which underlies the lower coal groupis equivalent to the
upper part of the Mancos shale, as that formation has been described
and mapped in western Colorado. The shale is dark drab in color,
somewhat concretionary, and very calcareous, and contains numerous
thin, soft brown sandstones, especially near the top. The shale is

"not coal bearing.

MESAVERDE FORMATION.

The full thickness of the Mesaverde or lower coal group was studied
only in the north end of the field. Where observed the basal third
of the formation consists of light-colored, massive sandstone, much
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of it strongly cross-bedded, with a few interbedded gray and drab
shales. No coal bed of workable thickness was found in this part of
the formation. Overlying the basal member is a series of sandstone,
‘shaly sandstone, and shale beds, in many places producing a region of
minor relief between the prominent ridges or escarpments formed by
the upper and lower members. The upper third of the formation
closely resembles the basal member, but the sandstones are some-
what thinner and less prominently cross-bedded. This upper mem-
ber contains a few thin beds of good coal in the north end of the field,
the number and thickness of the beds increasing toward the south.
The Dillon mine, southwest of Rawlins, and the Robertson opening,
just east of Sulphur, are on beds at the base of this member.

LEWIS SHALE.

The Lewis shale is dark drab, slightly sandy, somewhat concre-
tionary, and highly gypsiferous. It contains a few thin, soft sand-
stones which increase in number toward the north end of the field.
It weathers rapidly, producing a depression between the ridges of
Mesaverde sandstone on the one side and those of the Laramie on the
other. It was not found to be coal bearing.

LARAMIE FORMATION.

In the north end of the field the Laramie or middle coal group is
made up of interstratified gray and brown sandstones, shaly sand-
stone, concretionary sandstone, and brown and black shales, with a
number of beds of coal. The base of the formation as mapped is a
massive white sandstone, usually forming an escarpment. Marine
Montana (Lewis) fossils were in. places found as high as 400 feet
above this sandstone. Farther south the lower half of the formation
is softer and more sandy until in the south end of the field it consists
of yellow, poorly consolidated, thin-bedded sandstone, with a few
beds of resistant sandstone and drab shale. Coal beds seem to be
less abundant in this part of the formation toward the south, although
their apparent scarcity may be due to the fact that the poorly con-
solidated sandstone weathers rapidly and does not produce good
outcrops. The upper half of the formation continues unchanged
throughout the area. The coals of the Laramie formation have been
very little prospected, the Nebraska mine southwest of Rawlins being .
the only opening.

UPPER COAL GROUP.

The basal member of the upper coal group is composed of gray and
. brown sandstones, with interbedded gray, brown, and drab shales and
numerous beds of coal. The sandstones are thicker, more numerous,
and more massive toward the base, which is marked by a bed that is
extremely massive, cross-bedded, in many places highly ferruginous,
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and as a rule somewhat conglomeratic. The pebbles of the con-
glomerate are small and usually chert, although near the Union
Pacific Railroad fragments of Carboniferous limestone and Creta-
ceous shale were observed by E. E. Smith.¢ Smith found that in the
area north of the railroad this conglomeratic sandstone is underlain
by a mass of beds about 800 feet thick composed of alternating layers
. of shale and rusty-brown conglomeratic sandstone, the latter decreas-
ing in number, thickness, and conglomeratic character toward the
bottom. For several miles south of the railroad there are no satis-
factory exposures to show the southward extent of these beds. In
the southern portion of the area the heavy sandstone is separated by
3 to 100 feet of dark shale from a thin bed of rather coarse, highly
quartzose conglomerate with chert pebbles held in a matrix of coarse
chert and crystalline quartz. In some places a second conglomerate
is separated by about 100 feet of shale from the first. The coal beds
of this member are the most extensively prospected in the area, the
Muddy Bridge and Dixon Cut-off openings and a number of smaller
prospects being on these beds.

Overlying the basal member is a member consisting of clay shale
and sandy clay, with a small, extremely variable amount of soft
sandstone, either massive or thin bedded. In the most northerly
exposures, which occur about midway between Coal Bank and
Chicken springs, the clay is white and the sandstone gray, whereas
farther south the color of the rocks is gray, brown, and, near the
river, almost black. In some places toward the south the beds con-
tain large quantities of cherty conglomerate; in other places this
conglomerate is confined to the top or to the top and bottom, and
elsewhere it is absent. This member contains no coal beds.

Gray and brown sandstones with interbedded gray, brown, and
drab shales and numerous coal beds compose the next member. The
coal beds have not been prospected, although very prominently
‘exposed at Coal Bank Spring and along the ridge west of Killmore
Creek.

The division between the uppermost or fourth member and the one
underlying it is based on a conglomerate which Smith® observed in
the north end of the Great Divide Basin and traced southward to
Tillmore, finding evidence of unconformity. The conglomerate was
observed for about 4 miles south of the Union Pacific Railroad,
showing distinet unconformity; but beyond that point it is com-
pletely obscured by gravel and other covering. Lithologically the
beds above the conglomerate resemble those immediately below, con-
sisting of interstratified gray and brown sandstones and brown, drab,
and black shales, with many beds of impure coal, and near‘the top
a peculiar brown shale weathering greenish.

a See table, pp. 224-225.
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Regarding the age of the upper coal group, the paleontologic evi-
dence, principally botanical, from the three lower members, con-
flicts, pointing partly to the ‘‘Upper Laramie,” as it is known in east- -
central Carbon County, and partly to the Fort Union, with most of
the evidence favoring the latter; but the position and lithologic
character of the beds very strongly suggest thé former. Paleontologic
evidence determines the uppermost member to be almost certainly
basal Wasatch.

UPPER WASATCH AND LATER TERTIARY BEDS.

Unconformably overlying the upper coal group is a succession of
brilliant red and white, somewhat sandy clays, with a few gray and
brown shales and soft sandstones, the latter in places finely con-
glomeratic. Higher in the beds the red coloring is less prominent
appearing here and there in isolated patches which decrease in num-
ber and size until the beds are entirely composed of white, gray,
brown, and drab shales, clay, and unconsolidated sand, with a few
gray and brown sandstones. Although brilliant red is the ordinary
and prominent color, the roughly bedded clays at the base are in
places purple, green, drab, and yellow. Along Little Snake River
the clays are gray and white, with the usual number of gray and
brown sandstones, which here, as elsewhere in the field, are in places
finely conglomeratic. Near the river the basal member seems to be
a whitish or yellowish sandstone, highly calcareous in places and
generally conglomeratic, and is difficult to distinguish in isolated
exposures from the sandstones of any of the three coal groups.

Near the Union Pacific Railroad these beds overlie the uppermost
member of the upper coal group. To the south they successively over-
lap the underlying beds to the middle of the clay-shale member of the
upper coal group, and along Little Snake River they swing abruptly
eastward, covering everything down to the Mesaverde formation.

The basal portion of this group of beds is upper Wasatch, probably
corresponding in position to the Knight formation ¢ of Uinta County;
the overlying rocks belong in the Green River and Bridger formations.

STRUCTURE.

Between Rawlins and Lake Valley a shallow syncline separates
. the Rawlins dome from the north end of the Sierra Madre uplift, and
connects the Mesaverde coal beds of the Little Snake River field
with those of the Kindt Basin.® Outside of this small part near
Rawlins the structure of the area is extremely simple, the formations
dipping regularly to the west, forming the eastern limb of the great

aVeatch, A, C., Geography and geology of a portion of southwestern Wyoming Prof. Paper U. S,
Geol. Survey No. 56, 1907, pp. 92-96.

b Veatch, A. C., Coal fields of east-central Carbon County, Wyo.: Bull. U. S. Geol. Survey No. 316,
1907, p. 250.
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Green River Basin. In the north end of the field the beds change
gradually from a dip of 25° on the eastern margin of the coal field to

" a practically horizontal position along the Union Pacific Railroad
wést of Latham, forming here the south end of the shallow syncline
which is the main structural feature of the Great Divide Basin. All
the westward-dipping formations south of a line drawn roughly
from Red Desert station through Echo, Coal Bank, and Chicken
springs lie on the eastern slope of what King ¢ called the Washakie
Basin, the northeast corner of which is indicated by the angle of the
Laney Rim. The beds composing this rim strike parallel to the rail-
road with a very low southerly dip as far east as a point south of
Red Desert, where they turn southeastward, dipping from 2° to
4° SW. Throughout the south end of the area the Mesaverde and
Laramie formations dip 12° or less to the west. Near the top of the
Laramie the dip increases to 28°, and this dip prevails to the place
where the lower beds disappear beneath the overlapping upper
Wasatch, which here, as farther north, dips 1° to 4° W.

The simplicity of structure and general low dips of the field favor
easy and economic development of the coals. So far as observed no
faults of any appreciable magnitude disturb the continuity of the
coal beds anywhere in the field. That minor faults are present in the
region of folded rocks near Rawlins is shown by the following state-
ment by M. W. Dillon regarding the Dillon mine: ‘‘The first fault is
a downthrow of 4 feet about 200 feet from the portal, the next is an
upthrow of 4 feet 240 feet from the portal, and the next a downthrow
of 6 feet about 450 feet from the portal of the slope.”

THE COAL.
PHYSICAL PROPERTIES.

The Mesaverde coal as exposed at the Dillon mine is very compact
and hard. As there are no surface exposures of this bed in the vicin-
ity, it was impossible to determine the effects of surface weathering,
but in the mine the coal is black and clean, with a submetallic luster,
showing a smooth, unweathered face down to the water which at
present fills the bottom of the slope. At the Robertson opening the
Mesaverde coal presents a clean, compact face without partings or
inferior streaks. .

The Laramie coal bed exposed at the Nebraska mine is composed of
alternations of clean, firm coal and softer, slightly crumbly layers
which weather rapldly The coal in the harder benches is black and
- compact, and has a slightly resinous luster.

The beds of the basal member of the upper coal group are made up
of benches of coal with thin partings of bone. The coals are not so
compact, clean, or black as those of the Mesaverde, and they weather

aU. 8. Geol. Explor. 40th Par., Atlas, 1876, Map II.
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much more rapidly, having a cracked or minutely jointed appearance
in surface exposures, with selenite and ferrous sulphate in the cracks
and along the joint planes.

The coals in the next higher coal- bearlng member of the upper coal
group occur in zones as much as 60 feet thick, composed of coal beds
from 1 to 10 feet thick, separated by beds of sandstone and shale of
about the same thickness. Although some of the coal is clean and
firm, much of it is dirty and shaly, and all seems to air slack rapidly.
Selenite and ferrous sulphate are present in the coal in large quantities.

Only a few exposures of the coals of the topmost member of the
upper coal group were encountered. The occurrence of the beds is
similar to that in the next lower member, but the coal is for the most
part dirty, shaly, and gypsiferous. Small seams of brown coal appear
among the beds, showing the nearness of the coals to true lignites.

SECTIONS AND ANALYSES.

Wherever it was possible to procure samples of coal not too much
weathered, they were taken and forwarded to thefuel-testing laboratory
at Pittsburg, Pa., where they were analyzed under the direction of FF. M.
Stanton. Sampling was done according to the regulations given on
page 12. Detailed sections of all good exposures encountered were
measured. The tables below give the analyses of all samples obtained,
sections of all beds sampled, showing the thickness of the bed repre-
sented by the sample, and a sufficient number of additional sections
to represent each coal-bearing zone by one or more typical sections.

Analyses of coal samples from western part of Little Snake River coal field, Wyoming.
[F. M. Stanton, chemist in charge.]

Mesaverde, | y...
Nameof formation.................. near base of mie Upper coal group, basal member.
upper member *
Laboratory No......c.coovieniaio.. 5297. | 5340. | 5324. | 5208. | 5342. | 5448. | 5447. | 5299,
Sample as received: 8
Moisture...........coeeonnn.n. 10.14 | 13.62 | 19.20 | 20.68 [ 25.04 | 23.99 | 26.02 10.26
N Volatile matter .| 33.87 | 34.55| 36.46 | 35.97 | 46.74 | 28.40 | 30.08 22.23
£1Fixed carbon. . | 47.55| 43.14 | 40.
AlfAsh.. ..ol .. .| 84| 869 3
Sulphur........ .. . .49 1.44 .
ydrogen.................... 5.17 5.53
EiCarbon. .. ... 63.75 | 58.78
P INitrogen. ... cooocueeaen... 1.32 .89
Oxygen...... 20.83 | 24.66
Calories............... 6,116 | 5,744
British thermal units. .. 11,009 | 10,339
Loss of moisture on air drying...... 2.40 1.90
Air-dried sample: .
. (Moisture............ooaiiaaa 7.93 | 11.95
B 4| Volatile matter............... 34.70 | 35.22
£ Fixed carbon................. 48.72 | 43.97
AelfAsh.. oo 8.65| 8.86
Sulphuar..................... .50 1.47
. |Hydrogen. .. 5.02 5. 42
£{Carbon. 65.32 | 59.93
~ [Nitrogen 1.35 .91
Oxygen 19.16 | 23.41
Calories.......... .| 6,266 | 5,855
British thermal units............... 11,280 | 10,539
) Ft. in.| Ft. in. . 7. . .
Thickness of coal.................... 4 6|11 0] 8 0|2 1|2 5|6 0/12 0 23
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In addition to the results shown in the table, a determination of
volatile matter by a modified method was reported. This differs
from the method adopted by the American Chemical Society for
obtaining the volatile matter in-that the sample is given four min-
utes of preliminary heating over a low flame, then seven minutes
over the full flame of a Bunsen burner, while in the regular method
there is no heating preliminary to the seven minutes over the full
Bunsen flame.2 Sample No. 5342 in the table gives a rather start-
ling proximate analysis by the regular method, as shown by com-
paring it with No. 5298, taken from another bench of the same bed.
By the modified method the volatile matter in the two samples is
as follows:

No. 5298, asreceived. ... .. .oouinin i i 27.90

No. 5298, airdried............. ... .. ...... i 29. 62
No. 5342, asreceived. . . ... 27.04
No. 5342, airdried.......... .. il 28.92

F. M. Stanton, chemist in charge, writes concerning sample No.
5342:

The high volatile matter does not indicate very much in this kind of coal, and
I would suggest that in any classification on this coal the modified volatile results
be used. We have found repeatedly that volatile matter in high-moisture coals
is very unsatisfactory as determined by the official method, while the modified
method gives very concordant and satisfactory results on all types of coal and lignite.

Location, geologic position, and sections of coal beds in western part of Little Snake River
Jield, Wyomang.

For- n%(;r?i-c Labo-
ma- < Member. | ratory Location. Section of bed.
tion, | desig- No.
* | nation. ) ’
Ft. in
Shale, gra;
o Coal, dirty. 6
) Shale, TAy 6
2 Coal, shaly, gypsif- 7
5 Latham, 6} miles south of; SW. erous.
£ SW. & sec. 23, T. 19 N., R. 93 W. | Shale, gray............. 6
5 Coal shaly.. . 4 2
& «  Shale, bituminous. . 9
] Coal, shaly......... .21
=~ Shale, brown ... ........
9 26 6
o Sandstone..............
to Coal, dirty, shaly... 1
i~ 3 Shale, gray............. 1 6
S @ Coal,good.......... 3
s 3 Shale, gray....... 2
8 g Coal, shaly. 5 2
2 e Shale, gray .ee. 4 8
» = Creston, 9 miles south of; Coal Coal, fair.. ... . 2 10
5 Bank Sprmg NE 4 NW 1 sec. 3, Shale, bituminous.. 1 4
2 .18 N., 2 W. Coal, U e 3 3
g Shale, gray . . .. 9
g Coa,l shaly, gypsii- 8 9
> erous.
E ggn]dstone .............. 1(6) 3
g . ale, gray
& Coal, dirty.......... 2
61 6

e For complete description of the modified method and general comparison of results by the two
methods, see Bull. U. S. Geol. Survey No. 323, 1907, pp. 36-39. i
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Location, geologic position, and sections of coal beds sumpled in western part of Little Snake
River field, Wyoming—Continued.

For- n%(r:t(x)i-c Labo- )
ma- i | Member. | ratory Location. Section of bed.
tion. | desie No
* | nation. -
Ft.in.
Shale, bituminous...... [}
Shale, brown..... .. 5
1
5298, | Muddy Bridge stage station, 1 mile 9
5342 west of NW.1SW.}sec 12, T. 5
15N., R. 02 W. 2
4
& 3 5448 | Baggs, 5 miles northeast of; NE. 4 Bon
= 5 | ! 4 Co&l slightly dirty. 6
g gs’ N }sec.23, T. 13N, R.OLW. | - 08 notgexp{)sed ¥y
= 5]
g & 3 2
9 =3 3
g a 10
B 1) 5447 | Baggs, 4} miles northeast of, SW. 2
] }sec. 24 T.13N,,R.01W. - oal, g 12
Shale bitaminous.
16 5
15
Shale. ... 3
5299 | Baggs,24 miles northof: SE.}SE. |. Coal. . 2 2
4sec.4, T.16N.,R.92W. Bottom not
20 2
1 6
5324 | Rawlins, 6 miles southwest of; NE. 2
g A8W.%sec.6, T.20N., R.88W. 6
& 8
-
<
& 1
Muddy Bridge stage station, 1 mile 10
southeast of; SE.4SE. }sec 7,T. . 4
15N., R. 91 W. . [
5 10
‘g .
£ S 5207 | Rawlins, 3 miles southwest of; NE. CO&] slightly dirty. g
g =2 4 NW.btsec. 36, T.21N., R.88 W, |  “ 7 rrerermrmremoees
= S E
5 5340 | Sulphur stage station, 13 miles Coal.......o...c.... 11
2 %%st of; SE. 4 sec.4, T. 17N R.90 | Bottom not exposed.
BURNING.

Much of the coal of this field is burned along the outcrop. The
amount of burning is relatively small in the Mesaverde and about
equally prominent in each of the other coal-bearing formations. In
some places the effects on the adjacent rocks can be seen several feet
from the actual seat of burning; in others, rocks a very short distance
away are not affected. A quarter of a mile southeast of Muddy
Bridge a small caved drift in the Laramie formation exposes about
18 inches of highly bituminous shale underlain by a few feet of dirty
coal. Near by the bituminous shale has been burned out, causing
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sintering and slumping of the overlying shaly sandstone, but the
dirty coal composing the lower part of the bed is apparently not
affected. In this connection attention should be called to the fact
that sample No. 5299 in the table above was taken from a 2-foot bed
separated by 3 feet of shale from 15 feet of burned coal. The physical
appearance of the bed sampled was not altered by the burning, but
the chemical analysis shows decided differences between this sample
and the others collected from the same zone; notably, increased fuel
value; lower ‘air-drying loss; low volatile matter and high fixed
carbon, giving high fuel ratio; and, in the ultimate analysis, low
hydrogen and oxygen and high carbon. Thus this coal in close
proximity to a burned bed has by alteration become of considerably
higher grade thfm its unaffected nelghbors

RELATIVE VALUE.

Unfortunately there are in this field no openings on the coals of
the two upper members of the upper coal group, and it was impossible
to procure unweathered samples of these beds for analysis. The
samples, all from the three lower coal-bearing zones, have lower fuel
values than the samples from the same zones collected by Veatche in
the east-central Carbon County fields in 1906. This may be due to
the greater amount of folding in the rocks of the eastern fields, but it
must be borne in mind that most of the samples collected in eastern
Carbon County were from working mines or other adequate openings,
whereas of the samples from this field two are from abandoned mines
and the remainder from prospects. The eastern Carbon County
samples, then, represent coal which is much fresher, less weathered,
and nearer the true value than the samples from this field.

With the exception of the coal No. 5299, which is believed to have
increased in value by the burning of an ad] acent bed, the coals of this
field decrease in value from the lowest to the- hlghest coal-bearing -
zones; from bituminous coal at the Dillon mine through increasingly
low-grade subbituminous almost to lignite in the uppermost member

of the upper coal group.
DEVELOPMENT.

Development in the area has been confined to a slight amount
of prospecting and a few small openings to supply the local demand.
The Dillon mine (Mesaverde) produced good coal for several years
prior to 1900 or 1901. M. W. Dillon, the original owner of the mine,
says the mine was closed down by the people to whom he sold it
because faults were encountered in the rooms. The coal was used
in Rawlins, 3 miles away, as was also that of the Nebraska mine
(Laramie), 4 miles southwest of the Dillon opening.

aBull. U, 8. Geol, Survey No. 316, 1907, pp. 253-258.
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The remaining development consists of a small opening in the
Mesaverde about a mile east of Sulphur and another opening in the
base of the upper coal group a mile west of Muddy Bridge, the prod-
uct of each being used by two or three ranches in its neighborhood;
a few prospect drifts and slopes in Coal and Cut-off gulches, between
4 and 5 miles northeast of Baggs; and some small prospects in the
hogbacks east of Muddy Creek, between the Corlett ranch and the
old Washakie stage station.

Although the present demand for coal is greater than the supply,
further development in this field does not seem probable until the
good coals have railroad connections. The markets to the east and
west along the Union Pacific Railroad are supplied by the Hanna,
Rock Springs, and Uinta County coals, and a possible southern outlet
over the Denver, Northwestern and Pamﬁc Railway, now building, is
blocked by the Yampa field of Routt County, Colo.

The Union Pacific Railroad Company is contemplating a line from
either Rawlins or Wamsutter southward across the field through
Baggs to Craig, Colo. If it is built from Rawlins the Mesaverde coals
in the eastern part of the area will be developed; if from Wamsutter,
the basal upper-group coals from the old Washakie stage station
southward will probably be opened; and in either case the coals near
Little Snake River will be thoroughly prospected and worked. The
natural market, however, for the Little Snake River coals is in
the Encampment copper district, which lies along the Sierra Madre
on the eastern border of the field. '



THE NORTHERN PART OF THE ROCK SPRINGS COAL
FIELD, SWEETWATER COUNTY, WYOMING.

By A. R. Scrurtz.

INTRODUCTION.

This paper is a brief preliminary statement of the results of a geo-
logic survey of the northern part of the Rock Springs coal field, Wyo-
ming, made during the summer of 1907.¢ The region mapped, with
the exception of two townships, was covered by the public-land sur-
veys. A considerable tract was resurveyed by the General Land
Office in 1906 and twenty-four townships were resurveyed in 1907.
As economic considerations demanded that the work be based pri-
marily on the Land Office subdivisions, because these subdivisions are
the units of economic importance, it was necessary to do different
kinds of work'in different parts of the field. '

In the areas where resurvey inspection work was carried on, the
geologic work was executed in connection with the inspection. All
geologic locations along the land lines, as well as within the township
sections, were measured by stadia. An idea of the accuracy of the
location of coal prospects, outcrops of coal beds, and fossil localities
may be had from the fact that approximately ninety locations were
obtained in each square mile.

In the unsurveyed townships, T. 23 N., Rs. 103 and 104 W., it was
necessary to establish Government corners before the lands could be
classified. In this area detailed geologic mapping was carried on
in connection with the subdivision work, and a complete geologic
map, showing all the coal croppings and prospect pits, was made as
that work progressed. The geologic and topographic locations, as
well as the line measurements, were made by stadia.

Outside of the areas of detailed mapping all locations were made by
pacing section lines or from land corners found by such pacing. Lines
were run one-fourth to one-half mile apart, and all the more important
coal beds were traversed and the traverses tied to land corners.

a The personnel of the parties engaged in mapping the geology changed from time to time, as they
were transferred to other fields or left in order to take up other work. The men assisting in the geo-
logic mapping were V. H. Barnett, G. E. Burton, J. L. Rich, G. C. Matson, J. J. Galloway, E. B. Hop-
kins, W. B. Heroy, and J. T. Singewald. Of these, only the first two were with the party for the entire
season.
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The field sheets, on a scale of 2 inches to the mile, contour interval
50 feet, are now being compiled into a base map on a scale of 1 inch to
the mile. This map will be used in the preparation of the geologic
and other maps of the final report. The sketch map (Pl. XIV)
accompanying this report has been prepared from the field sheets to
show the more prominent cultural, drainage, and economic features,
and although approximately correct, it may be found to differ in minor
particulars from the final large-scale map.

TOPOGRAPHIC FEATURES.

The field here considered lies along the eastern margin of the great
Green River Basin and includes in part, on the east, the Great Divide
Basin. It lies on the north flank of the Rock Springs dome, which is
completely surrounded by Tertiary beds and does not form a topo-
graphic basin. Within this field there are six distinct topographic
districts, each presenting an entirely different character and texture
from those of its meighbor. Only the most prominent peaks and
ridges that encircle the dome rise above the adjacent Tertiary escarp-
ments. The divide between the Green River and Great Divide
basins has no topographic identity or distinctness. It lies for the
most part several miles east of the Rock Springs dome and is formed
in some places by Tertiary rock, in others by Cretaceous rock, and in
still others by igneous rock. The divide is irregular, extending across
several distinct topographic districts.

Within the field the principal topographic features are due to (1)
hard, resistant sandstone of the Mesaverde; (2) hard, resistant lime-
stone and sandstones of the nearly horizontal Green River and
Wasatch formations; (3) migrating sands; (4) soft beds of the
Wasatch, and (5) igneous rock.

The hard, resistant sandstone of the Mesaverde makes notably con-
centric ranges of hills more or less continuous about the central por-

tion of the Rock Springs dome. These concentric ridges contain the .

most important coal beds of the field and are usually separated from
each other and from areas of equal or more elevated younger
rocks by belts of low relief. The two most pronounced depressions
are carved in the soft shale overlying and underlying the Mesaverde
sandstone. These low valleys are natural routes of travel and afford
easy access from the railroad to the more rugged ridges containing the
coal. The shale below the Mesaverde gives rise to low relief along the
central part of Rock Springs dome.

The hard, resistant limestones and sandstones of the Green River

and Wasatch formations produce notable table-like forms, bounded

by prominent escarpments of considerable length. In places the

harder layers in these beds produce bench after bench in regular suc-

cession, separated by nearly parallel valleys. The more prominent
71497—Bull. 341—09——17
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ridges form in many places precipitous bluffs, while in parts of the
field the beds present characteristic badland topoaraphy

Huge sand dunes formed by the migrating sands are the most con-
spicuous topographic feature in the northern part of thefield.

The soft beds of the Wasatch form a low depression along-the syn-
clinal trough of the Great Divide Basin. This formation contains num-
erous beds of coal, few of which are well exposed. The topographlc
features are such that the coals are readily accessible. _

In this field igneous rocks rise like landmarks out of the arid pla-
teaus of the Red Desert. The lava forming these rocks flowed from a

‘little group of volcanoes far removed from similar centers of igneous

activity. Their nearly concentric cones, needle-like necks, irregular

- dikes, and table-like sheets afford a striking contrast to the topo-

graphic features of the surrounding hills.

- The drainage for the most part flows to the Pacific coast. Part of
the area, however, on the northeast lies within the Great Divide Basin,
which has no outlet. The main drainage is not affected by the
Rock Springs dome, which in a way ¢onnects the two mountain ranges,
Uinta and Wind River. Bitter Creek, the only prominent stream in
this field, flows across the central portion of the dome at nearly right
angles to the major axis and has-carved a broad valley, along which
the Union Pacific Railroad was constructed. The three large tribu-
taries of Bitter Creek, however, have been shaped indirectly by the
fold. On account of the difference in the hardness of the beds these
valleys extend along the strike of the beds and are approximately at
right angles to Bitter Creek. All the area not tributary to Bitter

‘Creek drains to the east, and the water flows into the Great Divide

Basin, which includes an area of approximately 4,200 square miles.
The divide between these two drainage systems lies along the crest of
Cathedral Bluff or Laney Rim, swings northwestward and crosses the
Union Pacific Railroad track just west of Robinson, thence trends in
a northwesterly direction to Steamboat Mountain, thence northward

"to South Pass, where the east and west divides reunite.

The location of this divide within the area may be seen on the
accompanying map, Pl. XIV, also on PI. XTI

In the Great Divide Basin there are numerous small dry lake beds,
alkali lakes, and alkali, clay, and red flats, the largest being the Red
Desert flat, near the center of the basin. In the northern part of the
field, within the sand-dune area, there are also numerous small lakes
that are fed by melting snow and ice in and beneath the sand dunes.

Throughout this region very few rocks are exposed, and the dip

slopes are well covered by gravel and loose soil.
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OUTLINE OF GEOLOGIC SUCCESSION.

The present investigation led to the conclusion that the subdi-

visions previously mapped by King and Powell could not be applied.
to the sequence of rock in this region.
patrty and studied by F. H. Knowlton and T. W. Stanton indicate

The fossils collected by this

that the several formations have the geologic time values indicated
in the accompanying table, where the general character and suc-
cession of the Cretaceous and Tertiary rocks, together with their
economic importance, are set forth.

Section of Cretaceous and Tertiary rocks of Sweetwater County, Wyo.

Economic;
designa-
tion.

Formation.

{ System.
Group

Thickness
in feet

Description.

Economic value.

.
1
]
i
i
‘
i

Green River. 350 Mg:;x(}é:tonig’regular hedded
Uneonformity. |s—mmm~| ~smrrn|ammansnmmammanm o |~
- ’l‘hén-bedde((lll shales, sand-
stones, and limestones, some
. of which are oolitic, for the | MLeSt important spring
Green River. 600 H horizon. Contains
most part light colored, some coal
white, gray, yellow, or *
greenish. -
~«:| Unconformity. |s~~~~en|vinnnn AAAAAAAAAAAAANNNN ~——
C By
E] 400 Variegated clays, shales, and
k<] to sandstones, the sandstones
3 825 in places being slightly con-
& glomeratic.
Prolifically coal bearing.
Alternating layers of white,
yellow, and brown sand- | Many thin beds of coal, and
Wasatch. e stones, gray, drab, and car- at least one bed 25 feet
Black bonaceous shiles, with coal thick occurs in this group.
Rock 1,200 heds and conglomerate con- No mines working this
“coal to taining granite and quartz- coal. One prospect east
ron +2,650 | ite pebbles. Numerous of Hallville. Coal mined
group- bands of white concretion- for ranch use at Hooton’s
ary sandstone weathering prospect, T. 23 N., R.
in irregular shapes. Basal 104 E. Yields artesian
sandstone is conglomeratic. water. Flowing well at
Bitter Creek. |
s~~~ | -~~| Unconformity. |~~~~~r~r~|onrnn o~
Coal bearing.
Massive basal bed of white
. and yellow sandstones, | Numerous importantbeds.
-8 Black showing traces of conglom- Old mine opened and
2 Buttes ‘ eratein places; forms prom- worked on these beds
Q Laramie (?) coal +2,371 inent scarp. The overly- near Black Buttes sta-
< group ing bed consists of variable tion. New mine opened
& . o . sandstones, clay, and coal in 1907 south of Black
© beds. Fossils abound in |[° Buttes. Prospectsat va-
places. rious points.  May yield

.

artesian water.

a Abundant collections of plants have been obtained from the lower third of this formation and deter-
. mined by F. H. Knowlton, who studied the collection, as undoubtedly Fort Union.
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Section of Cretaceous and Tertiary rocks of Sweetwater County, Wyo.—Continued.

wu
a
g1 a ) Economic| g4
8ls Formation. designa-| 38 Description. . Economic value.
218 tion. 58
n O 13
Dark gray, drab, and black
shales, highly gypsiferous, | Possiblesourceof clay beds.
Lewis shale. 750 with some soft shaly sand- Natural routes of travel.
- ) - stones and large concre- Not known to be coal
tions. Produces region of bearing. .
low relief.
Coal bearing.
Soft white and brown sand-
Almond stones, sandy shale, and | Many coal ]’?dih N“}Ifler":
coal 900 clay, with numerous beds 9]?5 rospeg sa“roug hou
group. of coal and bituminous | thefleld.- Coalfrom these
shale. beds has been mined at
Rock Springs and Point
of Rocks.
Massive white and yellowish
sandstones, with littleshale
and ferruginous matter.
800 Up}ﬁer third conglomeratic, | Yields artesian water in
with fine black and gray parts of field.
quartz pebbles. Sandstone
forms pronounced escarp-
ments and hogback ridges.
@ Prolifically coal bearing.
S| d
3|5 Mesaverde White to yellow sandstone, | Many large coal beds and
Q|2 interbedded shale and clay | *numerous smaller beds.
3 é‘ Rock with several large coal beds Best coal in the Rock
S| & Springs and numerous thin beds Springs field. Important
coal 2,400 ranging from a few inches mines at Rock Springs
group to2or 3feet. 'Theheaviest and Superior. Many
: sandstones are grouped prospects and drifts
near the base of the forma- opened. Artesian-water
tion. zone. Flowing wells at
Superior and Rock
Springs.
Drab, yellow, and brown
sandstones and interbed-
ded shalehz}nd] shaly sand-
one with little or no bitu- ) .
860 ?Itlillous matter. Ma];sive Tmportant - artesian-water
sandstones are grouped zone.
near top of formation, giv-
ing rise to the ‘‘Golden
Wall.”
Shaly sandstone and arena-
ceous shale, in places highly
940 gypsiferous. Much of it
very friable, producing low
benchesand badland ridges.
- Black and drab shales, very
+550 | “soft and friable.

COAL-BEARING FORMATIONS.

MESAVERDE.

The oldest coal-bearing rocks exposed in this area are of Montana
age. It is possible that the Frontier formation of the Colorado group
may contain workable beds of coal, and that along the axis of the
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dome in the vicinity of Baxter Station these may lie near enough to
the surface to be mined some day, but at present no borings have .
penetrated deep enough to reveal them, and information is lacking
regarding their depth and existence. In this field the Mesaverde
consists of four distinet members, two of which are coal bearing. The
lowest member, as well as the beds underlying, consists chiefly of
sandstone, shaly sandstone, and shale, all of which are barren of coal
and show no indications of bituminous matter. The two coal-bearing
members of the Mesaverde are separated from each other by a mas~
sive white sandstone, approximately 800 feet thick. The lower
group of coal beds is known as the Rock Springs coal group, and the
other as the Almond coal group. The Almond coal group is overlain
by noncoal-bearing shale which corresponds to the Lewis shale in
other parts of the Rocky Mountain region.

Rock Springs coal group.—The Rock Springs coal group is the most
important and the one containing the highest grade of coal in this
area. Its basal portion consists of heavy, ridge-making, coal-bearing
sandstones and the remainder of brown, yellow, and white sandstones,
shale, clay, and interbedded coal. The group is prolifically coal bear-
ing throughout and contains at least twelve coal beds ranging from 2
to 10 feet in thickness and many other beds less than 2 feet thick.
These beds occur somewhat regularly throughout the group and are
fairly persistent along the strike. They have been prospected all the
way from Rock Springs to Superior. Very little prospecting has been
" done south of Superior. In this locality the coal beds are somewhat
thinner, and the number of the beds is not so great as it is between
Superior and Rock Springs. . The <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>