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URANIUM-BEARING LIGNITE AND CARBONACEOUS SHALE IN THE SOUTHWESTERN PART
OF THE WILLISTON BASIN—A REGIONAL STUDY

By N. M. Dexsox and J. R. Gt

ABSTRACT

Uranium in carbonaceous shale and lignite occurs at many
horizons throughout 2,500 feet or more of Upper Cretaceous and
lower Tertiary (Paleocene and Eocene) rocks in the south-
western part of the Williston basin. The uranium occurrences
extend northward 150 miles or more in general alinement with
the structurally lowest part of the basin from Harding and
Perking Counties in northwestern South Dakota to the western
part of Dunn County in southwestern North Dakota. The
carbonaceous host rocks containing the higher grade occur-
rences range from 6 inches to 2 feet or more in thickness and
are characterized by lenticularity, relatively high ash contents
(35 to 40 percent), and low heating values.

Although small amounts of uraniumn occur sporadically in car-
bonaceous rocks over a wide area along the southwestern part
of the Williston basin, the important reserves of ore-grade
uraniferous lignite and carbonaceous shale containing greater
than 0.1 percent uranium are present in the North Cave Hills
and Slim Buttes areas of Harding County, 8. Dak., and in the
Little Missouri River escarpment area (Rocky Ridge and
Saddle Butte localities) in eastern Billings and northwestern
Stark Counties, N. Dak. In these areas blanket-type deposits,
containing in excess of 150,000 tons of ore-grade material, and
lentil-type deposits of higher grade material, containing a few
hundred pounds to as much as 1,500 tons, have been reported.
Some of the deposits in the Cave Hills and Little Missouri River
escarpment areas are overlain by relatively thin overburden
which make them amenable to strip mining. Inferred reserves
of ore-grade material in the region exceed 1 million tons.

Chemical analyses of 10 large samples of uranium-bearing
lignite and carbonaceous shale collected by the Atomic Energy
Commission from Billings County, N. Dak., indicate an average
content of 0.18 percent uranium, 0.3 percent molybdenum, 0.09
percent phosphorus, and 0.01 percent vanadium. Only 2 of the
10 large samples analyzed contained less than 0.1 percent
uranium.

Primary structural and stratigraphic controls affecting the
localization of uranium appear to be shallow troughs super-
imposed on the flanks of the basin by late Tertiary tectonic
movements and by the proximity of the host rocks to the pre-
Oligocene erosion surface. The localization of uranium in the
Williston basin, as in the Colorado Plateau and Texas Coast
Plain, is remarkably influenced by the presence of carbon, which
has an affinity for uranium and which is effective as a reducing
agent in causing the precipitation of uranium and associated
metaly from solution. Porosity of the lignitic host materials
and the enclosing rocks are important secondary controls of
mineralization.

From a study of the spectrographic, chemical, and mineralogic

data and of the principal structural and ‘topographic relations’

of the deposits, we conclude that uranium, arsenic, molybdenum,
selenium, vanadium, and some other elements were introduced

into the lignite by ground water. Mineralization was probably
continuous from Miocene to present. The abundance of these
elements in samples of ground water draining the middle and
upper Tertiary tuffaceous rocks in the region and their presence
in only minor amounts in ground water draining the under-
lying lignite-bearing sequence in unmineralized areas suggest
an origin by leaching from the volcanic constituents composing
the tuffaceous rocks. Other evidence supporting this mode of
origin is the fact that all significant occurrences of uranium in
the region fall to within about 200 feet stratigraphically of the
base of the tuffaceous sequence or to its projected base in areas
where erosion has removed the tuffaceous sequence.

Microscopic studies of 185 grab samples from the continental
basin-fill sedimentary rocks comprising the Hell Creek, Fort
Union, Chadron, Brule, and Arikaree Formations reveal a char-
acteristic heavy-mineral assemblage for each formation that
differs from the assemblage in the adjacent formation. No
relation was found between any of these assemblages and the
occurrence of uranium.

INTRODUCTION
PURPOSE AND SCOPE

During the field seasons of 1955 and 1956, reconnais-
sance and detailed studies were made of uranium-bear-
ing lignite and carbonaceous shale of Late Cretaceous
and early Tertiary age in eastern Montana and adjacent
parts of western North and South Dakota. These
studies were a part of the U.S. Geological Survey’s in-
vestigations of uranium-bearing carbonaceous rocks on
behalf of the Division of Raw Materials of the U.S.
Atomic Energy Commission. They included compila-
tion and synthesis of all available published and un-
published data, both surface and subsurface, that might
have a bearing on the distribution of uranium in the
region.

The purpose of the investigation was to determine the
relation of the higher grade deposits of uranium-bear-
ing lignite and carbonaceous shale to major regional
structures, to stratigraphic position, and to possible
source areas.

Elevations were determined for most of the known
uranium-rich deposits and for the pre-Oligocene erosion
surface which truncates 2,500 feet or more of potential
ore-bearing rocks of Late Cretaceous and early Tertiary
age in the region studied. Regional and local maps were
prepared to show principal structural features and to

1



2 URANIUM-BEARING LIGNITE AND CARBONACEOUS

aid in interpreting the possible influence of post-Oligo-
cene folding on uranium localization.

Spectrographic and chemical analyses of about 300
samples of lignite and carbonaceous shale from various
parts of the region were studied to identify those ele-
ments concentrated or introduced into the lignite and
shale during the period of uranium mineralization, and
to ascertain whether there were differences in composi-
tion of carbonaceous host materials resulting from pos-
sible variations in environments of deposition. Most of
the uranium in the region occurs as a finely disseminated
amorphous constituent intimately associated with the
organic fraction of the lignite and carbonaceous shale.
Yellow fluorescent and nonfluorescent uranium miner-
als, however, do occur in carbonaceous rocks at many
widely scattered areas within the basin, and these
minerals have been studied and identified in the labora-
tories of the U.S. Geological Survey and private organi-
zations by optical and X-ray methods.

Heavy-mineral studies of 135 grab samples from 30
measured sections throughout the region were made to
determine differences in mineral suites between the lig-
nite-bearing rocks that contain the uranium and the
overlying tuffaceous sequence from which the uranium
was probably leached.

Detailed basic analytical and drill-hole data supple-
mental to this report were compiled in 28 tables that
have been placed in open file by the Geological Survey.
These tables, which are in five groups according to sub-
ject matter, are listed in the bibliography at the end of
this report and cited at appropriate places in the text.
(See Denson and Gill, 1965a, b, ¢, d, e.) The tables are
available for public inspection or may be purchased
through the Geological Survey libraries in Washington,
D.C., Denver, Colo., and Menlo Park, Calif.

LOCATION AND EXTENT OF AREA

The area covered by this report is bounded on the
north-and south by the 49th and 45th parallels, on the
east by the 102d meridian, and on the west by the 106th
and 107th meridians. These boundaries delimit about
55,000 square miles in an area about 280 miles long and
195 miles wide. The southern boundary is 80 miles
north of the central part of the Black Hills in western
South Dakota and the northern boundary is the Sas-
katchewan, Canada, border. The area includes most of
the southwestern part of the Williston basin and the
northern part of the Black Hills uplift. All the ura-
nium-rich deposits studied are in the unglaciated part
of the Missouri River Plateau area of the northern Great
Plains province (Fenneman, 1931, pl. 1 and p. 63 and

SHALE OF WILLISTON BASIN

72). Within this area detailed geologic investigations
and mapping were conducted in the Slim Buttes and
Short Pine Hills in northwestern South Dakota, in the
Finger Buttes, Ekalaka Hills, and Long Pine Hills in
southeastern Montana, and in the Little Badlands and
Chalky Buttes and along the Little Missouri River es-
carpment in southwestern North Dakota (fig. 1). The
uranium deposits in the Cave Hills area, Harding
County, S. Dak., were studied in detail by Pipiringos,
Chisholm, and Kepferle (1964).

PREVIOUS INVESTIGATIONS FOR URANIUM

Uranium-bearing lignite was discovered in south-
western North Dakota by D. G. Wyant and E. P. Beroni
(1950) in the summer of 1948 and in northwestern
South Dakota and eastern Montana by Beroni and
Bauer (1952) in 1949. The uranium deposits discovered
in carbonaceous rock of the region from 1948 through
1952 were largely of low grade. A carnotite-bearing
sandstone at Slim Buttes in northwestern South Dakota
discovered in 1953 (Gill and Moore, 1955, p. 249) and
relatively high-grade uranium-bearing lignite and car-
bonaceous shale in the North Cave Hills discovered in
1954 by the Homestake Mining Co. stimulated consider-
able interest in the lignite and associated shale in the
region as potential sources of uranium. As a result,
much geologic work has been done in the region by the
Federal and State geological surveys, by independent
organizations under contract to the U.S. Atomic Energy
Commission, and by private industry.

Geologic relationships, theories of origin, and the
nature and extent of many of these occurrences are de-
scribed in reports by Bergstrom (1956), Curtiss (1955),
Denson and Gill (1956), Everhart (1956), Denson,
Bachman, and Zeller (1959), Schopf and Gray (1954),
Gruner (1956), Petsch (1955a, 1955b), White (1958),
King and Young (1956), Osterwald and Dean (1957a,
1957b, 1958), Gill, Zeller, and Schopf (1959), Moore,
Melin, and Kepferle (1959), Pipiringos, Chisholm, and
Kepferle (1964), Vine (1962), Zeller and Schopf
(1959), and the U.S. Geological Survey semiannual re-
ports (1953-1958). This report summarizes and inte-
grates much of the information made available by these
investigations,

ACKNOWLEDGMENTS

The authors are indebted to many colleagues in the
U.S. Geological Survey for aiding in the compilation
and interpretation of data presented in this report,
but particular thanks are due the following: Leonard
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B. Colton for copies of unpublished maps of the geol-
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4 URANIUM-BEARING LIGNITE AND CARBONACEOUS SHALE OF WILLISTON BASIN

ogy of northeastern Montana; Charles Sandberg for
critical review of thickness maps and assistance in cor-
relating key horizons on radioactivity well logs; George
N. Pipiringos for the use of spectrographic and chem-
ical analyses of samples from the Cave Hills uranium
deposits in northwestern South Dakota; and Mortimer
Staatz for identifying and describing thin sections of
volcanic rocks.

METHODS

Geologic mapping in the areas of detailed studies
(fig. 1) was done at the scale of 1: 20,000 on aerial photo-
graphs taken by the Agriculture Adjustment Admin-
istration. The geology and culture were later trans-
ferred by Saltzman projector to planimetric bases at
the scale of 1:31,680 prepared from Bureau of Land
Management township plats. Elevations were deter-
mined on the base of the Oligocene and Miocene tuf-
faceous rocks in each of these areas, as well as on iso-
lated outcrops in intervening areas. From these data
contour maps were compiled to show possible influence
of post-Oligocene movements on uranium minerali-
zation.

Federal and State highway bench marks, Army Map
Service control points, and triangulation stations and
bench marks of the U.S. Coast and Geodetic and the
U.S. Geological Surveys were used in establishing ver-
tical control throughout the region. Single base altim-
eter methods described by Lahee (1941, p. 467) were
employed in determining elevations on selected geologic
contacts and on the important uranium occurrences.
Elevations determined by this method were checked
at various times during the investigation and found
to be correct to within about 10 feet.

Oil fields, selected dry holes, culture, and geology
shown on the regional map (pl. 1) were originally
plotted on maps at a scale of 1:200,000 compiled by
the Army Map Service. These maps were reduced
photographically to a scale of 1: 500,000, and the data
were transferred by direct tracing to a Lambert con-
formal conic projection base prepared by the Geological
Survey.

STRATIGRAPHY
GENERAL DISCUSSION

The Williston basin in North and South Dakota and
Montana is largely covered by a few feet to as much
as 2,700 feet of interbedded drab-colored sandstone,
siltstone, shale, and claystone dominantly of continental
origin and of Late Cretaceous and early Tertiary age
(pls. 1and 2). These deposits are thickest near the cen-
ter of the basin and thin, as a result of erosion, to a
featheredge along the flanks of the Poplar dome, Cedar

Creek anticline, and the north end of the Black Hills
uplift. The sequence contains many beds of lignite and
carbonaceous shale, some of which are remarkably per-
sistent and can be traced with certainty over wide areas.
In the area of the uranium deposits, the sequence can be
subdivided in descending order into the Golden Valley
Formation of Eocene age, the Fort Union Formation
of Paleocene age comprising the Sentinel Butte, Tongue
River, Cannonball, and Ludlow Members, and the Hell
Creek Formation of Late Cretaceous age. Directly
underlying the Hell Creek Formation with apparent
conformity is the Fox Hills Sandstone, which is in
turn underlain by Pierre Shale or its upper lateral
equivalent, the Bearpaw Shale; all are of Late Cretace-
ous age. These units of marine origin are present in the
subsurface throughout most of the region, and occur at
the surface along the Cedar Creek anticline, the Poplar
dome, and the north end of the Black Hills uplift.
They are the oldest rocks exposed in the area of this
report, except for a small area in southeastern Montana
where the underlying Colorado Group of Late Creta-
ceous age and Mowry Shale of Early Cretaceous age
are exposed along the north flank of the Black Hills
uplift.

Unconformably overlying the tilted and beveled
edges of each of the units previously mentioned is a
thick sequence of tuffaceous sandstone, siltstone, clay-
stone, bentonite, and volcanic ash of middle and late
Tertiary age which at one time extended over south-
eastern Montana and adjoining parts of western North
and South Dakota. This sequence comprises the Ari-
karee Formation of Miocene age and the underlying
Brule and Chadron Formations of the White River
Group of Oligocene age. These rocks have been re-
moved by erosion throughout most of the region, but
remnants are preserved on many of the principal drain-
age divides in widely separated areas in the southwest-
ern part of the Williston basin. Excellent exposures
are present in the Slim Buttes and Short Pine Hills in
northwestern South Dakota, the Ekalaka and Long
Pine Hills in eastern Montana, and the Little Badlands,
Chalky Buttes, and Killdeer Mountains in western
North Dakota. The rocks of the Chadron, Brule, and
Arikaree Formations have a combined thickness of
about 600 feet and contain vertebrate fossils at many
localities throughout the basin.

The erosion surface on which the upper Tertiary tuf-
faceous rocks were deposited has a local relief of 150
feet, a regional relief of about 2,500 feet, and an aver-
age slope of about 12 feet per mile to the northeast (pl.
1). At many places the rocks beneath the erosion sur-
face are highly oxidized (fig. 2) and are readily recog-
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Fi1cUure 2.—Oxidized beds in the upper part of the Hell Creek Formation (Upper Cretaceous) directly underlying the pre-Oligocene erosion
surface in the SW14 sec. 26, T. 17 N., R. 3 H., Short Pine Hills, S. Dak.

nizable by their pale pastel shades of orange, red, yel-
low, and brown that contrast with the darker brown
and buff of the unoxidized rocks below. Analcite roset-
tes, averaging 1 to 3 mm in diameter and derived from
leaching of tuffaceous constituents in the overlying
beds, are commonly present in the rocks at or just
below the erosion surface. Angular blocks of locally
derived quartzite (fig. 3), chert, ironstone, and other
resistant. rock debris are common constituents which
accumulated on the surface prior to deposition of the
White River Group and Arikaree Formation. This
surface and its relation to attendant geologic features
in the northern Black Hills and adjacent areas in the
northern Great Plains region of western South Dakota
and Nebraska are described by Vickers (1957), Tourte-
lot (1956, p. 80),and Dunham (1955, p. 8).

In northeastern Montana, the Chadron, Brule, and
Arikaree Formations are not present. The upper Ter-
tiary rocks there consist of a widespread pediment de-
posit of poorly cemented sand and gravel overlain at
some places by beds of volecanic ash and white chalky
marlstone which are referred to as the Flaxville Forma-
tion. Vertebrate fossils from these rocks indicate a late
Miocene or Pliocene age. These beds range from a few
feet to 180 feet or more in thickness. In the area
studied, the Flaxville Formation caps a series of even-
topped plateaus along the Montana-North Dakota State
line. The Flaxville has not been recognized in south-
eastern Montana and northwestern South Dakota, but
local sand and gravel deposits along the flanks of the
major buttes in these areas may be partial correlatives
of the Flaxville Formation. These deposits are com-
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F1GURE 3.—Angular blocks of locally derived quartzite at the erosion surface between the Fort Union (Paleocene) and Arikaree (Miocene)
Formations, (in the NE14 seec. 20, T. 2 8., R. 61E., Long Pine Hills, Carter County, Mont.

posed of clayey siltstone, fine-grained sandstone, and
gravel derived and reworked from the Arikaree and
older formations. Vertebrate fossils from these deposits
in the Ekalaka Hills in southeastern Montana are of
pliocene( ?) age.

From 100 to 400 feet below the base of the Flaxville
in northeastern Montana are extensive areas capped by
poorly stratified gravel and silt which at some places
have been loosely cemented to a conglomerate. This
gravel superficially resembles the Flaxville Formation
from which it has been derived and with which, at some
places, it has been incorrectly correlated (Ross and
others, 1955). The erosion of these extensive areas
below the Flaxville level has been assigned by Collier
and Thom (1918, p. 182 and pl. 62) to the late Pliocene

or early Pleistocene on the basis of physiographic and
paleontologic evidence.

Glacial till, sand, and gravel of Pleistocene age
mantles much of the region north of the Missouri River
in northwestern North Dakota and northeastern Mon-
tana (Alden, 1932, pl. 1). Ixcept where streams have
cut through them, these deposits effectively mask the
underlying rocks.

Table 1 gives the general lithologic characteristics of
the rocks exposed in the region. Although rocks of the
Colorado Group and Mowry Shale are exposed in a
small area in southeastern Montana, they were not dif-
ferentiated from the Pierre Shale and are not described
in table 1.
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TaBLE 1.—Generalized section of formations exposed in eastern Montana and adjoining parts of North and South Dakota !

System Series Group, formation, member

Thickness
(feet)

Lithologic characteristics

Recent and

Quaternary
Pleistocene

0-250

Silt, sand, and gravel in dunes, terraces, and alluvial fans along main stream channels south
of the Missouri River. Pleistocene deposits, glacial and glaciofluviatile in origin, cover
a large part of the region north of the Missouri River; deposits include alluvium, eskers,
kames, and glacial outwash sand and gravel.

Flaxville Formation and
probable correlatives

Pliocene or
upper Miocene

0-180

Sandstone and conglomerate, poorly cemented, overlain at some places by beds of volcanic
ash and white marlstone. Basal unit is widespread pediment deposit that caps even-
topped plateaus ranging in altitude from 3,600 ft on Sheep Mountain in northeastern Mon-
tana to about 2,500 ft along the Montana-North Dakota State line. Not recognized in
southeastern Montana and northwestern South Dakota, but may be a partial correlative
in these areas to local pediment deposits along the flanks of the major buttes. These de-
posits are composed of clayey siltstone, fine-grained sandstone, and gravel derived and
reworked from the Arikaree and older formations. Vertebrate fossils in the Ekalaka Hills
indicate a Pliocene(?) age.

Unconformity

Miocene Arikaree Formation

Unconformity

260+

Massive greenish-white to light-gray tuffaceous sandstone and siltstone and a few thin beds
of quartzite, dolomite, and volcanic ash. Local occurrences of carnotite in dolomite in the
West Short Pine Hills, S. Dak.

Brule Formation

Oligocene

0-250+

Massive buff to pinkish-tan tuffaceous siltstone, nodular claystone, and channel sandstone.
Contains abundant vertebrate remains. Well exposed in Chalky Buttes and Little Bad-
lands of North Dakota. Preserved in pre-Arikaree landslide blocks in the Slim Buttes
aﬁd Short Pine Hills of South Dakota. Absent or poorly represented in southeastern

ontana.

White River
Group

Chadron Formation

0-190

Dark-gray bentonite and light-gray tuffaceous claystone, siltstone, sandstone, and arkose at
many places interbedded with thin beds of lenticular limestone. Lower part at many places
weathers golden yellow. *

Unconformity

Eocene Golden Valley Formation

Tertiary

0-175

Gray to yellow sandstone, siltstone, and purplish-gray to white kaolinitic clay. Contains
a few thin lenticular beds of lignite and carbonaceous shale.

Sentinel Butte Member

600-950

Dark-gray bentonitic claystone and shale, and buff to brown sandstone. Many beds of lignite
are radioactive in H T, Sentinel, Bullion, and Chalky Buttes in North Dakota. Contains
relatively high-grade uranium deposits in lignite and carbonaceous clay in the Little Mis-
souri River escarpment area, North Dakota.

Tongue River Member

Paleocene

650

Massive gray to tan sandstone, siltstone, and shale. Contains many lenticular beds of quart-
zite and thick persistent beds of lignite. Large deposits of uranium-bearing lignite in the
Medicine Pole Hills, N. Dak., and at Cave Hills and Lodgepole Buttes, S. Dak. Rela-
tively high-grade uranium deposits in lignite in the Cave Hills area, South Dakota.

/

Cannonball
Member

Fort Union Formation

Ludlow

Member ™~

~

0-300

Cannonball Member: marine dark-gray and brown sandstone and shale. Contains large
limy concretions. Extends from the east into northern Perkins and northeastern Harding
Counties, S. Dak., and southern Adams and southeastern Bowman Counties, N. Dak.
Thins to the west and intertongues with the Ludlow Member. Not recognized west of
R. 8 E., northeastern Harding County, S. Dak.

Ludlow Member: gray to light yellow-tan sandstone, gray shale, and thick lenticular beds of
lignite. Uranium-bearing lignite deposits in the Slim Buttes and Cave Hills, S. Dak., and
the Long Pine and Ekalaka Hills, Mont. Local deposits of uranophane-bearing sandstone
%nd relaéiv]e)ly high-grade uranium deposits in lignite and carbonaceous shale in the Slim

uttes, S. Dak. .

Hell Creek Formation

400-575

Dark-gray bentonitic claystone and gray-brown lenticular sandstone. Many concretions and
thin lenses of iron carbonate. Contains thin lenses of lignite in upper part. Local occur-
rence of carnotite and becquerelite in carbonaceous clay and sandstone in the Long Pine
éiill]:)s,l?/lont.; one relatively high-grade uranium deposit in lignite in East Short Pine Hills,

. Dak.

Cretaceous Upper Fox Hills Formation

Cretaceous

25-300

Marine grayish-white to brown and ocherous-yellow glauconitic sandstone and interbedded
greenish-gray marine shale.

Pierre Shale

1, 700-2, 500

Marine dark-gray to brownish-black bentonitic claystone and shale containing large lime-
stone concretions and thin beds of bentonite.

! Not including Colorado Group and Mowry Shale locally exposed in small area in southern Carter County, Mont,

EXPOSED ROCKS
CRETACEOUS SYSTEM

PIERRE SHALE

The Pierre Shale was named by Meek and Hayden

Studies of electric and radioactivity logs of wells
drilled for oil and gas in the region indicate that the
Pierre thins progressively northeastward from 2,300
feet in southern Wibaux and northern Fallon Counties
in eastern Montana to 1,700 feet in northeastern Burke
County, N. Dak.

(1862) for exposures along the Missouri River, 95 miles
southeast of the area of this report, in the vicinity
of old Fort Pierre in Stanley County, S. Dak. The
Pierre Shale occurs at the surface along the Cedar
Creek anticline, the Poplar dome, and the north end
of the Black Hills uplift; it is present in the subsurface
throughout eastern Montana and adjoining parts of
North and South Dakota.

The Pierre is a seemingly homogeneous unit of dark-
gray to brownish-black bentonitic claystone and shale
containing large limestone concretions and thin beds of
bentonite. These shales and associated fine-grained
rocks are of marine origin and contain numerous inver-
tebrate fossils of Late Cretaceous age. In normal suc-
cession the Pierre Shale is conformably overlain by the
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Fox Hills Sandstone and conformably underlain by the
Niobrara Formation, both of Late Cretaceous age.

Inasmuch as the Pierre Shale does not contain beds
of lignite or carbonaceous shale which might contain
uranium, it was not studied or mapped in detail. The
general areal distribution of the rocks assigned to the
Pierre in this report is shown on plate 1.

FOX HILLS SANDSTONE

The Fox Hills Sandstone was named by Meek and
Hayden (1862) for exposures on Fox Ridge, about 50
miles east of the area of this report, in southwestern
Dewey County, S. Dak. The unit rests conformably
on the Pierre Shale, and its outcrop surrounds the out-
crop of the Pierre along the Cedar Creek anticline, the
Poplar dome, and the north end of the Black Hills
uplift.

The rocks composing the Fox Hills are marine gray-
ish-white to brown and ocherous-yellow glauconitic
sandstone and interbedded greenish-gray marine shale
which at many places grade into the overlying con-
tinental deposits of the Hell Creek Formation and into
the underlying marine shales of the Pierre. The unit
ranges from 25 to 300 feet in thickness, but because its
upper and lower contacts are gradational, its thickness
in the subsurface is difficult to determine from electric
and gamma-ray logs.

At many places the formation contains an abundant
marine invertebrate fauna of Late Cretaceous age.
Lithologic similarity and the stratigraphic position of
the formation above the Pierre and below the Hell Creek
make correlation of the Fox Hills with the rocks at the
type locality in southwestern Dewey County reasonably
certain. The Fox Hills Sandstone was not studied or
examined in detail.

HELL CREEK FORMATION

The Hell Creek Formation of Late Cretaceous age
was named by Barnum Brown (1907, p. 829) for rocks
typically exposed on Hell Creek and nearby tributaries
of the Missouri River in Garfield County in northeast-
ern Montana. The Hell Creek conformably overlies
the marine Fox Hills Sandstone and underlies the lig-
nite-bearing Ludlow Member of the Fort Union Forma-
tion (Paleocene). The formation has an average thick-
ness of about 500 feet and is composed of rocks of
fluviatile and possibly brackish-water origin. In the
Williston basin the formation is exposed over wide areas
along the flanks of the Poplar dome, the Cedar Creek
anticline, and north end of the Black Hills uplift.

The Hell Creek Formation is characterized by the
drab, somber hues of the bentonitic silty shale and clay-
stone that compose most of the formation. Dark pur-

plish-black manganosiderite concretions that weather
with a metallic luster and thin beds of medium-grained
sandstone cemented by lime and iron carbonate (sider-
ite) are abundant. Loglike dark yellowish-brown limy
concretions as much as 10 feet long and 1 to 3 feet in
diameter occur in the friable sandstone. Thin beds of
carbonaceous shale and lignite occur at some places In
the upper few feet of the Hell Creek but are of little
or no commercial importance. The rocks are poorly
cemented and therefore easily eroded. Badlands and
broad, flat interareas of grassland studded with low
rounded knobs devoid of vegetation characterize out- -
crops of the formation.

The contact of the Hell Creek and the overlying
Ludlow Member of the Fort Union Formation is, in
general, transitional from dark, somber gray and green-
ish-gray rocks of the Hell Creek to lighter yellowish-
brown rocks of the Fort Union. Early workers differ-
entiated the two units on the basis of differences in color.
Locally, this criterion is difficult to apply because the
typical colors alternate through a stratigraphic interval
of 100 feet or more. Following the usage of R. W.
Brown (1952, p. 92) the contact has been placed at most
places at the base of the lowest persistent bed of lignite.

The Hell Creek Formation is sparsely fossiliferous
and has yielded species of turtles, dinosaurs (especially
Triceratops), and poorly preserved plants of Late Cre-
taceous age at many localities in the region (Winchester
and others, 1916, pl. 1, and p. 24; Hares, 1928, p. 23;
Bauer, 1924, p. 240; and Curtiss, 1956).

TERTIARY SYSTEM
LOWER TERTIARY COAL-BEARING ROCKS

FORT UNION FORMATION (PALEOCENE)

The Fort Union Formation of Paleocene age was
named by Meek and Hayden (1862, p. 433) for rocks of
continental origin typically exposed near the confluence
of the Yellowstone and Missouri Rivers near the site
of old Fort Union in northwestern McKenzie County,
N. Dak. In the area of this report the Fort Union
Formation consists of about 1,500 feet of lignite-bearing
sandstone, shale, and claystone which conformably over-
lie the Hell Creek Formation of Late Cretaceous age.
The upper part of the Fort Union has been removed
by erosion except at a few localities near the center of
the Williston basin where the Fort Union is conform-
ably overlain by remnants of the Golden Valley Forma-
tion of Eocene age. '

The lower 300 feet or so of these continental deposits
is assigned to the Ludlow Member of the formation
and intertongues to the east in northern Perkins and
northeastern Harding Counties, S. Dak., and southern
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Adams and southeastern Bowman Counties, N. Dak.,
with marine strata assigned to the Cannonball Member
of the Fort Union Formation. Overlying the Ludlow
and Cannonball Members with apparent conformity
is the Tongue River Member which is in turn overlain
by the Sentinel Butte Member.

The important lithologic characteristics and strati-
graphic relationships of each of the four members have
been described and discussed in detail by many geolo-
gists who have worked in the Williston basin. For
these descriptions the reader is referred to reports by
Winchester and others (1916, p. 14-31), Hares (1928,
p. 13-42), Thom and Dobbin (1924, p. 484 and 495-
497), Bauer (1924, p. 235-244), R. W. Brown (1948),
Bergstrom (1956), Leonard (1908), and Lloyd (1914,
p- 248). Table 1 of this report outlines briefly the gen-
eral lithologic characteristics and thicknesses of each of
the four members of the formation in eastern Montana
and adjoining parts of North and South Dakota. Sup-
plemental descriptions of these units are presented later
in the report at appropriate places under “description
of uraniferous areas.”

GOLDEN VALLEY FORMATION (EOCENE)

The Golden Valley Formation of Eocene age was
named by Benson and Laird (1947, p. 1166-1167) for
exposures near the town of Golden Valley, Mercer
County, which adjoins Dunn County, in western North
Dakota. The formation is as much as 175 feet thick
and consists of gray to yellow micaceous loosely ce-
mented sandstone and siltstone and soft purplish-gray
to white kaolinitic clay, which at some localities con-
tain a few thin lenticular beds of lignite and carbo-
naceous shale.

The Golden Valley overlies the Fort Union Forma-
tion with apparent regional conformity and is uncon-
formably overlain locally by the White River Group
(Oligocene) or Arikaree Formation (Miocene). The
formation occurs principally along the low divides and
hills near the axis of the Williston basin in southwest-
ern North Dakota (Benson, 1951) and has not been
recognized in South Dakota.

LIGNITE RESERVES

Most of the uranium-bearing lignite deposits of
North and South Dakota are in the Slim Buttes, Cave
Hills, and Little Missouri River escarpment areas and
are part of a larger area containing the largest lignite
reserves in the United States. This area, centered in
western North Dakota, extends westward into eastern
Montana and southward into northwestern South Da-
kota (U.S. Bureau of Mines, 1948, p. 3). The part of
the area in North and South Dakota contains an esti-

mated reserve of 600,000 million tons which, in 1948,
constituted 64 percent of the lignite resources and about
20 percent of the estimated coal resources of the United
States (U.S. Bureau of Mines, 1948, p. 3-4). South
Dakota is estimated to have a lignite reserve of 2,031
million tons (D. M. Brown, 1952, p. 1).

MIDDLE AND UPPER TERTIARY TUFFACEOUS ROCKS

The middle and upper Tertiary tuffaceous rocks in
the Williston basin comprise the White River Group of
Oligocene age, the Arikaree Formation of Miocene age,
and the Flaxville Formation of late Miocene and Plio-
cene age. The rocks in the White River Group and
Arikaree Formation were studied because of their close
relation to the occurrence of uranium in the rocks di-
rectly underlying them. Twenty-nine stratigraphic
sections of these rocks were measured, and grab samples
were collected for laboratory determinations during the
course of the investigation of the uranium deposits in
the basin. The correlation and lithology of the rock
units measured, the stratigraphic positions from which
most of the samples were collected, and other field and
laboratory data are shown on plates 3 and 4.

OLIGOCENE SERIES
White River Group

The White River Group of Oligocene age was named
by Meek and Hayden (1858, p. 119, 133) for exposures
along White River in southwestern South Dakota.
Later, Darton (1899, p. 736, 755-759) subdivided the
White River Group into the Chadron and overlying
Brule Formations. In the Williston basin the Chadron
and Brule have a combined average thickness of about
250 feet. The White River Group, where present, rests
with angular discordance on the older formations, and
at most places is unconformably overlain by the Arika-
ree Formation of Miocene age. Exact correlation of
various zones within the White River in the reg<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>