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BENTONITE DEPOSITS IN MARINE CRETACEOUS FOR-
MATIONS OF THE HARDIN DISTRICT, MONTANA
AND WYOMING

By Maxwert M. KnecuTen and Sam H. PATTERSON

ABSTRACT

The bentonite deposits described in this report, which are roughly and tenta-
tively estimated to include a minable reserve of 110 million short tons of mont-
morillonitic clay, are shown on a geologic map covering approximately 1,280
square miles, mostly in the Crow Indian Reservation, Big Horn County, Mont.,
but extending a short distance southward into Sheridan County, Wyo. Ben-
tonite has been mined in recent years from two small workings in Sheridan
County, one of which is north of Gay Creek and the other near West Pass Creek;
the clay has been processed within the district in a plant at Aberdeen Siding,
Mont., a shipping point on the Chicago, Burlington and Quincy Railroad.

The bentonite beds of minable thickness are interspersed among strata be-
longing to Cretaceous formations ranging from the Thermopolis shale to the
Bearpaw shale. Two beds in the Cody shale and two other beds in the Bearpaw
shale are extremely thick locally; these, and a number of other beds, are favor-
ably situated for mining along some parts of their outcrops.

Primarily, the beds are described with reference to their location, stratigraphic
positions, thicknesses, geologic structural relations, accessibility and content of
material that might be suitable for industrial use. Also outlined are the labora-
tory procedures employed in testing samples of the bentonite as molding-sand
bonding materials for use by foundries and as ingredients of rotary oil well
drilling muds.

INTRODUCTION

LOCATION AND FIELD WORK

Extensive deposits of bentonite, a valuable rock material consisting
essentially of clay derived from alteration of volcanic ash, are present
in the Cretaceous sedimentary rocks of the western interior of the
United States. A field and laboratory investigation of such bentonite
deposits in several parts of the Missouri basin lying in Montana,
Wyoming and South Dakota, has been carried on intermittently
since 1946 by the U. S. Geological Survey. Results of part of the
work accomplished are embodied in the present report. The senior
author has supervised the geologic field and office work since its incep-
tion, and the junior author has taken an active part in all phases of
the work since 1947. Participation by other workers, including mem-
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2 BENTONITE DEPOSITS IN MONTANA AND WYOMING

bers of the U. S. Geological Survey, the Illinois Geological Survey
and the University of Wyoming Natural Resources Research Insti-
tute, is acknowledged at appropriate places in the report.

Unusually thick beds of bentonite crop out in the plains that skirt
the northeast flank of the Big Horn Mountains in Montana and
Wyoming. A segment of the belt of exposed Cretaceous rocks, in
which these beds occur, is referred to in this report as the “Hardin
district.” It includes a large part of the tract of land described by
Richards and Rogers (1951) as the “Hardin area.” The segment thus
designated parallels the base of the mountain range and lies mostly in
the Crow Indian Reservation, in Big Horn Clounty, Mont., but it ex-
tends for a short distance into the adjacent part of Wyoming (fig. 1).

Large deposits of bentonite are present in the Hardin district at
many sites where mining may be feasible; some of these deposits
contain clay that appears to be suitable for industrial uses. Because
the bentonite deposits are of interest to the clay industry, to the
Bureau of Reclamation, and to the Bureau of Indian Affairs, the
deposits within the somewhat arbitrarily limited tract mapped on
plate 1 have been the subject of a study by the Geological Survey as a
part of the program of the Department of the Interior for develop-
ment of the natural resources of the Missouri River basin. This tract
comprises about 1,280 square miles in Big Horn County, Mont., and
about 8 square miles in Sheridan County, Wyo.

The Hardin district is crossed by the Chicago, Burlington &
Quiney Railroad and by U. S. Highway 87, and most of the bentonite
outcrops may be reached by motor vehicles over secondary roads and
trails. IHardin, the seat of Big Horn County, is the largest town and
the principal railroad shipping point in the area studied and its
immediate vicinity; smaller centers of population farther 'south along
the railroad are Crow Agency, Lodge Grass, and Wyola; St. Xavier,
another such center, can be reached by a hard-surfaced road that leads
south from Hardin.

In studying the bentonite deposits of the Hardin district, where
in recent years a small tonnage has been mined by stripping, attention
has been given primarily to their stratigraphie positions, thicknesses,
geologic structural relations, accessibility, and content of material
suitable for industrial uses. Most of the samples and detailed
measurements of the beds referred to in this report were obtained by
hand-boring with a 2-inch earth auger; some were obtained by
trenching.

ACKNOWLEDGMENTS

Field mapping of the bentonite deposits in relation to the geology,
stream patterns, and cultural features was performed directly on
aerial photographs. The work was then transferred to a map pre-
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pared from township plats of the U. S. Bureau of Land Management,
supplemented by planetable work by the Geological Survey and by
land-survey data obtained from the Hardin, Mont., offices of the
Agricultural Conservation Association, the County Engineer of Big
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4 BENTONITE DEPOSITS IN MONTANA AND WYOMING

Horn County, and the State Water Resources Survey Office in
Billings, Mont.

A preliminary field study of this district was made in 1946 in the
course of a regional reconnaissance of bentonite deposits by M. M.
Knechtel, who was assisted by I. G. Sohn. S. H. Patterson measured
and sampled the bentonite beds in the late summer and autumn of
1947 and mapped the southern and northeastern extremities of the
district in the summer of 1948 and autumn of 1951. W. A. Cobban
studied the stratigraphy of the distict in relation to the bentonite beds
during the latter part of the summer of 1947; detailed sections
measured by Cobban at that time, together with his paleontologic
determinations, are presented in this report in the chapters dealing
with the stratigraphy of the bentonite-bearing formations. A geo-
logic map (Richards and Rogers, 1951), prepared by a party of the
Geological Survey that was assigned concurrently to study the oil and
gas possibilities of the Hardin district, has been utilized in the
preparation of plate 1.

The physical properties, whereby the usefulness of bentonites is
judged, were investigated in the laboratory by Mr. Patterson at
Urbana, I11., in 1948 and 1949. The results relating to samples from
the Hardin district are given in table 1 and are discussed at appro-
priate places in this report; the testing procedures employed are
described by him in the final section. The authors are indebted for
generous cooperation in this phase of the work to several members of
the Illinois Geological Survey, including M. M. Leighton, chief of
that organization, who placed its facilities and experience at our
disposal; R. E. Grim, petrographer and head of the section of Clay
Resources and Clay Technology, who contributed much invaluable
guidance, counsel, and advice relative to testing procedures and inter-
pretation of results; and W. A. White, geologist, who gave helpful
counsel on clay-study techniques.

GEOLOGY

SURFICIAL FEATURES

The Hardin district is situated in moderately dissected plains that
slope gently downward in a northeasterly direction from the foot of
the Big Horn Mountains. The bedrock that underlies the district is
largely concealed: (1) by deposits of alluvium, of late Tertiary (?)
and Quaternary origin, on steplike terraces that represent a number
of successive stages in the sculpturing of the land surface of the dis-
trict; and (2) by rather extensive Quaternary and Recent alluvial
deposits on the flood plains of Bighorn River and its larger tributaries.
The classification of the various terraces, whose upper surfaces (pl. 1)
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are coextensive with the deposits of Tertiary(?) and Quaternary age,
is explained by Richards and Rogers (1951) as follows:

Six main levels of stream terraces, ranging in height from 10 to 650 feet above
the Bighorn River, occur in the plains area. The terraces along the Bighorn
River are designated on the map by numbers from 1 to 6 according to their height
above the river, and terraces along the tributary streams are correlated with
them. Each terrace has been mapped as a surface, and its boundary line on the
map represents the approximate outline of the top of the terrace.

The terrace designated Qt 1, which is the lowest and youngest level, forms
most of the valley floors in the area. The top of its streamward edge is com-
monly about 10 feet above the flood plain in the valley of the Bighorn River,
but locally the Qt 1 terrace merges into the alluvial flood plain (Qal). Although
Qt 1 is mapped as a separate surface in the Bighorn Valley, it is included in the
Quaternary alluvium (Qal) in all other valleys. This lowest terrace is a com-
posite surface consisting of many small terrace surfaces left by the stream as it
swung laterally at the time it was in the process of forming the terrace. The
surface of the terrace has a pronounced riverward slope that is accentuated by
alluvial-fan material deposited on it by intermittent tributary streams.

Terrace Qt 2, which forms the top of the 125-foot bluffs along the Bighorn
River, and terrace Tt 5, which forms the highest benches southwest of Hardin,
are the most extensive erosion surfaces above the valley floor surface. Terraces
Qt 3 and Qt 4 are well preserved west of the Bighorn River west of St. Xavier
but are represented only by small remnants elsewhere. The Tt 6 terrace occurs
only in the area north of the mouth of the Bighorn Canyon, although a few high
terraces along the Bighorn-Little Bighorn River divide may represent the same
level. Some local surfaces which do not correspond in elevation to any of the
main levels have been mapped separately and, depending on whether they are
higher or lower than the nearest principal terrace level, are designated by a
minus or plus sign.

BENTONITE-BEARING FORMATIONS

The rocks associated with the beds of bentonite that are exposed
in this district are stratified sedimentary deposits belonging to for-
mations that range in age from Early Cretaceous to Late Cretaceous
(fig. 2). They tend to be exposed chiefly along the marginal escarp-
ments of terraces and in the valleys of minor streams. A generalized
composite columnar section of these formations, giving the strati-
graphic positions of the principal bentonite beds, is shown on plate 2;
more complete descriptions appear below and on following pages.

The bentonite-bearing formations, with an aggregate thickness of
about 4,400 feet, are made up almost entirely of fine-grained sedi-
mentary material ; about one-half is shale, about two-fifths is sandy
shale, and the remainder is sandstone and calcareous shale in about
equal amounts. The rock materials associated with the bentonite
deposits are thus predominantly argillaceous, but they grade westward
and southward into stratigraphically equivalent strata of a more sandy
facies. The various stratigraphic units to which the exposed rocks are
assigned crop out in relatively narrow belts (pl. 1), each of which
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Ficure 2.—View northeastward from point in cec. 23, T. 9 S., R. 34 B., southeast of Little
Bighorn River. Low, rounded hill in foreground consists of Mowry shale; escarpment
beyond has Clay Spur bentonite bed at base and shows several higher bentonite beds,
most prominent of which (long, white band) is Soap Creek bentonite bed.

trends, in any given neighborhood, approximately in the direction of
strike, as indicated by structure contours.

Within the Missouri River Basin, the bentonite contained in the
Thermopolis shale and the Mowry shale is, in general, superior in
quality to that contained in the younger Cretaceous formations. This
is true with respect particularly to viscosity, thixotropy, and dilat-
ancy (swelling capacity)—three of the properties of bentonites that
are of value in the preparation of rotary well-drilling fluids. That this
generalization holds true for the Hardin district is indicated by the
data in table 1 (in pocket) relating to bentonite beds in the Ther-
mopolis shale and the Mowry shale as compared with the data on beds
in the Cody shale and the Bearpaw shale.

LOWER CRETACEOUS SERIES

The Lower Cretaceous series within this district comprises three
formations. From oldest to youngest these are the Cloverly forma-
tion, Thermopolis shale, and Mowry shale. The Lower Cretaceous
series thus includes younger strata than were assigned to it on earlier
maps of this district, including a map by W. T. Thom and others
(1935), which showed only the Cloverly as Lower Cretaceous, and a
map by Richards and Rogers (1951), on which only the Cloverly and
Thermopolis were so designated. Paleontologic data recently adduced
by Cobban and Reeside (1951) indicate that the Mowry shale is like-
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wise Lower Cretaceous. However, the Karly Cretaceous age assign-
ment of the Mowry is questioned by Yen (1954).

The Lower Cretaceous strata of the Ilardin district include many
beds of bentonite, and some of the material of these beds is believed to
be comparable in its physical properties to much of the high-grade
drilling clay that is mined from the Mowry shale in the Black Hills
district. Because of its unfavorable structural and topographic rela-
tions, however, the bentonite in the Thermopolis and Mowry strata of
the Hardin district would be difficult to mine.

CLOVERLY FORMATION

The Cloverly formation is the lowermost C'retaceous stratigraphic
unit present in the Hardin district. The following generalized
description of this formation is given by Richards and Rogers (1951) :

Generalized section: In Limekiln Gulch and Grapevine Creek areas, north and
gouth respectively of the mouth of the Big Horn River Canyon, the Cloverly
formation consists of a lowermost 125 to 150 feet of conglomeratic sandstone and
sandstone (Pryor conglomerate member) overlain by about 50 feet of mostly
concealed variegated beds and an upper 40 feet of interbedded shale, siltstone,
and sandstone beds which include ‘rusty beds'; topmost thin calcareous sandstone
bed forms low ridges in covered areas . . . A few miles farther south, near head
of Soap Creek, the Pryor conglomerate is missing . . . At Soap Creek dome the
basal Cloverly sandstone is only 20 to 30 feet thick and is underlain by black and
red shales of the Morrison formation.

Richards and Rogers also note that.:

A thick lenticular zone of bentonite and bentonitic shale in the undifferentiated
Cloverly and Morrison formations is exposed north of Rotten Grass Creek in the
central part of sec. 1, T. 8 8., R. 32 E.

The Cloverly dips steeply at most of its exposures in the Hardin
district and is not advantageously situated for strip mining; conse-
quently, its lithologic features have not been examined as closely as
those of overlying formations during the study of the bentonite
deposits of this district.

THERMOPOLIS SHALE

The Thermopolis shale, which rests on the Cloverly formation, con-
sists chiefly of dark-gray shale with abundant ferruginous concretions.
At Soap Creek dome, where the thickness of the Thermopolis is 468
feet, the shale of the lowermost 110 feet, below a sandstone that is
correlated with the Birdhead sandstone, is almost wholly dark-gray
and fissile; the shale higher in the formation, which is lighter in color
and which tends to weather to dark-gray gumbo, contains many beds of
bentonite; four of these have thicknesses of 2 feet or more. A few
small sandstone dikes are present just below the middle of the forma-
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tion. Fossils are scarce, though the upper part of the Thermopolis
contains a small undescribed invertebrate fauna. The Thermopolis
shale was formerly regarded as Late Cretaceous in age, but it is now
considered to be Early Cretaceous.

The laboratory test results shown in table 1 indicate that some of the
bentonite of beds 4, B, ¢, and D in the Thermopolis shale might be
suitable for industrial use. However, these beds ofter no sites favor-
able for strip mining anywhere in the Hardin district. The Thermop-
olis shows the following sequence of strata where it was measured and
sampled in the escarpment carved from steeply upturned beds on the
east flank of the Soap Creek dome, in the southeastern part of T. 6 S.,
R.32 E. Units are numbered in descending sequence.

Rock Material Feet Inches
1. Shale, dark-gray, soft, fissile; contains a few hard, thin, ripple-
marked siltstone layers_________ . ___ ________________ 16 0
Ammonite
2. Shale, dark-gray, soft, fissile; contains ferruginous concretions
that weather purplish black to maroon__________________ 16 6
Inoceramus sp.
Ammonites

3. Shale, dark-gray, soft, fissile ; contains near top a 1-in. hard, fos-
siliferous ferruginous layer consisting largely of tiny calcite
prisms derived from Inoceramus_________ . __________ 37 0

Cardium? sp.

Entoltium? sp.

Inoceramus sp.

Ostrea sp.

Pteria, n. sp. aff. P, nebrascensis (Ivans and Shumard)
Gastropod

Fragments of ammonites

Fish scales

4. Shale, dark-gray ; contains three bentonite beds, 1 to 9 in. thick__ 3 8
5. Shale, dark-gray; contains a few hard, shaly siltstone beds____ 9 0
6. Bentonite, olive-yellow ; weathers to gray ledge (bed D) _______ 3 S
7. Shale, dark-gray, fissile, soft; upper part contains selenite

erystals _____ . __ . __ ____________ _ 4 6

8. Shale, dark-gray; some parts bentonitic; containg ferruginous
concretions that weather purplish and dark brown and con-
tain fish teeth and bones______________ __________________ 32 0
Carcharias macrota (Agassiz),
Lamna appendiculatae Agassiz,
Lepidotus sp.

9. Bentonite, grayish-green, upper half is bentonitic shale (bed C)_ 3 0
10. Shale, dark-gray; some parts bentonitic; containg silty and
sandy streaks and a few ferruginous concretions____________ 30 0
Inoceramus sp.
11. Bentonite, olive-yellow_______ _________ ____ . _______ 1 2
12. Shale, dark-gray ; contains silty and sandy streaks and, in lower
third, ferruginous concretions____._________________________ 41 6

13. Shale, dark-gray, bentonitic; contains silty partings and at top
a bed containing prominent dark ironstone concretions______ 13 0
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Rock Material
Bentonite, olive-green ; weathers to bare, light-gray gumbo ledge
(bed BY __ o S,
Shale, dark-gray, bentonitic; contains numerous ferruginous
concretions and light-gray-weathering claystone nodules_____
Bentonite, olive-yellow to olive-green; weathers to prominent,
bare, light-gray gumbo ledge (bed A) - _____________________
Shale, dark-gray, soft and fissile to chunky and bentonitic; con-
tains light-gray-weathering claystone nodules and at least six
beds containing prominent dark ironstone concretions. Unit

Bentonite, creamy-gray_ e
Shale, dark-gray______ __
Bentonite, gray; weathers to conspicuous, bare, light-gray

gumbo ledge__ . __

. Shale, dark-gray, bentonitic; containg small ironstone concre-

tions near top; weathers brownish_________________________
Turtle bones undetermined
Reptile teeth and bones
Hybodus cf. clarkensis

. Sandstone, gray and tan, very fine grained, soft and argillaceous

(Birdhead?) .. -

. Bentonite and bentonitic shale, olive-green to gray and

brownish________________ __

. Shale, dark-gray, bentonitic ; weathers brownish gray; in middle

containg ferruginous concretions and light-gray claystone
nodules___________

5. Shale, dark-gray, fissile; contains ironstone concretions that

weather purplish black________________ _____ ______________

. Shale, dark-gray: contains distantly-spaced ferruginous con-

cretions, some of which contain teeth and bones of fish and
black-coated phosphatic pebbles___________________________

. Shale, dark-gray, fissile____________
. Bentonite: cream__________________________________________

Shale, dark-gray, fissile ; contains two brown ferruginous layers_

sandstone, limonite, fish teeth, and tiny black phosphatic
pebbles__________ e
Shale, dark-gray, fissile ; contains a few ferruginous layers, iron-
stone concretions, sandy partings and, rarely, fish scales;
(base of formation) ______________________________________

Total measured thickness___________________________

MOWRY SHALE

9

Feet Inches
4 2
31 0
3 10
80 0
1 0

2 0

1 9

7 6

1 6

3 6
15 6
50 0
- 6
8 3

5

13 4
—— 5
37 6
473 2

The Mowry shale, a formation of widespread occurrence in Mon-

tana, Wyoming, and the western part of the Dakotas, crops out at
several localities in the Hardin district. At Soap Creek dome, where
the Mowry is approximately 400 feet thick and forms a prominent
hogback, it consists of hard gray sandy shale, dark-gray, hard siliceous
shale, and many beds of bentonite; in many localities the middle and
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upper parts of the formation contain thin-bedded, fine-grained gray
sandstone. Scales and bones of fish, which occur at various horizons,
are the only abundant fossils. Until recently the Mowry was regarded
as belonging to the Upper Cretaceous series.

Bentonite beds Z, /', (7, and a bed believed to be the Clay Spur
bentonite bed, crop out at a number of localities in the Hardin district
and were measured at exposures among steeply upturned Mowry beds
on the east side of the Soap Creek dome. The bed believed to be the
Clay Spur bed occurs just below the top of the Mowry shale at, or
near, a stratigraphic position correlative with that of the Clay Spur
bed at its type locality in the Black Hills district, where it is exten-
sively mined. In the Hardin district this bed, and the rocks immedi-
ately above and below it, closely resemble the Clay Spur and associated
beds of many outcrops on the north side of the Black Hills. Some of
the laboratory tests indicate that much of the bentonite of exposures of
the Clay Spur bed in the Hardin district is suitable for industrial
use; this is true also of beds %, /7, and . However, the bentonite
beds of the Mowry are not known to crop out here under conditions
favorable for strip mining. The following detailed section of the
Mowry was measured on the east side of the Soap Creek dome, in
the southeastern part of T. 6 S., R. 32 K. Units are numbered in de-
scending sequence.

Rock Material : Feet Inches
1. Sandstone and shale, interbedded : shale is gray and hard (top
of formation).________ _______ __ B
. Bentonite, lower 5 ft cream yellow ; remainder is gray ; weathers
to very light gray bare gumbo (Clay Spur bentonite bed) _____ 9 10

3. Shale, dark-gray, hard; containsg thin, hard, laminated sand-

(MM
<

&

stone_______ e 8 9
4, Shale, dark-gray, hard, somewhat hackly; forms dark-bluish-
gray bare outcrop________ R, 25 0
5. Sandstone and shale; shale is gray, very fine grained, and hard
and is interlaminated and interbedded with thin-bedded
ripple-marked sandstone; shale contains fish scales__________ 42 0
6. Bentonite, greenish-yellow grading up into gray (bed ) ——_____ 2 8
7. Shale, dark-gray, hard: softer than underlying beds and forms
back stope of hoghaek____ _____ 32 0
8. Shale, weathers light gray, hard ; forms crest of Mowry hoghack_ 21 0
9. Bentonite, light-gray ; contains a siltstone parting in lower part
(bed F) 9 9
10. Shale; weathers light gray, hard: in lower part containg a 4-in.
and a 6-in. bentonite bed 30 0

11. Bentonite, light-green_________ _____________________________ 2 0
12, Siltstone and shale interbedded and interlaminated; weathers

light gray, hard. Several thin bentonite beds in lower 50 ft.

Some interbedded fine-grained sandstone in upper 45 ft______ 110 0
13. Bentonite, yellow__________ ___ .
14. Shale, dark-gray, silty ; contains two thin bentonite beds_______ 6 0

[
(=)
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Rock Material Feet Inches

15. Bentonite, creamy-yellow and light-green_____________________ 1 0

16. Shale, dark-gray, silty. Five thin bentonite beds in upper part_ 29 0

17. Bentonite, chiefly greenish___________ ___ o 2 8
18. Shale, dark-gray, silty; interlaminated with lighter gray, hard

siltstone and very fine-grained sandstone___________________ 13 0

19. Bentonite, creamy-gray__ ____ . ___ . ________ 1 0
20. Shale, dark-gray, hard; contains fish scales; weatbers to dark,

bare, steep slope_ . _______ _____ 38 0

21. Bentonite, gray_________________________ . 4
22. Shale, dark-gray, hard, fissile; contains fish scales; weathers to

silvery-gray bare ledge____ _ e 5 6

23. Bentonite, gray to greenish-gray (bed E) 4 b
24. Shale, dark-gray, hard, fissile; contains fish scales (base of for-

mation) __________ ______ o —— 8

Total measured thickness_____ _____________________ 400 4

UPPER CRETACEQOUS SERIES

All the bedrock strata younger than the Mowry shale that crop out
within the area studied are assigned to four formations of the Upper
Cretaceous series, These formations—from oldest to youngest—are
the Cody shale, Judith River formation, Bearpaw shale, and Hell
Creek formation; all of these, except the Hell Creek formation, are
included in the Colorado and Montana groups. In other parts of the
western interior of the United States (fig. 3) and on previously pub-
lished maps of this area (Thom and others, 1935 ; Richards and Rogers,
1951), the Colorado and Montana groups are separated, in accordance
with established usage, by the contact between beds equivalent to the
Niobrara formation and those of the next-younger stratigraphic unit.
The separation in the area studied is accordingly made-at the contact
of the Niobrara shale member of the Cody shale with the overlying
Telegraph Creek member. The definitions of the formations and
lesser subdivisions of the Colorado and Montana groups of this dis-
trict have, however, been modified considerably, in part on the basis
of information gathered in studying the bentonite deposits of this and
other areas in Montana, Wyoming, and South Dakota.

On the whole, the changes that have been effected are believed to
represent steps toward a satisfactory adjustment of the local termi-
nology to that of equivalent rocks of other parts of the western interior
of the United States. Concerning the general character and inter-
relations of the Upper Cretaceous sedimentary rocks of that region,
Reeside (1944) has commented :

In general, the Upper Cretaceous sediments in this region comprise an alterna-

tion of coarser- and finer-grained rocks, all marine in the east but including
progressively more nonmarine rocks and more coarse material westward.

347624—56
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TIGURE 4.—Belts and thicknesses of Upper Cretaceous deposits of the western interior
region of the United States.

In figure 4, which is adapted from one of Reeside’s maps, the large
basin in which sedimentation took place in the western interior of the
United States during much of Late Cretaceous time is shown as
divisible, somewhat arbitrarily, into three great belts: (1) the Great
Plains belt, which is characterized by “dominantly fine sediments,”
(2) the Rocky Mountain belt, where “alternating coarse and fine sedi-
ments” predominate, and (3) the western marginal belt, where the
sedimentary rocks are “dominantly coarse.”

However, the transition from the lithologic facies characteristic of
the Great Plains belt to that of the western marginal belt takes place
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F1eure 5.—=S8chematic diagram showing position of facies at top of Frontier f:rmatior
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Tlains belt.

in an irregular manner, and the sequences of stratigraphic units
recognizable within the Upper Cretaceous series of the western interior
differ from one another markedly, not only from one belt to another
but also from place to place within each belt. In the Hardin district.
which lies in the central part of the Rocky Mountain belt. (fig. 4), the
newly recognized sequence of subdivisions of the Colorado and
Montana groups (fig. 3, col. 4) bears far more resemblance to the
“standard” sequence cited by Reeside for the Great Plains belt (fig. 3,
col. 7) than to the sequence he cited as representative of the equivalent
stratigraphic interval in west-central Utah, within the western margi-
nal belt (Reeside, 1944). Within surrounding parts of the Rocky
Mountain belt, the corresponding sequences in areas to the southeast
(fig. 3, col. 2) and north (fig. 3, col. 6) have more in common with the
sequence in the Hardin district than does that of the Bighorn basin
(fig. 3, col. 1), the northeast margin of which lies only 60 miles
southwest.
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Among the significant circumstances leading to the changes in
local nomenclature is the predominance (fig. 3, cols. 4 and 5) of
shaly materials in beds equivalent to the typical, prominent, readily
mappable, cliff-forming sandstone strata of the Frontier and Eagle
formations that are present only a few miles farther west (fig. 3,
col. 3). As a consequence, the names “Frontier” and “Eagle,” which
appear on the maps published by Thom and others (1935), Richards
and Rogers (1951), and Knechtel and Patterson (1952), have been
eliminated from the nomenclature adopted for use in the present
report, and the strata that were designated Frontier formation are
assigned to the Belle Fourche member of the Clody shale. The Cody
is now set up in this district as a formation that includes all of the
units between the Mowry shale and the Judith River formation.
Two other innovations are the recognition of the Greenhorn cal-
careous member as a mappable unit within this district and the in-
troduction of the name “Judith River formation” to include, as
members, the Parkinan sandstone member and an unnamed overlying
unit.

Elimination of the name “Frontier” in the Hardin district, as well
as in central Montana and near the Black Hills, is consistent with
the practice whereby the top of the interval to which this name refers
is mapped at different stratigraphic horizons in different parts of
the western interior region. Near Lander, Wyo., for example (fig. 5),
the uppermost strata of the Frontier formation include sandstone
beds containing fossils of lower Niobrara age (Sharkey, 1946),
whereas, farther east, in the Wind River Basin (Hares, 1946) and
in the Salt Creek oil field, the top of the Frontier forms the top of
sandstone strata equivalent to beds within the Carlile member of
the Cody formation. In the area immediately west of the Hardin
district (Knappen and Moulton, 1930) the top of the Frontier is
placed approximately at the top of sandstone beds that are correlated
with the upper part of the Greenhorn calcareous member (fig. 3, cols.
3 and 4). In effect, elimination of the name “Frontier” as applied
to the Hardin district may be regarded as placing the top of the
formation at the lowest possible position, making it coincide with
the top of the Mowry shale and thus reducing the thickness of the
Frontier formation to zero.

The reasons for eliminating the name “Eagle sandstone™ for strata
in the upper part of the Cody formation and for introducing the
name “Judith River” for younger beds are fundamentally the same
reasons as those justifying elimination of the name “Frontier” and
introduction of the name *“Greenhorn calcareous member”. All of
these changes in the local nomenclature have to do with lateral varia-
tions in lithologic facies within the Cretaceous rocks of this region.
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Thus, the local rocks that were formerly called Eagle sandstone (now
assigned to an unnamed sandy shale member of the upper part of the
Cody) represent a shaly facies of strata that elsewhere in central
Montana include the thick, massive sandstone beds that are typical
of the Eagle sandstone. In a similar manner the sandy beds in the
southern part of the district, which heretofore have been mapped as
part of the Bearpaw shale (Thom and others, 1935) and which are
now assigned to the upper member of the Judith River formation,
are equivalent to the dark shales in the lower and middle parts of
the Bearpaw of the neighborhood of the Custer battlefield and locali-
ties farther north.

Following are three other changes in the local nomenclature that
have not been adopted by the Geological Survey, although they are
favored by the authors: (1) Elimination of the name “Cody shale”;
(2) introduction of the name “Steele shale” to designate a formation
containing the three members of the Cody (Telegraph Creek mem-
ber, “unnamed member,” and Claggett member) that fall within the
Montana group; and (3) promotion to formation rank of each of the
three members of the Cody (Belle Fourche member, Greenhorn mem-
ber, and Carlile-Niobrara member) that are included in the Colorado
group.

Elimination of the name “Cody shale” from the local terminology
would, in the authors’ opinion, be consistent with the contrast in
lithologic facies that exists between the Frontier-and-Cody sequence
of the Bighorn Basin of Wyoming and the corresponding six units—
Belle Fourche, Greenhorn, Carlile-Niobrara, Telegraph Creek,
unnamed, and Claggett—that are mapped as Cody shale on plate 1.
This change, and the other changes that are favored, would serve to
eliminate a feature of the nomenclature employed in this report
whereby a group—the Colorado group—is represented as containing
only part of a single formation—the Cody shale; the nomenclature
would then clearly and unquestionably conform to the rule by which
a group “contains two or more formations (Ashley and others, 1933,
p. 429).”

The marine Cretaceous strata of the Hardin district contain many
beds of bentonite (pl. 2). Locally, these beds are exceedingly thick,
contain much bentonite that appears to be suitable for use as sand-
bonding clay by foundries and steel works, and are so situated in rela-
tion to geologic structure and topographic features that they offer
excellent strip-mining sites. The results of many laboratory tests
indicate, however, that little, or none, of the material at such sites is
as well suited for use in rotary well-drilling muds as is the bentonite
mined for that purpose from the Mowry shale of the Black Hills
district.
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COLORADO GROUP

The base of the Colorado group was mapped by Thom and others
(1935) at the contact between the Cloverly formation and the Ther-
mopolis shale. As already pointed out, however, the Thermopolis
and Mowry beds have come to be regarded in recent years as Lower
Cretaceous, whereas the Colorado group is still generally understood
to include only Upper Cretaceous rocks. Therefore, the Geological
Survey’s classification has recently been modified to exclude the Ther-
mopolis and Mowry beds from the Colorado group.

The Colorado group, as mapped on plate 1, comprises the lower-
most three of the six members of the Cody shale that are recognized in
the Hardin district. As shown in figure 3, the sequence of three of
these members—Belle Fourche, Greenhorn, and Carlile-Niobrara—is
essentially equivalent to the sequence of strata between the Mowry
shale and the Pierre shale in the vicinity of the Black Hills (fig. 3, col.
7), to the Frontier and Carlile-Niobrara sequence of the Salt Creek oil
field (fig. 3, col. 2), to the Frontier formation plus the lower part of
the Cody shale of the Bighorn Basin (fig. 3, col. 1), and to the Warm
Creek shale of central Montana (fig. 3, col 6).

LOWER PART OF THE CODY SHALE

Belle Fourche shale member—The strata that are mapped on plate
1 as Belle Fourche member of the Cody formation occupy essentially
the same stratigraphic position as the Belle Fourche shale of the
east side of the Powder River Basin and as the part of the Warm
Creek shale that underlies the Mosby sandstone of north-central Mon-
tana. In their stratigraphic position the Belle Fourche strata are
equivalent also to rocks, consisting in part of conspicuous cliff-forming
sandstone beds, that are included in the Frontier formation of areas
not far west (fig. 3, col. 3) and southeast (fig. 3, col. 2) of the Hardin
district; in fact, heretofore the rocks of this interval have, in part,
been designated Frontier formation in publications dealing with this
district (Thom and others, 1935 ; Richards and Rogers, 1951 ; Knechtel
and Patterson, 1952). Unlike the typical Frontier strata, however,
they consist almost wholly of shale, although a few obscure beds and
lenses of sandy material are discernible upon close examination of
some outcrops in the southeastern part of the district. Consequently,
the entire interval between the Mowry formation and the Green-
horn member is shown on plate 1 as the Belle Fourche member. As
already pointed out, the thickness of the Frontier is thereby, in
effect, reduced to zero for this district, as well as for central Montana
and northeastern Wyoming (fig. 5).

At the Soap Creek dome, the Belle Fourche member consists of
three subdivisions, but the differences between these subdivisions are
somewhat vaguely defined. The lowermost subdivision, which is 82
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feet thick, consists of dark-gray shale, some of which is sandy with
ferruginous concretions. The intermediate subdivision, the top of
which is arbitrarily placed at the top of a thick bentonite layer (re-
ferred to in this report as the Soap Creek bentonite bed), is approxi-
mately 200 feet thick and consists of dark-gray shale, some of which
is sandy, with several intercalated beds of bentonite. The uppermost
subdivision, which is approximately 190 feet thick, consists of dark-
gray shale, the basal 60 feet of which includes sandy beds; the top
is marked by the base of bentonite bed /. In the equivalent part of
the Belle Fourche member in the southern part of the Hardin dis-
trict, sandy beds are also readily discernible, though these are much
less prominent than Cobban and Reeside (1952b, p. 1960) seem to imply
in characterizing 25 feet of strata, including such beds, collectively as
a “massive bed of sandstone.” The aggregate amount of sandy ma-
terial in the shaly strata of the lower part of the upper subdivision
is here much greater than the sand content in any comparable thick
sequence of Belle Fourche strata exposed elsewhere within this dis-
trict: but, even here, these shaly strata, together with those of the
underlying subdivisions, which also contain a small amount of sandy
material, bear only a remote resemblance to the massive, cliff-form-
ing sandstone beds of the typical facies of the Frontier formation.
In the field studies leading to the present report, mapping of the
top of these sand-bearing shale strata has proved impracticable, and,
as they are no more sandy than some of the typical beds of the Belle
Fourche member in the vicinity of the Black Hills, they are mapped
(pl. 1) as part of the Belle Fourche member of the Cody shale.

Such sandy beds are not present at Woody Creek dome, 20 miles
north of Soap Creek, where the uppermost subdivision of the Belle
IFFourche consists of dark-gray, fissile shale containing several layers
of bentonite with many beds of gray- and brown-weathering calcare-
ous concretions. According to Clobban and Reeside (1952b, p. 1960),
the uppermost member of the Belle Fourche of this district contains,
in its lower part, the large acanthoceratid ammonite that is found in
the Torchlight sandstone member of the Frontier in areas farther west
and southwest, and it contains, in its middle part, the ammonites
Dunveganoceras pondi Haas and Mantelliceras conitaurinum Haas.
The uppermost subdivision of the Belle Fourche was included by
Thom and others (1935, p. 49-51) in the basal part of the Carlile shale,
notwithstanding the presence in the overlying deposits of fossils
equivalent in age to those of the Greenhorn.

Bentonite bed 7 is in the lower subdivision of the Belle Fourche
member, between 12 and 25 feet stratigraphically above the Clay Spur
bentonite bed. Weathered outcrops of bed 7/ are characteristically
rusty in color, apparently from oxidation of a small amount of iron
contained in the bentonite. Bed o/, higher in that subdivision, ranges
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FicURE 6.—Soap Creek bentonite bed locally thickened by flowage, in NW14 sec. 31, T.
7 8., R. 33 E.

from about 3 to 7 feet in thickness and forms a narrow outerop that
can be traced for considerable distances, as shown on plate 1. Beds
7 and / are known to be present under thin overburden in only a few
small areas,

The thick Soap Creek bentonite bed contains a large part of the
bentonite reserve of the district and is the only bed that has been
mined here to date. This bed marks the top of the medial subdivision
of the Belle Fourche. Buff caleareous concretions, 3 to 10 feet in
diameter, are commonly strewn along weathered surfaces of this bed
and are particularly abundant in the southern part of the area shown
on plate 1. Parts of the Soap Creek bentonite deposit consist of
material that is suitable for use in preparing drilling muds, and nearly
all of it is believed to have the properties of good foundry sand bond-
ing clay. The Soap Creek bed ranges from 12 to more than 30 feet
in thickness in much of the area it occupies, and large tonnages are
accessible to strip mining. Forty-five feet of bentonite was measured
at point 37, sec. 31, T. 7 8., R. 33 K., but the thickness of the bed
there has been augmented by flowage of bentonite into a small dome
(fig. 6), which is associated with a minor fault; another measurement
of the Soap Creek bed, obtained less than a mile away, shows 16 feet
of bentonite, which is believed to represent approximately the average
thickness in the neighborhood of the dome. It is possible that several
such unusually thick sections reflect subsurtace flowage or swelling
of the bentonite at the outerop.

Bentonite bed Z, in the uppermost subdivision of the Belle Fourche,
is relatively thick, contains a large amount of bentonite under light
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overburden, and has utilizable properties; in general, however, it is
not as accessible as other beds and appears to be of secondary
importance.

The following section of the Belle Fourche member was measured
in the southeastern part of T. 6 S., R. 32 E., on the east side of the
Soap Creek dome. Units are numbered in descending sequence.

Rock Material Feet Inches

1. Bentonite, gray, impure (bed M in base of Greenhorn calcare-
ous member) T 9
2. Shale, dark-gray (top of Belle Fourche member)_____________ 19 0

3. Shale, dark-gray; contains three beds of light-gray and buff-
weathering calcareous concretions, septariate with dark-

brown ecalcite __________ e 20 0
4. Shale, dark-gray_____ 37 0
5. Shale, dark-gray; with concretions, light-gray-weathering, cal-

careous, septariate, distantly-spaced_______________________ 1 0
6. Shale, dark-gray____ 28 0
7. Shale, gray, bentonitic . ____________ 18 0
8. Bentonite, gray; contains brown-weathering fibrous aragonite

21 in. above base; weathers to gray, bare, gumbo ledge

(bed L) 7 0
9. Shale, dark-gray ; contains very fine-grained sandy streaks____ 19 6

10. Shale, dark-gray, with concretions commonly measuring 1% by
3 ft; brown-weathering, calcareous, septariate with white to
pale-yellow calcite veins__ . __ 1 6
11. Shale, dark-gray; contains fine-grained sandy streaks and,
rarely, thin sandstone beds and black chert pebbles. Lo-
cally at base a thin friable coarse-grained sandstone is
PUEBSONT  sosmimst o i oo e e e i e 40 0
Acanthoceras? sp.
12. Bentonite, greenish-yellow to gray; weathers to prominent,
bare, light-gray gumbo ledge. (Soap Creek bentonite bed) . 12 0
13. Shale, dark-gray, sandy, bentonitic; contains gray-weathering
calcareous concretions and fewer, but much larger (as large
as 4 by 8 ft), brown-weathering calcareous concretions______ 10 6
Acanthoceras? amphibolum Morrow
14. Shale, dark-gray; contains sandy streaks and a few thin beds

of shaly sandstone, particularly 15 to 20 ft above base_______ 3 0
Inoceramus sp.

15. Bentonite, gray___ __________ 1 0
16. Shale, dark-gray; contains some sandy streaks and a few beds

of bentonite less than 5 in. thick_ . ___________ 67 0
17. Bentonite, light-gray to green; weathers to prominent, bare,

light-gray gumbo ledge (bed J)___________________________ 6 11
18. Shale, dark-gray; contains some sandy streaks and a 6-in.

bentonite bed .____________ 31 0

19. Shale, dark-gray ; contains some silty streaks and five or six beds

containing ironstone concretions that are commonly 6 by 24

in., weathering dark brown to dark maroon________________ 64 0
20. Bentonite, green to gray with limonitic streaks staining lower

18 in. to rusty color (bed Iy . . 5 0
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Rock Material Feet Inches
21. Shale, dark-gray, bentonitic ; contains three bentonite beds, none

thicker than 8 in. Two beds contain ferruginous concretions__ 7 6

22. Bentonite, gray ;: contains much brown-weathering aragonite___ 1 6

23. Shale, dark-gray; lower half sandy________ ________________ 2 0
24, Bentonite, grayish-green; contains brown-weathering ara-

gonite _______________ 2 0

Total measured thickness_.__________________________ 482 2

Greenhorn calcarveous member.—Rocks that are equivalent to the
Greenhorn formation of the east side of the Rocky Mountain belt form
a mappable unit in the Hardin district. This unit, which was treated
by Thom and others (1935) as an undifferentiated part of the Carlile
shale, has been mapped on plate 1 as the Greenhorn calcareous mem-
ber of the Cody formation.

The Greenhorn in this area generally is readily distinguishable
{rom the overlying and underlying strata by its larger lime content.
However, it is much less calcareous than correlatives of the Greenhorn
east of the Powder River Basin, where the Greenhorn formation con-
tains beds of limestone and marl. The Greenhorn of the Hardin dis-
trict is similar in lithology to beds of equivalent age forming the part
of the Warm Creek shale immediately above the Mosby sandstone of
areas farther north in Montana. A few miles west of this district, the
material of the Greenhorn unit passes laterally into strata, including
conspicuous sandstone units, that are mapped by Knappen and
Moulton (1930, pl. 1) as the upper beds of the Frontier formation.

The Greenhorn of the Hardin district consists of dark-gray cal-
careous shale that weathers whitish. At Soap Creek, light-gray
limestone concretions are numerous in the Greenhorn, and these con-
cretions contain an invertebrate fauna that is characterized by the
ammonite Tascoceras. Although a thick zone of bentonitic shale is
present in the base, only a few thin layers of pure bentonite are present
in the Greenhorn member of that vicinity. About 1 mile farther
south, the basal zone is represented by a thick bed of bentonite; near
Rotten Grass Creek, this bentonite bed is more than 20 feet thick, and
at Black Gulch dome it is about 25 feet thick. The Greenhorn cal-
careous member is approximately 60 feet thick on Black Gulch dome,
and 1t 1s 115 feet thick at Soap Creek. A bentonite bed, designated as
bed M, crops out locally at the base of the Greenhorn. At some local-
ities its thickness is as great as 33 feet, and large amounts of the
bentonite it contains are accessible to strip mining. However, in
much of the area of outerop of the Greenhorn, bed A/ is absent or is
represented only by bentonitic shale. The bentonitic material of bed
M varies greatly in quality, but some of it possibly could be used as
molding-sand bonding clay in foundries and steel works.
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The following section of the Greenhorn calcareous member was
measured on the east side of Soap Creek dome in the southeastern part
of T. 6 S., R. 32 K. TUnits are numbered in descending sequence.

Rock Material ) Feet Inches

1. Shale, dark-gray, weathering bluish and then white, calcareous;
contains a few limestone concretions 5 ft above base_________ 28 (4}

2. Shale, dark-gray, with concretions; medium-gray, weathering
light gray to butf, caleaveous_._____ . __________________ 1 0
3. Shale, dark-gray, weathering bluish and then white, calcareous._ 28 0

4. Shale, dark-gray: with medium-gray concretions, weathering
light gray to bulf, calcareous, commonly 9 hy 12 in.: some are
somewhat geodal with caleite crystal-lined cavities__________ 1 0

Inoceramus labiatus Schlotheim
sp.

Ostrea n. sp.

Plicatula? sp.

Gastropod undet.

Allocriceras

Psuedoaspidoceras? sp.

Pseudotissotia (Choffaticeras) sp.?

Scaphites delicatulus Warren var.

Vascoceras moultoni Reegide
stantoni Reegide
thomi Reesiile

Watinoceras reesidei Warren

Schloenbachia ? sp.

Fish bones

5. Shale: dark-gray, weathering bluish and then white, calcareous_ 38 Q
6. Bentonite : gray, limonitie___________________ _______________ 1 0
7. Shale, dark-gray.__ . ____  ______ 10 0
8. Bentonite, gray, impure (bed M) _______ ________ __________ 7 9

Total measured thickness_____________________________ 114 9

Cerlile-Niobrara shale member—The strata in the Hardin district
that belong to the Carlile-Niobrara member of the Cody shale are, as
arule, readily distinguishable from older and younger rocks. Locally,
the Carlile and Niobrara portions of the member are separable from
cach other in mapping, but the contact between them cannot every-
where be mapped satisfactorily. Following a precedent set by Thom
and others (1935, pl. 1), they are shown on plate 1 as a single unit,
which is referred to as “Carlile and Niobrara shale members, undif-
ferentiated.” In the present report, the composite subdivision is de-
fined as resting on the Greenhorn member, whereas the undifferenti-
ated Carlile and Niobrara, as mapped by those authors, included all
of the Greenhorn beds and the uppermost beds of the Belle Fourche
member.

The Carlile shale member in the Hardin district comprises four
lithologic units with a total thickness of approximately 280 feet. The
Iowest unit consists of about 95 feet of dark-gray sandy shale with two
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beds of bentonite, each 2 to 3 feet thick, in the upper part. This sandy
shale is overlain by about 25 feet of dark-gray shale containing numer-
ous flat clay-ironstone concretions that weather rusty to dark maroon-
brown. About 30 feet of gray sandy shale makes up the third unit.
The top unit consists of approximately 130 feet of dark-gray shale
containing many beds of gray-weathering calcerous concretions that
are septariate with thick veins of dark-brown calcite.

Fossils are rare in the lower two units and none that have been found
are diagnostic. The 30-foot gray sandy shale unit contains Priono-
cyclus wyomingensis Meek and Inoceramas perplerus Whitfield. The
top unit is poorly fossiliferous, but contains fragments of Prionocyclus
and other fossils of Carlile age.

Bentonite beds & and O are in the lover part of the Carlile member.
These beds are known only at the locality at which the stratigraphic
measurements given below were recorded and are believed to be of
little importance.

The following section of the Carlile shale membar was measured
on the east side of Soap Creek dome in the southeastern part of T. 6 S.,
R. 32 E. Units are numbered in descending sequence.

Rock Material Feet Inches
1. Shale, dark-gray ; readily breaks down into soft, light-gray soil ;
contains two beds of light-gray-weathering calcareous concre-

tions, septariate with yellow and dark-brown calcite veins___ 13 6
2. Shale, dark-gray; contains fragments of larg2 thin-shelled
Inoceramus encrusted with Ostrea congesta Conrad_________ 3 6

3. Shale, dark-gray ; readily breaks down into soft, 1'ght-gray soil ;
contains calcareous septariate concretions that weather light

gray to yellowish tan_____________________________ _______ 3 6
Tnoceramus sp.
4. Shale, dark-gray, weathering light gray______________________ 15 0

Inoceramus sp.
Ostrea congesta Conrad
5. Septarian zone: Large calcareous concretions weathering light
gray or buff, and septariate with thin yellow calcite veins;
emhedded in dark shale_ ________________________________ 5 0
Inoceraimus sp.
6. Shale, dark-gray ; forms a dark, bare outerop, with local alkali
patches and selenite crystals; containg thin sandy streaks,
particularly in the middle, and a few calcareous septariate
concretions —__________ 33 6
Inoceramus sp.
“Martesia” sp.
Ostrea sp.
Venielia sp.
7. Shale, dark-gray; at base and top contains light-gray-weather-
ing calcareous concretions septariate with thick, dark-brown
and yellow calcite_______________________ _____ .. 7 0
Inoceramus sp.
Nucula sp.
Prionocyclus syp.
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Rock material Feet Inches

7. Shale—Continued

Septariate concretions, 16 ft above yellowish-tan-weathering
concretions of unit 8 at Soap Creek, yielded the following
fauna:

“Corbula” n. sp.

Inoceramus n., sp.

Nucula sp.

Yoldia sp.

Turritella aff. T, whitei Stanton
Dentalium sp.

Baculites n. sp.

Scaphites n. sp.

Reeside identified the following additional fossils collected by
Thom’s party, probably from this bed as well as from the
yellowish-tan concretions below :

Anomia sp.

Barbatia, sp.

Callista tenuis Hall and Meek

Nemodon n. sp.

Gyrodes cf G. conradi Meek
aff. G. petrosa (Morton)

Turritella n. sp.

8. Shale, dark-gray : som« beds weather light gray. In middle part
it contains closely spaced calcareous septariate concretions
that weather light gray to yellowish tan___________________ 14

“Martesia” sp.

Veniella cf V. goniophora Meek
Placenticeras stantoni Hyatt
Driftwood

9. Shale, dark-gray, with large, yellowish-tan-weathering cal-
careous concretions, commonly 1% by 3 ft to 3 by 6 ft, septari-
ate with thick, dark-brown and yellow calcite veins. Fossil-
iferous. (Base of Niobrara member—Thom and others, 1935) _ 4

“Corbula” n. sp.

Crassatellites cf. C. reesidei Sidwell
Inoceramus altus Meek and Hayden?
Veniclla cf. V. goniophora Meek
Tritonium? cf. T. kanabensc Stanton
Gastropods indt,

Baculites n, sp.

Placenticeras stantoni Hyatt
Scaphites n. spp.

10. Shale, dark-gray; contains light-gray-weathering calcareous
concretions, septariate with dark-brown calcite veins. In mid-
dle part it contains a bed with larger septarian concretions that
weather yellowishtan__________ 28

Membraniporina sp.
I'noceramus flaccidus White
n. spp.
Nucula sp.
Ostrea sp.
Baculites n. sp.
Prionocyclus wyomingensis Meek
Scaphites n. sp.

o
0
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Rock material Feet  Inches
11. Shale, dark-gray with thin gray sandy streaks; readily weath-
ers to soft, gray soil__________ S - 30 0
12. Conglomerate, composed of light-gray-weathering pebbles of
clayey siltstone, commonly 1% in., but some as much as 3 in.
long, that either lie in dark shale or form pebble bands of
yvellowish-tan-weathering calcareous concretions_____________ . 4
13. Shale, dark-gray ; contains some thin sandy streaks and 10 lay-
ers or more of-very hard gray ironstone concretions that
weather bright rusty orange and dark maroon brown. The
concretions average from 12 in. to 15 in. and 2 in. to 3 in.
in their longest and shortest dimensions, respectively, and
are abundant. Some layers contain bright-tan-weathering
clayey nodules______ - N - - 25 0
Inoceramus sp.
Scaphites sp.

14. Shale, dark-gray ; contains sandy streaks 6 5
15. Bentonite, gray___ . _____________ ___ - 6
16. Shale, dark-gray; contains sandy streaks—___________________ 25 6
17. Bentonite, gray, olive at base (bed O) ________________________ 3 2
18. Sandstone and shale, in thin beds - 3 9
19. Bentonite, chiefly greenish gray (bed N) 3 1
20. Shale, dark-gray ; containg very fine-grained sandy streaks__.___ 55 0
Inoceramus sp.
Prionocyclus sp.
Total measured thickness____________ _— - 281 0

The Niobrara shale member of the Cody shale of this district con-
sists of approximately 410 feet of dark-gray shale with many beds
containing gray-weathering calcareous concretions and numerous
thin layers of bentonite. A 9-foot bed of calcareous shale is present
75 feet above the base of the formation.

Fossils are common in some of the concretions. The lower 75 feet
of the formation contains /noceramus deformis Meek. The overlying
335 feet contains Baculites codyensis Reeside and Scaphites vermi-
formis Meek and Hayden.

Bentonite beds £ and ¢ crop out in the northwestern part of the
area mapped on plate 1.

The following section of the Niobrara member was measured along
the bluffs on the east bank of Bighorn River, starting 5 miles south
of Hardin in the E1,NET,SE1, sec. 15, T. 2 S., R. 33 E., and extend-
ing northeastward to the center of the north line of the NE1/ sec. 1,
and thence northward to the NE14NE1] sec. 25, T. 1 S., R. 34 E,,
1 mile southeast of Hardin. Units are numebered in descending
sequence.
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1.

9.
10.
11.
12.

13.

19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

. Bentonite, gray with eflforescent alkali
. Shale, dark-gray

. Shale, dark-gray

. Bentonite and aragonite, gray
. Shale, dark-gray; contains a few ripple-marked, sandy layers

. Shale, dark-gray

BENTONITE DEPOSITS IN MONTANA AND WYOMING

Rock material
Shale, dark-gray ; contains very fine grained sandy streaks and
gray-weathering calcareous concretions.  Few fossils_
InGeeramus n. sp.
Ostrea sp.
Pteria aff. P. nebrascana (Evans and Shumard)
Baculites codycnsis Reeside
Scaphites vermiformis Meek

. Shale, dark; centaing small gray-weathering caleareous concre-

tions and four thin bentonite beds__ . __ JE S,

Shale, dark-gray ; contains small, rusty ironstone concretion

Shale, dark-gray; containg three 114-in. bentonite beds and a
bed of calcareous concretions

. Shale, dark-gray; contains about 12 very thin bentonite beds,

commonly with aragonite_____________________ . _____

Bentonite, gray, streaked with yellow
Shale, dark-gray : contains two very thin bentonite beds
Shale, dark-gray ; containg some crushed fossils——___ . _______
Shale, dark-gray ; contains four bentonite beds 1 to 3 in. thick__
Shale, dark-gray ; contains a few crushed fossils

Inoceramus spp.

Buaculites codyensis Reeside

Secaphites vermiformis Meek

in lower part—_______

. Bentonite, gray ; contains distantly spaced lenticular calcareous

concretions commonly measuring 4 by 36 in________

Shale: contains concretions, gray-weathering., calcareous, dis-
tantly spaced, commonly measuring 6 by 18 in
Shale, dark-gray
Bentonite, gray______________
Shale, dark-gray______________
Bentonite, gray, finely micaceous
Shale, dark-gray_____ . __________ o
Bentonite, gray -
Shale, dark__ _
Bentonite, gray and orange
Shale, dark —
Bentonite, gray, finely micaceous__
Shale, dark______________________________
Bentonite, gray, finely micaceous___
Shale, dark-gray ; contains six bentonite beds, 1 to 6 in. thick___
Inoceramus sp.

32. Shale, dark-gray; with concretions, light-gray-weathering, cal-

careous, commonly 8 by 18 in
Anomiae n. sp.
Inoceramus sp.
Ostrea sp.
Baculites n. sp.
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Rock material
Shale, dark-gray, faintly calcareous; containg crushed fossils__
Inoceramus spp.
Ostrea n. Sp.
Baculites codyensis Reeside
n. sp.
Pelecypods indt.

. Shale, gray ; contains concretions, light-gray-weathering, calcare-

ous, commonly 1 by 2 ft, distantly-spaced__________

. Bentonite, gray, finely micaceons__________________
3. Shale, dark-gray, slightly calcareous_______

Inoceramus sp.

. Shale, dark gray: contains concretions, light-gray-weathering,

calcareous, septariate, c¢losely-spaced___________________ ___

. Shale, dark-gray; lower part slightly calcareous; contains

crushed fossils______________ _____________ ——ee
Inoceramus sp.
Ostrea congesta Conrad
Baculites n. sp.
Fish scales

. Bentonite, gray, micaceous__________________________________
. Shale, dark-gray, calcareous; contains crushed fossils; forms

conspicuous yellowish-cream soil that supports greasewood on
east side of Bighorn River from locality near Hardin south-
ward to at least as far as Rotten Grass Creek_______________

Inoceramus sp.

Ostrea congeste Conrad

Veniella? sp.

Baculites n. sp.

Scaphites sp.

Fish scales

Shale, dark-gray, slightly calcareous; contains two 1-in. benton-

ite beds

. Shale, dark-gray; shows yellow surfaces_ - - ——
43.
44,
45.
46.
47.
48.
49,

Bentonite, gray with rusty spots_____ e
Shale, davk __________ ____________ .
Bentonite, greenish
Shale, dark_____________________
Bentonite, gray____________________ o __
Shale, dark-gray; contains two thin bentonite beds___________
Shale, gray, bentonitic; contains distantly-spaced, large,

buff-weathering calcareous concretions____________________

. Bentonite, light-gray__.. ___ ________

bl1. Shale, dark____ ______ ______
52, Bentonite, gray_________________

. Shale, davk_____________________ . ______
. Bentonite, gray_ ________________ ___
. Shale, dark-gray; contains scattered biotite flakes____________

I'noceramus sp.
Ostrea congesta Conrad

56. Bentonite, gray to greenish-gray, finely micaceous; contains

large, elongated, light-gray limestone concretions that
weather buff________________ _ _— _
Inoceramus sp.

34762456 3
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Feet Inches
9 0
1 0
1 0

10 6
- 6
29 0
- 6
9 2
7 8
4 0
- 5
1 3