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GEOLOGY OF BIG HORN COUNTY AND THE CROW INDIAN
RESERVATION, MONTANA, WITH SPECIAL REFERENCE
TO THE WATER, COAL, OIL, AND GAS RESOURCES

By W. T. Taom, Jr., G. M. Harr, C. H. WEGEMANN, and
G. F. MourroN

ABSTRACT

Big Horn County lies in south-central Montana along the southern boundary
of the State. Its area is 4,966 square miles, of which more than 3,000 square
miles is in the Crow Indian Reservation and about 300.square miles in the
Tongue River Indian Reservation. Its population in 1930 was 8,643. The
Crow Indian Reservation lies chiefly in Big Horn County but partly in Yellow-
stone County. .

The most famous event in the history of Big Horn County was the battle
with the Indians on June 25, 1876, in which Gen. George A. Custer and his
entire command were Kkilled. The site of this battle, a few miles southeast of
the Crow Agency, is now marked by the Custer Battlefield National Cemetery.

Big Horn County includes in its southwestern part the Big Horn and Pryor
Mountains of the Rocky Mountain province. The remainder of the county is
considered a part of the Great Plains province. The Big Horn and Pryor
Mountains are parts of a single mountain mass, cut by Big Horn Canyon.
They are bordered by “ hogbacks” that rise abruptly from the plains. In the
plains, where the relief rarely exceeds 600 feet except in the vicinity of the
area known as the Rosebud Mountains, the topography is dependent upon the
underlying rocks; the shales give rise to broad flats, which are separated by
“rim rocks”, and the more resistant sandstones form steep slopes.

The streams are all tributary either directly or indirectly to the Yellow-
stone River. The largest are the Big Horn, Little Horn, and Tongue Rivers
and Pryor and Rosebud Creeks. Many of the smaller streams are intermittent.

The industries of the area are stock raising and farming. Areas amount-
ing to many thousand acres are irrigated, and the most valuable crops are
alfalfa, wheat, and sugar beets. On the uplands dry-farming methods are
used, and wheat and other crops are raised. i

The area is underlain by a series of sedimentary formations which probably
rest everywhere upon pre-Cambrian granite, such as is exposed in the Big
Horn Mountains in Wyoming. The exposed rocks range in age from early
Paleozoic to very recent. The Paleozoic formations are exposed in the Big
Horn and Pryor Mountains and in a few uplifts in their immediate vicinity;
the Mesozoic and Tertiary rocks are at the surface over most of the other
parts of the area. Deposits of gravel, sand, and silt lie in steplike terraces
at five levels. The highest terrace is probably equivalent to the Oligocene
of the Cypress Hills of Canada; the lowest may be of early or middle
Pleistocene age (pre-Iowan).



2 GEOLOGY OF BIG HORN COUNTY, MONTANA

The major structural features of the region are the Big Horn and Pryor
Mountains, which are outliers of the Rocky Mountains, They are great uplifts
from which the stratified formations dip in all directions. Surrounding the
mountains is a narrow belt of foothills, or “hogbacks”, in which the beds
are generally tilted 45° to 90°. At relatively short distances from the hog-
backs, both in the mountains and in the plains, the beds lie nearly horizontal.
Some faults are visible in this area, but they are not so large or numerous as
the faults in the southern part of the Big Horn Mountain uplift in Wyoming,
The largest one is the Castle Butte fault, which has a linear extent of about
14 miles and a maximum throw of about 2,000 feet. The mountains are
supposed to be the result of forces acting vertically, slightly modified by
tangential compressive forces. The folds and faults suggest that the rocks
have been bent and lifted by the rotation and elevation of the granitic base-
ment. Numerous minor structural features are developed in the plains,
apparently by the same forces that caused the main uplifts, but some of the
relations are rather obscure. )

Large deposits of coal of Cretaceous and Tertiary age exist in the eastern
part of the area. The thickest coals are in the Wort Union formation, of
Tertiary age. About 25 coal beds have been found, and their stratigraphic
position has been approximately determined. These coals are subbituminous
with a conchoidal fracture and slack rapidly on exposure to the atmosphere.
There are no large-scale coal-mining operations in the area, but a few small
mines are in operation and supply a part of the local requirements.

Some natural gas was yielded by wells drilled in 1915 north and west of
Hardin, and oil was discovered in the Soap Creek field in February 1921. The
gas near Hardin comes from thin sandstone and sandy shale that are probably
in the Frontier formation. The oil of the Soap Creek field comes from the
Amsden formation and the top of the Madison limestone. Neither the Hardin
gas field nor the Soap Creek oil field has been commercially successful. Nu-
merous holes drilled from 1920 to 1925 at other localities in the area were dry.

The ground-water supply available in Big Horn County is closely related in
its quantity and quality to the geology. The shales usually yield meager sup-
plies of poor water. The sandstones generally yield somewhat larger and better
supplies, The limestones, which are found in the older formations, contain
numerous water-bearing solution channels and yield large supplies of water.
The alluvium in the stream valleys and the terrace deposits usually yield
large supplies of rather highly mineralized water. In places these deposits are
finer grained and yield less water. In the Wasatch, Fort Union, and Lance
formations the sandstones and coal beds usually yield supplies of water ade-
quate for domestic purposes, but the shales commonly yield much less. Most
wells drilled in the Bearpaw shale and Claggett formation are failures. The
Parkman sandstone is the best water-bearing formation in the Montana group,
and wells in this formation are generally successful, The Eagle sandstone and
the Telegraph Creek formation do not yield much water in this area, and
much of the water from these formations is highly mineralized. Wells in the
Colorado group are usually failures. The pre-Colorado formations are ex-
posed in a thinly settled area where data on water wells are generally lack-
ing; however, wells drilled for oil penetrated these older formations to and
including the Madison limestone. The Cloverly formation contains a basal
conglomeratic sandstone which yields large volumes of water, but in some places
the water contains traces of natural gas. The Morrison formation is a poor
waterbearer, except in the Soap Creek field, where it has yielded some water.
The Sundance formation is an excellent water-bearing formation. The Chug-



LOCATION AND GEOGRAPHIC RELATIONS OF THE AREA 3

water formation yields meager supplies of very highly mineralized water. The
Tensleep sandstone, the Amsden formation, and the Madison limestone have
yielded some large flows of water to wells drilled in search of oil.

Artesian pressure is evident in nearly all wells drilled in this area except
those ending in the alluvium and the terrace deposits. The wells drilled
into the older formations have the higher pressures, and many of them over-
flow. The flowing wells are usually in the stream valleys and not on the up-~
lands. The largest flowing wells in the area are in the valleys of Beauvais andi

Soap Creeks.
INTRODUCTION

SCOPE AND PURPOSE OF THE REPORT

This report contains information concerning the geology of Big
Horn County and the Crow Indian Reservation and their resources
in ground water, coal, oil, and gas. These facts were collected in
the course of studies for about a dozen field projects, which ranged
in character from reconnaissance studies of large areas to very de-
tailed mapping of certain tracts to show the occurrence of oil and
gas. Consequently, the information at hand, either as to the geology
or the resources, is not equally complete and definite for all parts.

LOCATION AND GEOGRAPHIC RELATIONS OF THE AREA

The area described lies in southern Montana, on the western edge
of the Great Plains. Big Horn County includes all but a small part
of the Crow Indian Reservation and about two-fifths of the Tongue
River Indian Reservation. The relative extent and geographic posi-
tion are shown by figure 1 and plate 1. The names of the coal fields
designated by numbers on figure 1 and references to the Geological
Survey publications in which they have been described are as
follows: .

Coal fields whose locations are shown in figure 1

No. Field Bulletin || No. Field Bulletin
1 | Marmarth.. _-| 775. 15| Glendive . coomceocoaceoan 471-D.
2 | Washburn. ) 381-A. 16 | Terry... 471-D.
3 | New Salem.._. _| 726-A. 17 | Baker... 471-D.
4 | Cannonball River....._......___. 541-G. 18 | Ekalaka . .ocooooeaeaoos 751-F.
5| Standing Rock and Cheyenne | 575. 19 | Little Sheep Mountain__. 531-F.

River. 20 | Miles City_ ... 341-A.
6 | Fort Berthold. . .. __._______.__ 381-A an 21 | Forsyth._.... 812-A.
471-C. 22 | Tullock Cree! 749.
7 |-oa-s 4 T 726-D. 23 | Bull Mountai: 647,
8| Williston__ ... 531-E. 24 { Sheridan___.___. .| 341-B.
9 | Sentinel Butte. ..__._...._.._.___ 341-A, 25 | Powder River........___.________ 381-B.
10 | Northwestern South Dakota__._. 627. 26 | Little Powder River_.._..__.______._ 471-A.
11 { Culbertson- .| 471-D. 27 | Northward extension of Sheridan | 806-B.
12 | Scobey.-.. 751-E coal field.
13 | Fort Peck _-| 381-A. 28 | Gillette. . . oo oo 796-A.
14 | Sidney. oo oo ooaiaaaoo. 471-D. 29| Ashland. .. ... 831-B.

The Crow Indian Reservation lies just north of the Montana-
Wyoming State line and extends from the 107th meridian west
nearly to the 109th, including 112 townships or parts of townships
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within Tps. 1 to 9 S., Rs. 25 to 38 E. Some of the northwestern
townships of the Crow Indian Reservation lie beyond the limits of
Big Horn County, in Yellowstone County; on the other hand, Big
Horn County and the Tongue River Indian Reservation extend con-
siderable distances north and east beyond the Crow Reservation.
(See pl. 1.)

The area of Big Horn County is 4,966 square miles, of which more
than 3,000 square miles is in the Crow Indian Reservation and about
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FIGURE 1.—Index map showing the location of Big Horn County and the Crow Indian Reserva-

300 square miles in the Tongue River Indian Reservation, leav-
ing a little less than 1,700 square miles directly under the county
government.

The total population, according to the United States Census of
1930, is 8,543, of whom 1,169 live in Hardin, the county seat and the
only incorporated town in Big Horn County. The area is thinly
settled, having only 1.7 persons to the square mile, whereas the State
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of Montana as a whole has 3.7 to the square mile, and the entire
. United States has 41.3. The uplands are almost uninhabited, and
the population is concentrated in the towns and along the major

streams.
HISTORY OF THE REGION

The history of this region is part of the stirring story of the win-
ning of the West. The first white men to visit southeastern Mon-
tana were the Vérendryes, Chevalier Francois and Louis Joseph,
sons of Pierre Gaultier de la Varennes, Sieur de la Vérendrye, who
were seeking a route to the Pacific. In April 1742 they left Fort
La Reine, where Portage la Prairie, Manitoba, now is, and followed
the Mouse River past the site of the present town of Verendrye,
N.Dak., to the Missouri. The rest of their route is not definitely
known. They may have followed the Missouri as far as Great Falls.
Some authorities believe they kept on the bench between the Little
Missouri and the Yellowstone, eventually reaching a point near the
Little Horn River. They reached “the mountains ” in January 1743
but were soon forced to turn back on account of tribal warfare among
the Indians. The French made several other unsuccessful attempts
to find a route to the Pacific through what is now the northern
United States, but this passage left little impression on the country.

JIn 1763 France relinquished Canada to England but retained the
part of Louisiana lying west of the Mississippi River between Mexico
and Canada. This area passed from France to Spain and back again
to France, but neither the French nor the Spanish made any deter-
mined efforts to penetrate far beyond the Mississippi in the northern
part of the area. DBetween 1783 and 1803 both England and the
United States made ineffectual attempts to explore this vast wilder-
ness; several expeditions were organized, but none succeeded in pene-
trating as far as southeastern Montana.

In 1803, after Louisiana had been purchased from France by the
United States, President Jefferson planned an expedition to explore
the newly acquired territory. He placed in command Meriwether
Lewis, who had been his private secretary, and William Clark, and
they organized the expedition which is known by their names. The
party left St. Louis in May 1804, ascended the Missouri River, and
spent the winter of 1804-5 in the Mandan Indian village near the
present Mandan, N.Dak. The following spring they continued up
the Missouri, crossed the Continental Divide, and descended the
Columbia River to the Pacific Ocean. After spending the winter
of 1805-6 at the mouth of the Columbia, they returned by practi-
cally the same route as far as Three Forks, where the party divided.
" Captain Lewis continued down the Missouri. Captain Clark crossed
overland to the Yellowstone; he named the Big Horn River and
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Pryor Creek, the latter in honor of Sergeant Pryor, of the expedi-
tion. The parties of Lewis and Clark were reunited below the .
mouth of the Yellowstone, whence they proceeded down the Mis-
sourl and arrived at St. Louis in September 1806.

Although the Lewis and Clark expedition did almost no explora-
tory work except along the watercourses and did not explore what
is now Big Horn County, they blazed a trail which was soon fol- -
lowed by numerous trading expeditions. The rivers continued to be
the main arteries, but traders, trappers, and pioneers rapidly pene-
trated and explored the intervening areas.

From 1804 to 1806 Charles McKenzie and Francois Antoine
Larocque, clerks in the employ of the Hudson Bay Co., made several
trips into this part of Montana and explored the Big Horn and
Yellowstone River Valleys and also the Big Horn Mountains to
find out the trading possibilities of the region for their company.

In 1807 John Colter, who had been a member of the Lewis and
Clark expedition, and Manuel Lisa, a famous trader, built Fort Lisa,
at the mouth of the Big Horn River. Fort Lisa was abandoned
after a few years of use. In 1832 Fort Cass was built on the Big
Horn, but it also was soon abandoned. Other forts were built as
trading posts along the Yellowstone from the Big Horn to the Rose-
bud, but none in what is now Big Horn County. In 1855 the last
of these was abandoned, and trade with the Indians was centered
around the forts at the junction of the Yellowstone and Missouri
Rivers. ‘

A reservation was set aside for the Crow Indians in 1851. The
origin of these Indians, like that of some other tribes, is uncertain.
They were in southeastern Montana as early as 1743, as the Véren-
dryes refer-to them as the Beaux Hommes (handsome men). Mec-
Kenzie and Larocque spent considerable time with them and give
an excellent account of many of their customs. They ranged over
much of Montana south of the Missouri and east of the mountains
and over part of northern Wyoming.

The old Bozeman Emigrant Trail passed through the Crow Indian
Reservation along a route roughly parallel to the Big Horn Moun-
tains, crossed the Big Horn River at the site of Fort C. F. Smith,
.and thence went westward to the Clark Fork Valley, where it turned
north. This famous trail was laid out by J. M. Bozeman and
J. M. Jacobs as a short cut for emigrants from the Platte to the
Missouri. In 1864 Bozeman led his first wagon over this route.
Fort Reno, Fort Phil Kearny, and Fort C. F. Smith were built by
the Government to protect this trail, but in 1866, after a massacre
at Fort Phil Kearny and severe fighting at Fort C. F. Smith, the
forts were abandoned and the road closed. During the few years
this trail was in use many miners and settlers passed over it.

-



LEGAL STATUS OF THE LAND 7

~ From 1850 to 1876 the Indians were in a belligerent mood, and
many whites were killed in the Yellowstone Valley. This period,
which was filled with raids, skirmishes, and battles, ended with the
‘battle of June 25, 1876, on the Little Horn River, ]ust south of the
present site of Crow Agency, in which Gen. George A. Custer and
five troops of the 7th Cavalry were killed after a gallant fight with
-Indians who outnumbered them. The Government took vigorous
steps to prevent any repetition of this disaster, and after several
brief but effective campaigns the region quieted down. Fort Custer
was built on the high ground at the junction of the Big Horn and
Little Horn rivers, and a strong garrison was maintained there for
many years. The post was finally abandoned and the military
reservation relinquished to the Interior Department April 23, 1902.
Today there are few traces of this fort. The site of the Custer mas-
sacre is marked by the Custer Battlefield National Cemetery, in which
memorials have been erected to those who fell.

During the last quarter of the nineteenth century the Crow
Indian Reservation developed slowly. The stock industry flour-
ished, and several ranches were established. In the early years of
-the present century agriculture became more important and greater
efforts were made to irrigate the river bottoms. = Later dry farming
was undertaken, with great success at first, but many enterprises have
failed.

In 1913 Big Horn County was organized from parts of Rosebud
and Yellowstone counties, and Hardin was made the county seat.

LEGAL 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 the roughly triangular area lying between the 107th
meridian, the south boundary of Montana, and the 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
Government in consideration of an expenditure of $1,150,000 on
irrigation projects, stock, fences, and schools for the Indians. This
agreement was ratified by act of Congress April 27, 1904, and in
October 1910, in accordance with this act, a part of the ceded land
was thrown open for sale. The remainder, which comprised parts of
Tps.1S.and 1to 5 N., R. 36 E., and Tps. 1 S. and 1 to 4 N,, Rs. 37
and 38 E., had previously been withdrawn from entry as possible coal
land and reserved for special examination.

17U.S.Stat.L., vol. 15, p. 649.



8 GEOLOGY OF BIG HORN COUNTY, MONTANA

" 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, were ordered withheld from sale until they could be examined
for coal. During the summer of 1912 a party in charge of G. S.
Rogers examined this land and classified it as to its mineral charac-
ter. 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.” During 1913 the lands affected by
the formal withdrawal were examined, so that all the ceded portion
of the Crow Reservation has been definitely classified either as coal
land or noncoal land, surface rights being separated from coal rights
in the tracts officially classified as coal land.

By virtue of allotments in severalty, part of the lands included
within the present Crow Indian Reservation are held in fee simple
by members of the Crow tribe and therefore are subject to Federal -
and local laws relating to real estate. The title to other allotted tracts
is held in trust by the United States Government for a period of
years following the allotment, the trust period being subject to exten-
sion by order of the Pre81dent Patents in fee simple covering these
trust lands may be issued to the allottee upon application and showing
that he is capable of managing his own affairs, or to a white pur-
chaser of the land through sale under supervision of the Secretary
of the Interior, or through allowing the trust period to expire. How-
ever, a large part of the area of the Crow Reservation yet consists of
unallotted tribal lands which have been reserved for the benefit of
the tribe as a whole. Leases or permits for the utilization or exploi-
tation of these tribal lands or of their mineral resources are usually
submitted to the Crow tribal council for approval before being
formally approved by the Interior Department. Another area of
300 square miles in eastern Big Horn County lies within the Tongue
River Indian Reservation and accordingly is also subject to special
restrictions. In the southeastern and extreme northeastern parts
of the county the lands are or have been parts of the public domain,
and titles thereto are consequently governed by the United States
public land laws.

FIELD WORK

COAL, OIL, AND GAS

During the years 1901 to 1905 Darton’s studies of the Big Horn
" Mountains ? covered a considerable portion of the county and reser-
vation, and in 1912 and 1913 Rogers and Lee ® examined areas within

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

8 Rogers, G. 8., Geology and coal resources of the area southwest of Custer, Yellow-
stone, and Big Horn Counties, Mont.: U.S. Geol. Survey Bull. 541, pp. 316-328, 1914.
Rogers, G. 8., and Lee, Wallace, The Tullock Creek coal fleld, Mont.: U.S. Geol. Survey

Bull. 749, 1923.
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and adjacent to the northeastern part of the county. In 1916 Wege-
mann, assisted by C. K. Wentworth and for a time by Thom, made a
reconnaissance examination of the oil and gas possibilities of the
reservation, while R. W. Howell, working under Wegemann’s general
supervision, made a general determination of the extent of the coal
lands in the reservation. In 1917 further work was done on deter-
mining the coal resources of the reservation by A. J. Collier and
Wentworth, and a small area in the northwestern part of Big Horn
County was mapped by Hancock * and Dobbin during their examina-
tion of the Huntley field. In 1920 Thom and Dobbin °* made a recon-
naissance examination extending into the-eastern part of Big Horn
County.

In 1921 the discovery of oil within the reservation led to further
detailed structural study of promising areas by Thom, assisted by
Moulton and N. W. Bass; and in 1922 Thom, assisted by W. W.
Rubey, made further reconnaissance examinations and local detailed
studies in the western part of the reservation, with the cooperation
of R. S. Knappen and Moulton, who were working just west of the
reservation.

In 1923 Dobbin’s mapping in the Forsyth coal field ? included
a few square miles in the northeastern part of Big Horn County;
Bass® mapped a strip of land along the valley of the Tongue
River; and Thom made a reconnaissance of the area lying in the
Rosebud Creek Valley, east of the Crow Indian Reservation.

In 1924 and 1925 Baker® made a detailed study of the coal re-
sources of the southeastern part of Big Horn County, and in 1929
Thom did further reconnaissance mapping of parts of the county
and of the Crow Indian Reservation as a preliminary to the prepa-
ration of this report.

GROUND WATER

In 1915 and 1916 -a reconnaissance of the ground-water condi-
tions in the part of Montana lying south of the Yellowstone River
was made by the late Arthur J. Ellis, of the United States Geologi-

+Hancock, BE. T., Geology and oil and gas prospects of the Huntley field, Mont.: U.S.
Geol. Survey Bull. 711, pp. 105148, 1920.
5Thom, W. T., Jr., and Dobbin, C. E., Oil possibilities in southeastern Montana: U.S.
Geol. Survey Press Notice, 1920,
¢Thom, W. T., Jr., and Moulton, G. F., The Soap Creek oil fleld, Crow Indian Reserva-
tion, Mont. : US Geol. Survey Press Mem., Dec. 5, 1921. Thomy, W. T., Jr., Ofl and
gas prospects in and near the Crow Indian Reservation, Mont.: U.S. Geol. Survey Bull
736, pp. 35-53, 1923. ’ v
" Dobbin, C. B., The Rosebud coal bed south of Forsyth, Mont.: U.S. Geol. Survey Press
Mem. 16925, Mar 21, 1924; The Forsyth coal field, Rosebud, Treasure, and Big Horn
Counties, Mont.: U.S. Geol. Survey Bull. 812, pp. 1-55, 1930.
8Bass, N. W., Coal in Tongue River Valley, Mont.: U.S. Geol. Surve
y Press Mem.
16748, Feb. 12, 1924 The Ashland coal field, Rogebud Powder River, and Custer Counties,
Mont. : U.S. Geol. Survey Bull. 831, pp. 19-105, 1932.
®Baker, A. A., The northward extension of the Sheridan coal field, Big I
4 Hor a
Rosebud Countles, Mont.: U.S. Geol. Survey Bull. 806, pp. 15-67, 1929. ® n
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cal Survey, working in cooperation with the State. The chemical
analyses were made in the laboratory of the Montana State College
and the State Board of Health, at Bozeman, under the supervision
of W. M. Cobleigh, director of the laboratory, and the records of
some of the wells were collected through correspondence by A. W.
Mahon, State engineer. As a result of this reconnaissance it became
possible for the Geological Survey to give advice to many of the
residents of this section of the State in regard to obtaining water
supplies by drilling wells.

In subsequent years somewhat more detailed work was done in
several counties in this region by Ellis,*® Renick,”* and others, and
the results have in part been published as water-supply papers cover-
ing specific counties. In 1921 Yellowstone, Treasure, and Big Horn
- Counties were covered by George M. Hall; the report on the ground
waters of Yellowstone and Treasure Counties has been published,!?
and the report on Big Horn County is presented in this bulletin.
(See fig. 2.) A report on Fergus County is in preparation.

Samples of water from wells and springs were collected by Ellis
and by Hall. Those collected by Ellis were analyzed under the
direction of Dr. Cobleigh, as already noted; those collected by Hall
were analyzed in the water-resources laboratory of the Geological
Survey, in Washington, by C. S. Howard.
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GEOGRAPHY
SURFACE FEATURES AND RELIEF

Big Horn County lies partly in the Middle Rocky Mountains but
mostly in the Great Plains province, as these provinces are defined
by Fenneman.* It includes high mountains, rugged though less
lofty divides, and extensive areas of relatively level bench and bottom
" lands. The general nature and distribution of these surface types
within a large part of the area described are indicated by the topo-
graphic maps of the Huntley, Fort Custer, St. Xavier, and Rosebud
quadrangles, published by the United States Geological Survey.
The major differences of relief are due largely to the superior hard-
ness of the granite, dolomite, and limestone that compose the moun-
tain masses as compared with the more easily eroded sandstones and
shales of the lowland areas, but to some extent these differences are
due also to the relative amount of deformation undergone by the
strata. The Big Horn and Pryor Mountains, in the southwestern
part of the area, are great northwestward-trending anticlinal folds,
which terminate somewhat abruptly at their north ends. The
gravel-capped plateau known as Pine Ridge, in the northern part of
Big Horn County west of the Big Horn River, and the Rosebud
Mountains, which form the high divide east of the Big Horn River
drainage basin, are erosional remnants that owe their preservation
mainly to protective cappings of sandstone, gravel, or “ clinker ” (a
natural brick that occurs extensively in the eastern part of the area
as a result of the spontaneous burning of coal beds beneath areas of
thin cover).

Surface altitudes within the area here described range from about
2,750 feet above sea level in the Big Horn Valley near Hardin to
4,100 feet on Pine Ridge, 5,600 feet in the Rosebud Mountains, more
than 8,000 feet in the Pryor Mountains, and about 9,250 feet in the
Big Horn Mountains. The total relief is therefore about 6,500 feet.
The relief of the mountains is accentuated by their abrupt rise to a
height of more than 5,000 feet above the general level of the plains.
The plains themselves, though mostly less than 4,000 feet above sea
level, are by no means all flat; smooth, nearly flat tracts are not
uncommon in the interstream areas, but the relief in some parts is
500 to 600 feet. _

Terrace surfaces are conspicuous features; they are due in part
to erosional planation but have been produced chiefly by the deposi-
tion of sand, gravel, and boulders on such planed surfaces along the
courses of former streams issuing from the mountains. Extensive

13 Fenneman, N. M., Physiographic divisions of the United States: Assoc. Am. Geogra-
phers Annals, vol. 18, p. 276, 1928.
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remnants of these old alluvial fans and former flood plains now
descend in steplike fashion to the alluvium of the present Big Horn
and Yellowstone Valley bottoms.

BIG HORN AND PRYOR MOUNTAINS

The Big Horn Mountains and the Pryor Mountains are structur-
ally a unit but are separated by Big Horn Canyon. Both derive
their names from the streams named by members of the Lewis and
Clark expedition. Their area in Big Horn County, Mont., is about
500 square miles, or about one-tenth of the total area of the county.

By far the greater part of the Big Horn Mountains, including
their loftiest peaks, is in Wyoming; the highest point is Cloud
Peak, 13,165 feet above sea level, and the general level of the higher
part of the range is about 10,000 feet. In Montana the altitude does
not exceed 9,250 feet, and much of the rugged grandeur of the
southern part of the range is lacking; the mountains in this area
are more gentle and rounded but are furrowed with steep-walled
canyons.

The Pryor Mountains are entirely within Montana, about three-
fifths in Big Horn County and two-fifths in Carbon County. They
are somewhat lower and less rugged than the Big Horn Mountains.
Their tops range in altitude from 7,000 to more than 8,000 feet
above sea level, with one summit that reaches 8,800 feet. They lack
the sharp peaks of the Big Horn Mountains and present a much more
rounded appearance.

Of the large number of very beautiful canyons in or near the Big
Horn Mountains, three deserve special mention—Big Horn, Black,
and Little Horn Canyons.

Big Horn Canyon is the largest. This canyon is more than 1,000
feet deep. The shales and limestones form steep slopes at the bottom -
and are surmounted by almost vertical walls of massive limestone,
which in many places is capped with massive sandstone. The river
fills the bottom completely and does not leave sufficient space on
either side at water level for even a footpath. However, in recent
years a pack trail has been cut in the side walls. The depth of the
canyon is but a fraction of the total depth to which the river has
cut below the general level of the upland surface. The amount of
material removed must have been enormous. This deep, narrow
notch with the river flowing through it is an impressive sight and
is visited by an increasing number of tourists each year.

Black Canyon is tributary to Big Horn Canyon. It is 1,200 to
1,500 feet deep, although popularly described as 2,000 feet deep,
The view into this canyon gives an impression of darkness and mys-
tery that may account for its name. Black Canyon is deeper and
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narrower than Big Horn Canyon, and Canyon Creek, which flows
in the bottom, is a small, inconspicuous stream compared with the
Big Horn River. This canyon is so disproportionately deep in rela-
tion to the size of the present stream that it seems probable that at
least part of the cutting was done during an earlier period when
the supply of water was greater and the volume of the stream
larger.

Little Horn Canyon is a deep canyon with brilliantly colored
walls that rise 1,200 to 2,000 feet above the canyon floor; its more
picturesque parts are in Wyoming. During recent years this canyon
has become very popular, especially with fishing parties.

The Pryor Mountains also are cut by numerous steep-walled can-
yons. Of these Pryor Gap is of particular interest, inasmuch as
it is the only low-grade pass through these mountains and was
formerly used by a railroad. Pryor Gap'is a “wind gap ” without
a permanent stream. Sage Creek, which rises in the mountains,
flows past its southwest end and Pryor Creek past its north end,
but the stream that cut the deep and relatively wide gap has van-
ished. Alden * suggests that the canyon may have been cut by the
Clark Fork of the Yellowstone River when that river flowed at
a higher level and on a course farther east than its present one.
(See also p. 67.) This canyon, or gap, has lofty castellated walls
that rise 1,000 feet or more above its bottom. The road through it
is at present rough but affords easy access to tourists, particularly
those on the way from Billings to Cody.

Parts of the upland on both ranges are smoothly rolling with
sparse forests and open parks that are used for summer pasture
for thousands of head of stock. These are evidently old erosion
surfaces produced during an earlier cycle of erosion. A few peaks

.rise above these uplands from a few hundred feet to as much as
3,000 feet.

The Big Horn and Pryor Mountains are parts of one large anti-
clinal arch. The structure is relatively simple, and faulting has
produced greater complications than folding. The steeper dip of
the folds alternates from one side to the other, and in many places
the surface slope of the mountains is formed by the dip slope of
the rocks. Crustal deformation is greater in the Big Horn Moun-
tains, and erosion there has cut through the sedimentary formations
into the granite; in the Pryor Mountains the igneous complex has
not yet been uncovered.

Hogbacks—long, narrow ridges that parallel the mountains—mark
the transition from the plains. They are named from their fancied
resemblance to the razorback hog and are formed by tilted hard

14Alden, W. C., Physiographic development of the northern Great Plains: Geol. Soc.
America Bull,, vol. 35, p. 399, 1924.
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layers that resist erosion while softer layers above and below are
removed. Though in many places the hogbacks are only a few hun-
dred feet high and are dwarfed by comparison with the moun-
tains, they are a striking feature of the landscape. A typical hog-
back is shown in plate 2, A. Situated as they are at the foot of
the mountains, it may be questioned whether they belong to the
mountains or to the plains, but structurally they are part of the
mountains. The traveler approaching the mountains is impressed
by the abrupt change in the attitude of the beds from nearly flat to
almost vertical, and especially by the short distance within which
the change takes place—not uncommonly within a few yards.

The period of uplift of the Big Horn and Pryor Mountains is
not definitely fixed. The folding is post-Cretaceous and may have
reached its climax in middle or late Eocene time. There have been
several subsequent uplifts, which apparently were not accompanied
by folding, although there may have been some faulting. The high-
level gravel in the mountains was deposited subsequent to the initial
uplift, probably in Oligocene or Miocene time, and a long period
must have been necessary in which to erode so much rock. Later
uplift renewed the streams that began cutting the present canyons.
In some parts the upland surfaces of the mountains have not been
deeply eroded since the original beveling, but elsewhere, especially
near the flanks, the mountains have been deeply trenched and scored.

As in other high ranges of the Rocky Mountains, the upper slopes
of the Big Horn Mountains were occupied by glaciers, which moved
down the valleys and left moraines® The Montana part of the
range, however, was too low for the accumulation of sufficient ice
to form glaciers, and the striking glacial phenomena so prominent
farther south are lacking in Big Horn County.

ROSEBUD MOUNTAINS 10

The Rosebud Mountains comprise a series of exceedingly rugged
pine-covered hills east of the Little Horn River. They form the
" divide between the Big Horn River drainage basin and that of Rose-
bud Creek and the Tongue River. These mountains start practically
at the Montana-Wyoming boundary and extend northward across

18 Darton, N. H.,, Geology of the Big Horn Mountains: U.S. Geol. Survey Prof. Paper
51, pp. 71-90, 1906,

18According to the official map of Big Horn County, compiled in the office of the county
surveyor in 1920, the name “ Rosebud Mountains ” is applied to all of the range that begins
near the Montana-Wyoming boundary and runs north for about 35 miles. Earlier usage
varied. On the Geological Survey map of the Rosebud quadrangle, the survey for which
was made in 1892, the south end of the present Rosebud Mountains Was\called ‘“ Wolf
Mountains ”, but another range that begins in the northeastern part of Big Horn County
and continues into Rosebud and Treasure Counties is called * Wolf Mountains” on some
maps. The name as given on the Big Horn County map and as used in this report is
believed to reflect the best current local usage.
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Big Horn County into Treasure County. Compared with their
lofty neighbors, the Big Horn Mountains, they are insignificant and
hardly deserve the name of mountains; but compared with other
hills in the plains area they are considerable elevations, rising more
than 2,000 feet above the valley of the Little Horn River and at-
taining a maximum altitude of 5,500 feet above sea level. They
form a somewhat formidable barrier to east-west communication,
and only a few wagon trails have been constructed across them.
The steeper slopes face the west; those on the east are much gentler.

The Rosebud Mountains are composed of the same rocks that
underlie so many square miles in the Great Plains and might be
included in that province but for their ruggedness. Moreover, they
are tree-covered, a condition that is not common in the plains.

These mountains are really the western scarp of the hard sandy
beds in the Lance and Fort Union formations, which are the young-
est formations exposed in the large syncline that forms so much
of eastern Montana and lies between the Big Horn and Black Hills
anticlines. '

From the west the beds appear to be a series of regular horizontal
layers, but they have a gentle dip to the east. These resistant beds
have been removed over the axis of the Big Horn anticline, and the
underlying softer beds have been so deeply eroded that the west limb
of the syncline now stands in considerable relief.

The rocks of the mountains consist of alternating layers of sand-
stone and shale with a few beds of coal. The hard sandstones with-
stand erosion and form steep walls; the softer shales form slopes.
Where steep cliffs of sandstone border open valleys or gentle slopes
they are known locally as rim rocks. The hard sandstones have
been reinforced by clinker beds which are also resistant. Many of
the coal beds, particularly those in the Fort Union formation, have
burned along the outcrop and partly fused the overlying beds of
shale and sandstone. These fused beds, which are usually red,
owing to ferric oxide, are known locally as clinker, slag, and lava.
Not only are the clinker beds resistant to weathering, but they form
conspicuous features of the mountain landscape. The bright bands,
which are visible for miles, contrast with the yellow sandstones and
drab shales and with the green of the pines that cover the slopes.

High-level terrace gravel is present in the northern part of the
area (see p. 68), but in the Rosebud Mountains erosion has appar-
ently cut below the old level at which this gravel was deposited
and removed all traces of it. The nearly level tracts now found at
several places in these mountains are apparently the result of the
stripping of soft beds from the very gently dipping underlying
harder beds.
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The Lebo shale member of the Fort Union formation forms strike
valleys parallel to the front of the Rosebud Mountains.

Considerable quantities of good coal are present in these moun-
tains, but as most of it is in the Indian reservations and as there
are well-developed mines only a few miles south, at Sheridan, little
effort has been made to develop it. The mountains support a growth
of pine trees, but they are usually small and not closely spaced
and most of the lumber is of poor quality. The logs are most use-
ful for the construction of buildings on the treeless plains. At pres-
ent there are some dry farms in these mountains, but as in some
other areas in Montana dry farming has not been entirely success-
ful and many farms have been abandoned. The greater part of the
arable land open to settlement has been taken up. In the past these
mountains have been used by the cattle ranches for stock grazing.
The grass is excellent and the rim rocks and timber furnish excellent
shelter in times of severe weather.

PLAINS

The plains comprise the largest part of the county. The relief
is generally moderate, particularly in the northern part, but in-
creases toward the mountains. In the northern part the relief rarely
exceeds 500 feet, though Pine Ridge, northwest of Hardin, which
rises 1,000 feet above the Big Horn River, is a striking exception;
in the southern part the relief may be 1,000 feet or more. The rocks
that crop out in the plains are almost exclusively sandstones and
shales. The beds appear horizontal in many places but have gentle
northerly dips, interrupted here and there by minor folds and
faults. The topography depends largely upon the underlying rock.
The shale weathers readily and is removed rapidly compared with the
more resistant sandstone. The shale, where thick, gives rise to
broad, gently rolling flats, which are separated from one another
by rim rocks of sandstone. Where the sandstones are less resistant
they weather to steep slopes instead of cliffs. In some areas where
the alternating beds of sandstone and shale are relatively thin, the
country is rugged, with numerous steep slopes covered with scrub
pine.

The youngest beds cropping out in the plains over large areas are
those of the Fort Union and Wasatch formations, and the sedimen-
tary record of the plains ceases with these beds. Younger Tertiary
(%) deposits of gravel are to be found on parts of the upland, and
Quaternary alluvium occurs in the valleys of all the larger streams.
The gravel deposits are described on pages 66-69. Throughout most
of the region the gravel terraces have been cut away, and many of the
broad, nearly flat surfaces are simply the result of the erosion of
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overlying soft beds from a flat-lying harder bed rather than to wide-
spread baseleveling.

The plains are dissected by the branches of the master streams.
" The streams, in general, have narrower and deeper valleys in the
hard rock than in the shale; however, under the semiarid conditions
of this part of the area, the streams cut sharp valleys or boxlike
canyons even in the shales.

RIVER VALLEYS

Although only the main streams of Big Horn County are peren-
nial, the volume of water carried at certain times in the year is large,
and its erosive power is considerable.

Most of the stream valleys are cut deep below the general level of
the country. In the mountains the Big Horn and Little Horn
Rivers have cut narrow canyons more than 1,000 feet deep. In the
plains the width and depth of the valleys differ with the kind of
rock. Valleys in shale are wider than those in sandstone, but nearly
all have flat bottoms with strips of alluvium and sides that rise
steeply to the level of the surrounding upland.

TERRACES

- In Big Horn County large, nearly flat areas are covered with
gravel that ranges in size from cobbles 6 inches or more in greatest
dimension ‘to small pebbles and in some places to fine sand. The
distribution of these terraces is shown on plate 3. Such gravel is
found at various altitudes from the present stream bottoms to the
tops of high hills. The tops of the Rosebud Mountains and the
peaks of the Big Horn Mountains are not gravel-covered, but the
top of Pine Ridge is. Terraces are conspicuously developed along
the Big Horn River, where they are locally called benches. The
term “bench ” is also used locally to describe a nearly flat area
resulting from the erosion of soft shale from a nearly horizontal
harder and more resistant underlying bed. The gravelly terraces,
or benches, bevel the tilted shale and sandstone beds without respect
to difference in hardness. The depth of the gravel cover ranges
from a few inches to 35 or 40 feet; in places it is more than 50 feet,
but usually it is less than 25 feet.

The terraces owe their preservation at the present levels to the
fact that a surface covered by gravel resists erosion, because water
falling on it quickly percolates through the gravel and slowly drains
out, either as springs or as seepage along the sides. Erosion is most
active where a small stream is working headward in a terrace or a
larger stream is undercutting the terrace by lateral planation. (Fur-
ther description of the terraces is given on pp. 66-69.)
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DRAINAGE

GENERAL FEATURES

The streams of Big Horn County are all tributary either directly
or indirectly to the Yellowstone River. The central part of the
county is drained by the Big Horn River and its tributaries, of which
the Little Horn River is the largest; the western part is drained by
Pryor Creek; the eastern part by Sarpy and Rosebud Creeks and the
Tongue River; and several townships in the northern part by Fly
Creek. All these streams have branches, some of which rise in the
mountains and are perennial, but the great majority, irrespective of
where they rise, are intermittent. The smaller branches are ephem-
eral and flow only while snow is melting or during and immediately
after storms. :

The Big Horn River is by far the largest of all these streams. It
rises in the mountains of western Wyoming, far south of the Mon-
tana boundary, and flows in a general northerly direction across the
county. Through the mountains it flows in- a magnificent canyon,
but after it leaves the older rocks and enters the plains, it has a much |
broader valley and a meandering path. (See pl.-2, B.) North of
Hardin, where it leaves the rocks of the Colorado group and crosses
those of the Montana group, its valley narrows again and becomes
almost gorgelike where it crosses the Lance formation. Beyond this
its bottom merges with the flood plain of the Yellowstone River, into
which it flows in Yellowstone County. The width of the valley varies,
ranging from a few hundred yards to more than 2 miles. It is wid-
est where the river flows over Colorado shale, but even here it is
distinctly cut below the general level, and there is everywhere an
abrupt rise from the valley to the interstream uplands. This abrupt-
ness depends not only on the kind of rock over which the river is
flowing but also on the nearness of the river to the scarp: in places,
where the river is actively cutting, cliffs of soft shale rise almost
vertically to heights of 100 feet or more. The bluffs at old Fort
Custer are a good example. The river flows in general against the
west side of its valley, with a broad strip of alluvium on the east
side, as far as Two Legging Creek; from this point it flows on the
east side and the wider strip of alluvium is on the west. This rela-
tion continues, with few exceptions, to the mouth of the river; one
notable exception is the Old Horn Bottom, on the east side of the
river east of Foster. Where the river flows over the Lance formation
the strip of alluvium is much narrower.

The Big Horn River carries a large volume of water at all times,
but in the spring and early summer, when it is generally in flood from
the melting snow and ice, its flow is very large. At periods of flood
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the water is heavily laden with silt. The flow of this stream is main-
tained largely by the tributaries farther south, as the Little Horn
River is the only perennial tributary in this county. Beauvais,
Woody, and Two Legging Creeks are the largest intermittent tribu-
taries from the west; Soap, Rotten Grass, and Tullock Creeks are the
largest from the east. Three of these creeks, Beauvais, Soap, and
Rotten Grass, rise in the mountains and in unusually wet summers
flow throughout the year. There are numerous smaller intermittent
streams. The Big Horn River furnishes large supplies of water for
irrigation of the lowlands on its banks.

The Little Horn River rises in the Big Horn Mountains not far
south of the State line and after flowing through a picturesque
canyon, the walls of which rise in places nearly 2,000 feet, flows
out on the plains. It joins the Big Horn River near the site of
old Fort Custer, a little southeast of the town of Hardin. Its
valley resembles that of the Big Horn in that it flows from a moun-
tain canyon onto the plains in a relatively wide valley partly covered
with alluvium, over the floor of which it meanders. The valley is
somewhat narrower and consequently appears deeper than that of
the Big Horn. Most of the course across the plains is over rocks
of the Montana group. Pass and Lodgegrass Creeks are the only
perennial branches, and neither of these carries a large volume of
water as far as the Little Horn River except when in flood. Numer-
ous intermittent streams that enter from the east and west carry
large volumes of water during and immediately after storms.

Pryor Creek rises in the mountains of the same name and flows
in a general northerly direction into the Yellowstone River. It has
a large valley which may have been formed when the stream that cut
Pryor Gap flowed through it on its way to the Yellowstone. This
valley has considerable deposits of Quaternary alluvium in places
as well as higher terrace gravel along its sides. The valley floor
is several hundred feet below the general level of the interstream
areas, and the rise is very abrupt. Pryor Creek always has a fairly
strong flow, and in spring it carries large volumes of water
derived from the melting of the snow in the mountains. It has sev-
eral tributaries, some of which rise in the Pryor Mountains, but none
are perennial. This creek is used to irrigate considerable areas, par-
ticularly in the vicinity of the village of Pryor, and some of its inter-
mittent tributaries, which rise in the Pryor Mountains, are also used
to irrigate small areas where they issue from the mountains.

Fly Creek, an intermittent stream that drains several townships
in the northern part of the county, is directly tributary to the
Yellowstone River. All the tributaries of Fly Creek rise in poorly
watered regions, and none are perennial for any considerable
distance.
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Rosebud Creek drains part of the area east of the Rosebud Moun-
tains through Big Horn and Rosebud Counties to the Yellowstone
River. It flows in a relatively small valley with a narrow bottom,
some of which is capable of cultivation, but the sides rise steeply
to the general level of the bordering rugged upland. The Rosebud
Mountains, in which this creek and its larger tributaries rise, are
not lofty, and there is not sufficient precipitation and ground-water
discharge to maintain a perennial stream across a plains region such
as that intervening between the headwaters of the creek and the
Yellowstone River. During the spring and early summer this creek
carries a considerable volume of water, part of which is used for
irrigation, but the flow decreases rapidly during the summer. There
is generally a small flow in the part of the stream in Big Horn
County, but the lower stretches are usually dry.

The Tongue River, which rises in the Big Horn Mountains in
Wyoming, drains the extreme southeastern part of Big Horn County.
This perennial stream, the branches of which are all intermittent,
flows in a meandering course in a relatively broad valley over
rocks of the Fort Union formation. The stream is shallow, with
numerous sand bars. The valley, which contains considerable allu-
vium, is bounded by steep slopes above which are the more rugged
uplands. During most of the year the river is shallow and carries a
relatively small volume of water, but at the time of the spring floods
it frequently overflows its banks, shifting its channel and doing
considerable damage.

The smaller tributaries in Big Horn County are distinctly younger
than the master streams, have steeper gradients, and are actively
eroding. Those in the shales are cutting back into the soft beds
with considerable rapidity, but even in the areas underlain by the
softer beds the valleys are almost as narrow and steep-walled as those
in the harder beds; a thin protecting sandstone near the surface is
apparently the cause of such narrow valleys in the western part of
the reservation.

Even the smallest streams, in which the water flows but for a short
time, are actively cutting back headward and slowly destroying the
flat interstream areas. During the violent storms that occur at times
during the late spring and summer one of these streams may work
back a number of yards, and a large volume of material is removed
to be deposited in the valley lower down.

RECORDS OF STREAM FLOW

Big Horn County is thoroughly drained, with almost no marsh
land in the flood plains that the river inundates at irregular inter-
vals. Except for the streams rising in the mountains, perennial
streams are few. Even those that rise in the mountains and issue
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from miniature canyons with a considerable flow rapidly disappear
in their course across the dry plains, owing to the high evaporation
and the character of the creek beds, as well as diversion for irri-
gation. The rain that falls upon the plains flows off rapidly because
of the sparseness of the vegetation, the well-developed drainage
system, and the violent nature of many of the rainstorms. For this
reason the streams are very “ flashy ” and rise with great rapidity.

The United States Geological Survey has in the past maintained
gaging stations on certain streams in this area, and detailed records
have been published.?

A gaging station was operated on the Big Horn River at the high-
way bridge 2 miles northeast of Hardin from June 16, 1904, to May
31, 1925. The maximum discharge recorded at this station was
42,300 second-feet October 1, 1923, and the minimum was 516 second-
feet July 15-18, 1919. The drainage area above the station is 20,700
square miles, and considerable water is diverted for irrigation above
the station. )

Two stations have been operated on the Little Horn River, one
near Wyola and the other at the Crow Agency. Both of these sta-
tions were in operation from September 7, 1911, to September 30,
1924. At the Wyola station the maximum recorded discharge was
1,610 second-feet June 16, 1924, and the minimum was 32 second-feet
April 10-12, 1915. At the Crow Agency station the maximum re-
corded discharge was 8,200 second-feet July 23, 1923 ; the stream was
dry from July 28 to August 6, 1921. The stream flow is affected by
diversion for irrigation above these gaging stations.

Three gaging stations have been in operation on Pryor Creek.
The station in the SW1; sec. 31, T. 5 S., R. 26 E., was above the
intake of the Pryor Ditch. Records for this station extend from
April 15, 1921, to October 7, 1924. The maximum discharge re-
corded was 112 second-feet May 23, 1924; the minimum 3.9 second-
feet April 3, 1922. The station at Pryor was in operation from June
19, 1921, to October 7, 1924. The maximum recorded discharge was
163 second-feet May 17, 1924; the minimum 3.4 second-feet June
24-25, 1921. The station at Coburn is in the SE1} sec. 35, T. 1 S,
R. 27 E., within the Crow Indian Reservation but in Yellowstone
County. The station was in operation from September 13, 1911, to
September 30, 1924. The maximum recorded discharge was 746
second-feet May 20, 1912; there was no flow June 30 and July 6-21,
95-31, 1919.

A gaging station was in operation on Lost Creek in the SE1j
sec. 34, T. 5 S., R. 26 E., from June 27, 1921, to October 7, 1924.
The maximum recorded discharge was 78 second-feet May 23, 1924;

17 Records for 1921-25 appear in U.S. Geol. Survey Water-Supply Papers 526, 546, 566,

586, and 606. Earlier records may be found in the similar water-supply papers for
earlier years covering the surface water supply of the Missouri River Basin.
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the minimum 0.74 second-foot September 16, 1922. The station on.
Soap Creek was in operation from September 11, 1911, to September
30, 1924, but the location was shifted several times during the period.
The maximum recorded discharge was 438 second-feet May 11, 1914;
there was no flow August 29-30 and September 18-25, 1920, and Sep-
tember 8, 1923. Two stations have been operated on Lodgegrass
Creek. One in the SE1 sec. 6, T. 8 S., R. 34 E., was operated from
May 12, 1921, to September 30, 1924. The maximum recorded dis-
charge was 540 second-feet May 22, 1923; the minimum 3.6 second-
feet December 2, 9-12, 1922. The other station, in sec. 30, T. 6 S.,
R. 35 E., was in operation from September 9, 1911, to December 20,
1915, and from April 13,1921, to September 80, 1924. The maximum
discharge, April 7, 1924, with a stage of 7.25 feet, was not calculated;
the minimum discharge was 2.7 second-feet September 2, 1921.

IRRIGATION BY SURFACE WATER

All the larger streams and many of the smaller ones, especially
those that issue from the mountains, are used to irrigate some of
the adjacent bottom lands. Irrigation has been practiced for many
years by utilizing the spring floods as well as by systematic ditching.
Since 1900 many new ditches have been installed and the area of
irrigated land has greatly increased.

The valleys of the Big Horn and Little Horn Rivers contain
by far the greater part of the total irrigated area in the county,
but there are also considerable tracts along Pryor Creek, particularly
in the vicinity of the village of Pryor. By aid of diversion dams
a part of the stream flow is turned into the main ditches and is
distributed through them to the secondary ditches, from which it is
applied to the land. There has always been an ample supply of
water in the past, and most irrigators have used large quantities.
In some places the application of water has been excessive, and
drainage problems have arisen. The soil is fertile and with irri-
gation yields large crops.

At several ranches along the Big Horn and Pryor Mountains
fields of varying size are irrigated by utilizing one or more of the
small intermittent streams that issue from the mountains. Alfalfa
for cattle feed is the chief crop, as these ranches are primarily cattle
ranches, but other crops are not entirely neglected. Bulky crops
cannot be raised profitably for shipment on account of the cost of
transportation, as most of these ranches are remote from shipping
points.

The total area irrigated in Big Horn County in 1929 *® was 43,492
acres, which was 28.2 percent of all improved farms. The 37 exist-

18 Rifteenth Census of the United States, Irrigation, p. 147, 1930.
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ing enterprises are reported to be capable of irrigating 76,773 acres.
The total length of main canals is 194 miles, and the total capacity
1,080 second-feet. The total length of lateral ditches is 204 miles.
The dams, with two exceptions, are all diversion dams which do not
store water but merely divert part of the flow. The two storage dams
are small and have a total capacity of only 128 acre-feet.

Although the total capacity of the existing ditches has not been
reached, plans have been made to build a dam on the Big Horn
River at the mouth of the canyon to store the flood waters that now
go to waste and make them available when needed. This proposed
dam will be one of the highest in the world and will furnish water
for power development as well as for the irrigation of many thou-
sands of acres that lie high above the present ditches.

CLIMATE

The climate of Big Horn County resembles that of other parts of
southeastern Montana, except in the Big Horn and Pryor Mountains,
where the increased altitude causes a much lower mean annual tem-
perature and considerably greater precipitation than is normal for
the open plains.

There are three cooperative stations of the Weather Bureau in this
county, at Crow Agency, on the Little Horn River in the Crow
Indian Reservation; at Busby, on Rosebud Creek in the Tongue
River Indian Reservation; and at Foster, on the Big Horn River.
Observations have been made at these stations since 1879, 1908, and
1913, respectively, but none of these records are continuous. A coop-
erative station was maintained at Decker, on the Tongue River, from
1904 to 1910, with incomplete records for 1904, 1906, and 1910. There
are no stations in either the Big Horn or Pryor Mountains, and con- .
sequently remarks concerning the climate in those areas cannot be
substantiated by records. Although these mountains are almost un-
inhabited, the climate is of importance because the amount and
distribution of precipitation upon them exert a great influence upon
the flow of the streams rising there, which are so essential for irri-
gation of the plains. On the whole, the precipitation is higher than
on the plains, as is shown by the forests that cover the sides of the
mountains. _

The mean annual precipitation as recorded at the cooperative
Weather Bureau stations was as follows: Crow Agency, mean for 36
years, 15.12 inches; Busby, mean for 14 years, 14 inches; Foster,
mean for 9 years, 11.74 inches; Decker, mean for 4 years, 13.38 inches.
The total precipitation may vary greatly from year to year at any
station. At Crow Agency the smallest precipitation was 8.03 inches
in 1889, and the greatest 25.25 inches in 1912; in only three years
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A. TYPICAL HOGBACK OF CLOVERLY SANDSTONE ON EAST SIDE OF BIG HORN
MOUNTAINS, NORTHWEST OF SHERIDAN, WYO.

Ledges with trees are sandstones in the Cloverly formation; slopes to left are shales in the Morrison and
Sundance formations. Photograph by N. H. Darton (U.S. Geol. Survey Prof. Paper 51, pl. 18, A).

B. BIG HORN RIVER CROSSING PLAIN JUST AFTER LEAVING CANYON
Photograph by J. Stimson,
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since 1879 has precipitation at this station exceeded 20 inches. At
Busby the greatest precipitation was 21.98 inches iri 1912, and the -
least 8.07 inches in 1921. At Foster the greatest precipitation was
16.79 inches in 1923, and the least 7.48 inches in 1921.  The annual-
precipitation for each of these stations is shown in plate 4.

The precipitation, though not large, is normally most abundant
from April to July—that is, during the growing season. (See pl.
5.) However, it frequently occurs that the distribution is not-so
favorable, and crops on the nonirrigated areas suffer. Most of the
precipitation from November to March falls as snow, and light
snows have occurred even during the summer. Violent thunder
storms, often accompanied by hail, are common in summer. The
hail sometimes injuries the crops, but such damage is generally con-
fined to small areas. The precipitation is lightest during the winter.
The average snowfall for the year at Crow Agency is 43.9 inches, -
and at Busby 50.5 inches. Occasional heavy snow covers the entire
county under a thick blanket, but usually the snow is not deep.
The winter snow is usually dry, and the accompanying winds quickly
blow it off the high uplands into depressions and coulees, leav-
ing the grazing lands open and accessible to stock. -

The temperature has a considerable range, both seasonal and
diurnal. The mean annual temperature at Crow Agency is 44.9°
F., and at Busby 41.7°. Temperatures exceeding 100° occur occa-
sionally on several days during the summer, but protracted periods
of high temperature are rare. The highest temperature recorded
at Crow Agency is 106° and at Busby 105°. In winter temperatures
of —40°, and lower have been recorded, but such cold periods are
usually short. During the winter there are generally many consecu-
tive clear days with temperature just below freezing. The diurnal
change is frequently more than 40°, particularly in summer, and the
hot days are normally followed by cool, comfortable nights. In
winter even greater variations in temperature occur when storms
approach.

The average date of the first killing frost in the autumn at Crow
Agency is September 26, and the earliest is September 7; at Busby
the average date is September 17, but it may occur as early as Sep-
tember 10. The average date of the last killing frost in the spring
at Crow Agency is May 15, but killing frost has occurred as late -
as June 21; at Busby the average date is June 3, but killing frost
has occurred as late as June 29. In general, the period between
the first and last killing frost decreases with increase in altitude.

The prevailing direction of the wind in most parts of the county
is west or northwest. Though destructive winds are uncommon,
strong winds prevail throughout most of the year. During the

61198—35—3
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summer the winds accompanied by high temperature cause con-
siderable evaporation, as the air is usually dry. These drying
winds frequently da,mage dry-land crops, but irrigated areas are
little affected.

VEGETATION AND ANIMAL LIFE

The diversities of altitude and soil existing within Big Horn
County and the Crow Indian Reservation are reflected in similar
variations in vegetation. The upland meadows of the Big Horn
Mountains support a luxuriant growth of prairie grasses during the
ordinary seasons, and numerous coniferous trees grow on the higher
and more rocky parts of the mountains. The sandstone hills north-
west of Hardin and east of the Little Horn River also support a
considerable growth .of pines. Along the watercourses bluestem
grass flourishes, and groves and thickets of cottonwoods, willows,
and boxelders are common. On the adjacent badland and bench-
land areas buffalo grass, sagebrush, greasewood, and prickly pear
make up a flora characteristic of a semiarid climate.

Large game, though once abundant, now consists of a few bears,
an occasional wolf, and a moderate number of deer and lynxes.
Coyotes are fairly numerous, and small game is relatively abundant,
including rabbits, badgers, and porcupines. Prairie chickens and
sage hens were formerly plentiful, but they have been hunted until
they are now very scarce. All the streams that issue from the Big
Horn and Pryor Mountains once teemed with trout. Owing to over-
fishing, the trout were almost exterminated and would have virtually
disappeared from most of the streams but for the distribution of fry.
Now the streams are kept well stocked.

Bands of wild horses formerly roamed the mountain meadows
and the high divide east of Pryor Creek but have been much reduced
in number as the result of determined efforts of local ranchers to
free the range of these animals.

INDUSTRIES

Stock raising continues to be the principal industry of most of
the area, although extensive bottom and bench lands are being culti-
vated under irrigation or by dry-farming methods applied on a very
large scale. Horned cattle range the Crow Indian Reservation east
of Pryor Creek, and sheep are pastured in its western part. Grain
is grown by mass-production methods on the irrigated bench lands
west of the Little Horn River between Crow Agency and Hardin and
also west of the Big Horn River. Forage crops, wheat, sugar beets,
and other agricultural products are grown on irrigated bottoms bor-
dering nearly all the larger streams.
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NATURAL RESOURCES

Next to agricultural land and perhaps water power and under-
ground waters, the most valuable natural resources of the area are
the coal deposits of the Rosebud Mountains. Some oil has been
produced in the Soap Creek field, and a natural-gas supply for the
town of Hardin is being developed by wells drilled just north of
the town. Timber for fuel and some suitable for lumber, gypsum,
limestone, clay, bentonite, asphaltic sandstone, sand, and gravel are
all>present within the reservation in quantities having either present
or future value, and a little placer gold has been found in existing
stream beds and may occur with some of the terrace gravel. The
limestone is present in the mountains in inexhaustible quantities.

The Big Horn River and to a less degree the Tongue River and
the smaller streams heading in the mountains are potential sources
of hydroelectric power, and it is even possible that power for iso-
lated ranches may be developed from artesian wells drilled near the
Big Horn Mountains, as several wells near Soap and Beauvais
Creeks yield flows of 1,000 to 25,000 barrels of water daily, and the
casinghead pressure of two wells at Soap Creek is reported to have
registered 225 and 300 pounds to the square inch.?®

The construction of dams for power development on a large
scale would also make possible the irrigation of additional extensive
tracts of bench land. '

RAILROADS AND ROADS

The Chicago, Burlington & Quincy Railroad extends northwest
from Sheridan, Wyo., and follows the Little Horn River northward
across the eastern part of the area to Hardin, at the confluence of
the Big Horn and the Little Horn. At Hardin the railroad turns
northwest again and runs by way of Toluca to Huntley, its junction
point with the Northern Pacific Railway, and thence to Billings.
A branch line built by the Chicago, Burlington & Quincy Railroad
west from Toluca to Pryor Creek, thence southwest up the valley
through Pryor Gap into the Sage Creek Valley and on to Warren,
in Carbon County has been abandoned, the tracks have been taken
up, and the roadbed has been used as a highway in many places. The
Northern Pacific Railway runs parallel to the Yellowstone River
just a few miles north of the northern boundary of Big Horn
County, and the line of a projected railroad from Sheridan to Miles
City, along the Tongue River Valley, crosses the eastern part of
the county.

*® Beecher, C. E., General report on Soap Creek oil field, Crow Indian Reservation,
Mont., U.S. Bur. Mines, Dec. 10, 1921.
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The Custer Battlefield Highway, a well-graded and much-traveled
road between Sheridan and Billings, closely parallels the Chicago,
Burlington & Quincy Railroad east and south of Toluca and Hardin,
and extends westward from Toluca to Pryor Creek along the right
of way of the abandoned branch line, thence over the low hills into
the Yellowstone River Valley. Numerous other graded roads radi-
ate from Aberdeen, Wyola, Lodge Grass, Crow Agency, Hardin, and
St. Xavier. Although the steep-walled shallow watercourses are
obstacles to vehicular traffic across the plains, many minor roads
and trails make travel possible, except in wet weather, over all save
the roughest and most mountainous parts of the area.

STRATIGRAPHY

Big Horn County and the Crow Indian Reservation are underlam
by a thick series of bedded sedimentary formations, ranging in age
from Cambrian to Recent, which rest upon pre-Cambrian granite.
(See pls. 1 and 6.) Of these the pre-Colorado formations have been
described in some detail by Darton,?® whereas the field studies of the
writers have been more particularly focused upon the part of the
stratigraphic column between the top of the Madison limestone and
the base of the Eagle sandstone. As shown by the stratigraphic
table given below, the Amsden and underlying formations consist
principally of limestone, with minor amounts of calcareous shale
and a little sandstone. The Triassic, Jurassic, and Cretaceous rocks
are almost all of marine origin and consist chiefly of shale inter-
bedded with minor though prominent sandstone layers. The Terti-
ary (%) and Eocene rocks are of fresh-water origin and contain coal
beds that represent flood-plain or coastal swamps; and the post-
Eocene Tertiary and Quaternary deposits consist of boulders, gravel
and alluvial clay covering local areas.

20 Darton, N. H., Geology of the Big Horn Mountains: U.8. Geol. Survey Prof. Paper
51, pp. 23-53, 1906.
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PRE-CAMBRIAN

The only rocks of pre-Cambrian age exposed in Big Horn County
and the Crow Indian Reservation are gray and red granites, which
crop out in the Big Horn Mountains along a canyon a short dis-
tance west of Point Lookout 2 (see pl. 1) and in the canyon of the
Little Horn River, a view of which is shown in plate 7. South of
the Montana-Wyoming line these granites are cut by dikes of dia-
base, olivine gabbro, hornblende diorite, and peridotite. The dikes
do not extend into the overlying sedimentary rocks but are confined
to the granite. All the igneous rocks appear to have been eroded
_to an almost even surface prior to the deposition of the overlying
Deadwood formation.

CAMBRIAN SYSTEM
DEADWOOD FORMATION

According to Darton,?® exposures in the canyons dissecting the
Big Horn uplift show that the Deadwood formation lies upon a
peneplaned surface of pre-Cambrian granite. (See pl. 7.) The
thickness of the formation -is about 900 feet, and the succession of
its component beds is somewhat uniform. The base of the Dead-
wood is marked by a coarse reddish-brown sandstone containing
small quartz pebbles, which is about 60 feet thick in this area. Next
above this sandstone lies about 200 feet of sandy shale and thin-
bedded sandstone, and above these about 400 feet of soft greenish
shale containing some thin layers of limestone or sandstone. The
top of the formation consists of gray to brownish-buff or flesh-colored
limestone containing layers and masses of conglomerate that consists
of flat limestone pebbles set in a matrix of glauconitic limestone and
shaly material. Glauconite is also found in the sandstone of the
lower part of the formation. Although referred by Darton to the
Middle Cambrian, the Deadwood is now classified by the United
States Geological Survey as of Upper Cambrian age.

Owing to its relative softness, the Deadwood is commonly exposed
in rounded slopes or low saddles between bolder outcrops of the
underlying granite and 6verlying Bighorn dolomite.

ORDOVICIAN SYSTEM

BIGHORN DOLOMITE

The Bighorn:dolomite, originally described by Darton * as the
Bighorn limestone, crops out in the Walls of the canyons that cut

2 Darton, N. H., Geology of the Big Horn Mountains: US Geol. Survey Prof. Paper
51, pp. 13-23, pl. 47 1906.

22 Jdem, p. 24.

23 Jdem, pp. 26—29.
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_into the backbone of the Big Horn Mountains and in a small area
near the north end of the Pryor Gap gorge. (See pl. 7.) The for-
mation in most places consists of three members having an average
combined thickness of about 300 feet, and because of its massive
character it tends to stand out in bold cliffs.

As described by Darton the Bighorn dolomite was supposed to

consist of a basal member of light-gray, moderately coarse grained
sandstone 25 to 30 feet thick, containing Middle Ordovician fossils;
a middle member of light-buff massive dolomite of lower Galena
(Trenton) age; and an upper member 75 to 100 feet thick, composed
of light-colored thinner-bedded llmestone containing a RlChIIlOIld
fauna. :
According to more recent studies by Kirk 2 the basal sandstone is
believed to be divisible into an upper part containing an Upper
Ordovician fauna and a lower part of local and irregular develop-
ment containing fossils characteristic of the Harding sandstone, of
Middle Ordovician age.

The present views concerning the age of the middle member of
the Bighorn dolomite, as defined by Darton, have been sta,ted by

Kirk as follows:

. The lower, massive portion (so-called middle member) of the Bighorn dolo-
mite formerly was held to be of Galena (Trenton) age. More detailed studies
of formations in Texas, Colorado, Idaho, Utah, and the Great Basin region
that may be correlated with the Bighorn with reasonable assurance indicate a
\ater (Upper Ordovician) age for these beds. Recent studies of the faunas
of the Manitoba Ordovician that may definitely be correlated with the lower
Bighorn have led Foerste to make them as late as Richmond in age. At all
events it would seem best for the present to consider the basal Bighorn as of
Upper Ordovician age. '

Weathered surfaces of the massive middle portion of the Bighorn
dolomite commonly show in relief a coarse mat or network of less
soluble siliceous material, possibly representing fossilized algal re-
mains,® and in many places the upper member of the Bighorn con-
tains a massive stratum 15 to 25 feet thick which weathers in a simi-
lar manner.

Corals are abundant in the basal part of the upper member of
the Bighorn, and the species of these and other fossﬂs obtamed
by Darton 2® are listed in his report. :

2 Kirk, Edwin, personal communication.

% Blackwelder, Eliot, Origin of the Bighorn dolomite of Wyoming: Geol Soc Americn
Bull,, vol. 24, pp. 607-624, 1913.

% Darton, N. H., op. cit., pp. 28-29. - . e
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CARBONIFEROUS SYSTEM
MISSISSIPPIAN SERIES

MADISON LIMESTONE

The Madison limestone has a thickness of about 1,000 feet in the
northern parts of the Big Horn and Pryor Mountains, and on ac-
count of its resistant character it is the formation that covers most
of the surface in the higher parts of these uplifts, and is extensively
exposed along their crests and in the canyons that dissect them. The
Madison limestone is shown in plate 7. It consists of a lower mem-
ber of moderately massive hard limestone, in part dark gray (see
analysis below) ; a middle member about 250 feet thick of softer,
purer, more massive light-colored rock that weathers into pinnacled
forms and caverns; and a top member about 80 feet thick that
consists of very massive, dense gray limestone locally overlain by
a few feet of white, thin-bedded limestone.

Analysis of Madison limestone at mouth of Big Horn Canyon, south of Hardin,
) Mont.

[Sample collected by K. C. Heald from top of lower member of the limestone. Analyst,
E. T. Erickson]

Si0: - 0.43 | CO, 46.91
ALO; ) .42 | PO, Trace
FeO .04 | SOs .03
MgO 19.93 | Cl - .06
Ca0 31.72 | MnO Trace
H:0 .02 | SrO .09
Organic matter 4 H.O__.____. .34 —_—
TiO, .01 100. 00

Fossils of lower Mississippian age, which are abundant at several
horizons within the Madison limestone, particularly in the middle
and upper part, indicate the essential equivalence of the Madison to
the Pahasapa limestone of the Black Hills. Numerous fossils were
obtained from the Madison by Darton,”” and others collected within
the Crow Indian Reservation by the writers have been identified by
G. H. Girty as follows:

3904. Upper massive member of Madison limestone on east side of north end
of Big Horn Canyon:

Campophyllum? sp. Spirifer striatus var. madisonensis.
Cliothyridina crassicardinalis? Syringopora surcularia,

Spirifer centronatus. Zaphrentis sp.

# Darton, N. H., op. cit,, p. 30.
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3905 and 3906. Upper massive member of Madison and overlying limestones
on east rim of Black Canyon one-half mile north of trail from Soap Creek:

Amplexus? sp. Schuchertella chemungensis?
Batostomella sp. Spirifer centronatus.

Bellerophon sp. Spirifer striatus var, madisonensis.
Dielasma burlingtonense. Spiriferina solidirostris.

Fenestella sp. ) Straparollus sp.

Platyceras sp. Syringopora surcularia.

Productus gallatinensis. Zaphrentis sp.

Productus semireticulatus var.

At some time considerable solution cavities were formed at the
contact of the upper and middle members and to a less degree along
the joint and bedding planes of the upper member, which were filled
by infiltered red mud, now calcareous red shale. Further evidence
of solution by percolating water is apparently afforded by irregular
masses of conglomerate contained in the upper massive member,
which seem to represent material filling collapsed caverns or sink
holes. :

The upper part of the Madison has yielded some oil at Soap Creek.
Hand specimens taken from the upper part of the formation ex-
posed on the Little Horn River give an odor of petroleum when
struck with a hammer, and this is more marked in samples taken
from the middle member near the irrigation-ditch head gate at
Big Horn Canyon.

: PENNSYLVANIAN SERIES

AMSDEN FORMATION \

The Amsden formation overlies the Madison limestone unconform-
ably and is believed to be of early Pennsylvanian age. The Amsden
formation is shown in plate 7. Within the Crow Indian Reservation
the Amsden consists of 155 to 365 feet of red shale, thin white and
red limestone, quartzitic sandstone, and chert breccia. The thickness
and general lithologic composition of the formation within the reser-
vation is indicated by the following sections, measured by Moulton
and Bass, and by well records on pages 105-124.

Section of Amsden formation on south side of Litile Horn Canyon

Tensleep sandstone.

Amsden formation: Feect
Red shale and gypsum 21
Red sandstone and shale 28
Purple limestone 1
‘White limestone 1
Pink limestone. — 1
Light-colored and greenish shale ——- 23
Light-colored fine-grained sandstone__—________________ 22
Light-colored sandy shale..__——______________________ 17

Light-colored sandstone yielding petroleum odor from
freshly broken surfaces. - .4
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Feel
Light-colored sandy shale_______ 12
Light-colored fine-grained sandstone; very porous and .
also contains large.cavities —— 7
Light-colored sandy shale_ 4
Light-colored sandstone with.6-inch limestone cap-..___ 7
Red limestone 1
Sandy shale 3
Gray sandstone with much pink and blue chert in upper _
part 9
Gray and purple shale ) e 12
Gray cherty sandstone - 8
Gray and purple shale_-___: _— 14
Gray sandstone and sandy limestone with cherty layers
at top. : - 33
Crystalline limestone . 1
Red shale. 18
Madison limestone,
247

Section of Amsden formatioh on north side of Big Horn River at mouth of
Big Horn Canyon
Tensleep sandstone.

Amsden formation: Feet
Variegated yellow, maroon, and purple shale ___________ 10
‘White sandstone 10
Shale 2
White sandstone 14
Red, green, and yellow shale and sandstone, inter-

bedded - 34
Concealed 100
Light-gray limestone, cherty at top 10
Thin gray limestone interbedded with pink shale______ 13
Concealed 38
Gray limestone _ 5
Hard calcareous sandstone, containing solution cavities_ 8
Red concretionary fossiliferous sandstone mterbedded

with red shale - 23 .
Concealed, principally red shale i 96

Madison limestone.

- 363
Bection of Amsden formation on East Pryor Oreek on northeast side of Sh/wely
Hill dome

Tensleep sandstone.

Amsden formation: Feet
Concealed - 20
Pink and white cherty limestone, somewhat cavernous._. 16
Concealed : . 38

' White sandstone ) 3
Sandstone alternating with @halp ) e, 26
Red sandy shale___ I 13

. Red cherty limestone . i — . 30

Red shale. ———— SRR, . 10
Madison limestone. ’ ' T

156
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‘The base of the formation is placed below a bed of red shale 15
feet or more in thickness, which seems to be invariably present at the
iinconformable contact between the Amsden and the Madison lime-
stone. The oil produced at Soap Creek has been chiefly obtained
from a sand 80 feet below the top of the formation, though a lower
sand has also yielded some oil.

The magnitude of the unconformity separating the Amsden from
the underlying Madison limestone is not yet determinable.. The
beddlng of the two formations is nearly parallel, but from exposures
in the canyon of the East Fork of Pryor Creek at the Shively Hill
dome it is evident that the Madison had been folded slightly-before
the deposition-of the Amsden, and the basal red shale and solution
cavities present in the massive upper member of the Madison at
Big Horn Canyon point to a period of exposure and weathering of
the formation prior to or coincident with the beginning of Amsden
sedimentation. . : . o :
- The following fossils collected from a maroon limestone just above
the basal red shale at the mouth of Big Horn Canyon are reported
by Girty to indicate the probable basal Pennsylvanian age of the
Amsden, tending further to confirm the existence of a local hiatus

- corresponding to upper Mississippian time.

" 8903. Red limestone near base of Amsden formation on east side of lower end
of '‘Big Horn Canyon: .

Schizophoria aff. S. resupinoides. Schizodus? sp.
Derbya n. sp.? Pleurophorus? sp.
Spirifer rockymontanus var. . Astartella? sp.

Composita subtilita.

The Amsden, together with the overlying Tensleep sandstone, is
approximately equivalent to the Minnelusa formation of the Black
Hills. These two formations may also be represented partly or
wholly by the Quadrant formation of the Lewistown district, but the
uncertainty as to the true age of beds classed as Quadrant in that
district makes a definite statement as to its age relationship im-
possible. It is believed probable, however, that the Quadrant of the
Lewistown district includes a considerable thickness of upper Missis-
sippian strata not represented in the Crow Reservation.?®

TENSLEEP SANDSTONE

The Tensleep sandstone, of early Pennsylvanian age, overlies the
Anisden with apparent conformity and consists of coarse yellowish
or white sandstone 45 to 75 feet thick, with nodules of black chert
in its upper part. The formation is in many places bedded in
massive lenses and locally shows features suggestive of a dune origin.

%8 Hammer, A. A., and Lloyd, A. M., Notes on the Quadrant formation of ea:‘st-central’i
Montana : Am. Assoc. Petroleum Geologists Bull,, vol. 10, pp. 986-996, 1926,
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A view of the upper member of this sandstone in shown in plate 8.
Numerous drusy cavities in its members, observed at Big Horn
Canyon, indicate that it has been strongly affected by circulating
siliceous waters. The Tensleep stands out strongly where it rises be-
neath the Chugwater red beds and sweeps up the steep northeast
slopes of the Big Horn and Pryor Mountains. It is also well ex-
posed where East Pryor Creek cuts through the Shively Hill dome,
in sec. 26, T. 5 S., R. 27 E.

The outcrops of the Tensleep on the Little Horn River and on
Lodge Grass Creek are more or less tarry, and the Tensleep has
yielded shows of “ dead ” oil in wells drilled at Soap Creek. Some
nonflammable gas has also been obtained from it in two of these
wells. ‘

No fossils were found in the Tensleep by the writers, but Darton
collected a few.fossils from chert nodules near the middle of the
formation on the slopes west of Klondike, Wyo., among which were
forms identified by Girty as Productus cora, Strophostylus nanus?,
and Pleurotomaria? sp.*®

TRIASSIC SYSTEM
CHUGWATER FORMATION

The Chugwater formation consists primarily of brilliant dark red
sandstone and shale with thick local beds of gypsum near the top
and base. One or more thin reddish limestone beds are also usually
present in the upper part of the formation. The outcrop of the
Chugwater is only a few hundred feet wide along the steep flank
of the Big Horn fold in the vicinity of Big Horn Canyon but
attains a width of several miles between the head of Soap Creek and
a point near the Wyoming line, as a result of the influence exerted
upon local erosion by the Sport Creek anticline. North of the Big
Horn River the Chugwater is exposed over considerable areas around
the north end of the Big Horn Mountains and in the vicinity of
the Shively Hill dome and it is very extensively exposed in the
valley of Dry Head Creek, that is, within the syncline between the
Big Horn and Pryor Mountain uplifts. North of the Pryor Moun-
tains the Chugwater is exposed within the Crow Reservation only
in a small area in the southeastern part of T. 5 S., R. 25 E., as a
result of branching of the Castle Butte fault, which cuts off the
north end of the Pryor Mountains.

The maximum thickness of the formation observed within the
reservation was 655 feet, measured by Thom and Moulton near the .
head of the West Fork of Soap Creek. The thickness of the forma-
tion at several other points within the reservation is shown graphi-
cally by plate 6, which also shows the decreasing thickness of the

® Darton, N. H., op. cit., p. 34.
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formation toward the north and its inferred final disappearance
south of the Molt Oil Co. well on the Hailstone dome, in Stillwater
County, in the SW14,NW1 sec. 5, T.3 N., R. 21 E.

Near the Little Horn River thick beds of Chugwater sandstone
show a greenish tint, in contrast to the normal red color of the forma-
tion, and a hand specimen taken from one of these light-colored
beds shows a considerable impregnation with oil.

Similar discolored red sandstones are found on Willow Creek and
Reed domes. The discoloration is confined to spots and streaks, but
impregnation with oil is lacking. The change of color is due, accord-
ing to Moulton,® to the reducing action of hydrogen sulphide, which
changed the ferric iron to the ferrous condition. The green tints are
most conspicuous in the vicinity of fractures along which the reduc-
ing gases may have descended. Springs in the vicinity, which
discharge waters that carry hydrogen sulphide, show that the gas
for the reduction was probably available.

Although the Embar formation as such is not positively recognized
north or northeast of the Big Horn Mountains, the gypsum beds that
occur in the basal 100 feet of red strata belonging to the Chugwater
may perhaps be of the same age as the Park City formation or the
lower part of the Embar. The thin limestone which lies at the base
of the Chugwater at Shively Hill and in the Soap Creek field
may also be of Park City age, which would give the beds of Park
City age a possible local thickness of 125 feet. The Embar yields
oil in several of the Wyoming fields, but the rocks possibly equiva-
lent to it in the Crow Indian Reservation have not yet proved pro-
ductive, and the silification exhibited by the upper part of the Ten-
sleep and by the thin beds of limestone that rest upon it at some
places strongly suggests that this surface was exposed to weathering
during Embar time or immediately thereafter. No fossils were
found in the Chugwater by the writers, but marine fossils were
obtained from it by Darton in adjacent areas in Wyoming.s*

JURASSIC SYSTEM
SUNDANCE FORMATION

The Sundance is a marine formation of late Jurassic age and seems
to underlie the Morrison conformably. It consists of gray and
greenish sandstones and white or pink limestones, interbedded with
greater thicknesses of shale, dark or greenish in the upper part of the
formation and pink or red in the lower part. The conspicuous pink
or red tints may be found as high as 140 feet above the base of the
formation. The top of the Sundance at many places is marked by

%0 Moulton, G. F., Some features of red-bed bleaching: Am. Assoc. Petroleum Geologists
Bull,, vol. 10, no. 3, pp. 304-312, 1926. ~
@ Darton, N. H,, op. cit., pp. 41, 42.
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a fossiliferous coarse soft sandstone, from which numerous springs
issue. The outcrops of the upper two-thirds of the formation are
commonly featured by great numbers of the thick curved shells of
Gryphaea calceola. The formation has a maximum thickness in the
Crow Indian Reservation, as revealed in wells drilled at Soap Creek,
of 650.to 680 feet; it appears to thin thence both to the north and
south, apparently because of thinning of the red lower shales owing
to overlap. The base of the Sundance formation is almost every-

. where marked by a zone of white or light-pink limestone beds which
tend to crop out as a conspicuous rim above the red strata of the
Chugwater. In the folded areas the harder beds of the Sundance
form conspicuous hogbacks. The lower part of the Sundance forma-
tion of this report is believed to represent the Ellis formation of
central Montana.

Several sections of the Sundance were measured by Darton along
the mountain slopes south of the reservation, where he obtained a
considerable number of fossils from the formation.*? Additional
fossils have been identified by J. B. Reeside, Jr., from collections
made by Thom, Moulton, and Bass, as follows:

10893. Upper part of Sundance formation, sec. 20, T. 7 8., R. 32 E.:

Belemnites densus Meek and Hayden.
Camptonectes sp.
Ostrea sp.

10898. Sandstone mapped as top of Sundance formation, SE14 sec. 21,
T.78,R.32E.:

Ostrea strigilecula White,
Belemnites densus Meek and Hayden.

10903. Basal. stratum of Sundance formation 2 miles northeast of crest

of Shively Hill dome:
Ostrea strigilecula White.
Lima occidentalis Hall and Whitfield.
Camptonectes bellistriatus Meek an{ Hayden.
Trigonia montanaensis Meek.
Pleuromya sp.
Pelecypods undetermined.

10913. Middle of Sundance formation, SW14 sec. 14, T. 8 S, R. 33 E.:

Gryphaea calceola var. nebrascensis Meek and Hayden.

Collection 10903 was said by Reeside to indicate Ellis rather than
Sundance age, but the collections from the upper part contain a
Sundance fauna which he considers younger than the Ellis fauna.

MORRISON FORMATION

The Morrison formation is now classified as of Upper Jurassic
age. It usually consists of maroon, red, or varicolored clays with
minor amounts of light-colored sandstone in fairly persistent beds.
Owing to the soft character of the formation it is as a rule poorly

8 Darton, N. H., op. cit., pp. 4346,



U.S. GEOLOGICAL SURVEY BULLETIN 856 PLATE 7

ANTICLINE ON EAST SLOPE OF BIG HORN UPLIFT, NORTH SIDE OF CANYON OF LITTLE HORN RIVER.

Granite to right overlain by Deadwood formation, Bighorn dolomite (B), and Madison limestone. Knob to right and park to left are Amsden formation. Photograph by N. H.
Darton (U.S. Geol. Survey Prof. Paper 51, pl. 41, B).
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UPPER MEMBER OF TENSLEEP SANDSTONE IN TENSLEEP CANYON.
Photograph by N. H. Darton (U.S. Geol. Survey Prof. Paper 51, pl. 16, A).
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exposed, and its zone of outcrop is usually marked by a depression or
narrow elongated valley between hogbacks formed by the upper
sandstone beds of the Sundance and by the basal conglomerate of
the Cloverly formation. Good exposures of complete sections of the
Morrison formation are rare, and the contacts with the beds above
and below are seldom well exposed. From such observations as were
made it appeared: probable that-the Morrison formation is at least
locally conformable with the underlying marine Jurassic Sundance
formation, and that it quite certainly is unconformably overlain by
the Lower Cretaceous Cloverly formation. No angular unconform-
ity between the Morrison and Cloverly formations was noted in the
field, but observed variations in the thickness of the Morrison seem
to point to its partial or at places complete removal by erosion within
the main Big Horn uplift before or during the deposition of the
Cloverly formation. Thus the Morrison formation is almost 400
feet thick in the wells at Soap Creek, about 345 feet at Black Gulch
and Beauvais Creek, 216 to 260 feet near Pryor, 143 feet a short dis-
tance south of the mouth of Big Horn Canyon, and 79 feet near the
mouth of Grapevine Creek where meastred by Moulton and Bass.
Near the head of Soap Creek and at other localities farther south
along the mountain upfold the Morrison is either very thin or absent.
Unconformable contact of the Cloverly on the Morrison without
noticeable angular discordance is reported from the west side of the
Big Horn Mountains by Hewett and Lupton.®

Some idea of the composition and character of the Morrison for-
mation in the Crow Indian Reservation is afforded by the following
stratigraphic sections and by the well records on pages 105-124, and
an idea of its variation in thickness may be obtained from phte 6.
These do not, however, indicate adequately the rather abrupt ap-
pearance of beds of thick sandstone in the Morrison in the area just
south and southwest of Pryor.

Section of Morrison formation 3 miles south of Fort 0. F. Smith
[Measured by N. H. Darton ¥]

Cloverly formation: Basal conglomerate.

Unconformity. .
Morrison formation : Feet
Greenish-gray sandy shale, upper part soft____________ 18
Buff sandstone 5
Massive gray sandstone____ i - 20
Variegated sandy shale; pale-red and green tints._____ 5
Light-colored fine-grained soft sandstone___.___________ 25

Sundance formation: Brown sandstone,

143

83 Hewett, D. F., and Lupton, C. T., Anticlines in the southern part of the Blg Horn
Basin, Wyo.: U.S. Geol. Survey Bull, 656 p. 19, 1917,
% Darton, N. H., op. cit., p. 49.
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Section in NW; sec. 6, T. 6 S.,, R. 26 E., and NEY sec. 1, T. 6 S., R. 25 E.

{ Measured by W. W. Rubey]

Feet
Cloverly formation: Sandstone, conglomeratie, weathering
dark brown (basal member of Cloverly) ___. . _______ 15
Morrison formation:
Shale, red or purplish . 115
Sandstone,\ cross-bedded, massive, light-colored, forming
prominent ledge ; —- 3
Shale, purplish-gray 23
Shale, pink or red 75
216
Sundance formation:
Sandstone, yellow, ripple-marked, apparently by wave
action 1
Shale, yellowish, sandy S 32
Sandstone, brown, fossiliferous, slabby to cross-bedded
and massive; forms pronounced rim 22
Concealed 145+

Bed of Plum’ Creek.

‘Gastroliths, or polished pebbles supposedly once contained in the
gizzards of ancient dinosaurs, and dinosaur bones of large size are
fairly abundant in the Morrison beds exposed in the Beauvais Creek
Valley but were not noted elsewhere on outcrops of the formation
within the reservation. Collections of dinosaur bones obtained by
Barnum Brown from Morrison outcrops along Horse Creek in the
Beauvais Creek area have been described by Mook,*® of the American
Museum of Natural History.

CRETACEOUS SYSTEM
LOWER CRETACEOUS SERIES

CLOVERLY FORMATION

The Cloverly formation is exposed almost continuously in a belt
along the eastern flank of the Big Horn Mountain upfold and covers
large areas bordering Beauvais Creek and in the region east, north,
and west of the town of Pryor. Because of its resistant character
the basal conglomeratic sandstone of the Cloverly forms a conspic-
uous hogback ridge east of the mountains. (See pl. 2, 4.) In some
areas north of the mountains the Cloverly formation lies almost
horizontal and, where it has not succumbed to erosion, it underlies
extensive flats.

The basal conglomerate or coarse sandstone of the Cloverly for-
mation is of fluviatile origin and, like most fluviatile deposits, shows

8 Mook, C. C., The fore and hind limbs of Diplodocus: Am. Mus. Nat. History Bull,,
vol. 37, pp. 815-819, Dec. 5, 1917.
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some variation in thickness as well as in the materials of which it
is composed ; yet it affords a definite base for the formation.

As originally defined by Darton the Cloverly formation is made
up of two members. The lower member consists of 10 to 60 feet of
coarse-grained buff to dirty-gray cross-bedded massive sandstone, the
basal beds of which are usually conglomeratic. The upper member
consists of 30 to 40 feet of clay, mostly of ash-colored and purplish
or reddish tints. At the top of the upper member a few feet of
massive sandstone is found in some localities. This formation is
supposed to be the equivalent of the Lakota sandstone, the Fuson
formation, and the Fall River sandstone (formerly called “ Dakota ”)
of the Black Hills region.

In the Big Horn Basin Hewett and Lupton 38 found the Cloverly
to consist of three units, and they applied the name Greybull sand-
stone to the upper sandstone. This same succession of beds is shown
by the formation in its extensive exposures in the western part of
the Crow Indian Reservation, but toward the east the variegated
shales of the middle member assume a brownish hue, and red tints
are only locally exhibited along the eastern flanks of the Big Horn
Mountains.

The field work done in the reservation has been insufficient to indi-
cate with certainty the exact stratigraphic relation between the Grey-
bull sandstone and the sandy strata included in the top part of the
Cloverly as it was mapped at Soap Creek and along the east flank
of the Big Horn Mountains south of the Big Horn Canyon. West of
Pryor the Greybull sandstone consists of about 25 feet of coarse
massive sandstone very similar to the underlying Lakota in appear-
ance, but the unit rapidly loses its massive character as it is traced
toward the north and northeast, and it is poorly consolidated and
conspicuously thin-bedded in its exposures northeast of Pryor and
along Beauvais Creek.

The top of the Cloverly, as the formation has been defined at the
Soap Creek dome,*” is marked by about 80 feet of yellowish sandy
shale containing layers of hard, thin-bedded rusty sandstone. Simi-
lar beds in the same general position were observed east of the Sport
Creek dome and at several other places along the east flank of the
Big Horn Mountains. These tawny sandy shales may possibly cor-
respond to the Greybull sandstone of areas to the west, but there is
also a possibility that local lenses of coarse massive sandstone that lie
a little below the tawny beds in Cloverly exposures near the head of
War Man Creek and north of Rotten Grass Creek are more properly

8 Hewett, D, F., and Lupton, C. T., Anticlines in the southern part of the Big Horn
Basin, Wyo.: U.S. Geol. Survey Bull. 656, p. 19, 1917,

87 Thonr, W. T., Jr., and Moulton, G. F., The Soap Creek oil field, Crow Indian Resnr-
vation, Mont.: U.S. Geol. Survey Press Mem., Dec. 5, 1921,
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to be correlated with the Greybull, whereas the tawny sandy shales:
lying above are probably equivalent to the “ rusty beds” of Wash-
burne® which consist of dark sandy shale and thin-bedded fine-
grained sandstone. These “rusty beds” were referred by Hewett.
and Lupton *® to the basal part of the Upper Cretaceous Thermopo-
lis shale and were subsequently referred by Hares *° to the Cloverly
on faunal and lithologic grounds. Hares’ correlation is made doubt-
ful, however, by the fact that Washburne *® and Hintze ** both
believe that a stratigraphic break exists between the Cloverly and
“rusty beds” in the vicinity of Greybull, Wyo. Washburne says:

The “rusty beds” are a constant feature of the base of the marine Cre-
taceous. Seemingly they are as a group a true basal sandstone, resting upon
a rather smooth surface of erosion.. Beneath this erosional surface at
some localities is a heavy sandstone, probably the lower sandstone of the
Cloverly formation; but at most places the Qloverly sandstone is absent and
the “rusty beds” rest upon maroon, pink, or bright-green shales which are
regarded as part of the Morrison formation, though they may belong to the
Cloverly. There can be no doubt as to the lenticular nature of the Cloverly
sandstone and its absence over most of the area. The field evidence indi-
cates that the sandstone was removed by erosion before the deposition of the
overlying marine strata of the Upper Cretaceous. * \

Insofar as the writers are able to judge there is rather more likeli-
hood that the tawny sandy shale and sandstone lying at the top of the
Cloverly as mapped in the central part of the reservation are equiva-
lent to the “rusty beds” of Washburne (which the United States
Geological Survey now includes in the Thermopolis shale) than that
they are equivalent to the Greybull sandstone. If the “rusty beds”
represent a shore phase of deposition in the advancing Colorado sea,
they are to be considered as of Upper Cretaceous age and are prob-
ably equivalent to the First Cat Creek-sand of central Montana.
Under such an interpretation it is believed that the Cloverly forma-
tion would be stratigraphically equivalent to the First Cat Creek sand
of central Montana and the underlying Kootenai formation down to
and including the persistent conglomeratic sandstone said by Calvert **
to lie just above the coal of the Lewistown coal field and 60 to 90 feet
above the Kootenai-Morrison (?) contact within the Lewistown area.

Presumably that part of the Kootenai lying below the conglomerate
is lost in the Crow Indian Reservation by unconformable overlap
of the Cloverly upon the Morrison, but the presence below the strata
that are considered to represent the Lakota near Thermopolis, Wyo.,

" 8 Washburne, C. W., Gas fields of the Big Horn Basin, Wyo.: U.S. Geol. Survey Bull..
340, p. 350, 1908. v

% Hewett, D. F., and Lupton, C. T., op. cit., pp. 19-20.

40 Hares, C. J., unpublished manuseript.

4 Hintze, F. F., Jr., The Basin and Greybull oil and gas fields, Big Horn County, Wyo. :
Wyoming State Geologist’s Office Bull. 10, pp. 19-20, 1915.

4 Calvert, W. R., Geology of the Lewistown coal field, Mont.: U.S. Geol. Survey Bull.
390, p. 25, 1909. .
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-of carbonaceous beds that are probably representative of the Lewis-
town coal zone was recorded by Darton ** and has also been more re-
cently recorded by Lee ** near both Thermopolis and Nowood, Wyo.
In Lee’s opinion it was at the Nowood locality that leaves identified
:as belonging to Kootenai species were obtained by Fisher# Simi-
larly, fossil leaves of Kootenai age, according to identifications by
F. H. Knowlton, have been obtained by Wegemann from the base of
the conglomerate near Mayoworth, Wyo., that is believed to corres-
pond to Lakota sandstone. This suggests that the local coal bed
‘present 