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GEOLOGY OF THE TULLOCK CREEK COAL FIELD,
ROSEBUD AND BIG HORN COUNTIES, MONTANA.

By G. Smersurne Rocers and WarLrace Lgk.

INTRODUCTION.

SCOPE OF REPORT.

The field work on which this report is based occupied two seasons.
Although most of the time was spent in examining and mapping
the coal beds, considerable information concerning the general geol-
ogy was also gathered. The strata are well exposed in this field,
and in most localities topographic conditions are favorable to fairly
detailed work. The greatest handicap to accurate field work was
the lack of a topographic base map, and this need was only partly
filled by the incomplete surveys made by the writers. Nevertheless
it is possible that no more detailed work will be done in this field
for some years, and it has therefore been thought best to make this
report fairly complete. '

The report is divided into two parts—a general geologic descrip-
tion of the field and its coal resources and a series of township de-
scriptions, in which the surface features, geology, and coal resources
of each township in the field are described in more detail. The first
part is largely independent of the second, but the township descrip-
tions merely describe local conditions and are intended to be supple-
mented by the broader discussions that precede them.

LOCATION AND RELATIONS OF THE FIELD.

The Tullock Creek coal field (Fig. 1), as defined for the purposes
of this report, lies on the east side of Big Horn River, Mont., in the
angle formed by its junction with the Yellowstone. The district
examined, which comprises 900 square miles, extends on the east to
about the center of R. 38 E. and is approximately bounded on the
south by the Montana base tine. The coal is contained in the Lance
and Fort Union formations. In the Lance it occurs in beds less
than 5 feet thick, but in the Fort Union some beds are over 20 feet

1



2 TULLOCK CREEK COAL FIELD, MONT,

thick. The heating value of the coal in the two formations is about
the same, approximately 10,000 British thermal units.

Although time was not available for continuing the examination
farther south and east, it is known that the same coal-bearing strata
extend far beyond the limits of the field in these directions. West
“of the Tullock Creek field, however, lower strata, barren of coal,
constitute the surface rocks for a long distance, except within a small
outlying area about 8 miles west of Big Horn River, known as Pine
Ridge. The Tullock Creek field thus occupies a position on the west-
ern edge of the great Powder River and Fort Union coal regions,
which extend practically without a break from Big Horn River to
points several hundred miles east of the Dakota line. The coal is

109” 107"

FIGURP 1.—Index map showing location of Tullock Creek coal field, Mont.

not uniform in quality throughout this great area, however, but
grades imperceptibly from a brownish lignite in the Dakotas to a
black lignite in the extreme eastern part of Montana and finally to a
true subbituminous coal along the western margin of the area. The
subbituminous coal of the Tullock Creek field is thus of higher rank
than that found in near-by fields to the east, and compares favorably
with the commercial varieties now sold in neighboring markets and
derived mostly from isolated fields still farther west.

The geographic relations of the Tullock Creek coal field are shown
on the accompanying index map (Fig. 1). The field consists of the
part of the lands ceded to the Government by the Crow Indians in
1904 lying east of Big Horn River, an area of 900 square miles. The
eastern boundary of the field is the east line of the original reserva-
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tion, and its southern boundary a line drawn east from the north-
east corner of the Fort Custer Military Reservation. The township
subdivisions comprised in whole or in part are Tps. 1 S., 1, 2, 8, 4, 5,
and 6 N., Rs. 35, 36, 37, and 38 E.; Tps. 1 S., 1, 2, 3,4, and 5 N, R.
34 E.; and Tps. 1 S,, 1, 2, and 3 N, R. 33 E., Montana principal
meridian. The area originally lay entirely within Rosebud County,
but a part of it was included in Big Horn County, organized in 1913.

STATUS OF THE LAND.

The Crow Indian Reservation, as originally defined by treaty with
the Crow Indians, concluded and ratified by Congress in 1868, con-
sisted of a roughly triangular area lying between the 107th meridian,
the southern boundary of Montana, and Yellowstone River. By a
subsequent treaty this area was considerably enlarged, but by still
later treaties it has been successively reduced, principally on the
south and west. In 1899 an agreement with the Indians was reached
for the cession of the northern part of the reservation to the Govern-
ment in consideration of an expenditure of $1,150,000 on irrigation
projects, stock, fences, schools, etc., for the Indians. This agreement
was ratified by Congress April 27, 1904, and in October, 1910, a
part of the ceded land was thrown open for sale in accordance with
this act. The remainder, which comprised those parts lying within
the ceded areas of Tps. 1 8., 1,2, 3, 4, and 5 N., R. 36 E., and Tps.
18.,1,2, 3, and 4 N., Rs. 37 and 38 E., had previously been with-
drawn from entry as possible coal lands and reserved for special
examination.

On July 13, 1912, on the recommendation of the United States
(Geological Survey, parts of Tps. 1 to 4 N, Rs. 34 and 35 E., not yet
sold (the land adjoining on the west that previously withdrawn)
were ordered withheld from sale until examined for coal. During
the summer of 1912 a party in charge of G. Sherburne Rogers ex-
amined this land and classified it as to its mineral character. In
October of the same year a sale of the noncoal land classified during
the summer, together with the lands not formally withdrawn or
previously sold, was ordered, and at this time most of the noncoal
land west of Tullock Creek passed into private hands. During the
summer of 1913 the lands affected by the formal withdrawal were
examined, so that now all the land in the ceded portion of the Crow
Indian Reservation has been definitely classified.

Of the 575,881 acres included in .the Tullock Creek field, 117,301
acres, or about 20 per cent, has been classified as coal land.

171, R, Stat. L., vol. 15, p. 649,
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_ FIELD WORK.

The Tullock Creek field, as implied above, was examined primarily
for the purpose of land classification, and the field work was there-
fore sufficiently detailed and accurate to satisfy the exacting re-
quirements of. this work. The land was first thoroughly prospected
for coal, all beds 18 inches or more in thickness being considered
of sufficient value to mine at the present time. Sections of the
coal beds were measured at intervals of about half a mile along
the outcrop where possible, although these intervals were, 0f course,
varied to meet local conditions. Thus it was generally not practi-
cable to obtain complete sections of the very thick coal beds of the
Fort Union formation at such intervals, as complete exposures of
the beds are rare, and a considerable amount of digging is usually
necessary to expose the coal. The outcrops of all beds more than
18 inches thick were meandered by plane-table and stadia methods,
and the traverses were tied to land corners. The use of the plane-
table and telescopic alidade also permitted carrying lines of alti-
tudes from the Northern Pacific Railway along the northern edge
of the field to all its parts. These altitude lines are not necessarily
accurate when carried for long distances, and those in the southern
part of the field may be as much as 50 feet in error, but they were
nevertheless of inestimable value in correlating the coal beds and
other strata from point to point and in working out the details
of the structure. In carrying these altitude lines across noncoal-
bearing areas in the field it was also possible at the same time to
map the boundaries of the geologic formations with an accuracy
scarcely less than that attained for the coal beds.

The Fort Custer quadrangle, of which a contour map was pub-
lished by the United States Geological Survey in 1894, includes a
small area in the southwestern part of the field. Owing partly to
the small scale of this map (1:125,000) but chiefly to the fact
that it could not be satisfactorily tied to the land lines, which were
surveyed at a later date, it was not used either in the field or in the
preparation of the maps accompanying this report.

In accordance with the act of October 15, 1904, already referred
to, the ceded lands were subdivided by the General Land Office in
1904 and 1905. All the surveys made by the writers in connection
with the geologic field work were tied to the section corners placed
at that time, and, in so far as a check was thus afforded, the land
survey seems to be accurate and reliable. Practically every corner
stone searched for was found, and all stones are well marked.

The field work was in charge of G. S. Rogers. During the
season of 1912 he was assisted by H. M. Robinson, W. C. Mansfield,
and A. H. Sloan; in 1913 by Wallace Lee, R. C. Moore, and A. H.
Sloan.



M

GEOGRAPHY. 5

PREVIOUS WORK.

In 1906 N. H. Darton described the geology of the Big Horn
Mountains and gave a detailed account of the stratigraphy of the
area,? which is only 30 miles south of the Tullock Creek coal field.
Detailed work was done in the Bull Mountain coal field in 1907 by
L. H. Woolsey,® in 1908 by R. W. Richards,* and in 1909 by C. T.
Lupton.® The southeast corner of that field is only 15 miles north-
west of the Tullock Creek field, and the stratigraphic sections ob-
served in the two areas are essentially the same. In 1911 G. S.
Rogers® examined the Little Sheep Mountain coal field, 28 miles to
the northeast, where similar beds were found to outcrop. In 1913, as
a continuation of the work in the Tullock Creek field, the party
in charge of Mr. Rogers examined an area of 125 square miles in the
western angle formed by Yellowstone and Big Horn rivers. Owing
to the fact that only a part of the coal land on the west side of the
Big Horn was examined the report on this area was published sepa-
rately.” Other fields containing coal at the same stratigraphic hori-
zon farther south, east, and north have been examined but on account
of their distance do not immediately concern this area.

GEOGRAPHY.
LAND FORMS.

This region is in a broad way a maturely dissected plateau, across
which Yellowstone and Big Horn rivers have cut wide valleys. The
Tullock Creek field is to a certain extent a natural unit, being
bounded on the west by Big Horn River, on the north by the Yel-
lowstone, and on the east in a general way by the divide that sepa-
rates roughly the drainage basins of Big Horn and Tongue rivers.
This divide in T. 1 N., R. 38 E., is high and rough and is known
as Wolf Mountain; north of this field it is considerably lower, or
about equal in height to the ridges between the smaller creeks.

The altitude of the town of Sanders, on Yellowstone River near
the mouth of Sarpy Creek, is 2,598 feet, and that of the town of Big
Horn, near the mouth of Big Horn River, 2,692 feet. The forked
end of the divide between Tullock and Sarpy creeks rises rather

2 Darton, N. H., Geology of the Big Horn Mountains: U. S. Geol. Survey Prof. Paper
51, 1906.

3 Woolsey, L. H., The Bull Mountain coal field, Mont.: U. 8. Geol. Survey Bull. 341,
pp. 22-77, 1909,

¢ Richards, R. W., The central part of the Bull Mountain coal fleld, Mont.: U. S. Geol.
Survey Bull. 381, pp. 60-81, 1910.

5 Lupton, C. T., The eastern part of the Bull Mountain coal ﬁe]d Mont.: U. 8. Geol,
Survey Bull. 431, pp. 163-189, 1911,

% Rogers, G. 8., The Little Sheep Mountain coal field, Mont.: U. 8. Geol. Survey Bull.
331, pp. 159-228, 1913.

7 Rogers, G. 8., Geology and coal resources of the area southwest of Custer, Yellowstone
and Big Horn counties, Mont.: U. S. Geol. Surv. Bull. 541, pp. 316-328, 1914.
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FI1GURE 2.—Generalized profile and structure section from Hysham south glong divide between Sarpy and Tullock creeks to south edge of Tullock

Creek field.

steeply from the flat river flood
plain and attains within about 12
miles a height of 900 to 1,000 feet
above the river, or 3,600 to 3,700 feet
above sea level. This and the other
large divides maintain about this al-
titude throughout the field, rising to
the south only about 100 feet more
in the next 25 miles. (See IMig. 2.)
The interstream divides also rise
sharply from the creek bottoms and
are in general broad, flat, and well
grassed ; the geologic reason for this
condition is discussed below. Wolf
Mountain, which lies in T. 1 N, R.
38 E., about 3 miles east of the field,
rises some 500 feet above the highest
point in the field. In the northern
part of the field the relief between
the stream valleys and the nearest
points on the crests of their dividesis
as much as 800 feet, but toward the
south it decreases to about 500 feet.

Throughout the field a more or
less striking difference was observed
between the character of the south
and west slopes of the hills and the
north and east slopes. (See Pl
V, A.) The south and west slopes
receive the greater part of the sun’s
heat, which in the spring causes
rapid melting of the snow, with con-
sequent washing and gullying, and
which operates again in the summer
to absorb the moisture and retard
the growth of trees and grasses.
These slopes are therefore generally
bare of soil, and their drains are
steeply graded, so that erosion is
rapid. On the north and east slopes
there is less gullying, and conditions
are more favorable to plant growth;
these slopes are therefore generally
grassed over and are decidedly more
gentle.
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DRAINAGE AND WATER SUPPLY.

The field is drained by Yellowstone and Big Horn rivers and their
tributary creeks. (See map, Pl X, in pocket.) The largest of
these streams, Tullock and Sarpy creeks, flow in a general northerly
direction, and drain the western and eastern parts of the field, re-
spectively. The north end of the divide between these two main
drainage lines is dissected by several smaller northward-flowing
creeks, among which are Unknown and Box Elder crecks and Forty-
four Coulce. The western edge of the field is drained by a number
of small crecks that flow roughly at right angles to the main drain-
age lines and empty into Big Horn River. From south to north the
chief valleys are those of Ninemile Creek, Cottonwood Creek,
Eighteenmile Creek, and Pocket Creek.

Tullock Creek is a perennial stream about 50 miles long, which
within the field flows slightly west of north and empties into Big
Horn River about 2 miles above its junction with the Yellowstone.
‘West Burnt Creek, Meadow Creek, Lazyman Creek, and West Cabin
Creek, named in order from north to south, enter Tullock Creek from
the west side, and Lightning Creek, East Burnt Creek, Cottonwood
Creek, Plum Creek, and East Cabin Creek enter it from the east.
None of these tributaries are more than 5 miles long, and all of
them are intermittent streams. Sarpy Creek, which drains the east-
ern part of the field, has an almost straight course northward through
the center of R. 37 K. to its junction with Yellowstone River. Of its
tributaries, West Corral Creek, West Bear Creek, West Beaver
Creck, West Passage Creek, Rainwater Creek, Pleasant Creek, and
Spring Creek, named in the order of their distance from its mouth,
enter it from the west. East Corral Creek, East Bear Creek, East
Beaver Creek, East Passage Creek, Horse Creek, and Fast Sarpy
Creek enter in the same order from the east. None of these streams

are more than 5 or 6 miles long except East Sarpy Creek, which is.

a perennial stream extending some distance outside the field. Tul-
lock and Sarpy creeks have made flood plains ranging in width
from three-quarters of a mile to 13 miles, and along their tribu-
taries there are many small flat bottoms or flood plains.

The flood plains of Yellowstone and Big Horn rivers average
nearly 5 miles in width, but the rivers meander sharply from side
to side and confine the bottom land to small areas alternately ar-
ranged on the opposite banks. The largest area of bottom land is
that extending from Myers to the eastern border of the field, a
distance of 16 miles. This tract is about 4 miles wide near Hysham.
Between Myers and the mouth of Unknown Creek Guy’s Bluffs rise
sheer above the Yellowstone to heights of from 150 to 350 feet. Tx-
tending from Unknown Creek to the mouth of the Big Horn is the



8 TULLOCK CREEK COAL FIELD, MONT.

plain on which the town of Big Horn stands. Big Horn River gen-
erally flows in this region near the east side of its flood plain, so that
its eastern bank is generally steep. However, at Mission Bottom, at
Oldhorn Bottom, and near the mouth of Ninemile Creek small
areas of alluvium lie in the old meanders of the river.

Tullock and Sarpy creeks are practically perennial streams and
afford a small supply of water throughout the year, although the
flow almost ceases in the dry season. The water is sufficient for
grazing and domestic purposes, and on the lower courses of these
creeks small areas of land are under irrigation. The water of Tullock
Creek is fairly good for drinking, but that of Sarpy is decidedly
more alkaline, and many of the settlers in this valley derive their
drinking water by melting ice cut and stored in the winter. Springs
are not uncommon throughout the field, but all the water is more
or less alkaline.

The distribution of the springs is notably affected by the character
of the underlying rocks. Thus a particularly favorable horizon is
the base of the sandstone that forms the cap rock of the Lance
formation (see Pl. X), and seepages or springs occur in nearly
every coulee that cuts back into this bed. On the other hand, in the
Lebo shale member of the Fort Union formation springs are rare,
and the value of those known is diminished by the chalybeate
character of the water. The so-called Iron Springs, near the edge of
T. 2 N, R. 837 E,, are good examples. The water probably derives its
iron from the numerous limonite concretions characteristic of the
Lebo beds. In the upper division of the Fort Union the distribution
of the seepages is influenced by the coal beds, the horizon of bed
M being particularly favorable. In the lower part of the Lance for-
mation the distribution of the springs is irregular, and in the areas
underlain by the Bearpaw, Judith River, and Claggett formations
the few known springs are small and the water is strongly alka-

“line. The structure of the rocks also influences the movement
of the underground water, which tends to flow down the dip;
thus, on the west side of the Tullock-Big Horn divide, in which the
strata dip slightly to the east, there are few springs, whereas on the
east side springs are relatively numerous. The same is true to a
lesser degree of the Sarpy-Tullock divide, and the influence on the
underground water of many of the other structural features de-
scribed below may be detected in the distribution of the springs.
Although there are not many strong natural springs of good water
in the Tullock Creek field, very few places in the field are more than
2 miles from water, and there is no doubt that water can be obtained
in shallow wells sunk in the small coulees almost anywherc in the
field.



GEOGERAPHY. 9

TIMBER.

The distribution of timber throughout the field is irregular and
is controlled largely by the geology. In the areas underlain by the
Bearpaw and Claggett formations and the Lebo shale (see Pl X)
there are practically no trees except a few cottonwoods along
the creeks. In the areas underlain by the Lance formation, which
contains many sandstone beds, small pine trees are plentiful, being
especially abundant on the slopes. In the district underlain by the
upper division of the Fort Union, however, the heaviest growths of
timber occur, and there are many sections in T. 1 N., Rs. 37 and 38
E., that may properly be described as forested. Nearly all the trees
on the upland slopes are pines, cedars being rare and cottonwoods
being confined to the creek bottoms. Most of the pine is valuable
only for mine timber or other rough lumber or for firewood, as few
of the trees attain a diameter greater than 18 inches at the butt.

The field as a whole is fairly well grassed, with the exception of the
districts underlain by the Bearpaw and Claggett formations and the
Lebo shale. These strata, which consist chiefly of shale and are
therefore relatively impervious to surface drainage, contain a con-
siderable amount of alkali and give rise to an infertile soil. The
soil formed by the Lance formation and the sandstones of the Fort
Union is suitable for dry farming, though much of the land is badly
broken and very rough. At the time of the examination no attempt
had been made to cultivate any of the uplands. Practically all the
bottom land along the rivers and in the valleys of Tullock and Sarpy
creeks, however, is under cultivation.

COMMERCIAL RELATIONS.

The Northern Pacific Railway follows the meanders of Yellow-
stone River along the north border of the field and crosses Big Horn
River near its mouth, in T. 5 N., R. 3¢ E. The four small towns lo-
cated on the railway within the field, named in order from east to
west, are Sanders, Hysham, Myers, and Big Horn. Sanders, which
is one of the old stations, is near the mouth of Sarpy Creek. It con-.
sists only of a store, a post office, and cattle pens. Most of the trade
of Sarpy Valley goes to the newly established town of Hysham,
which is on the broad river flood plain in sec. 9, T. 6 N., R. 36 E.
The station and post office of Myers lies in sec. 23, T. 6 N., R. 35 E.,
where a bridge crosses the river and affords communication with
the broad, fertile Pease Bottom, on the north side. The town of
Big Horn is at the mouth of Big Horn River in T. 5 N, R. 34 E.,
and is the trading center for the surrounding river bottom. How-
ever, owing to the isolation of this bottom, which is almost inclosed
by impassable badlands, the town draws no trade from the outside,



10 TULLOCK CREEK COAL FIELD, MONT.

except a little from the lower part of Tullock Creek valley. Most of
the settlers in the valleys of Tullock Creek and Big Horn River are
supplied either at Custer, which lies on the Northern Pacific Rail-
way about 4 miles west of the Big Horn, or at Hysham.

The Chicago, Burlington & Quincy Railroad, which connects with
the Northern Pacifie at Huntley, passes around the south end of Pine
Ridge, crosses the Big Horn in T. 1 S, R. 33 E., and follows the
vulley of the Little Big Horn to the south. The railroad thus does
not enter the field, but it passes within 3 miles of the southwest cor-
ner. The thriving town of Hardin, on the railroad near the point
at which it crosses Big Horn River, draws some trade from the
southern part of the field. '

Before the great coal resources of the southern part of the Tullock
Creek field and the area to the south and east can be exploited
adequate railroad connection is essential. A spur road from the
Northern Pacific at Sanders, following Sarpy Creek, would be the
cheapest solution of this difficulty. In addition to rendering the rich
coal beds in the southern part of the field accessible, it would fur-
ther the development of the important beds in the northern part and
would open up a considerable area of fairly rich farm land.

The two main roads through the field follow Tullock and Sarpy
creeks. The Sarpy Creek road is used by the stage line running from
Hysham to the town of Sarpy, a small agricultural settlement on
East Sarpy Creek a few miles outside of the field. In addition to
these main thoroughfares there are several east-west trails which
cross the Sarpy-Tullock and Tullock-Big Horn divides. Travel is
more or less restricted by the very rough character of most of the
country outside of the creek bottoms, and all the ranches in the field
are situated either in these creek valleys or on the patches of bottom

land scattered along the rivers.

STRATIGRAPHY.
GENERAL SECTION,

The outcropping rocks in the Tullock Creek field belong to the
Cretaceous, Tertiary, and Quaternary systems. The Cretaceous is
represented by some 1,800 feet of the Montana group, which is
separable into the Claggett, Judith River, and Bearpaw formations.
The top of the Bearpaw is marked by a small erosional unconformity,
upon which rests the Lance formation, the upper part of which con-
tains the lower group of coal beds that crop out in this field. The
Fort Union overlies the Lance and contains the upper group of coal
beds. All these formations are covered in certain localities by river
gravel, which is probably of Quaternary age. The identification of
these formations is based on fossils collected by G. S. Rogers in 1912

=



and determined by T. W.

Gilmore.

STRATIGRAPHY.
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Stanton, F. H. Knowlton, and C. W.

The following composite section shows the general character of
the formations in this field : '

Composite geologic section of the Tullock Creek coal field.

Group snd Thick-
System and series. Pidies Aoy Character. oy
Feet,
Quaternary. Coarse gravel, sand, and silt. 0-90
Upper division. Sandy shale and clay shale, with con-
siderable sandstone in thick and prominent layers;
prevailingly yellow; contains several thick coal beds | 0-675+
which have aimost everywhere burned and reddened
Tertiary (Eocene | Fort Union forma- the overlying strata,
series). tion.
Lebo shale member, Soft shale with some sandy shale
and with abundant hard concretions in certain beds;
gray to dark gray; forms gentle barren slopes and di- | 25-155
minutive badlands; contains little good coal.
Tullock member, Shale, yellow to yellow-gray, with
abundant yellow or brown ssndstone, closely re-
serubling the yellow sandstone of the Fort Union; 300

Tertiary (?) (Eo-
cene (7?) series).

Lance formation.

contains many thin coal beds, which at no place are
extensively burned.

Lower division. Shale, light greenish to yellow, with

many heavy yeliow sandstone beds, especially in the 800
lower half; contains no coal.

Shale, dark gray to greenish gray, with abundant cal-
careous and richly fossiliferous concretions; giving
rise to an infertile soil.

Bearpaw

shale. 1,000+

Yellow to white sandstone, partly of fresh or brackish
water and partly of marine origin, separated by a 400?
considerable thickness of dark-gray marine shale.

Cretaceous (Upper
Cretaceous  se-
ries).

Judith River
formation.

Shale, dark gray to greenish gray, similar to the Bear-
paw shale.

Montana group.

Claggett shale. 400+

CRETACEOUS SYSTEM.

MONTANA GROUP.
DIVISIBILITY OF THE GROUP.

The Montana group is divisible in this field into three forma-
tions—the Claggett, Judith River, and Bearpaw. The Bearpaw
and as much of the upper part of the Claggett as is exposed in this
field consist entirely of dark-gray to greenish-gray marine shale.
The Judith River is apparently made up of two sandstone beds
separated by about 200 feet of shale similar to that of the Bearpaw
and Claggett.

Although the boundaries of these formations were mapped in the
field, it was at first be'.eved from paleontologic evidence that they
should be considered as a unit, under the name Pierre shale, inasmuch
as they represent the time interval of the Pierre. The few fossils
found in the sandstones were not considered sufficient to warrant
calling them Judith River, although they suggest this correlation;

46688—23——2
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moreover, although the marine faunas found above and below these
sandstones are distinct from each other and resemble the Bearpaw
and Claggett faunas, respectively, it was held that these names are
not applicable in an area in which the Judith River formation is not
developed as such. During the season of 1913, however, C. F.
Bowen ® examined the area directly north of this field and traced
the outcrop of the sandstones in question to a point at which their
correlation with the Judith River could no longer be considered
doubtful. Although the sandstone that crops out in the southwest
corner of the Tullock Creek field is probably twice as thick as that
exposed in the area north of the field, according to Bowen’s measure-
ments, there is no doubt that they are the same. The name Judith
River is therefore used in this report to designate the sandstones
and the intervening shale, and the name Bearpaw is applied to the
overlying marine shale. Reconnaissance studies by T. W. Stanton
indicate that the Eagle sandstone, which normally separates the
Claggett from the underlying Colorado shale, disappears some dis-
tance west of this field. The propriety of using the term Claggett
in an area in which Eagle sandstone is probably absent and in which
the Claggett is therefore lithologically indistinguishable from the
Colorado may be questioned ; but inasmuch as the Colorado does not
crop out in this field, the problem does not directly concern this
discussion, and the name Claggett is therefore employed.

At the top of the Bearpaw shale, as described below, there is an
inconspicuous zone of thin-bedded sandstone, on the eroded top of
which rests the massive fresh-water sandstone beds of the Lance
formation. This thin-bedded sandstone appears to grade down into
the marine shale of the Bearpaw, and no sharp line can be drawn
between them. It seems probable that’this zone represents the clos-
ing or shore facies of the marine Cretaceous and as such is directly
comparable with the Fox Hills sandstone of other areas. No fossils
were found in it, however, and Mr. Stanton reports that many of
the collections made in the underlying Bearpaw shale contain fos-
sils that also range up into the Fox Hills. Because of the lack of
fossil evidence to justify the separation of this zone, and because
of its thinness and its lack of a definite base, which preclude mapping
it as a separate formation, it is here treated as part of the Bearpaw
shale, though considered broadly it is probably equivalent to the
Fox Hills. -

CLAGGETT SHALE.

Only the upper part of the Claggett formation is exposed in this
field. This part is made up almost entirely of dark-gray shale con-
taining many orange-brown calcareous concretions. These concre-

8 Bowen, C. F., Possibilities of oil in the Porcupine dome, Rosebud County, Mont.:
U. S. Geol. Survey Bull. 621, pp. 61-70, 1915,
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tions are commonly arranged in layers; some of them are fossilifer-
ous, but they do not contain the wide range of invertebrate life
that characterizes the similar concretions of the Bearpaw shale. In
one or two localities small, thin lenses of shaly sandstone were
noticed, but the formation in this field is made up almost entirely
of shale.

Owing to the absence of distinct bedding planes, it is impossible
to measure the dip of these beds except along their contact with
Judith River sandstone. The thickness of that portion of the Clag-
gett exposed within the field is therefore not susceptible of accurate
measurement, but it is believed to be about 400 feet. The position of
the top of the Claggett is somewhat doubtful, as discussed below
under “ Judith River formation.”

The following fossils from these beds were determined by T. W.

Stanton, who states that the fauna represented is somewhat distinct
from that of the Bearpaw and is rather characteristic of the Claggett,
though most of the species have an extended vertical range:

No. 35. NW. 3 sec. 1, T. 1 S, R. 34 E. From concretions about 150 feet
below base of lowest exposed Judith River sandstone:
Inoceramus sagensis Owen.
Baculites ovatus Say ?
No. 37. SE. 3 sec. 23, T. 1 N, R. 33 E. From concretions 50 to 100 feet below
base of lowest exposed Judith River sandstone :
Baculites ovatus Say ? .
No. 40. SE. 4 sec. 23, T. 1 N, R. 33 E. From concretions 25 feet below base
of lowest exposed Judith River sandstone:
Syncyclonema sp.
Inoceramus barabini Morton.
Baculites ovatus Say.

JUDITH RIVER FORMATION.

GENERAL FEATURES.

The Judith River formation in this field is apparently made up
of two sandstone beds, each 75 to 100 feet thick, separated by 200
feet or more of dark-gray shale resembling the shale of the Clag-
gett and Bearpaw formations. In places, also, the sandstone beds
contain lenses of shale. The only good exposure of the Judith River
formation in this field is at the Brandt ranch, near the mouth of
Ninemile Creek, where the following sections were measured :

Section of Judith River formation at mouth of Ninemile Creek, in sec. 15,
T.1N,R. 33E.

Bearpaw shale. Feet.
Sandstone, yellow to brown, thin-bedded 12
Sandstone, yellow, massive 27
Shale, green and brown 18
Sandstone, yellow, massive 20

Shale (Claggett ?). —?



14 TULLGCK CREEK COAL FIELD, MONT.

Section of Judith River formation on Brandt ranch, at east quarter corner of
sec. 22, T. 1 N, R. 33 E.

Bearpaw shale. . Feet,
Sandstone, yellow, hard i 3
Sandstone, white, massive, shattered, containing brown con-
cretions 47
Sandstone, white, thin-bedded, and generally cross-bedded-.._. §
Sandstone, white, massive, shattered 24
Sandstone, yellow, hard ‘ - 1
Sandstone, white, massive, shattered, containing brown con-
eretionS o 23

Shale (Claggett?). _—
103

These sections were measured at two exposures about half a mile
apart. At the first locality the strata dip 12° N. 30° W, and at the
second about 11° N. 20° E., though the sandstone at this outcrop is
much shattered and these observations may not be accurate. Between
the two exposures the dark-gray shale seems to dip about 20° NW.,
but owing to its lack of distinct bedding planes and to the fact that
its outcrop is obscured by gravel, the apparent attitude of the shale
throws little light on the relations of the two sandstone exposures.
At this locality, however, the lithologic differences and also the dif-
ference in the thickness of sandstone exposed at the two points seem
to indicate two sandstone beds, separated by about 200 feet of shale.
On the other hand, the discrepancy in direction of dip is difficult to
explain, and at no point along the sandstone outcrop to the east is
there direct evidence of the existence of two sandstones. In this
district the surface of the ground is covered by river gravel, ex-
posures are poor, and the shale outcrops give no clue to the exact
structure. As shown in Plate X, the sandstone outcrops are dis-
tributed irregularly and may be considered either as belonging to one
sandstone bed set over by faults or as belonging to two sandstone
beds which do not happen to crop out in any one section. In this
district, therefore, the evidence is not conclusive; and if three normal
faults are postulated, all the known outcrops may be referred to one
bed. Most of the exposures mapped are very inconspicuous, but the
general sandstone zone may be followed by the hogback that it forms.
(See PL 1, 4.) ‘

On Yellowstone River about 2 miles east of Sanders a sandstone
bed crops out which resembles the one described in the first section
given above. Reasonably accurate measurements made in the two
districts indicate that both sandstones are about 1,000 feet below the
top of the Bearpaw shale, and there seems to be no doubt that these
exposures are of the same- bed. In the locality on Yellowstone River
only about 39 feet of the sandstone is exposed, its base being con-
- cealed by alluvium; but on the north bank of the river, directly op-
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posite, a thickness of about 75 feet is exposed. This sandstone was
traced by C. F. Bowen ? from this point several hundred miles to the
north and west and was found by him to be the upper of two sand-
stone beds separated by gray shale, the three members together con-
stituting the Judith River formation. There is no doubt that the
upper sandstone of the Judith River north of the Yellowstone is
identical with the sandstone that crops out at the mouth of Ninemile
Creek and is described above; and in view of the lack of evidence in
regard to the relations of the sandstone at that locality, it seems best
to consider this bed as the upper of two sandstones separated by shale.
Unfortunately, the validity of this assumption can be determined
only by an examination of the areas to the south and southwest of
this field.

LITHOLOGIC CHARACTER.

For the reasons set forth above, it is assumed tentatively that the
sandstone which crops out at the mouth of Ninemile Creek repre-
sents the upper part of the Judith River formation, and that it is
separated by about 200 feet of shale from the sandstone which crops
out at the Brandt ranch, in sec. 22, and which is taken to represent
the basal part of the formation. The upper sandstone is yellow,
arkosic, and for the most part thick bedded and closely resembles
the thick sandstone beds of the lower part of the Lance formation.
It exhibits decided cross-bedding, both regular and irregular; it con-
tains conglomeratic swirls suggestive of fresh-water origin; and it
carries fragments of leaves, plant stems in a vertical position, and
bone fragments, some sharp-edged and others waterworn. This
sandstone is believed to be identical with the one that crops out on
Yellowstone River, which is a light-yellow thick-bedded arkosic
sandstone containing many thin, hard lenses and characterized by a
pitted surface. It carries some small fragments of bone and a few
shark teeth. No diagnostic fossils could be found in the upper sand-
stone at either locality, nor were any collected from the shale that
separates it from the lower sandstone. This shale is dark gray and
is indistinguishable from the Bearpaw and Claggett shales; it is
doubtless of marine origin. The lower sandstone bed differs from
the upper in being white rather than yellow and in consisting more
largely of quartz. Cross-bedding is rare, and only the regular type
was observed.

PALEONTOLOGIC CHARACTER.

In the SW. % sec. 23, T. 1 N., R. 33 E., the lower sandstone carries
dark-red limonite concretions that contain leaf impressions, but none
that were recognizable. At this locality, however, a small collection

2 Op. cit.
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of invertebrate shells was made, which are described by Mr. Stanton
as follows:

No. 36. Sec. 23, T.1 N, R. 33 E.:

Lingula sp.

Liopistha undata Meek and Hayden.

Fragment of sandstone containing Sphaerium, Physa, and other fresh-
water shells in the form of casts.

The first two forms named are marine species not distinctive of
any restricted horizon in the Montana group. The fresh-water shells
occurred in a single hand specimen, which is probably a concretion
but which may be a boulder derived from some older formation. No
recognizable fossils were collected from the upper sandstone at this
point, but its lithologic character, together with the presence of bone
fragments and plant stems, indicates that it is largely of fresh-water
origin. The upper sandstone on Yellowstone River, however, con-
tains shark teeth, which imply a marine origin.

These apparently conflicting observations are in accord with those
of C. F. Bowen in the district north of Yellowstone River. On the
west side of the so-called Porcupine dome, or everywhere west of the
108th meridian, the Judith River is a fresh-water formation; on the
east side of this dome, or along the 107th meridian, it is of marine
origin. The transition zone, according to Bowen, lies between these
lines, and probably about halfway between; this is almost exactly the
longitude of the Judith River area in the southwestern part of the
Tullock Creek field. As stated above, the fossils collected from the
lower sandstone in that locality are about equally divided between
fresh-water and marine types, while the upper sandstone is believed to
be largely of fresh-water origin; the exposure on Yellowstone River,
which is near the 108th meridian, yielded only marine shark teeth.
The fossil evidence in this field is meager, though corroborated by
the lithologic evidence; but both are consonant with the more ex-
tended observations of Bowen in the area to the north. It may
therefore be concluded that during Judith River time the sea re-
treated east about as far as the center of this field, but that the strand
line oscillated back and forth across the western boundary and that
much of the sediment deposited in that locality was laid down under
marine conditions.

BEARPAW SHALE.

GENERAL CHARACTER,

The Bearpaw is made up almost entirely of dark-gray marine
shale with an abundance of orange-brown calcareous concretions.
These concretions, which are commonly arranged in irregular
layers, are highly fossiliferous and contain a wide range of inverte-
brate life. At one or two places small, thin lenses of shaly sandstones

LS
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were observed, but these are relatively inconspicuous. At the top of
the Bearpaw is a zone of thin-bedded sandstone ranging in thick-
ness from 20 to 50 feet. This zone evidently represents the closing
or shore facies of the marine Cretaceous and as such is comparable
with the Fox Hills, though for the reasons given above it was map-
ped as part of the Bearpaw.

The country underlain by the Bearpaw in the southwestern part
of the field is fairly rough, although the total relief is not great.
It is possible that the resistant sandstones of the Lance were re-
moved by erosion in this area only at a comparatively recent date
and that the present erosion of the soft Bearpaw shale has not yet
progressed far enough to lend the country the flat appearance
which is characteristic of the formation in other areas. (See Pl
I, 4.) Along the Yellowstone the relief is low and the hills are
rounded, but the surface becomes steeper and rougher as the dis-
sected edge of the Lance beds is approached. The districts under-
lain by the Bearpaw and Claggett formations are marked off
sharply from the Lance areas by their lack of trees and their
general sterility.

THICKNESS AND LIMITS.

The thickness of the Bearpaw shale is about 1,000 feet, as shown
by measurements made in both the southwestern and northeastern
parts of the field. Conditions are not favorable for accurate meas-
urement, however, at either place. Notwithstanding the thickness
of the Bearpaw, its outcrop in the southwestern part of the field is
limited to a narrow zone, owing to the steep dip of the strata. On
the Yellowstone the formation is brought to the surface by a'dip of
less than 3°, and its outcrop in this area does not extend more than
4 miles south of the edge of the bottom land.

The base of the Bearpaw is marked by the top of the upper sand-
stone of the Judith River formation. The top of the Bearpaw is
here considered the top of the zone of thin-bedded sandstone, or the
base of the Lance formation. The contact of this zone of thin-bedded
sandstone with the basal sandstone beds of the Lance, though some-
what obscure because of the general lithologic similarity of the two,
appears to be irregular. Thus near the mouth of Boxelder Creek
there is an exposure showing the basal sandstone of the Lance filling
what seems to be an erosion channel in the top of the Bearpaw.
Along the railroad tracks in secs. 21 and 29, T. 6 N., R. 35 E., there
are several places at which the Lance seems to rest on an indented
surface. The relief of this old surface, however, is not more than 20
or 30 feet at any point observed. At Oldhorn bottom, in T. 2 N.,
R. 33 E., the Lance seems to rest on a somewhat irregular surface,
and in this locality a discrepancy in dip of 1° or 2° was noticed.
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PALEONTOLOGIC CHARACTER.

The fossils found in this formation constitute a typical Bearpaw
fauna. The following fossils were collected from the Bearpaw at
the localities and horizons noted and were identified by T. W.
Stanton :

No. 3. Sec. 5, T. 1 8., R. 35 E,, near middle of formation:
Baculites compressus Say.
No. 4. Sec. 6, T.1 8., R. 35 E., about 300 feet above base of formation:
Inoceramus barabini Morton.
Trigonarca (Breviarca) exigua Meek and Hayden.
Nucula subplana Meek and Hayden ?
Leda scitula Meek and Hayden.
Leda sp.
Lucina occidentalis (Morton).
Mactra gracilis Meek and Hayden.
Nautilus dekayi Morton.
Scaphites nodosus Owen.
Placenticeras intercalare Meek and Hayden.
No. 5. Sec. 31, T. 1 N,, R. 35 E,, about 300 feet below top of formation:
Inoceramus barabini Morton. )
No. 24. Three-fourths mile west of Myers, Mont., from shale about 30 feet
below base of Lance formation:
Nucula cancellata Meek and Hayden.
Protocardia subquadrata (Evans and Shumard).
Mactra? sp.
Pholadomya sp.
No. 34. Sec. 26, T. 1 N, R, 34 E, from concretion at about middle of
Bearpaw :
Ostrea sp.
Leda sp. .
Mactra gracilis Meek and Hayden.
Anchura americana (Evans and Shumard) ?
Baculites compressus Say.
Placenticeras sp.
No. 38. SE. % sec. 26, T. 1 N,, R. 34 E,, from concretions about 150 feet above
base of Bearpaw:
Inoceramus barabini Morton.
Mactra gracilis Meek and Hayden.
Cerithium? sp.
Amauropsis paludinaeformis (Hall and Meek).
Scaphites nodosus Owen.
No. 39. Sec. 26, T. 1 N.,, R. 34 E,, from concretions about 300 feet above base
of Bearpaw:
Micrabacia americana Meek and Hayden.
Chlamys nebrascensis Meek and Hayden.
Syncyclonema rigida (Hall and Meek).
Trigonarca (Breviarca) exigua Meek and Hayden.
Leda scitula Meek and Hayden.
Nucula subplana Meek and Hayden.
Lucina subundata Hall and, Meek.
Mactra gracilis Meek and Hayden.

o~ -
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Cuspidaria moreauensis Meek and Hz'lyden?
Corbula sp.

Dentalium sp.

Lunatia occidentalis Meek and Hayden?
Xenophora sp.

Anchura sp.

Actaeon? sp.

Haminea? sp.

Cylichna sp.

Baculites compressus Say.

Scaphites nodosus Owen.

TERTIARY (?) SYSTEM. - ’
LANCE ].‘;ORI\IATION.
AGE AND DIVISIBILITY OF THE FORMATION.

There has long been doubt as to whether the Lance formation
should be considered the initial formation of the Tertiary system or
the last formation of the Cretaceous. A review of the evidence in
1914 resulted in the decision by the United States Geological Survey
to refer it tentatively to the Tertiary.

The Lance formation in the Tullock Creek field is divisible into
two parts—an upper coal-bearing member about 300 feet thick, to
which the name Tullock member is here applied, and a lower undif-
ferentiated portion about 800 feet thick. The absence of coal in the
lower part of the Lance constitutes the most striking difference be-
tween the two divisions, the other lithologic distinctions, though
constant through the field, being less conspicuous. In addition,
fossils are much more rare in the Tullock member than they are in
the lower part of the Lance, and such fossils as were found indicate
a slightly different form of fauna.

LOWER PART OF THE LANCE FORMATION.

GENERAL CHARACTER.

The lower part of the Lance formation is made up of sandstone
and shale having a general yellowish to greenish-yellow color. This
part contains no coal, though lenses of black carbonaceous shale
have been found in it. The strata are calcareous in many places, and
nearly all the specimens collected react more or less strongly with
acid, though no true limestone was observed. The sandstone beds
of the lower part of the Lance resemble in a general way those of
the Tullock member, but the shale has a distinctly greenish-gray tint,
whereas the shale of the Tullock member is commonly yellow with
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many brown carbonaceous streaks. The general greenish cast of the
lower part of the Lance, though faint, is yet sufficient to enable the
observer to distinguish it from the overlying Tullock member at a
distance of several miles.

The districts in which the lower part of the Lance formation out-
crops are generally rough, and some of them are almost impass-
able to a man on horseback. Examples of this extremely broken
country are the district between Myers and the mouth of Unknown
Creek and the area known as the Devils Pocket, in T. 2 N., R. 34 E.
The roughness of these areas, however, is due to their intricate dis-
section rather than to actual relief, and when viewed from the bold
escarpment of the Tullock member of the Lance they appear almost
flat. An exception to the common physiographic expression of the
lower part of the Lance is found on Tullock Creek in the southern
part of the field, where the districts in which these beds crop out are
for the most part gently sloping and grass covered.

THICKNESS AND LIMITS.

The areal distribution of the lower part of the Lance formation
is greater than that of any of the other units mapped. (See Pl X.)
The entire thickness of these beds is not exposed in any accurately
measurable section. Levels were carried from the base of the Tullock
member at the head of East Corral Creek to the contact of the Lance
with the Bearpaw shale 3 miles farther north, and corrections were
made for the dip. These calculations show the lower part of the
Lance to have a thickness of 810 feet, which is believed to be very
nearly correct.

The top of the lower part of the Lance 1s the base of coal bed A,
the lowest coal bed in the field. This bed is persistent and easily
recognizable in the middle and western parts of the field, but east of
Sarpy Creek it is very thin or absent and its horizon is not easy to
locate. In this part of the field, therefore, the top of the lower part
of the Lance is considered to be 35 feet below coal bed C, which is
persistent in this district, or at the approximate horizon of bed A.
The absence of bed A in the eastern part of the field may indicate
that the lower or non coal-bearing portion of the Lance becomes
thicker to the east, but it was thought best to disregard this possi-
bility and to map its top at the same stratigraphic level throughout
the field. .

The base of the Lance formation is not conspicuous at any locality
in the field, being obscured by a zone of thin-bedded sandstone that
forms a lithologic transition to the Bearpaw shale below. It is
believed, however, that this thin-bedded sandstone represents the
shore facies of the marine Cretaceous, and the line mapped at the

A
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base of the Lance is therefore the top of this zone, which is usually
overlain by yellow thick-bedded fresh-water sandstones. As already
stated (p. 12), an erosional unconformity at this horizon was noted
in the northern part of the field, and there appears to be also a slight
angular unconformity in the southwestern part.

LITHOLOGIC CHARACTER.

In the northwestern part of the field, especially on Unknown
Creek, in T. 5 N, R. 35 E., the 300 feet of strata immediately under-
lying the Tullock member are chiefly shale, whereas in the basal
500 feet of the formation sandstone is very prominent. Typical
views of these two divisions are shown in Plate II. The shale of
the upper division is greenish gray, resembling in a general way
the Bearpaw shale, and the few sandstone beds in this part of the
formation are thin and lenticular and generally do not crop out.
Fossil collections 17, 18, 21, and 26, described below, were made in
this shale and consist entirely of fresh-water shells. In the basal
part of the formation fossils are more abundant (see collections 14
to 16, 25, 27 to 32) and comprise not only shells but bone fragments.
The sandstone beds of the lower division, which are thick and form
prominent outcrops, are strikingly cross-bedded in many places and
also exhibit conglomeratic swirls. In one or two places small lenses
of coal an inch or two thick were observed. The sandstone layers
are interbedded with shale, which is generally greenish gray, though
yellowish and even reddish beds are not uncommon. These facts
seem to indicate that during the deposition of the lower part of the
formation fresh-water conditions alternated with subaerial condi-
tions, and that during the deposition of the upper 300 feet more
uniform fresh-water conditions prevailed. The differences between
the two divisions are so striking in the district around Unknown
Creek, where the geologic mapping was started, that an attempt was
made to map them as separate members of the Lance formation, but
it was found that the distinctions noted there do not hold in other
parts of the field. In fact, conditions are reversed locally in the
southern part of the field, as shown by the partial stratigraphic
sections in the descriptions of Tps. 2 and 3 N., R. 3¢ E. The basal
part in that locality is shaly, and the upper part more sandy. The
Lance strata below the Tullock member are therefore shown as a
unit.

The great predominance of shale in the upper 300 feet of the lower
part of the Lance is shown in the following detailed section,'® meas-
ured on Unknown Creek. The second section was measured near

10 An additional partial section of these beds is given in the detailed description of
T. 4 N,, R. 35 &, pp. 113-114,
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Myers and shows the basal part of the Lance formation. Inasmuch
as the lower part of the Lance is 810 feet thick, these two sections
overlap, the lower 320 feet of the first being presumably identical
with the upper part of the second.

+

Btratigraphic section of lower part of Lance formation measured along
Unknown Creek in secs. 7 and 21.

[For lists of fossil collections see pp. 26-29.]

Coal bed A (base of Tullock member of Lance formation). Feet.
Shale, yellowish gray, sandy. — 24
Sandstone, white - 10
Shale, white, gray, green, and brown, variegated..._._________ 82
Shale, yellow-brown, calcareous, concretionary. ... __ ... 2
Shale, white 4
Sandstone, white, soft, massive_ 11
Shale, grayish green : 32
Sandstone, white, massive, with brown sandstone layer on top

(collection 18, at top) 10
Shale, gray and greenish (collection 17) 17
Concealed, probably all shale (collection 21, near middle).... 95 :
Shale, gray and green, with several brown sandstone lenses,

1 to 2 feet thick 31
Shale, gray and green, mostly covered 20

Sandstone, yellow, massive, cross-bedded. About 8 feet from
bottom is a 1-foot layer of conglomerate (sandstone and
shale pebbles, rounded to subangular, as much as 4 inches
in diameter. Collection 14, at base) __ - 28

Shale, greenish, sandy, with 1-foot carbonaceous streak at top. 12

Sandstone, yellow, soft 5

34
6

Shale, yellowish, sandy, with lenses of soft yellow sandstone._.
Sandstone, yellowish, shaly.

Shale, greenish to yellowish, sandy 17
Shale, gray, concretionary, calcareous 12
Shale, green to gray, sandy to pure (collection 15) __________ 19
Sandstone, brown, hard, thin-bedded 2

Sandstone, yellow, soft, massive, with lens of hard brown
sandstone 2 feet above base (collection 16, 2 feet above

base) _- - — — — 11
Shale, gray, sandy 23
Shale, green - 8
Shale, reddish brown —_ 2
Shale, gray, sandy _— 6

Sandstone, yellow, soft, mostly massive, with some hard thin-

bedded brown layers 30
Shale, gray, with several thin sandstone lenses_____ . _____ 32
Sandstone, yellow, soft, massive 16
Sandstone, brown, hard, thin-bedded, cross-bedded . _____ 2
Sandstone, yellow, fairly hard, thin-bedded, cross-bedded______ 10

Bottom, alluvium of Unknown Creek. _—
608



U. S. GEOLOGICAL SURVEY BULLETIN 749 PLATE I

A. HOGBACK FORMED BY SANDSTONE OF THE JUDITH RIVER FORMATION.

Looking northwest from sec. 22, T.1 N., R. 34 E.

B. SCULPTURING OF SOFT WHITE SANDSTONE CAPPED BY HARD BROWN CON-
CRETIONARY LAYER, OVERLYING COAL BED D IN THE TULLOCK MEMBER
OF THE LANCE FORMATION, WEST BEAR CREEK, SEC. 12, T. 4 N., R. 36E.



U. 8. GEOLOGICAL SURVEY

BULLETIN 749 PLATE II

A.

Showing the abundance of sandstone strata in the basal part of the Lance formation.

GUY’S BLUFFS, ON YELLOWSTONE RIVER 4 MILES NORTH OF BIG HORN.

pare PL. 11, B.)

(Com-

B

MIDDLE PORTION OF LANCE FORMATION 3 MILES ABOVE MOUTH OF
UNKNOWN CREEK, SEC. 15, T. 5 N,, R. 35 E.

Showing almost entire absence of sandstone.

(Compare PL I, A.)

A



U. S. GEOLOGICAL SURVEY BULLETIN 749 PLATE III

A. TYPICAL ESCARPMENT FORMED BY THE TULLOCK MEMBER OF THE LANCE
FORMATION ON WEST CORRAL CREEK, SEC. 33, T. 5 N., R. 36 E.
(Compare PL 111, B.)
-
-
Lo
B. BUTTE FORMED BY THE UPPER DIVISION OF THE FORT UNION FORMATION
AT THE HEAD OF PASSAGE CREEK, SEC. 32, T. 3 N, R. 38 E.
In this locality these strata contain only thin coal beds, which are not burned on the outcrop.
Note their great similarity to the beds of the Tullock member of the Lance formation, as
shown in Plate III, A, and compare also with Plate V, A, showing the upper division of the
> Fort Union in the southern part of the field.
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Stratigraphic section of lower part of the Lance formation on bluff a quarter
of a mile southeast of Myers, in sec. 14, T. 6 N., R. 35 E.

Feet.
Shale, greenish ___ 30
Sandstone, yellow, massive - - 60
Shale, greenish gray 118
Sandstone, yellow, massive, with brown lenses_______________ 10
Shale, gray, sandy 16
Sandstone, yellow, massive, with brown cap - —____ 12
Sandstone, gray, soft, shaly e B
Shale, gray————________ 10
Sandstone, yellow, fine-grained, hard 1
Shale, variegated, gray, green, brown, and yellow__._.._____.__ 10
Sandstone, yellow, massive, with brown eap.-_— . —_____ 9
Sandstone, yellow, massive 15
Shale, yellow, gray, sandy. -— 25
Sandstone, massive 20
Shale, yellow. 35
Sandstone, yellow, massive, with 1-foot harder cap_ . ___ 51
Shale, gray. i 47
Sandstone, yellowish, bedded . 18
Shale, yellow. 17
Sandstone, yellow, massive 10
Bearpaw shale, with 20 to 30 feet of thin-bedded sandstone
at top. —_
519

The sandstone of the lower part of the Lance is, for the most
part, soft and yellow, occurring in beds from 1 to 50 feet thick.
All the sandstone is arkosic, most of it containing a large propor-
tion of feldspar. Thin sections of the rock from several typical
beds revealed the general angular or subangular character of the
grains. Some of the feldspar is almost entirely fresh, though gen-
erally it is more or less kaolinized. Some of the beds also contain
a large amount of biotite and hornblende, and these minerals
are so conspicuous in places that they give the sandstone the ap-
pearance of a weathered granite. Most, of the sandstone beds con-
tain irregular swirls of conglomerate, in which the pebbles are
mostly of yellow sandstone and generally subangular or rounded.
These pebbles are not highly indurated, and most of them are prob-
ably no older than the Cretaceous. Many of the Lance sandstone beds
have an irregular layer of the same kind of conglomerate at the
base.

Through the soft yellow sandstone beds are scattered numerous
lenses of hard gray sandstone which on weathering tend to stand
out prominently. In wind-eroded columns these lenses form the
“mushroom heads” common in semiarid regions (see Pl I, B).
In most places, also, the Lance sandstone beds are characterized by
the formation of rim rocks or cap rocks. The upper few feet of a
thick sandstone bed, or the whole of a thinner layer, becomes case-
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hardened by some process of weathering, possibly the solution of
silica by ground water and its precipation by evaporation at the
outcrop. Wind erosion then cuts back the underlying softer layers,
leaving a hard projecting cap rock. At some horizons, however,
this condition is so prominent and so general as to suggest that it is
due partly to the hardening of the surface by exposure before it
was covered by the succeeding bed. Some beds of sandy shale have
been subjected to similar hardening, with the production of the
same but less pronounced phenomena. The process of formation is
probably different in different localities, but the development of
cap rocks is so common as to be characteristic of the whole Lance
formation.

The cap rocks in certain localities are very persistent, and in con-
junction with the soft yellow sandstone beneath they form prominent
escarpments that are impassable for considerable distances. Such
a condition prevails near the mouth of Unknown Creek, in T. 5 N.,
R. 35 E., and also in many other parts of the field. In general, how-
ever, the sandstone beds appear lenticular and can be traced only 2
or 3 miles, and in many places a sandstone 30 or 40 feet thick dis-
appears within 300 feet. This appearance of discontinuity, however,
is not always borne out on close examination ; it may be due primarily
to the lithologic character of the sandstone and the effect on it of
weathering. Most of the sandstone is decidedly arkosic and contains
a considerable proportion of feldspar and mica. Most of the quartz
grains are very fine. Under certain conditions of weathering the
sandstone stands out prominently and the character of the bed is
clearly evident, but under other conditions, as where the bed is not
protected by a cap rock, it is washed down in talus slopes. The
feldspar then weathers to clay, and the fine quartz sand is generally
so inconspicuous that the derivation of this material from a sandstone
is not apparent. In some places these two forms of weathering may
be observed in sharp contact, as on opposite sides of a small gully, so
that a fault is strongly suggested. On the other hand, there are
many examples of such differences which can be explained only on
the ground that the sandstone is actually lenticular. Such variations
in the character of the beds are probably produced chiefly by the
interpolation of thin lenses of different material rather than by
sharp gradation from pure sand to pure shale throughout the thick-
ness of the thick beds. Plate IX, A4, shows a thick sandstone bed
partly replaced by thin-bedded sandstone and shale within a very
short distance; although this particular sandstone is in the Tullock
member of the Lance, the irregularity shown is typical of the whole
formation. However, though there can be no doubt that some beds
actually grade from sand to shale within short distances, this is
thought to be the exception rather than the rule.
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That the apparent discontinuity of some of the sandstones is due
to weathering is indicated by a study of the general conditions of
outerop throughout the field. As already explained (p. 6), plant
growth is generally scanty on the southern and western slopes of
the hills, and exposures are therefore good. Erosion is so rapid on
these slopes that even the softer sandstone beds tend to form cliffs,
the products of disintegration being removed before they accumu-
late as talus slopes. The northern and eastern slopes, however, are
generally grassed over, and if sandstone is exposed at all its out-
crop is usually inconspicuous. For this reason the steep southein
and western slopes have the appearance of being decidedly more
avenaceous than those facing the north and east, but this is really
not the case. As another instance of the same process, it may be
mentioned that sandstone beds exposed near the tops of the ridges
resist weathering to a greater degree than those occupying positions
on the Jower slopes, owing in part at least to the accumulation of
débris on the lower slopes, which tends to prevent the surface hard-
ening of the sandstone. This condition is well displayed in the
lower valley of Sarpy Creek. Any given sandstone bed near the
top of the ridge crops out prominently, but as the southerly dip
carries this bed to lower levels, conditions of weathering become less
favorable to a strong outcrop and the bed when viewed from a
distance appears to pinch out. All the formations that crop out in
the field are, of course, subject to these rules, but because of the
abundance of soft sandstone in the Lance, these conditions are most
strikingly developed in that formation.

Much of the sandstone of the Lance formation is strikingly cross-
bedded and contains numcrous conglomeratic swirls. In places,
however, the sandstone laminae are so steeply upturned—locally
even contorted—that it is difficult or impossible to account for the
phenomenon as being due to cross-bedding. A typical example of
this kind is shown in Plate VI, 4, which shows a sandstone 75
feet below the base of the Tullock member. A local thrust, due
possibly to slumping before the consolidation of the beds, might
be postulated to explain this condition in isolated localities, but
the phenomenon is common and widespread. In a sandstone that
crops out in a cut bank on West Bear Creek the writers observed a
condition which seemed to throw light on the problem. The sand-
stone at this place is distinctly cross-bedded, but the cross-bedding is
regular and at an angle of 30°. In the lower part of the bed, how-
ever, traversing the true cross-bedding and practically obliterating
it, are undulating bands or fine parallel sheets of iron-stained and
cemented sand grains less than one-eighth of an inch thick. These
are distinctly a secondary development, and, in fact, their forma-
tion at this point is probably still in progress. Although the bands
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are merely undulatory and not highly contorted and weathered into
prominence, as in the sandstone shown in Plate VI, A4, it is believed
that their mode of formation is identical. To this pseudo cross-
bedding, so common in the Laice sandstone beds, is thus assigned a
concretionary origin, though it is only where the process is still
going on that its nature can be definitely worked out.

PALEONTOLOGIC CHARACTER.

The lower part of the Lance formation contains many fossils,
chiefly fresh-water shells but in the basal part of the formation
many bone fragments as well. The shells were examined by T. W.
Stanton, who says: “ The collections numbered 17, 26, and 30 con-
tain species that are believed to be characteristic of the Lance fauna,
and all the other lots are believed to indicate the same general fauna,
although they do not include such definitely characteristic species.”
The following lists give the forms recognized in each lot and the
approximate location and horizon of each:

No. 2. Northeast corner of sec. 36, T. 1 N, R. 35 E., from shale bed about
400 feet below base of Tullock member :
Sphaerium sp.
Physa sp.
Goniobasis tenuicarinata Meek and Hayden.
No. 6. NE. } sec. 12, T. 1 N,, R. 34 B, from shale bed about 25 feet below
base of Tullock member:
Unio sp.
Sphaerium sp.
Physa sp.
Limnaea? sp.
Viviparus sp.
Goniobasis tenuicarinata Meek and Hayden.
No. 8 Sec. 28, T. 2 N,, R. 34 E,, from sandstone about 75 feet below base of
Tullock member :
Sphaerium sp.
No. 10. SE. § sec. 7, T. 3 N,, R. 35 E,, from conglomerate about 60 feet below
base of Tullock member :
Limnaea sp.
Physa sp., related to P. copei White.
Goniobasis tenuicarinata Meek and Hayden.
Viviparus sp.
No. 11. SW. % sec. 10, T. 4 N., R. 35 E,, from bluish shale about 100 feet below
base of Tullock member :
Sphaerium sp.
Goniobasis tenuicarinata Meek and Hayden.
No. 12. SE. § sec. 9, T. 4 N,, R. 35 E,, from dark shale about 200 feet below
base of Tullock member:
‘Sphaerium sp.
Physa sp.
Columna? sp.
Viviparus? sp.
Goniobasis tenuicarinata Meek and Hayden:
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No. 14. SE. } sec. 12, T. 5 N, R. 34 E,, from conglomerate at base of heavy
sandstone 365 feet below base of Tullock member Sandstone contains bone
fragments also:

Unio sp.

Sphaerium sp.

Campeloma?

Viviparus sp.

Goniobasis tenuicarinata Meek and Hayden.

No. 15. Sec. 12, T. 5 N., R. 34 E., from dark shale 450 feet below base of Tul-
lock member :

Sphaerium sp.

Physa sp.

Planorbis sp.

Columna? sp.

Goniobasis tenuicarinata Meek and Hayden. i

No. 16. Sec 12, T. 5 N,, R. 34 E., from sandstone 480 feet below base of Tul-
lock member. (See also collection 28, listed below)

Sphaerium sp.
Viviparus sp.
Goniobasis tenuicarinata Meek and Hayden.

No. 17. 8ee. 7, T. 5 N,, R. 35 E., from cap rock of heavy-bedded yellow sand-
stone 190 feet below base of Tullock member :

Sphaerium sp.

Unio sp., casts of two or more species of Lance types.
Campeloma multilineata Meek and Hayden.
Goniobasis tenuicarinata Meek and Hayden.
Tulotoma thompsoni White.

No. 18. Sec. 21, T. 5 N, R. 35 E., from sandstone 175 feet below base of Tul-

lock member :
Unio sp.
Sphaerium sp.
Physa sp.
Limnaea sp.
Campeloma? sp.
Goniobasis tenuicarinata Meek and Hayden.

No. 21. Sec. 27, T. 5§ N,, R. 35 E., from bluish shale about 250 feet below
base of Tullock member.

Unio sp.

Sphaerium sp.

Viviparus sp.

Columna? sp.

Helix? sp.

Goniobas’s tenuicarinata Meek and Hayden.

No. 25. Three-fourths of a mile west of Myers, Mont,, from base of sandstone
about 200 feet above base of Lance formation:

Sphaerium sp.
Goniobasis tenuicarinata Meek and Hayden.

No. 26. Sec. 17, T. 5 N,, R. 35 E., from conglomerate about 275 below
base of Tullock member:

Unio sp., short form.

" Sphaerium sp.

Campeloma multilineata Meek and Hayden.
Tulotoma thompsoni White,

46688—23——3
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" No. 27. NW. % sec. 28, T. 6 N, R. 35 E., from base of sandstone which
yielded collection 25, about 200 feet above base of Lance formation.
Sphaerium sp.
Viviparus sp.
Goniobasis tenuicarinata Meek and Hayden.

No.28. Sec. 12, T. 5 N.,, R. 34 B, from sandstone which yielded collection
16, 480 feet below base of Tullock member. This bed also contains bone frag-
ments (see below).

Unio sp.

Sphaerium sp.

Physa sp.

Campeloma multilineata Meek and Hayden?

Goniobasis tenuicarinata Meek and Hayden. ]

No. 29. Near west quarter corner sec. 7., T. 5 N.,, R. 35 E., from sand-
stone which yielded collection 14, 365 feet below base of Tullock member. This
bed contains bone fragments also.

Unio sp. cf. U. stantoni White.
Campeloma multilineata Meek and Hayden.
Goniobasis tenuicarinata Meek and Hayden.
No. 30. NE. } sec. 13, T. 5 N,, R. 34 E,, from sandstone about 300 feet below
base of Tullock member This bed carries bone fragments also.
Unio verrucosiformis Whitfield.
Unio percorrugata Whitfield?
Unio holmesianus White. )
Unio sp. )
Sphaerium sp.
. Physa sp.
Limnaea? sp.
Viviparus sp.
Campeloma multilineata Meek and Hayden.
Tulotoma thompsoni White.
No. 82. NE. 1 sec. 28, T. 4 N, R. 34 E,, from shale bed about 450 feet below
base of Tullock member :
Sphaerium sp.
Physa sp.
Goniobasis tenuicarinata Meek and Hayden.

No. 33. SE. % sec. 14, T. 4 N,, R. 34 E., from shale bed about 60 feet below
base of Tullock member :

Unio sp.

Sphaerium sp.

Physa sp.

Viviparus sp.

Goniobasis tenuicarinata Meek and Hayden.

The sandstone beds near the base of the Lance contain many frag-
ments of bone, most of which are unrecognizable. The following
collections were examined and identified by C. W. Gilmore:

No. 7. NW. % sec. 17, T. 1 N., R. 35 E.. from shale lens in sandstone, about 50

feet below base of Tullock member:
Horn core and other fragments of the skull of a ceratopsian, probably

Triceratops.
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No. 14. Sec. 1§, T. 5 N, R. 35 E.,' from sandstone about 325 feet below base
of Tullock member:
Fragments of fossil bone, not determinable. )
A worn fragment of a tooth which is doubtfully regarded as pertaining
to a ceratopsian.

No. 28. SW. } sec. 7, T. 5 N, R. 35 E,, from base of sandstone, about 480 feet
below base of Tullock member. (This sandstone also yielded collection 16,
listed above.)

Tooth of a ceratopsian.
Fragmentary limb bone of Champsosaurus.
Fragment of turtle shell, not determinable.

In addition to the above-named fossils, several specimens of a rare
plant form were collected from the bed that yielded collection 7.
This fossil was found in close association with the horn core and
other fragments of the skull of the ceratopsian. F. H. Knowlton
identified these specimens-as the fruits of a species of Ficus* to
which he has given the name 7. ceratops. This fossil was hitherto
known only at the type locality in Converse County, Wyo., where it
is associated with the remains of 7'riceratops. A very closely related
species, F. russelli, has, however, been found at Forsyth, about 25
miles northeast of the locality at which collection 7 was made. Both
of these species are regarded as diagnostic fossils of the Lance
formation. '

TULLOCK MEMBER,

GENERAL CHARACTER.

The upper member of the Lance formation—herein named Tul-
lock member, from its exposures in the valley of Tullock Creek—is
made up of yellowish sandstone and shale and contains ten more or
less lenticular coal beds. The rocks resemble the lower portion of
the Lance in a general way, but certain differences are apparent on
close examination. Although the sandstone is lithologically similar
to that in the lower part of the formation, it commonly occurs in
beds less than 20 feet thick. These beds, however, seem to be more
persistent than the thicker ones that are common in the lower part
of the Lance. Much of the sandstone and shale is more or less cal-
careous, but true limestone was observed at only one point. The
shale is for the most part yellowish gray to brownish, and the faint
greenish tint so characteristic of the shale in the lower part of the
Lance is very uncommon. Many bands of carbonaceous shale are
present in the Tullock member, and these also help to give it a
brownish-yellow cast. The bare western and southern slopes of the
buttes formed by these beds are sometimes referred to by the settlers
as “buckskin hills,” a term which very aptly describes their color.
Plate 111, A, shows a typical exposure of the Tullock member.

1 Knowlton, F. H., Description of two new fossil figs from Wyoming and Montana :
Torrey Bot. Club Bull., vol. 38, pp. 380-392, 1911.
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The outcrop of this member is generally marked by a steep escarp-
ment. Apparently the rocks are much more resistant than those in
the lower portion of the Lance, especially that predominantly shaly
portion which in many localities immediately underlies it. The
Tullock member is overlain by the relatively soft Lebo shale member
of the Fort Union, which weathers down to gentle slopes, and in
many places in the field erosion has reached the stage at which prac-
tically the whole thickness of the Tullock member is exposed within
a zone 1,500 feet wide. (See Pl X.) This stage has been reached
along the west side of the Tullock-Big Horn divide, where the
escarpment formed by this member is very bold and striking. Along
Sarpy and Tullock creeks the escarpment has been more or less dis-
sected by the tributary streams and is somewhat less conspicuous.
On the north ends of the main divides the outcrop of the Tullock
member is obscured by a heavy mantle of river gravel and is only
moderately steep.

THICKNESS AND LIMITS.

The thickness of the Tullock member is remarkably uniform
throughout the area, despite the existence within it of a number of
more or less well-marked local unconformities. A large number of
hand-leveled sections of the member were made, some of which are
shown on Plate IV; and the thickness of the member was also de-
termined instrumentally at several points. In the northern part of the
field the thickness so measured is 299 feet on Boxelder Creek and 296
feet on West Bear Creek. In the eastern part, as shown by a com-
plete section on East Beaver Creek, the thickness is 294 feet, and in
the southern part a section measured in sec. 6, T. 1 N, R. 36 E., shows

a thickness of 289 feet. The calculated thickness of the member in
the central part of the field just west of Whiskey Butte is 313 feet,
but measurement in this locality is complicated by faults.

The top of the Tullock member is marked by a thin but very per-
sistent sandstone which everywhere weathers to a well-defined rim
rock. This sandstone is overlain by the soft beds of the Lebo shale
member of the Fort Union, and the physiographic contrast produced
by weathering along this contact is very striking. In several localities
a sandstone 29 feet above the base of the Lebo closely simulates the
rim rock marking the top of the Tullock. It was generally found
possible to distinguish the two by noting the character of the soil
immediately above, the top sandstone of the Tullock being thinly
covered by white glistening clay washed from the basal stratum of
the Lebo, which is absent above the Lebo. (See stratigraphic sec-
tion of Lebo member, pp. 37-38.) :

The base of the Tullock member is considered to be the base of coal
bed A, the lowest in the Lance formation in this field. (See Pl IX.)
Bed A is fairly persistent through the western and central parts of the
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field and is generally thicker than 18 inches in these districts. It is
very thin or absent on the west side of the Tullock-Big Horn divide
north of Pocket Creek, but in Pine Ridge, 10 miles west of Big Horn
River, a coal bed occupying the same stratigraphic position was
found. In both the Pine Ridge and the Tullock Creek fields the bed
may be recognized by a thin brown parting resembling carbonaceous
sandstone, which is present in nearly every exposure examined. (See
p. 33.) At several places a coal bed about a foot thick was found
some 20 feet below bed A, but this lower bed is not at all persistent
and Is of no economic importance. Nearly everywhere along Tul-
lock Creek bed A is underlain at a distance of 10 to 25 feet by a mas-
sive yellow sandstone from 10 to 50 feet thick, which rests on green-
ish gray shale characteristic of the lower part of the Lance. This
sandstone-shale contact was at first considered to mark the base of
the Tullock member, but it was,later found to be probably not a
definite plane nor as easily recognizable as coal bed A. In cases of
doubt, however, the identification of this coal bed may often be con-
firmed by finding the sandstone-shale contct below. In much of the
district east of Sarpy Creek coal bed A is absent, but bed C, which is
35 feet higher, is persistent. In this district, however, for the sake of
uniformity, the base of the Tullock member was mapped at the
horizon of bed A.

LITHOLOGIC CHARACTER.

The general composition of the Tullock member has already been
described. Its sandstone beds do not differ greatly from those of
the lower part of the Lance, and the detailed descriptions of those
sandstones apply almost equally well to these. The sandstone beds
of the Tullock member, however, are generally thinner and more
regular, and few of them exhibit the basal conglomerate or the con-
glomeratic swirls that are common in the lower beds. They are
generally made up. very largely of quartz and feldspar, with a little
muscovite; biotite and hornblende are not present in large quantity.

The coal contained in the Tullock member is found at ten general
horizons. Bed A, the base of the member, is the most persistent coal
bed in the field. Beds C, H, and I, all occurring in the lower half
of the member, are also present in most localities, but the remaining
beds are lenticular. These beds are designated by letters in order
to furnish a means of reference and to indicate their relative posi-
tions, but it is really the horizons that should be so designated, for
the beds themselves are not continuous throughout the field. Thus,
a bed found on Tullock Creek in T. 2 N., R. 35 E., is called bed C,
and a bed that crops out on Sarpy Creek in T. 4 N., R. 37 E., is also
called bed C; this is done merely to show that they occupy the same
stratigraphic position and were therefore deposited at about the
same time. The time equivalence of beds designated by the same
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letter is probably only approximate, however, as the intervals be-
tween the several beds are not absolutely constant throughout the
field. A striking example of this condition, shown in Figure 5 (p.
162), is found in T. 4 N., R. 37 E., where the interval between beds
C and D decreases from 15 feet to 4 feet in about 2 miles. In several
localities a coal bed is replaced by black shale, or by a sandstone,
and the shale and sandstone beds are also very lenticular. At a -
number of points small erosional unconformities were observed, but
the hiatus represented is probably very small, and such irregularities
are to be expected in continental deposition of this type. Further-
more, they do not affect the thickness of the member as a whole, and
the rim rock marking the top of the member and coal bed A at its
base occupy the same relative positions throughout the field.

A number of hand-leveled sections of the Tullock member are
shown in Plate IV. These sections are correlated as far as possible
on bed A, which is the most convenient datum plane in the field and
which is used as a base for the structure-contour map described on
page 49 (Pl X). The séctions show the intervals between the coal
beds and the approximate thickness of each bed.

In order to show the lithology of the other strata in more detail,
the following section is presented. This section was measured in the
eastern part of the field, where coal bed A is absent or not recog-
nizable, but from the rim rock at the top down as far as bed B the
section is typical.

Section of Tullock member of the Lance formdtion in sec. 35, T.

4 N, R. 87 E.
Lebo shale member of the Fort Union formation. .
Tullock member of the Lance formation : Ft. in.
Sandstone,.-hard rim rock 4
Shale, sandy, with lenses of hard sandstone__________ 38
Bone and black shale (representing bed J)__________ 4
Shale, gray 17
Sandstone, hard . _______________________ 5
Shale, white, sandy, soft - - 6
Coal, impure__. . ___ . 10
Shale, carbonaceous.... e 3
Shale, gray —— - 2
Shale, carbonaceous - - — - 2
Sandstone, hard - 4
Shale, sandy ‘ — -~ 8
Bone e = 9
Coal, impure_ . __ . 3
Bone ______ - [ 2
Coal oo 3
Shale, carbonaceous USSP 3
Shale, yellow, sandy 17
Coal —— 3

Shale, gray 1
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Tullock member- of the Lance formation—Continued. Ft. in.
Sandstone, white, soft 3
Sandstone, gray, hard-- : —- - 6
Shale, gray _ 7

Coal - 4
Shale, sandy - G
Sandstone, soft.. 3
Shale, carbonaceous._.—_____ T

Coal____ 5
Shale, carbonaceous___ 1 6
Shale, gray- — - 9
Sandstone, shaly, thin-bedded 2
Shale, gray - — 2
Shale, brown . — 3
Shale, black o 1 8
Shale, brown, carbonaceous i 1 3
Shale, buft ——_—— - 30
Shale, carbonaceous.._______ - — 2
Sandstone, soft yellow 6
Shale, carbonaceous : 2
Shale, yellow et e e e 3

Coal bed E:

Coal, impure__.. - 8

Bone . _________ 3

Coal e e e e 5
Shale, black . _____________ o ____ — 1 &6
Shale, gray to yellow._.__ 40

Coal bed D:

Coal 6

Sandstone, carbonaceous 1

Coal - 10
Shale, carbonaceous 6
Shale, gray. —— 4
Shale, carbonaceous __ - 1

Coal bed C:

Coal__.. 1 9
Shale, gray —___ - 6
Shale, carbonaceous____ - 1
Shale, gray 4
Shale, hard, slaty 2
Shale, gray 4

Coal bed B:

Coal, impure 6
Shale, gray 3
Shale, carbonaceous 1

Coal bed A:

Bonge 3
Shale, carbonaceous 2
Coal 3

208 7T
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PALEONTOLOGIC CHARACTER.

Fossils are not so abundant in the Tullock member as in the lower
part of the Lance formation, and the invertebrates found are con-
sidered by T. W. Stanton to represent a slightly different facies of
the typical Lance fauna. Most of the fossils found were leaves,
but a single fragment of kone and a few fresh-water shells were
collected. The invertebrates identified by Mr. Stanton are as fol-
lows:

No. 13. SW. } sec. 36, T. 4 N, R. 35 L, associated with leaves in shale
about 200 feet above coal bed A:

Physa sp., smaller than the Physa of preceding collections and prob-
ably a different species.

No. 19. Sec. 22, T. 5 N,, R. 35 R, from shale about 50 feet above coal
bed A:

Unio sp.
Sphaerium sp.
Campeloma multilineata Meek and Hayden.

The single bone fragment found was identified by C. W. Gilmore
as a section of a supraorbital horn core of a ceratopsian, probably
T'riceratops. This fossil, which was collected in sec. 22, T. 5 N., R.
35 E., was found associated with other bone fragments on the
surface of a steep slope about 50 feet above the base of the Tullock

member.

Four collections of fossil leaves were made in the Tullock mem-
ber. Inasmuch as the plant species found in the Lance also range
up into the Fort Union, fossil plants are generally of no value in
distinguishing between these formations. The following forms were
identified by F. H. Knowlton: :

No. 9. SE.  sec. 13, T. 2 N,, R. 34 E,, from sandstone about 75 feet above
coal bed A:

Populus cuneata Newberry.
Pterospermites cf. P. whitei Ward.
Celastrus curvinervis Ward.
No. 13. SW. 1 sec. 306, T. 4 N, R. 35 E., associated with Physa sp. in shale
about 208 feet above coal bed A :

Onoclea sensibilis fossilis Newberry.
Populus amblyrhyncha? Ward.
Sapindus grandifoliolus Ward.
Populus daphnogenoides? Ward.

No. 20. Sec. 34, T. 4 N., R. 35 E,, in shaly sandstone 30 feet above coal bed A :
Leguminosites arachioides Lesquereux.
Populus amblyrhyncha Ward.
Platanus, probably P. raynoldsii.

No. 22. Sec. 34, T. 5 N, R. 85 B,, in sandstone 10 feet above coal bed A:
Cocculus haydenianus Ward. .
Populus sp.

L 4

4—
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TERTIARY SYSTEM,

FORT UNION FORMATION.

DIVISIBILITY OF THE FORMATION.

The Fort Union formation in this district is separable into two
divisions—a basal member 150 feet thick, composed of dark shale
and known as the Lebo shale member, and an .overlying series of
shales and sandstones, which are normally yellow but which over
large areas have been changed by the heat from burning coal beds
to a brick-red or reddish-brown color. Although there is no paleon-
tologic evidence for distinguishing the Lebo as a separate member,
its peculiarities in color and lithology are sufficiently striking to war-

raht the separation. The relations of this member are more fully
described below.
LEBO SHALE MEMBER,

GENERAL CHARACTER.

The Lebo shale member, the basal member of the Fort Union, con-
sists of dark-gray to olive-gray and drab shale interbedded with a
few beds of gray or yellow sandstone. Lenses of bone and carbon-
aceous shale are not uncommon, and there are two horizons at which
coal occurs in beds over 18 inches in thickness. Some of the sand-
stone beds are fairly resistant and tend to form rim rocks, but the
member as a whole is soft and suffers rapid erosion. Some of the
beds carry brown ironstone nodules in great abundance; these range
from a quarter of an inch to a foot in diameter and on weathering
generally slump down and thickly strew the whole surface. The
smaller nodules, which resemble coffee grains, are especially abund-
ant and characteristic. The member as a whole has a dark and
somber aspect and is thus easily distinguishable from the light-yellow
strata above and below it.

In addition to the genermlly somber color of the Lebo, its physi-
ographic expression is very characteristic. The Lebo is overlain
by the' yellow sandstones of the Fort Union, which have been re-
moved by erosion in the northern part and most of the central part of
the field, and is underlain by -the resistant Tullock member of the
Lance formation, which extends well out on the north ends of the di-
vides. Hence the outcrop of the Lebo member generally forms a
broad zone, and owing to its softness and its position immediately
above the highly resistant cap rock of the Lance formation, it is
generally eroded down into long, gentle slopes or forms a practically
flat plain. (See Pl VII, B.) Although the Lebo, as shown in
Plate X, crops out over a considerable part of the field, in most of the
exposure only 25 feet or so of the basal portion of the member re-
mains, and erosion would have removed still more had it not been
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materially retarded by the Lance cap rock below. In a few locali-
ties almost the entire thickness of the Lebo is exposed in a fairly
narrow zone, and here, because of the softness of most of the beds
and the infertile character of the soil produced, a typical badland
topography is developed. However, owing to the small thickness
of the member in this field, these badlands are not so conspicuous a
feature of the topography as in some areas to the north and east.

THICKNESS AND LIMITS.

The Lebo member generally covers a wide zone, and accurate meas-
urements of its thickness are difficult to make. In T. 4 N, R. 36 E.,
its thickness as measured with a hand level is 155 feet; in the next
township to the south it is 135 feet; and in the southern part of the
field,in T. 1 N., R. 36 E., it is 139 feet. Several calculations made from
altitudes determined on the top and base of the member in T. 3 N.,
R. 38 ., indicated a thickness of 140 to 150 feet. It is very possible,
however, that the thickness of the Lebo is not as uniform as these
measurements suggest.

The base of the Lebo is the top of the resistant sandstone that
caps the Lance formation, as described above. The top of the
Lebo apparently is not marked by any very conspicuous stratum,
though the character of the material changes sharply within a verti-
cal distance of 25 to 30 feet. In some districts the color contrast and
the character of the topography are the chief guides. In most locali-
ties, however, the lowest stratum of the upper division of the Fort
Union is a thick, massive sandstone (see Pl. V), and the base of
this sandstone is considered the top of the Lebo.

LITHOLOGIC CHARACTER.

~ The Lebo is made up very largely of shale and fine sandy shale,
with generally lenticular beds of fine arkosic sandstone. Except
for the numerous irregular and discontinuous layers of hard fer-
ruginous concretions mentioned above and for a few thin sandstones,
these beds are soft and practically incoherent. Much of the shale
is too fine for microscopic examination, though most of it contains
a considerable percentage of quartz in very fine grains. Much of
the sandstone, however, when examined in thin section, is seen to
contain from 30 to 50 per cent of brown volcanic glass, generally
considerably altered and devitrified. The remainder of the rock con-
sists chiefly of quartz with some feldspar, generally kaolinized, and
chlorite. The brown concretions so characteristic of the Lebo doubt-
less owe their ferruginous composition to the considerable percentage
of ferric oxide that these beds originally contained.

"‘
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A number of hand-level sections of a part or the whole of the
Lebo were made, and some are given below.

Sections of Lebo shale member of the Fort Union formation.
Sec. 23, T. 3 N, R. 36 E.
Upper division of the Fort Union formation.

Lebo shale member: Ft. in.
Sandstone, yellowish, forms rim rock locally __..._.___ 6
Shale, gray to white________________ 4

Shale, friable, carbonaceous, forming purple band
(not everywhere conspicuous) -

Shale, gray -

Shale, yellowish _____________ _—

Coal bed L: Coal and bone
Shale, carbonaceous, weathering purple_____________
Shale, gray, crumbly; includes several layers con-

taining abundant coarse ironstone nodules..____. 22
Sandstone, coarse, arkosic, gray to white when
fresh, yellowish when weathered; prolific source

G

W NS =

of ironstone nodules; probably lenticular_.______ 19
Shale, carbonaceous ______________________________ 2
Coal bed K: Coal and bone Tl
Shale, carbonaceous _— - 4

Sandstone, gray, fine, arkosic, more or less car-
bonaceous, weathering like shale; shows root
marks of fossil plants___________________________ 6
Ferruginous nodules_______________________ 3
Sandstone, gray when fresh, yellowish brown when
weathered, arkosic, medium coarse grained, lami-
nated, and platy; forms rim rock locally; con-
tains root marks of fossil plants - 1
Shale, erumbly ——____ - 4 6
1
6

Shale, carbonaceous ; forms conspicuous band__..____
Shale, yellowish gray. 1
Shale, carbonaceous; forms inconspicuous blue-gray
band - —— 1
Talus, probably shale_______ —_— 2
Sandstone, yellow, platy, medium coarse; forms
broken blocky rim rock which in some localities
resembles the cap rock of the Lance formation____ 1 6
Shale, dark; weathers bluish gray__ . __________ 5
Shale, dark, gritty, weathering yellow; brownish
band near center carries numerous large ironstone

nodules ___ . __ [
Shale, gritty; weathers white; washes down to a
glistening white soil__ - 5
Sandstone with carbonaceous bands (base of For
Union formation) —__ 11
135 3

Rim rock of Tullock member of Lance formation.
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Sec. 5, T. 4 N,, R. 36 E.

Upper division of the Fort Union formation.
Lebo shale member:

Sand, gray, tuffaceous_.._. - _—
Shale, gray, containing an abundance of brown iron--
stone concretions._ ———
Sandstone, yellow, hard-.__ e
Sandstone, white, friable, tuffaceous . _________
Sandstone, yellow, hard, concretionary. . __._._______
Sandstone, white, friable, tuffaceous
Shale, gray, containing an abundance of brown iron-
stone concretions
Shale, dark gray, containing carbonaceous matter____
Shale, gray, containing dark bro“n ironstone con-
cretions — - ——
Bone — : e
Shale, dark gray__ -
Shale, carbonaceous - __________
Shale, white, sandy i -

Sandstone, brown, thin-bedded______________________ )

Shale, dark gray. - e
Sandstone, yellow, thin-bedded (base of Fort Union
formation) .____ ——

Sec. 17, T. 4 N., R. 36 E.

Upper division of the Fort Union formation.
Lebo shale member:

Shale, hard, black, sandy _
Shale, gray, very many orange concretions_.____-___
Sandstone, orange-brown R

" Sandstone, dark gray, concretions at top_——_———_______.

Sandstone, gray-white
Sandstone, gray; dark-brown concretions at top _____
Coal, dirty-__—____ _—
Sandstone, gray
Sandstone, carbonaceous - R
Sandstone, light' gray S
Sandstone, hard, yellow . I
Sandstone, light gray, lenticular____________________
Shale, concretionary, light yellow___________________
Shale, light gray, with concretions, sandy at top-—_.__
Bone — U
Shale, dark gray, with concretions (base of Fort
Union formation)._ - —_—

Ft. in,

10

30

20

-3

Ft. in.

22

37
11

10

30

169 10

The two coal beds of the Lebo member, which are about 20 and
70 feet below the top, are of little economic importance.
horizons at which these beds occur are generally marked by layers
of carbonaceous shale and bone 2 to 7 feet thick, and these layers

The
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are remarkably persistent and recognizable almost everywhere in
the field. It is only in a few very small areas, however, that these
carbonaceous layers carry more than 18 inches of even moderately
clean coal. Carbonaceous material occurs at- another prominent
horizon 30 feet above the base of the member (see section above),
but although this material generally carries some coal, it was not
found to contain more than 15 inches at any point examined. The
sandstone beds of the Lebo are lenticular and, with the exception of
the thin sandstone 29 feet above the base, do not form conspicuous
outcrops. This sandstone was observed at a number of places; in
some localities it closely resembles the rim rock marking the top of
the Lance formation, and in others it forms on weathering ellip-
soidal masses of sandstone several feet in diameter. The only other
widely recognizable horizon in the Lebo is one somewhat below the
center carrying silicified wood, the float of which is very widespread.

RELATIONS AND AGE.

The Lebo member was first described from its occurrence in the
vicinity of the Crazy Mountains, about 125 miles west of the Tullock
Creek field, where it is appropriately called the Lebo andesitic
member.!? It was interpreted as an outfingering of the Livingston
formation, which is composed of andesitic detrital and tuffaceous
material. A mass of dark shale at the same horizon in the Bull
Mountain field was described by Lupton ** as the Lebo shale mem-
ber, and in the Little Sheep Mountain field similar dark shale which
was found to.carry a considerable percentage of andesitic ash was
mapped by the senior writer ** under the same name. The name
Lebo is used in the Tullock Creek field on the basis of the lithology
and stratigraphic position of the beds, no fossils having been found.
The age of the Lebo in the Crazy Mountains was determined as
Fort Union by the presence of Torrejon mammal remains near its
top, but in that locality the member is some 2,000 feet thick and no
diagnostic fossils were found in the lower portion; and in other
localities only leaves or shells that are of little value in distinguishing
between the Fort Union and Lance have been collected. The name
Lebo has therefore been extended to eastern Montana areas, chiefly
on the basis of lithology and stratigraphic position. On this basis’
the Lebo was recognized by Lupton in a reconnaissance on Rosebud
Creek about halfway between the Tullock Creek field and Miles City,
and it can also be distinguished in the Miles City section. In the

1 Stone, R. W., and Calvert, W. R., Stratigraphic relations of the Livingston formation
of Montana: Econ. Geology, vol. 5, pp.- 752 et seq., 1910.

13 Lupton, C. 'I., The eastern part of the Bull Mountain coal field, Mont.: U. S. Geol.
Survey Bull. 431, pp. 163189, 1911. ’ :

1 Rogers, G. 8., The Little Sheep Mountain coal field, Mont.: U. 8. Geol. Survey Bull.
531, pp. 159-228, 1913.
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eastern part of the Little Sheep Mountain field the dark shale
mapped as Lebo pinches out, leaving the yellow beds of the Fort
Union resting directly on the Lance. It is known, however, that a
considerable thickness of dark shale at about this horizon extends
far to the east, and in North Dakota it has been mapped as Lance.
In the present state of our knowledge concerning the criteria avail-
able for distinguishing Fort Union from Lance, it seems probable
to the writers that the line drawn between the two in North Dakota
is higher than that drawn in the Tullock Creek field, and that the
Lebo member in this locality may be equivalent to the upper part of
the Lance in areas to the east. It is true that there is a considerable
variation in thickness throughout this areg, that there is at least one
place where the shale pinches out entirely, and that the shale becomes
more notably coal-bearing toward the east;-but C. F. Bowen states
that even in the area between the Bull Mountain and Little Sheep
Mountain fields, where the correlation can not be doubted, the Lebo
becomes much thinner and probably pinches out to the north.
Unfortunately, petrographic methods have not been applied in the
eastern areas, and it is not known whether the dark shale-there con-
tains andesitic material or not. More field work is needed to de-
termine the relations of the shale here called Lebo, on the one hand,
to the Lebo andesitic member in the Crazy Mountains, and, on the
other, to the dark shale beds mapped as Lance in areas to the east;
but it is certain that in the vicinity of the Tullock Creek field the
lithologic contrast between the Lebo and the adjoining strata fully
justifies its recognition as a separate member.

UPPER DIVISION OF THE FORT UNION FORMATION,
GENERATL, CHARACTER.

The upper division of the Fort Union in this district is composed
of well-consolidated material consisting of arkosic sandstone, more
or less sandy shale, carbonaceous shale, and coal. Many of the beds .
are calcareous, though no limestone was observed. The color of this
part of the Fort Union is normally yellow, but the thick coal beds
have burned along the outcrop and baked the overlying strata to a
strong brick-red to reddish-brown color, and in the southern part
of the field the lower 300 feet is prevailingly red. In T. 3 N, R. 38 E.,
however, the coal beds are thin and have burned only locally, and
in this district the yellow beds can be distinguished from the Lance
formation only by their relations to the Lebo shale. The yellow
color of the beds, the cross-bedded and arkosic character of the
sandstone, the way in which the sandstone yields to wind erosion,
the scattered growth of trees, and the topographic forms are entirely
similar in- the two formations. This is illustrated in Plate III,
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which shows a typical view of the Tullock member of the Lance and
a view of the yellow beds of the Fort Union.

The yellow beds of the Fort Union are considerably more resistant
than those of the Lebo shale member and commonly rise steeply
from the gently sloping Lebo plain. (See Pl. V.) 1In the district
where the coal is not burned the yellow beds are highly dissected
and tend to form a badland topography. Where the coal has baked
or fused the overlying strata, however, their resistance to erosion
1s greatly increased, and in the southern part of the field the beds
form a bold escarpment. The clinkers formed by the burning of
these coal beds, especially beds P and Q, tend to protect the under-
lying rock, which makes the interstream divides more or less flat
topped. The isolated buttes on the face of the escarpment are
generally protected at the top of the clinker of bed P, and some
of them are thus eroded to a strikingly symmetrical shape (PL
V, B). In this area the streams flow through comparatively narrow
gorges, and although the relief does not exceed 300 feet, travel across
the drainage lines is very difficult. However, a good loose soil is
produced by the weathering of the baked shale and sandstone, and
the flat tops of the divides are well grassed and in some places
heavily timbered. In the extreme southeast corner of the field,
where yellow beds above the burned zone crop out, the topography
is more gentle, and practically the whole surface is grass covered.

THICKNESS AND LIMITS.

No-accurate measurement of the thickness of the upper part of the
formation exposed in this field was made, but on the basis of altitudes
determined on the higher coal beds it is estimated at about 675 feet.
Fully 600 feet more of these beds, including several thick coal beds,
is exposed in Wolf Mountain, within 3 miles of the eastern edge of
the field.

The base of this part of the formation, which is generally covered
by sand wash and therefore difficult to study, is apparently not a
definite line. The drab and somber shale of the Lebo grades within
25 feet into the massive arkosic sandstone in the lower part of the
upper division, but there is no sharp change in the character of the
materials except at the base of the sandstone, and hence this line was
taaken as marking the base of the upper portion.. In some localities
this sandstone is broken by lenses of yellow sandy shale and becomes
a sandy zone rather than a single bed, but in either’case the horizon
is easily recognizable everywhere in the field. (See Pl V, 4.)

LITHOLOGIC CHARACTER.

Owing to the baked and altered condition of the lower 300 feet
of the upper division, and to the fact that the higher strata are not
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well exposed in this field, no good stratigraphic sections were meas-
ured. The clinker or slag produced by the burning of the three
thick lower coal beds has in places coalesced, and even where this has
not occurred, the upper clinkers slump down and greatly obscure the
underlying beds. The only datum planes that could be followed in
the field with any success were therefore the coal beds themselves,
and as their unburned outcrops are generally confined to the heads
of the youngest coulees, even the intervals between the coal beds are
very difficult to work out. The outcrop of a burned bed may of
course be traced roughly by its clinker, but this is of no value in
exact measurements, for the baking extends not only above but be-
low the bed. Another factor that militates against accurate work is
the disturbance of the strata caused by the burning. When a coal
bed 20 feet or so thick is burned and in the course of its combustion
largely dissipated, the space previously occupied by the coal must
be taken by the slumping of the overlying strata. Inasmuch as in
the southern part of the field 15 per cent of the lower 300 feet of
the upper division is composed of coal, this process is obviously of
no mean importance.

Even if due weight is given to the above-stated considerations,
however, it is difficult to escape the conviction that the upper beds
were deposited very irregularly. The intervals between the coal
beds vary considerably from place to place, and bed M, the lowest
and most persistent coal, is channeled or abruptly replaced by black

“shale at several localities on Sarpy Creek. The strata between beds
M and P contain smaller coal beds, which seem to be very lenticular.
Although the basal sandstone of the upper division is a prominent
and persistent stratum, neither its top nor its base is thought to be a
definite plane. Some of these facts are shown in the following com-
posite section, which is supplemented by the more detailed measure-
ments given in Plate IV.

General composite section of the upper division of the Fort Union

formation.
Feet.
Shale and massive sandstone . 100+
Coal bed R - 5
Shale and thin sandstone beds 300
Coal bed Q - — 111
Sandstone and shale, thinning southward_____ . _____ 10-50 .
Coal bed P. 1-24%
Shale and massive sandstone, thinning to the southeast,
with thin local coal lenses. 80-140
Coal bed M 1-23

Sandstone, massive, cross-bedded, locally containing shale
lenses 75-130
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The most prominent sandstone in this section is that at the base,
which is found not only in the southern part of the field but also
north of Whiskey Butte, on the Sarpy-Tullock divide, where it con-
stitutes the sole remnant of the yellow beds unremoved by erosion.
It is arkosic in character, and the grains are generally coarse enough
to permit the identification of quartz and feldspar with a hand lens.
Inregular swirls of conglomerate, though uncommon, are not lacking
in places, and the bed also contains a few lenses of harder material,
which stand out on weathering. In some localities pyrite concretions
are abundant at this horizon and on weathering out leave a pitted sur-
face. As a rule, however, the sandstone is massive and fairly homo-

-geneous and weathers to a smooth rounded surface; neither the bed-

ding planes nor the cross-bedding stands out. The sandstone is
almost everywhere characterized by cross-bedding, and Plate VI, B,

shows a typical exposure. A thick sandstone lithologically similar
to that of the base generally occurs 25 to 50 feet above coal bed M,
and many other thick but more or less lenticular sandstone beds are
contained in the lower 300 feet. Between beds Q and R the strata
consist largely of shale and contain only thin sandstones, but above
bed R another thick, massive sandstone crops out prominently.
However, the character of the section varies considerably from place
to place. It is considered in more detail under the township de-
scriptions given below. .

PALEONTOLOGIC CHARACTER.

These beds are correlated with the yellow beds of the Fort Union
formation in the Little Sheep Mountain field, to the east, and the
Bull Mountain field, to the northwest, chiefly on the basis of their
lithology and their stratigraphic position above the Lebo shale,
which is widely recognizable by its lithologic and physiographic
characteristics. Only a few fossil leaves were obtained in this part
of the formation, and although these indicate the Tertiary age of
the beds, they do not alone demonstrate that they are of Fort Union
age. The following fossils were identified by F. H. Knowlton:

No. 1. Sec. 21, T. 1 N, R. 87 E., from sandstone about 25 feet above coal
bed M:
Virburnum erectum Ward.
Viburnum tilioides Ward.
Sapindus grandifoliolus Ward.
Populus cuneata Newberry.
Viburnum limpidum Ward.
Onoclea sensibilis fossilis Newberry.

46688—23——4
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QUATERNARY SYSTEM.
PLEISTOCENE GRAVEL.

GENERAL CHARACTER.

A moré or less irregular mantle of gravel ranging in thickness
from a few inches to 90 feet covers the outcrops of the older rocks
in the northern and western parts of the field. The.variation in
thickness is irregular and probably is due in part to recent rework-
ing, as the average thickness of the material is not more than 20
feet. In some localities within 5 miles of the rivers only a few
scattered pebbles are found, but in some districts along the southern
margin of the gravel-covered area the deposit is 25 feet or more
thick. Where the gravel is more than 5 feet thick it is generally
cemented to a more or less compact conglomerate, in which the
cement is calcareous and the interstitial filling is the sand associated
with the gravel. (See Pl. VII, A.) The rock thus formed does not
make sharp outcrops, however, and constantly slumps down; hence
on casual examination the material appears unconsolidated.

Because of the peculiarly uniform way in which the gravel yields
to erosive agencies, it tends to develop a characteristic rounded type
of topography. This is due to the homogeneous character of the
gravel itself but is naturally most striking in the areas in which the
gravel rests on soft shale. As the Lebo shale covers the divides in
the gravel-covered area, it is on the divides that this type of topog-
raphy is best developed. A monotonous series of bare, rounded,
though fairly steep hills is formed, each hill resembling every other,
so that landmarks are entirely lacking. A similar topography
results where the gravel rests on the Bearpaw shale. It is well de-
veloped in the southwestern part of the field and along Yellowstone
River in the zone between the edge of the bottom.land and the out-
crop of the base of the Lance formation. Where the gravel overlies
the tilted sandstone of the Judith River formation a smooth hogback
topography 1s produced (see PL I, A4}, but the Claggett shale area
1s characterized by the more rounded hills. Where the gravel rests
on the Lance formation this characteristic topography is only locally
developed, owing to the abundance of ledge-forming sandstone.
Only the thick basal sandstone of the upper division of the Fort
Union crops out within the gravel-covered area, but this sandstone
is so homogeneous that where covered with gravel it gives rise to a
topography similar to that of the soft Lebo shale. 'Where the gravel
rests on this sandstone or on the sandy Lance formation, the slopes
are generally timbered, but where it covers a shale formation the
surface is practically treeless.
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A. TYPICAL BUTTE OF THE BASAL PART OF THE UPPER DIVISION OF THE FORT
UNION FORMATION ON PLUM CREEK IN SEC. 9, T.1 N, R. 36 E., LOOKING
NORTH.

These beds are marked by the heavy sandstone shown in the view. The grass-covered foreground
is underlain by the soft Lebo shale member of the Fort Union. Note abrupt western slope
and gentle, grass-covered eastern slope.

B. BUTTE OF UPPER DIVISION OF THE FORT UNION FORMATION RISING
ABRUPTLY FROM THE FLAT LEBO SHALE PLAIN ON PLUM CREEK IN SEC.
5, T.1 N, R. 36 E.

The strikingly symmetrical shape of this butte is due to its hard cap of baked rock formed by
the burning of coal bed P.



U. 8. GEOLOGICAL SURVEY BULLETIN 749 PLATE VI

A. CONTORTED LAMINAE IN FLAT-LYING SANDSTONE LAYER IN THE LANCE
FORMATION IN SEC. 4, T. 4 N, R. 35 E.

Sandstone is 75 feet below the base of the Tullock member. The apparent crumpling is probably
due to concretionary action. (See text.)

B. DETAIL OF CROSS-BEDDING IN THE SOFT BASAL SANDSTONE OF THE UPPER
DIVISION OF THE FORT UNION FORMATION IN SEC. 9, T. 3 N, R. 36 E.
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S. GEOLOGICAL SURVEY

A. QUATERNARY GRAVEL RESTING ON
ERODED SURFACE OF THE LOWER PART
OF THE TULLOCK MEMBER OF THE
LANCE FORMATION ON BOX ELDER
CREEK, SEC. 13, T. 5 N,, R. 35 E.

This gravel covers the main divides and higher hills
in the northern part of the Tullock Creek field,
where it reaches a maximum thickness of 90 feet.

hough unconsolidated in some localities, in
others it is a conglomerate, as shown in this view.

BULLETIN 749 PLATE VII

B. TRACE OF FAULT IN NEARLY FLAT-
LYING BEDS OF THE LEBO SHALE MEM-
BER OF THE FORT UNION FORMATION,
SEC. 22, T. 2 N., R. 36 E.

Showing also the t%pe of country underlain by the
Lebo member. The small hogback marking the
fault is formed of shale hardened and compacted
by the friction and pressure along the fault plane.



U. S. GEOLOGICAL SURVEY BULLETIN 749 PLATE VIII

A. OVERTHRUST FAULT CUTTING COAL BED C, SEC. 3, T. 2 N, R. 35 E.

The strata in this vicinity are nearly flat. (See Pl X.)

B. CLOSER VIEW OF FAULT, SHOWING DETAILS OF FOLDING.
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ORIGINAL AND PRESENT DISTRIBUTION.

The gravel does not extend more than 23 miles south of Yellow-
stone River except on the western edge of the field, where it is found
also in a zone extending about 10 miles back from the Big Horn.
Within these limits, however, its distribution is somewhat irregu-
Iar. On the divide east of Sarpy Creek the most southerly gravel
deposit is in sec. 20, T. 3 N., R. 38 E., 23 miles south of the Yellow-
stone. On the Sarpy-Tullock divide gravel is found as far south as
the southern part of T. 3 N.,, R. 36 E., which is about the same
distance from the river. On the Tullock-Big Horn divide, however,
gravel is not abundant, and even at its north end there are consider-
able areas in which only scattered pebbles are found. The gravel
is also very thin and inconspicuous on much of the western flank
of this divide, though in places fairly thick beds are found. Gravel
is found on the crest of this divide in T. 2 N., R. 35 E., however,
and forms a thick cover over most of the surface in the southwestern
part of the field. Thus it seems to be confined to the general zones
along Yellowstone and Big Horn rivers, though it may be noted
that the angle between these zones is not sharp, as gravel occurs
in the valley of Tullock Creek in the northeastern part of T. 2 N.,
R. 35 E. No gravel or even isolated pebbles were found in the area
south and east of these general limits, and it is believed that the
gravel was never deposited there. There is no marked increase in
the altitude of the land on the border of the gravel area, but it
seems probable that there must have been some confining slope at
the time the gravel was deposited.

The general altitude of the highest gravel is from 3,700 to 3,800
feet, or about 1,100 feet above the river. In the lower valleys of
Tullock and Sarpy creeks and on the north ends of the main
divides there are also several well-marked benches at lower altitudes.
There appears to be an abundance of material on which to work
out the Pleistocene history of this region, but the subject is one
that demands broad study, in which a good topographic base map is
essential.

The significance of many of the lower beds of gravel is obscured,
however, by the probability that they have been reworked, perhaps
many times. The present streams are constantly carrying gravel
down and depositing it at lower levels, and if it happens to be laid
down in a fairly thin deposit on a natural rock beneath, it may be very
difficult to distinguish from a primary gravel terrace. If,on the other
hand, the deposit is fairly thick, subsequent stream cutting may be
diverted to the lateral contact between the gravel and the older beds,
which seems to be a plane of weakness. One striking result of this
process, noticed in several localities, is the formation of gravel hills |
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at the forks of secondary drains. The gravel apparently represents
an accumulation at the old head of an originally straight valley ; but
when cutting was resumed, the stream followed the contacts of the
gravel with the old sides of the drain, leaving most of the gravel as
a hill between two channels, which join farther down.

Another instance of what is probably reworking of this gravel at a
very early date was noticed at the end of the ridge between Boxelder
and Sarpy creeks. In sec. 16, T. 5 N., R. 36 E., there is an east-west
channel over 90 feet deep extending directly across the end of the
present divide and cutting out coal bed A. The base of the gravel in
this channel is about 350 feet below the highest point at which gravel
s known. It does not seem at all likely that the gravel was originally
laid down on a surface whose relief was 350 feet; and the only alter-
native hypothesis is that the channel was cut and filled by reworked
gravel at a comparatively early stage in the dissection of the old
peneplain represented by the present ridge top.

LITHOLOGIC CHARACTER.

The gravel is composed of pebbles representing a wide range of
rock types. Quartzite is one of the most common, a fact which is
no doubt due more to its greater hardness than to its preponderance
in the original series of rocks from which the gravel is derived.
Jasper and quartz are common, and chalcedony is also found.
Pebbles of very dense fossiliferous limestone are present, and crinoid
stems were noted in one pebble. Of igneous rocks a fairly complete
series is present, the types ranging in composition from basalt to
granite and in texture from porphyritic to granitic. Sandstone of
the type common in the Cretaceous and Tertiary rocks of the region
was rarely found.

The pebbles are for the most part smoothly rounded and are ovoid
to flattish in shape. They are fairly well sorted locally, the average
diameter being 2 to 3 inches. Pebbles 6 inches in diameter are com-
mon, however, and a few boulders 10 to 14 inches in diameter are
found. The interstitial material is chiefly quartz, generally in angu-
lar grains; very little clay is associated with the gravel.

AGE AND RELATIONS.

The gravel contains no fossil remains, and the age of the oldest
deposits can not be worked out in the study of a small area. It is
certain that the lower deposits are of Pleistocene age, but if the higher
deposits also are assigned to this epoch, about 1,100 feet of stream
cutting must have been effected since the beginning of the Pleisto-
cene. _

It must be remembered, however, that both Yellowstone and Big
Horn rivers rise in the mountains and that this area is situated
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fairly close to their sources. W. C. Alden,”® who has worked out
the Pleistocene geology of a part of northwestern Montana, states
that Milk River, which rises in the plains and derives practically
no water from the mountains, has, since the formation of the oldest
glacial deposits, cut a valley which is over 700 feet deep well up
toward its head and that mountain streams in the same region have
effected more than 1,200 feet of cutting. Furthermore, the oldest
gravel in the Tullock Creek field resembles in every way the lower
deposits, which are undoubtedly Pleistocene; it seems probable,
therefore, that all this gravel may be assigned to the Pleistocene.

The oldest gravel in this field is equivalent to that on Pine Ridge,
10 miles to the west, which stands 1,100 feet above the Yellowstone..
A terrace that stands 200 feet above the rivers in that district is also-
recognized in the Tullock Creek field. A terrace is found in the
Little Sheep Mountain field, 60 miles to the northeast, at approxi-
mately 1,000 feet above the river. The altitude of this terrace was not
accurately determined, however, but as the character of the material
is similar to that in the oldest deposits in the Tullock Creek field, they
may be provisionally correlated.

The gravel in the northern part of the field was derived from the
mountains in which the forerunner of the present Yellowstone had its
source. The terraces in this part of the field do not correspond in
altitude with those on the flanks of the Big Horn Mountains described
by N. H. Darton, nor is the material similar. However, the gravel
in the southwestern part ot the field contains a somewhat greater pro-
portion of granite, which 1s the predominant rock in the Big Horn
terraces, and this gravel is probably derived mostly from the Big
Horn and Pryor mountains.

RECENT ALLUVIUM.

The most recent deposit in this area is the alluvium that is now
being laid down in the flood plains of the Yellowstone and its tribu-
tavies. The flood plains of Yellowstone and Big Horn rivers aver-
age about 3 miles in width, but the meandering of the rivers has
divided the bottom land into comparatively small areas alternately
arranged on the opposite banks. The location and extent of these
aveas 1s indicated on Plate X. Corresponding deposits extend in
narrowing branches into the valleys of Tullock, Sarpy, and other
northward-flowing creeks and ramify also into those of their tribu-
taries. Along the lower courses of the smaller creeks, such as
Boxelder Creek, the flood plain has a width of only 300 or 400 feet,
but along Tullock and Sarpy creeks it is nearly half a mile wide.

15 Alden, W. C., and Stebinger, Eugene, I're-Wisconsin glacial drift in the region of
(lacler National Park, Mont.: Geol. Soc. America Bull,, vol. 24, pp. 529-572, 1913,
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The material deposited in the flood plains of the Yellowstone and
Big Horn is composed largely of sand and silt, with subordinate
amounts of gravel and rubble. In their tributaries, however, the
material is coarser, and as the heads of these streams are approached,
the coarse materials predominate. At the heads of the tributary
valleys coarse material is washed into the drains so much faster than
the intermittent streams can convey it riverward that even in times
of flood they are fully loaded and exhibit the anomaly of sharply
meandering streams occupying steeply graded valleys.

STRUCTURE.
RELATIONS AND CHARACTER.

The Tullock Creek field lies within an area in which the broad,
shallow syncline connecting the Bull Mountain and Powder River
basins is crossed by a structural upwarp that connects the Porcupine
dome and an anticlinal spur of the Big Horn Mountains. The Lake
Basin fault zone, which has been traced more than 100 miles through
the Lake Basin and Huntley fields, extends into the southwest corner
of the Tullock Creek field and rather probably is underlain by a
deep-seated fault separating the Big Horn-Pryor uplift from the
Big Snowy anticline, of which the Porcupine dome is believed to be
a part. Although the mechanics of the Rocky Mountain structure
are not yet fully understood, it seems probable that uplift, or radial
movement, has played a much larger part than direct tangential
thrust in the development of the structural features of central and
southern Montana.*®

Considered structurally, the Tullock field may be divided into
three areas. In the northern part the strata dip gently to the south,
in the southern part they are tilted more steeply to the north and
east, and in a zone extending across the center of the field and
widening at the southeast they are very gently warped and are
faulted to some extent. The steep tilting in the southwest corner
is due to the Big Horn uplift, locally modified by the structural
line of the Lake Basin fault zone, which terminates in a domelike
feature or plunging anticline near the the southeast corner of the |
field. The strata in the northern part of the field rest on the lower
flanks of the Porcupine dome, whose center is about 25 miles north
of the field. The zone of structural depression that crosses the
field in a southeasterly direction corresponds closely in both direc-
tion and alinement with the synclinal axis traversing the Bull

16 The relation of such radial uplift to the thrust faulting of the eastern Cordillera in
Montana has been suggested in a recent paper by W. T, Thom,_ jr. (The relation of deep-
gseated faults to the surface structural features of central Montana: Am. Assoc, Petro-
leum Geologists Bull,, vol. 7, pp. 1-13, 1923), and he furfher suggests that the principal
structural features of central Montana have been produced by the differential elevation
or rotation of crustal blocks, bounded by deep-seated faults.
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Mountain field, which has been traced almost to the foot of the Big
Snowy Mountains. It therefore seems probable that the structure
in the northern part of the field is connected primarily with the
Big Snowy uplift, and that in the southern part of the field with
the Big Horn uplift, the intermediate zone representing the
boundary between the areas in which these uplifts entirely control
the structure.
USE OF STRUCTURE CONTOURS.

The structure of a gently folded bed can be adequately depicted

_only by the use of structure contours. A structure contour on any
. particular stratum is an imaginary line connecting all points at

which the stratum is the same distance above sea level. By inter-
polation between the lines shown, the altitude of the stratum at any
point may be estimated and-the complete shape or contour of the
top of the folded bed may be seen at a glance.

A structure-contour map is made by determining numerous alti-
tudes on the top or bottom of the bed chosen as the datum plane,
plotting these altitudes on the map and connecting by lines the
points of equal altitude. Altitudes determined on other beds whose
stratigraphic distance above or below the key bed is known may
also be used after this distance is added or subtracted, although if
the intervals between these other beds and the key bed are not con-
stant this method may introduce some errors. In this field a great
many altitudes were determined on the coal beds and on the rim rock
at the top of the Lance formation, and these were all reduced to
the plane of coal bed A, which was used as the key bed in preparing
the map (Pl X). Within the area bounded by the lowest coal
bed, therefore, the contours are probably reasonably correct and
should /be, qﬁ value in the development of the coal resources of the
field. ‘Qutside of this area the general course of the contour lines
is knov%yém dip and strike observations, but the spacing of the
lines as shown is based only on a rough estimate. This is particu-
larly true in the southwest corner of the field, where in places the

.dip is as high as 30°. It should be remembered, moreover, that the=

may be considerable error in altitudes determined by long vertical-
.angle traverse lines, and that although the altitudes in the northern
part of the field, where the lines were started, are nearly correct, those
in the southern part may be as much as 50 feet in error. However,
this error does not affect the value of the calculations within a small
:area and becomes apparent only when altitudes of widely separated
‘points are compared. Within the coal-bearing area, therefore, the
contours may be relied upon, especially within small districts; for the
territory outside of the coal-bearing area the map is of little exact
-or quantitative value and is to be considered merely as a pictorial
representation of the structure.
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FOLDS.

The following summary is based on the structure-contour map
(PL X), to which the reader is referred for more detailed informa-
tion. In most of the fields the strata are tilted at angles so low that
- they can not be read with a clinometer and are determinable only
by plotting the altitude of the beds at many points. There are, how-
ever, numerous sharp irregularities in the dip, even in districts where
the strata lie practically flat; many of these are too localized to be
indicated on the map, but their significance is discussed under
“Faults.” It isa rule in most of the field that where the dip is steep
enough to record with a clinometer it does not represent the average
inclination of the beds. In other words, the average dip is not steep
enough to simplify the outcrop lines but is sufficiently steep and ir-
regular to render difficult the exact correlation of isolated exposures.

The strongest tilting in the field is in the southwest corner, where
dips as great as 30° were measured on the outcrop of Judith River
sandstone. The strike is practically east near Big Horn River but
changes gradually until in T. 1 S., R. 35 E,, it is north. The dip
can not be measured in the Bearpaw shale or Claggett shale, but is
believed to flatten on either side of the outcrop of the Judith River
formation. It is strong enough, however, as far north as T. 2 N,
R. 385 E., to exercise a general effect on the outcrop of the formations.
Thus, on the Tullock-Big Horn divide the outcrop of the Tullock
member of the Lance is abruptly terminated on the south by the
northeast dip, and the outcrop of these beds extends much farther
down the east slope than the west. The dip is about equal to the
gradient of the eastward-flowing streams, so that the lower part of
the Lance crops out for a long distance above their mouths.

The structural depression lying between the two uplifts slends n
outerop of Judith River standstone in T. 6 N, R. 37 E, Ywhich is
also the highest structural point on Yellowstone River' e‘ﬁ? of Hunt-
"ley. The Judith River is brought to the surface by a northerly rise
of about 2°, but it is also folded in a gentle anticline, the western
limb of which dips under the alluvium at an angle of 2° and the
eastern limb at a slightly smaller angle.

The structure here is similar in kind to that in the southwestern
part of the field, though not nearly so steep; in both localities the
outcrop of the Judith River is apparently folded on the flanks of
domes whose centers lie without the field. The northern uplift is
much more gentle than the other and appears to be modified by rather
obscure cross-warping in a general north-south direction. The only
strongly marked north-south fold is a small syncline in Tps. 4 and
5 N., R. 36 E., which dies out at the base of the structural slope.
This general uplift influences the outcrops of the formations through-
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out the northern part of the field, but its effects, being gentle and
uniform, are not locally noticeable.

The structural depression lying between the two uplifts trends in
a northwesterly direction across the center of the field. It is perhaps
5 miles wide on Big Horn River and somewhat narrower on Tullock
Creek, but it broadens greatly to the southeast and covers most of
that part of the field. Near its intersection with Tullock Creek it is
crossed by a low anticline which divides it-into two troughs plunging
in opposite directions. This anticline may mark the point of con-
tact between the peripheries of the two areas of uplift, or it may be
the result of more recent warping. Within the whole trough the
strata ave gently warped in a series of small and not very distinctly
related anticlines and synclines. The dip is generally low but is
irregular, and the zone is characterized by small faults, as described
below. The depressed area southeast of the anticline is folded into
two synclines separated by a low anticline trending and pitching to
the southeast. The southern syncline of these two is the better de-
fined and may be observed on Sarpy Creek in T. 1 N., R. 37 E. The
beds in the depressed area northwest of the anticline are warped into
a syncline that conforms rather closely in direction and position to
the more prominent of the two on the southeast but pitches in the
opposite direction. The anticline separating these areas resembles
a drainage divide, meandering irregularly between the overlapping
ends of the pitching troughs.

FAULTS.

Small faults were observed in every quarter of the field, though a
majority of them occur in a zone roughly coincident with that of
structural depression, as described above. All the faults observed
are shown on the geologic map (Pl X) and are described in detail in
the township descriptions below. However, in studying the distri-
bution of the faults shown on the map, it must be remembered that
the field work was much more detailed in the coal-bearing areas and
also that field conditions are most favorable to the detection of faults
in areas in which the Tullock member of the Lance crops out. In
the lower part of the Lance and in the underlying beds there are
doubtless many faults that were not observed, and probably some in
the Fort Union formation also escaped detection because of the ex-
tent to which the outcrops are obscured by clinker.

* A great many faults occur in a very well defined belt 3 miles wide
that trends in an easterly direction across the Sarpy-Tullock divide at
Whiskey Butte. The strike of the faults in this belt ranges from N.
60° W. to S. 70° W. The displacement is generally small but in one
or two places slightly exceeds 100 feet. One fault was traced for 3%
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miles, and several for 2 miles, but many are probably very local. An
apparently normal fault with a displacement of 70 feet was observed
also on West Burnt Creek in T. 3 N., R. 35 E., slightly to the north
of the main belt. The continuation of this general zone was studied
by the writers on Pine Ridge, 8 miles west of Big Horn River.

‘The faults in this zone are of two kinds. Many on the east side of
the divide are apparently normal block faults with a maximum dis-
placement of 100 feet. Although on the west side of the ridge the
faults appear to be of the same nature, there has been displacement
on only one side, the stress on the other side of the block having been
taken up by deformation—in other words, in the vicinity of the fault
the general southerly dip increases sharply, and at the fault the up-
throw is about sufficient to compensate for this steepening in local
dip. The exposures do not in general permit accurate measurement
of the hade, but it is apparently small, as in a normal fault. These

DIP 1°S.

FIGURE 3.—Diagram. to illustrate type of faults common in parts of the Tullock coal field.

relations are shown diagrammatically in Figure 8. The occurrence
of a fault on a dip slope with the upthrow constituting a partial re-
covery from the dip is unusual and suggests that the fault is not due
to simple tension. In sec. 3, T. 2 N, R. 35 E., a small though un-
doubted overthrust fault is clearly exposed, as shown in Plate VIIL
The total displacement is only 29 inches, but its occurrence in nearly
flat strata is interesting and it also indicates the possibility of true
overthrusting elsewhere in the field.

The fact that all these faults are associated with a sharp dip is
also important, for dips of this kind were observed at many
places in the field where exposures are too poor to allow work-
ing out their relations and significance. Furthermore, there are
many observed dips of 5° or more that do not appear at all on the
structure-contour map, which is compiled from determinations of
altitude; this indicates that these dips are either very local or are
compensated in some way. It seems probable that the compensation
has in many places been effected by faulting, as in the district near
Whiskey Butte, and therefore many of the sharp dips observed in

o
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the zone of structural depression and mentioned in the township de-
scriptions below may be taken to indicate the presence of a small
fault near by.

In sec. 22, T. 2 N, R. 36 E., the trace of a fault in the almost flat-
lying beds of the Lebo shale member of the Fort Union was ob-
served. (See P1. VII, B.) This fault trends northeast and is be-
lieved to terminate the outcrop of the upper division of the Fort
Union in sec. 23. Two miles to the north another fault, between
which and the one last mentioned a downthrown block is thought to
be inclosed, was mapped inferentially on the basis of rather poor
exposures. Two small and probably local normal faults are well
exposed in secs. 31 and 32, T.2 N, R.37TE. InT.1N,,R.36 E., a
fault of 105 feet with downthrow to the south displaces the coal
outcrops. On the southern edge of the field, in T. 1 S., R. 36 E., a
fault having a displacement of 250 feet or more is believed to cause
a repetition of nearly the whole of the Tullock member of the
Lance. North of the main belt of faulting only a few small faults
were observed—two in T. 5 N., R. 34 E., and one in T. 4 N., R. 38 E.

* GEOLOGIC HISTORY.

The present features of the land surface, its hills, valleys, and
plains, record changes that have taken place within comparatively
recent geologic time; the relations of the underlying formations,
their composition, and their fossils constitute a chronicle of more
ancient events. From these records some idea can be gained of the
former geography of the country, of the course of great earth move-
ments, of the climatic conditions that formerly existed, and of the
animals and plants that once flourished. All the events recorded
are due to general processes such as deformation, erosion, and depo-
sition, which modified the geography and climate and gradually
produced changes in living organisms. Only disconnected parts of
the geologic record can be deciphered in a small area such as the
Tullock Creek field, and our still fragmentary knowledge of the
geology of the surrounding region is drawn upon in the brief outline
of geologic history given below.

CRETACEOUS PERIOD.

The lowest formation exposed in this field is the Claggett, a shale
formation of marine origin. During the time represented by this
formation and probably for a long time previously the sea covered
this field and a great area to the southeast and east. The shore
line was 125 miles or so to the west, and the sediment deposited
in this area was therefore practically all mud. The depth of this
sea and the position of the shore line were not constant, however,
and several periods of shallower-water deposition are indicated by
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the few thin sandstone beds occurring in the Claggett. A fauna con-
sisting of univalve shell forms mhablted these w‘ltels and contrib-
uted to the depos1t a small amount of lime.

The changes in the shore line, thiough irregular, brought it farther

and farther east until it reached the central part of the Tullock -

Creek field. As it approached this field the deposition of fine sedi-
ment was interrupted here but was continued farther to the east, and
in this field the coarser, near-shore sediment, or sand, now known
as the Judith River, was laid down. The shore itself was probably
low-lying, and much of this same coarse sediment brought down
from the higher land to the west never reached the sea but was de-
posited in lakes, lagoons, and brackish-water marshes on the flat-
lying coastal plain. Thus, in the western part of the field the Judith
River formation is- partly of fresh-water origin, whereas in the
eastern part it is wholly of marine origin, showing that the ancient
shore line rested for a time between these points. Though the shore
line did not advance farther east, it probably receded to the west
temporarily a number of times, for even in the western part of the
field the Judith River formation contains some marine layers. The
thickest of these layers, if the writers’ conclusions are correct, con-
sists of some 200 feet of marine shale. This represents a retreat
of the shore line to a point many miles to the west and the mainte-
nance of this position for a considerable time. Its next advance
brought it again near the Tullock Creek field and resulted in the
deposition of the upper sandstone of the Judith River formation.

At the end of this epoch the sea again advanced from the east and

covered this area for a very long time, during which the Bearpaw
shale was laid down. During this epoch the shore line stood 100
miles or more to the west and probably remained nearly stationary.
Moderately deep water undisturbed by strong currents covered the
field, and only fine sediment was carried to this distance from the
shore. The general conditions were thus similar to those that pre-
vailed during Claggett time, and the fauna, though more varied
than that of the Claggett, resembles it in a general way.

After a lapse of time represented by the deposition of 1,000 feet,
of shale, the shore line again advanced toward the east and the water
in this area became shallower. Sand was deposited in the shallow
near-shore zone, mingling with the finer sediment farther out. The
shoaling was probably very gradual, however, as shown by the grada-
tion from the typical Bearpaw shale to the sandy beds at the top
of the formation. The proportion of fine sediment became smaller
and smaller as the shore line approached, until almost pure sand was
deposited ; finally this area emerged from the sea and became a land
surface. The shore line continued to advance to the east until prac-
tically all of Montana and much of the Dakotas became land.

E SN
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LANCE EPOCH (TERTIARY?).

°

After this field became land, at the end of the Bearpaw epoch, it
probably remained as a low-lying coastal plain for some time. Dur-
ing this period it was exposed to moderate erosion and became some-
what dissected. This is not apparent everywhere in this region, how-
ever, and it is probable that the erosion was rather local and that
no very great amount of material was removed. The surface in what
is now the Tullock Creek field remained in this condition long enough
to allow the formation of stream channels 30 feet deep.

This neutral period, in which the newly raised land surface was
not very greatly affected by either erosional or depositional agencies,
was succeeded by one of deposition. This was due to the elevation
of the land to the west, a movement which continued for a long
time and finally culminated in the formation of the Rocky Mountain
ranges. The streams rising in the mountains began to erode more
vigorously and to bring down great quantities of sediment, most
of which was laid down on the flat-lying coastal plain. Thus, the
basal sandstone of the Lance formation shows evidence of having
been deposited by river action, or in shallow water moving in strong
currents. After some time lakes were formed in which beds of
finer sediment were laid down. Conditions varied from place to
place; deposits were being formed simultaneously in river flood
plains and deltas and in fresh-water lakes and small swamps, and
in some areas subaerial conditions prevailed and erosion took place.
During this time the whole surface was slowly but constantly
sinking, for although continually being built up by sediment it
seems to have remained a fairly low-lying plain. Many species of
fresh-water shellfish inhabited the ponds and rivers, and trees and
plants flourished on the shores. Reptiles of various types also
existed ; one of the common forms was the horned dinosaur. These
varied conditions continued until 800 feet of sand, sandy mud, and
mud had accumulated. In the northern part of the field, however,
conditions were somewhat more uniform during the deposition of
the upper 300 feet, which consists chiefly of shale.

At the end of this period deposition, with possibly minor erosion,
had operated to produce a fairly level surface. This plain was
perhaps not dissimilar to that existing on the coast of North and
South Carolina to-day. The supply of sediment from the higher
land to the west and southwest then practically ceased for a time,
the streams became sluggish, and swampy conditions prevailed in
the central part of the field. In these swamps vegetal matter
accumulated, which ivas later compacted to form coal bed A. The
location and shape of some of the swamps existing at this time are
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shown in Plate XIV. This map, the construction of which is
explained on pages 68-70, does not show the entire swampy area but
only that portion of it in which accumulation continued long enough
to cause the formation of 18 inches or more of coal. The relations
.of the coal lenses formed at this time are discussed below.

This period of vegetal accumulation was terminated by the arrival
of more sediment and its deposition in the swamps. After some 15
feet of sediment, consisting of sand in some places and mud in others,
had been laid down, a swampy condition again prevailed in parts
of the field. In these local swamps peat accumulated which gave rise
to coal bed B. After about 20 feet more of sediment had been laid
down there was a recurrence of swampy conditions through much
of the field. These conditions continued long enough in places to
result in the formation of coal bed C, the distribution of which is
shown in Plate XV. This cycle of events continued until 300 feet
of strata, including many thin coal beds, has accumulated. Most of
the coal beds represent only local swamps, but at the time of the
formation of coal bed I swampy conditions again prevailed over
much of the field (Pl. XVI). The last stratum deposited during this
epoch was the sandy bed forming the rim rock that marks the top
of the Lance formation. This stratum is very persistent, and the
conditions under which it was formed existed practically everywhere
in the field.

TERTIARY PERIOD.

Apparently no epoch of deformation or erosion separated the
Lance and Fort Union epochs in this field, and there was no material
change in the conditions of sedimentation. At some time prior to
this, however, there had been a volcanic eruption, with probably later
renewals of activity, near the Crazy Mountains, about 125 miles to
the west, which produced great quantities of volcanic ash or tuff.
A part of this material now began to mingle with the sediment being
transported from the west, and a marked change in the color and
composition of the beds laid down in this field was produced. How-
ever, river, lake, and swamp conditions alternated as before, though
perhaps even more irregularly. The silicified stumps of trees have
been found in these beds at a number of places indicating that sub-
aerial conditions occasionally prevailed. The Lebo shale is succeeded
by sandstone and shale essentially similar to those of the Lance.
The change, though marked, is not sharp and appears to represent
merely a gradual decrease and final cessation of the supply.of vol-
canic material. This may have been due to the exhaustion of such
material, but was more probably due to a change in drainage con-
ditions in the region to the west and the consequent diversion of the
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volcanic material to other areas, for the Lebo is known to vary rather
irregularly in thickness.

For some reason, then, the supply of basic ferruginous material
ceased, and the sediment brought down was chiefly coarse, was yellow

"in color, contained little iron, and was derived from the disintegra-

tion of a more acidic series of rocks. After the deposition of about
100 feet of this material a swampy condition was produced in the
southeastern part of the field that led to the formation of coal bed
M (PL XIV). This swamp lasted much longer than any that had
formed in the Lance epoch, and conditions were more favorable to
the accumulation of pure vegetal matter free from sediment. The
old drainage channels through this swamp, which gradually became
filled with black shale, were observed at several localities on Sarpy
Creek in T. 1 N, R. 37 E. Swamp conditions were terminated by
a further influx of sediment and recurred only locally during the
deposition of the next hundred feet or so of strata. They then de-
veloped again in the same area, and the center of this new swamp was
located almost directly above that of the older one (Pl. XV). The
organic matter that accumulated in this basin formed coal bed P,
which generally consists of two benches of coal 10 feet or more thick,
separated by about 5 feet of shale. A thickness of 10 to 50 feet of
sediment was then deposited before swamp conditions again pre-
vailed in this field. The areal extent of the third swamp, in which
bed Q accumulated, was also roughly coincident with that of the
two earlier ones (Pl. XVI). After the formation of bed Q about
300 feet of sediment, mostly mud, was deposited, and it was not
until the end of the time thus represented that coal bed R was
formed. At least 700 feet more of Fort Union material, including
several thick coal beds, was deposited in this field but has since
been removed by erosion. _

At some subsequent time in the Tertiary period all these strata were
deformed. As described in more detail under the heading “ Struc-
ture,” it is believed that the chief centers of disturbance in this re-
gion were in what are now the Big Horn Mountains and the Big
Snowy Mountains. The strata in those localities are tilted steeply,
but the intensity of folding decreases with distance from the moun-
tains until in the Tullock Creek field the beds lie at comparatively
low angles. The structure within this field is controlled by the for- -
mation of domes to the north and southwest, which are probably
minor features of the two great uplifts. The strata in the structural
trough betweeen them are irregularly warped and slightly faulted,
doubtless as a result of stresses in opposite directions. There is also
a suggestion of secondary warping along a north-south axis, which
may be due to the same cause or which may indicate that the for-
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mation of the two domes was not entirely synchronous, one lagging
slightly behind the other. At about this time also a general eleva-
tion of the land took place, and all this region was raised high above
sea level. ,

This general elevation caused the streams to cease depositing and to
start eroding. It is possible that the forerunner of the Yellowstone
during this time cut a very wide, flat valley and in conjunction with
other rivers reduced much of the country to a practically flat plain.
This is suggested by the facts that Wolf Mountain rises 1,700 or
1,800 feet above the Yellowstone and that Eldridge Mesa, the highest
point in the Bull Mountains, has a similar height above the river.
Little Sheep Mountain, which. is one of the highest points on the
Yellowstone-Missouri divide east of the Bull Mountains, is believed
to ke about 1,600 or 1,700 feet above the river. Though suggestive,
these figures are only approximate, and the altitudes of many high
points must be accurately determined before the existence of an old
base level at this altitude can be assumed. In any event, it is prob-
able that a'great deal of erosion took place in late Tertiary time, and
it is possible that local or even widespread base leveling was effected
several times. '

* QUATERNARY PERIOD.
STREAM DEPOSITION.

At about the beginning of the Quaternary period the Yellow-
stone had cut a fairly flat valley some 50 miles wide, the floor of
which was at the general level of the present top of the Sarpy-
Tullock divide. A change in the gradient of the stream then took
place, probably because of the elevation of the land to the southwest
and west, which caused the stream to erode more rapidly in those
regions. The Yellowstone thus became heavily loaded, and as it
meandered across its wide valley in this lower lying district at the
foot of the mountains it deposited a great quantity of sediment.
This was therefore the first clearly marked period of deposition in
this area since late Tertiary time, and a great change in the char-
acter of the sediment had taken place. In Tertiary time the land
was lower lying, and the rivers were more sluggish and brought
~down chiefly sand and mud, products of the fairly complete dis-
integration of older rocks. During the Pleistocene epoch, however,
erosion on the higher land was much more rapid, and much of
the material brouvght down consisted of pebbles or even boulders
of scarcely altered rock.

After this period of deposition, which was very brief in compari-
son to those of the Tertiary, a further elevation caused the river to
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cease depositing and resume cutting. After a period of cutting con-
ditions were again reversed and another but less extensive gravel
bed was formed. This alternation of long periods of cutting with
short periods of deposition continued throughout the Pleistocene
epoch, during which the Yellowstone deepened its valley floor 1,100
feet below the level at which it stood at the beginning of the epoch.
The Pleistocene erosion removed much of the earlier gravel sheet as
well as the underlying rocks, but some of the gravel was redeposited
during later epochs of deposition, and the remnants of the later
flood plains now form gravel-covered terraces on the lower valley
slopes.

In comparatively recent time Yellowstone and Big Horn rivers
have ceased cutting and built up the present bottom land. The
streams now flow in shallow channels slightly below the level of
this plain and are cutting only laterally. The channels are not
being deepened, as shown by the shifting sand bars so common in
both rivers, and the present is therefore a time of moderate deposi-
tion.

DEVELOPMENT OF PRESENT SURFACE FEATURES.

In the description of the formations given above an attempt
has been made to indicate the manner in which each yields to erosion
and thus to show the contribution that each has made to the ‘de-
velopment of the present land forms of the field. Although the
broader features of the land forms—as, for example, the level char-

cter of the divide tops—are due to the processes described above,
going on outside the field, many of the details are largely due to the
character of the formation themselves.

In the absence of an accurate contour map, a profile and struc-
ture section across the field (Fig. 2, p. 6) has been prepared to
1llustrate the character of the surface and its relation to the geology.
This section is necessarily somewhat generalized, and the vertical
scale, including the dip of the strata, is exaggerated about ten times.

At the left or north end of Figure 2 is shown the flat bottom land
of Yellowstone River, underlain by Bearpaw shale. At the foot
of the slope this formation crops out, forming characteristic low,
rounded, gravei-covered hills. Above the Bearpaw the Lance forma-
tion constitutes the surface rock, and the slope is broken into a num-
‘ber of benches, some of them covered with gravel and others merely
the product of the differential erosion of hard and soft layers. In
this locality the steep escarpment that generally marks the outcrop
of the Tullock member of the Lance is largely obscured by the gravel,
and an old stream channel, referred to above, cuts out the base of the
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member. The Lebo member of the Fort Union rests on the Lance
and is overlain by the basal sandstone of the upper division of the
Fort Union, but these strata are everywhere covered with a thick
mantle of gravel and give rise to bare, rounded hills. Whiskey
Butte rises some 200 feet above the general level of the divide, and
little gravel remains on its slopes. The low gravel-covered hills
terminate less than 2 miles south of this butte, and no gravel was
observed beyond that place. If this represents the southern limit
of the gravel and therefore the edge of the old river flood plain, there
must have been at one time a rise in the surface at this point to con-
fine the river on the south. Instead of a rise, however, there is now
a marked depression, due to the fact that the Lebo shale where un-
protected by the gravel yields rapidly to erosion. To the south of
this low saddle the upper division of the Fort Union, baked and
hardened by the burning of its coal, rises in a steep and abrupt es-
carpment about 300 feet high. Back of this escarpment the charac-
ter of the surface is largely controlled by the resistant clinker of
coal bed P; it is therefore fairly flat but rises slightly to the south at
about the angle at which the strata rise. At .the southern edge of
the field the outcrop of the upper division is bounded by another
steep escarpment, at the foot of which the softer Lebo shale is ex-
posed. The physiographic influence of the several formations and.
of their structure may thus be directly traced, and the manner in
which the gravel has affected the weathering of the Lebo shale is
especially striking. i

The surface features on the eastern divide of Sarpy Creek are
essentially similar to those described above, but on the Tullock-
Big Horn divide all of the upper division of the Fort Union and
nearly all of the Lebo shale have been removed. Except in the
southern part of the field, the rim rock at the top of the Lance for-
mation forms the top of much of this divide, and its flatness is
therefore even more striking. On the top of this divide there are
still several undrained areas in which water collects, but most of
the field is well drained, and the general topography is at the stage
of early maturity.

ECONOMIC GEOLOGY.
COAL.

The coal in the Tullock Creek field is of subbituminous rank and
occurs in the Fort Union formation and in the upper or Tullock
member of the Lance. The coal of the Tullock member occurs in
beds less than 5 feet thick, but beds thicker than 18 inches were
found at ten horizons. These beds are broken by many thin part-
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ings of shale and bone, and much of the coal itself contains a rather
high percentage of ash. The coal of the Lebo member of the Fort
Union is of very little importance; there are three thick beds of
carbonaceous material in this member, but at only one or two locali-
ties were they found to contain more than 18 inches of coal. The
coal contained in the upper division of the Fort Union occurs in six
beds from 1 to 24 feet thick. In the four thickest of these beds
much of the coal is in thick benches unbroken by partings, and
most of it is probably lower in ash than that of the Lance forma-
tion. v
PHYSICAL AND CHEMICAL CHARACTER.

Most of the coal in the Tullock Creek field has'no visible woody
structure and is black.in color. It is brittle when fresh, has a bright

vitreous luster, and weathers in the platy manner characteristic of
subbituminous coal. Associated with this coal, especially in the
Fort Union coal beds, are a few small seams that exhibit the woody
structure, the brown streak, and the characteristic weathering of
lignite. Notwithstanding the presence of some lignite, which is of
high grade, the great bulk of the coal is subbituminous. Selenite,
generally in small quantity, constitutes the common impurity in the
Lance coal, and selenite and pyrite both occur in the Fort Union coal.

Subbituminous coal has a tendency to slack on exposure to the
air, owing to the fact that it contains considerable water, which
evaporates on exposure, causing shrinkage and the development of
an irregular network of cracks. There are no mines in this field, and
the writers had little opportunity of observing the behavior of per-
fectly fresh coal from this field when exposed -to the air. Speci-
mens of the Lance coal taken from a fresh cut 8 feet deep were
allowed to lie in the sun for about 10 days, and at the end of this
time, though checked, they had not fallen to pieces. In fact, this
first checking rather tended to form a protective coating around a
core of unchecked material, which was not affected for several
months. It is believed from the rather meager chemical data pre-
sented below that the Fort Union coal contains a somewhat higher
percentage of moisture than the Lance coal. For this reason its
stocking qualities may be somewhat lower, but doubtless there is no
great difference between the two. If proper precautions are ob-
served in moving the coal, either type should form a fairly satis-
factory fuel. :

Owing to the lack of development work in this field, the writers
were unable to obtain fresh samples of coal for analysis. Two
samples of more or less weathered coal were collected, one from bed
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C in the Lance formation and the other from bed P in the upper
division of the Fort Union. The sample from bed C (No. 14755 in
“the table of analyses given below) was obtained by blasting 8 feet
back under a heavy sandstone bed. This sample is therefore reason-
ably fresh, though it can not be compared with samples collected in
working mines several hundred feet below the surface. The section
of the bed at the point of sampling and the parts represented by the
sample are shown graphically by No. 293 in Plate XIII. The sample
from bed P (No. 17711) was collected in an old cut 5 feet deep.
About a foot of coal was cleaned off before cutting the sample,
but' the coal collected, though apparently fresh, was doubtless con-
siderably weathered. Only the upper. part of bed P is exposed at
this point, and only 7 feet in the upper part of the bed, which
consists of clear coal, was included in the sample. (See section 474,
p- 170.) )

The analyses of these two samples are shown in the table below.
In order to afford some measure of comparison between this coal and
other coal with which it must compete in the market, analyses of
representative samples of coal of the Miles City, Bull Mountain,
Bear Creek, and Sand Coulee fields, Mont., and the Sheridan field,
Wyo., are also given. In studying this table it must be borne in
mind that the analyses of the products of the other fields represent
perfectly fresh coal, whereas those of the Tullock Creek coal repre-
sent material that was considerably weathered.

In the table the analyses are given in four forms, marked A, B,
C, and D. Analysis A represents the sample as it is received in the
laboratory. This form is not well suited for comparison because the
amount of moisture in the coal as collected is largely a matter of
accident and may vary widely. Analysis B represents the sample
after it has been dried at a temperature of 30° to 35° C. until its
weight becomes constant. This form of analysis is best adapted to
general purposes of comparison. Analysis C represents the theoreti-
cal condition of the coal after all the moisture has been eliminated,
and analysis D its composition after all moisture and ash have been
theoretically removed. This is supposed to represent the true coal
substance, free from the most significant impurities. Forms C
and D, which represent conditions that do not actually exist, are
derived from the others by recalculation. They are of value in
certain scientific studies and in some engineering calculations but
should not be used in comparisons of the actual working efficie