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URANIUM IN COAL IN THE WESTERN UNITED STATES

INTRODUCTION

By Norman M. | Dexnson

GENERAL STATEMENT

During the 5-year period 1950-1954, the United States Geological
Survey made extensive investigations of the occurrence and distribu-
tion of uranium in coal and related carbonaceous materials through-
out large areas in the western United States. By use of portable geiger
and scintillation counters and carborne scintillation equipment, hun-
dreds of exposures of coal were tested for radioactivity, and samples
were collected for chemical and spectrographic analyses Subse-
quently, exploratory core-drilling was carried out in several coal-
bearing areas in, North Dakota, South Dakota, Wyoming, and Idaho,
by the United States Bureau of Mines and the United States Geolog-
ical Survey, to determine the uranium content of coal beds below the
surface. These investigations have shown that several large coal de-
posits in the Tertiary basins of the Rocky Mountain and the Great'
Plains regions contain very low grade concentrations of uranium.
The uranium content of the coal in these deposits is not uniform but
ranges from about 0.005 to 0.02 percent. Within the low-grade
uranium-bearing coal deposits, smaller irregular masses of coal con-
taining 0.1 percent or more uranium have been found in places. A
number of uranium minerals including autunite, zeunerite, torbernite,
carnotite, becquerelite, and coffinite have been identified in the higher
grade uraniferous coals, but-much of the uranium is inconspicuously
disseminated in the carbonaceous material: In the larger and lower
grade deposits individual uranium minerals have not been identified.
The uranium is disseminated in the carbonaceous material. )

This chapter presents an outline of the history and extent of the
Survey’s investigations of uraniferous coal in the Western States and
a short discussion of the origin of the uranium in the coal; subse-
quent chapters in this report deal with the geology and economic
: , :
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potentialities of those areas where uranium was found in sufficient
amount in coal to be of possible future value. Briefly mentioned are
other areas not examined in detail where the geologic setting is favor-
able for the occurrence of similar deposits.

This report is based on work undertaken as part of a program of
exploration for radioactive materials for the U. S. Atomic Energy
Commission and is published with the permission of the Commission.

HISTORICAL BACKGROUND

Although the association of uranium with carbonaceous material
has been recognized for many years (Berthoud, 1875 ; Boutwell, 1905 ;
Unkovskaya, 1940; Davidson and Bowie, 1951; and Gruner, 1954),
it has long been known that most coal beds are some of the least radio-
active of the common sedimentary strata for the uranium content of
coal is generally very low (Russell, 1945; Newmarch, 1950; Couret,
1952; and Davidson and Ponsford, 1954). Little attention was given
to the possibility that significant quantities of uranium occur in coal
beds in the western United States until 1945, when Slaughter and
Nelson of the Geological Survey discovered extensive low-grade de-
posits of uranium-bearing coal in the Great Divide Basin of south-
central Wyoming (Slaughter and Nelson, written communication,
1946). In 1948 and 1949 beds of coal in the Williston basin area of
North and South Dakota were found to be uranium-bearing by Wyant
and Beroni (written communication, 1949) and by Beroni and Bauer
(written communication, 1952). In 1950 Denson, Bachman, and
Zeller continued studies of uranium-bearing coals in the southern
part of the basin to evaluate their economic possibilities and to deter-
mine the geologic factors controlling the accumulation of the uranium.
Emphasis was placed on finding coal in beds of minable thickness and
grade that could be used.as fuel and from which uranium could be
extracted from the ash as a by-product. From 1951 through 1954 the
Geological Survey conducted extensive investigations for uranjum-
bearing coal and carbonaceous shale in many other areas in the Western
States. These studies included brief examinations of several of the
better known deposits of Cretaceous and Tertiary coal in the Rocky
Mountain province from southern Montana to New Mexico, the Colo-
rado Plateau, the Great Basin, and the Pacific Coast region. Results
of some of these investigations, most of which were negative, have been
briefly described in reports by Bachman and Read (1952); Beroni
‘and McKeown (1952) ; Gude and McKeown *; Love (1952); Vine

1Gude, A. J., 3rd, and McKeown, F. A., 1952, Results of exploration at the Old Leyden
conl mine, Jefferson County, Colorado: U. S, Geol. Survey open-file report.
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and Moore (1952) ; Bachman, Baltz, and O’Sullivan (written com-
munication, 1953) ; Duncan (1953a) ; Hail and Gill (1953); Troyer
and others (1953) ; Vine and Flege (1953); Griggs (1954); Moore
and Stephens (1954) ; Staatz and Bauer (1954) ; Baltz (written com-
munication, 1955) ; Zeller (1955) ; and Wyant, Sharp, and Sheridan
(1956).

SOURCE AND ACCUMULATION OF URANIUM

Three hypotheses of source and accumulation have been advanced
by geologists to explain the occurrence of uranium in coal of the
Western States. They are:

1. Syngenetic—Uranium was deposited from surface waters by living
plants or in dead organic matter in swamps prior to coalification.

2. Diagenetic.—Uranium was introduced into the coal during coalifi-
cation by waters bringing the uranium from areas marginal to the
coal deposits or from the consolidating enclosing sediments,

3. Epigenetic—Uranium was introduced in the coal after coalifica-
tion and after consolidation of the enclosing sediments by ground
water deriving uranium from hydrothermal sources or from un-
conformably overlying volcanic rocks.

The source and manner of accumulation of uranium in coal are
briefly discussed here, because a systematic search for additional de-
posits will be successful chiefly to the extent that it is guided by valid
concepts of origin. The epigenetic hypothesis favored by the author
and presented in greater detail in chapter B is but one of the possible
processes, as indicated above, by which uranium may be concentrated
in coal. The author wishes, however, to emphasize that the accumula-
tion of uranium in coal may vary markedly from place to place and
that each newly discovered deposit should be objectively considered
and interpreted in relation to the geologic history of the region in
which each deposit occurs.

As a result of the investigation of uraniferous lignite in the Dakotas
in 1948 and 1949, Gott, Wyant, and Beroni (1952) concluded that the
uranium was probably of syngenetic origin, having been initially con-
centrated from swamp waters by the vegetation from which the coal
was formed. Beroni and Bauer (written communication, 1952) recog-
nized, however, that the lignite is interbedded with strata in the
Dakotas that contain minerals of volcanic origin and suggested that
the uranium might be of diagenetic origin, having been redistributed
from volcanic materials during or shortly after the deposition of the
lignite. Systematic sampling and regional studies of beds of radio-
active lignite in the Dakotas and eastern Montana by Denson, Bach-
man, and Zeller in 1950 (see chapter B of this bulletin) led them to
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propose the theory that the uranium in these deposits is of epigenetic
origin, secondarily derived by leaching of the volcanic materials in the
Oligocene and Miocene rocks that at one time covered most of the
region. They thought that the uranium was a primary constituent of
volcanic ash and that the uranium was leached from it by ground
water during weathering and devitrification. This concept was based
largely on the fact that beds of uranium-bearing lignite, irrespective
of age, closely underlie the unconformity at the base of tuffaceous
rocks of the White River group, and that the greater concentrations of
uranium occur in the upper parts of the stratigraphically highest
lignite beds.

Application of this theory to the search for other deposits during
1950 led to the discovery of uranium-bearing coal in the Lost Creek
coal field in the southern part of the Powder River Basin of eastern
Wyoming (Love, 1952), and to similar discoveries in 1951 in the
Ekalaka Hills area of Montana, the Fall Creek and Goose Creek areas
of Idaho, and the La Ventana Mesa area of New Mexico, described in
chapters F, I, H, and J, respectively, and shown on figure 1. In gen-
eral, the uranium-bearing coal in each of these areas forms the topmost
seam of a sequence overlain unconformably by layers of silicic volcanie
materials or other strata from which uranium may have been leached
by ground waters.

The fact that the most highly mineralized beds of coal are those
ad]acent to beds of coarse-grained permeable sandstone suggests that
the latter acted as a conduit for the mineralizing solutions, which in
some areas may have carried uranium great distances under hydro-
static head (Masursky and Pipiringos ¢n Denson and others, 1952).
The average range in uranium content of water from seeps and
springs issuing from these volcanie rocks is about 10-100 times greater
than that of normal ground water, which generally contains less than
8 parts per billion (Aberdeen, E. J., and others, written communication,
1952; Gill and Moore, 1955 ; Denson, Zeller, and Stephens, 1955 ; Fix,
1955). The uranium content of these ground waters and also the
occurrence of carnotite, autunite, metatyuyamunite, and uranocircite
in these volcanic rocks at several widely separated localities in the
Rocky Mountain and Great Plains regions (Staatz and Bauer, 1951;
Duncan, 1953b; Gill and Moore, 1955; and Moore and Levish, 1955)
suggest that the volcanic rocks may be source beds of uranium. The
uranium could have been leached out of these or similar source rocks
and transported considerable distances downward and laterally by
ground water, being deposited in favorable host materials in the under-

lying strata.
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POSSIBLE ECONOMIC VALUE OF URANIUM-BEARING
. COAL :

Large quantities of uranium are contained in the low-‘ra,nk coal cif
Cretaceous and Tertiary age in the basin areas of Wyoming, Idaho,
and New Mexico, and the northern- Great Plains region of eastern
Montana and the Dakotas (fig. 1) In comparison with current sources
of uranium, most of the uranium-bearing deposits herein described
are very low grade. Detracting from their value as a possible source
of uranium is the fact that, in general, the more highly uraniferous
coals have- greater ash and much lower heating value than nonurani-
ferous coals. Considered on this basis, utilization of the coals and
the recovery of the uranium as a byproduct from the ash would depend
upon -the coals’ sultablhty for use as fuel in competition with other
coals. No efficient or inexpensive means of extracting small amounts
of uranium from coal has yet been found, but the possible development
of new metallurgical techniques and recovery processes may eventually
lead to the utilization of some of the larger uraniferous coal deposits,
many of which are suited to strip-mining methods.

Some of the uranium-bearing coal described in subsequent chapters
have been found to contain small 1rregu1ar occurrences of material
contalnmg 0.1 or more percent uranium, as for example those beds
in the La Ventana (chapter J), Goose Creek (chapter H), and Fall
Creek (chapter I) areas. In these areas a closer search might disclose
some uranium-bearing coal that can be mined under present economic
conditions.

Adding interest to coal as an 1mportant future source of uranium
is the recent discovery of large tonnages of coal containing as much
as 6 percent and averaging 0.7 percent uranium in beds as much as 24
inches thick on the southern flank of the Williston basin in the Cave
Hills area of northwestern South Dakota (Gill, 1954). This discovery
indicates that uranium-bearing coal of comparable grade may occur
at other localities in the Western States ;

GUIDES IN EVALUATING EVIDENCE FOR URANIUM- °
BEARING COAL IN UNEXPLORED AREAS '

During the investigations of the occurrence and distribution of
uranium in coal and related carbonaceous materials in the Western
States, several thousand water samples, mostly of ground water.
sources from seeps, springs, and wells, were analyzed for uranium.
These analyses served not only to delimit areas where the abnormally
high uranium content of water reflects present leaching of ore deposits
but also helped to evaluate the relative possibilities of widespread vol-
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canic-rock units which may have been an important primary source of
uranium now present in deposits in the underlying sedimentary rocks.
Although many volcanic rocks of Tertiary age contain small amounts
of uranium, not all furnish uranium to the ground-water system in
equal amounts. Analyses have been made of water samples from
volcanic rocks ranging in age from Late Cretaceous to Pliocene
throughout the Rocky Mountain and Great Plains regions. Ground
water issuing from rock units of Oligocene and Miocene age, irrespec-
tive of geographic location, is notable for its relatively great uranium
content, , ‘

Although the factors controlling the solubility of uranium are
imperfectly understood, it is probable that those causing the variations
in physical, chemical, and climatic environments to which normal
ground water is subjected affect its acidity, chemical composition, and
colloidal content.” These factors may be significant in controlling’
the solubility of uranium by natural solutions. The average range
in uranium content of ground water from the areas studied showed
the following variation. The highest concentrations of uranium in
ground water are found in areas of known deposits (about 70-300
parts per billion) and in ground water from silicic tuffs and tuffaceous
rocks of Oligocene and Miocene age (about 20-45 parts per billion).
The most highly mineralized water from tuffaceous terranes has an
alkaline pH range of 7.5-9.5. In general, the greater the alkalinity
of the waters from these rocks, the more uranium the waters contain.
Analyses showmg greater contents of uranium also show propor-
tionately greater contents of sodium and calcium, the water from
Oligocene rocks being more sodic and the water from the Miocene
rocks being more calcic. The trace-metal content of these waters has
not been related to their uranium content. Chemical and spectro-
graphic analyses of residues obtained by evaporation of large samples
of water from these units show that they contain more than normal
amounts of molybdenum, vanadium, copper, phosphorus, zinc, and
arsenic. There may be a genetic relationship between these rocks
and those of the ore minerals (autunite, carnotite, torbernite, and
zeunerite) associated with coal at some localities in the western
interior. B _

. In evaluating uranium possibilities of unexplored areas, ground-
water sampling may be a useful means of prospecting, particularly in
areas where thick overburden makes gelger and scmtlllatlon counters
ineffective. :
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..;AREAS THAT MAY CONTAIN URANIUM-BEARING COAL.

' In comparison with the areas known to contain uranium-bearing
coal, there are several other areas, not described in the following
chapters and perhaps not adequately examined for radioactive mate-
rials; where the geologic setting seems favorable for ‘the occurrence
of uranium deposits. These areas (fig. 2) contain coal-bearing rocks
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that are today or were once closely overlain by slightly uraniferous
volcanic rock -and may have significant deposn;s of uranium-bearing
coal. They are the following:

No. on '
fig.2 Area

Cypress Hills in Canada (Saskatchewan and Alberta)
Flaxville Highlands in Montana -
Killdeer-Knife River area in North Dakota
Fox Ridge area in South Dakota

- West flank of the Bighorn Mountains in Wyomrng
Intermontane basins of Tertiary age in Montana
North flank of Uinta Mountains in Wyoming . L
North-central part of the Denver basin in Colorado

0O WS
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URANIUM IN COAL IN THE WESTERN UNITED STATES

URANIUM-BEARING LIGNITE IN NORTHWESTERN SOUTH
DAKOTA AND ADJACENT STATES

By Norman M. DexsoN, Georee O. BacaMaN, and Howarp D. ZELLER

ABSTRACT

In northwestern South Dakota: and adjacent areas, uranium-bearing lignite
beds occur at many horizons in the Hell Creek formation of Late Cretaceous
age and in the overlying Ludlow, Tongue River, and Sentinel Butte members of
the Fort Union formation of Paleocene age. Analyses for uranium of 275 samples
of lignite taken from outcrops or obtained by auger-drilling and of about 1,000
core samples of lignite show that many of the lignite beds contain 0.005-0.02
percent uranium, and their ash contains 0.05-0.10 percent. Analytical data also
indicate that the region contains an aggregate of at least 47,500,000 tons of
lignite having an average uranium content of slightly more than 0.008 percent.
Almost a fifth of the lignite occurs in beds suitable for strip mining and aver-
aging about 4 feet in thickness. Recent discoveries of ore-grade deposits of
autunite-bearing lignite and of secondary minerals of uranium in carbonaceous
sandstone at Cave Hills and Slim Buttes indicate that northwestern South
Dakota and adjacent areas may contain important deposits of uranium minerals.

The stratigraphic units containing the uraniferous lignite beds have a com-
bined thickness of about 1,500 feet and are unconformably overlain by a sequence
of 300 feet or more of tuffaceous sandstone and bentonitic claystone of the White
River group of Oligocene age and the Arikaree formation of Miocene age. The
stratigraphically highest lignite beds in the area have the greatest content of
uranium, and the concentration of uranium is greatest at the top of thick lignite
beds, diminishing progressively downward to a vanishing point in their lower
parts. Variations in permeability of the rocks overlying the mineralized lignite
beds seem to be related to the concentration of uranium. Most of the known
beds of uranium-bearing lignite in the region are closely overlain by rocks of
the White River group and the Arikaree formation, which have about 12 times
more uranium than the average sedimentary rock. Furthermore, the uranium
content of spring water from these formations is 30 or more times that of normal
ground water. The presence of uranium in the lignite is independent of the age
of the formation in which the lignite occurs. Field relations thus suggest that
the uranium is of secondary origin and has been introduced after the accumula-
tion and marked regional uplift and warping of the lignite beds and associated
rocks.

11
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The uranium is believed to have been a finely disseminated constituent of the
overlying mildly radioactive volcanic ash and was released or displaced during
weathering, and carried—probably in the ionic form—by downward and laterally
moving ground waters. Carbonaceous material—lignite or carbonaceous shale—
is believed to have taken the uranium from solution by ion exchange or by the
formation of organo-metallic compounds.

Geologic factors that seem most significant in controlling the distribution and
concentration of uranium in these beds of lignite are the following: (1) Strati-
graphic proximity of the lignite to the base of the White River group, (2) per-
meability of the rocks overlying the lignites, (3) adsorptive properties and
porosities of the constituents of lignite, (4) present and past position: of the
ground-water table; and (5) the amount of uranium in the original White River
and Arikaree sediments. :

INTRODUCTION

The study of uranium-bearing lignite in northwestern South Dakota
and adjacent areas was undertaken to evaluate its economic possibil-
ities and to determine the geologic factors controlling the accumulation
of uranium in lignite. Field work began in June 1950 and was com-
pleted in October 1950. Geiger-Mueller counters and a portable scaler
were used in the field work as guides in the sampling program. A
jeep-powered auger was employed to obtain samples of unweathered
uranium-bearing lignite. During the field investigations, 275 other
samples were collected for laboratory analysis. Radiometric and
chemical analyses for uranium, and chemical and semiquantitative
spectrographic analyses for other minor elements in these samples
were made by the Geological Survey.

The validity of the theory herein presented on the origin and accu-
mulation of the uranium in the lignite was tested during the latter
part of the summer of 1950 in the Powder River Basin in eastern
Wyoming and in other areas in the Rocky Mountain region during
the summer of 1951; here its application led to the discovery of other
concentrations of uranium-bearing carbonaceous materials.

GEOGRAPHY

The lignite field of northwestern South Dakota and adjacent areas
of Montana and North Dakota includes about 5,000 square miles near
the eastern margin of the Great Plains province and north of the

‘Black Hills (fig. 8) in a region of rolling prairie, interrupted by small
areas of badlands, or by rugged and precipitous buttes and ridges.
The more prominent buttes are the Cave Hills and the Slim Buttes
near the center of the area, and the Short Pine Hills (S. Dak.) and
' Long Pine Hills (Mont.) near the southwest corner of the area. These
buttes stand 300-500 feet above the surrounding country and support
a growth of yellow pine. Strata are well exposed in the cliffs rim-
ming the buttes. The eastward-flowing Grand River and the north-
ward-flowing Little MlSSOIlI‘l R1ver and their tributaries drain most
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of the region. Low sandy hills and broad sandy flats border the rivers,
but the divides in many places are capped by small rock buttes or
by red baked rock and chnker resulting from the burnmg of the
lignite beds.
The altitude of the lignite field ranges from 2,100 feet above sea
“level, along the east border, to 4,019 feet, on the Short Pine Hills, giv-
ing a maximum relief of about 1,900 feet. Buffalo (population 400),
the county seat of Harding County, is the largest town within the area
in South Dakota. Many county roads and prairie trails, supplement-
* ing State and Federal highways, make most places fairly accessible.
Bowman, N. Dak. (population 1,400), 50 miles north of Buffalo, is
the nearest railroad shipping point.
The prominent topographic features in the region and their rela-
tionship to the general geologic setting are shown on plate 1.
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and advice that greatly aided this investigation. C.H. Dane, W. G.
Pierce, and V. E. McKelvey made helpful suggestions in the field.
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lished map showing the areal distribution of upper Tertiary forma-
tions in western North Dakota (Benson, 1951). R. W. Brown gave
valuable assistance in the field, identifying plant collections and
establishing the age relatlonshlps of the rock units mapped. W. E.
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field work, and Howard A. Powers studied and interpreted thin
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STRATIGRAPHY

‘The stratigraphic section exposed in northwestern South Dakota
and adjacent areas includes rocks of Cretaceous, Tertiary, and
‘Quaternary age. Figure 4 is a generalized columnar section adapted
from Winchester and others (1916) and Hares (1928), showing the
average thicknesses, characteristics, and relations of the various
formations and the stratigraphic position of the principal coal beds.

Beds of uranium-bearing lignite occur sporadically throughout the
Tegion at many horizons in the Ludlow, Tongue River, and.Sentinel
Butte members of the Fort Union formation of Paleocene age and in
the underlying Hell Creek formation of Late Cretaceous age. The
sequence of-lignite-bearing stratigraphic units has a thickness of
1,500 -feet or more and consists predominantly of fluviatile deposits
of somber-colored, soft, sandy, clay shale and massive, thick-bedded,
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Fieure 3.—Index map showing areas of uranium-bearing lignite deposits described in
this report.

tan, and buff-gray sandstone. A marked regional unconformity sepa-
rates them from 300 feet or more of ash-gray, mildly radioactive
tuffaceous sandstone and bentonitic clay of the overlying White River
group of Oligocene age and the Arikaree formation of Miocene
age. Remnants of the latter two units, which cap many of the
high buttes and escarpments, indicate that they once covered most if
not all the lignite-bearing rocks in western South Dakota and
adjacent parts of North Dakota and Montana (pl. 1).



NORTHWESTERN SOUTH DAKOTA AND ADJACENT STATES

15}

Arikaree(?) formation 180’

Miocene

H T Butte lignite
bed.

Garner Creek lignite
bed

_Harmon lignite
“quartzite marker

Lignite bed E

- Lignite bed D
Lignite bed C
Lignite bed. B
RETBRES }—Mendenhall and

-  Bar H lignite beds

=T Cross lignite
‘bed

Hell Creek lignite
bed

White River group 60'=

Oligd-
foeme|

formation

Union

Sentinel Butte shale member 350'+

Fort

Tongue River member 600"«

Cannonball megmber 0-225'+

Ludlow member 0-250'=

Paleocene

Hell Creek formation 450’

Upper Cretaceous

“Fox Hills sandstone 80"+

F1oURR 4.—Generalized columnar section showing stratigraphic position of principal lignite
beds in northwestern South Dakota and adjacent areas.



16 URANIUM IN COAL IN THE WESTERN UNITED STATES

The geology of the region has been described in detail in reports
by Winchester and others (1916), Bauer (1924), Hares (1928), and
Baker (1952), and therefore no attempt is made in this report to treat
the geology in detail. The stratigraphy and general geology of the
various areas underlain by significant deposits of uranium-bearing
lignite are summarized.

CRETACEOUS SYSTEM, HELL CREEK FORMATION

The Hell Creek formation is the oldest stratigraphic unit of the
thick sequence of lignite-bearing continental sediments exposed in
Harding and Perkins Counties, S. Dak., and in the adjoining areas
in Bowman County, N. Dak., and southeastern Montana. The forma-
tion overlies the Fox Hills sandstone, of marine origin, and crops out
‘extensively in South Dakota south and west of Slim Buttes, Cave
Hills, and Table Mountain, and in North Dakota along the east flank
of the Cedar Creek anticline in southwest Bowman County.

The Hell Creek formation ranges from 300 to 575 feet in thickness
and consists of fresh- and possibly some brackish-water deposits of
sandstone, bentonitic claystone, and thin beds of lignite. In places
the strata contain ellipsoidal, buff, or dirty-brown, iron-cemented
sandstone concretions which range from an inch or less to 5-6 feet in
diameter. Thin layers of bog iron and ferruginous masses formed by
the weathering of iron carbonate are also present. The Hell Creek
-strata are heterogeneous and crossbedded. As a rule, single beds are.
‘not traceable more than a few miles, even where eprsures are good.
Although weakly cemented, the rocks are resistant to erosion, weather-
ing into rounded and fluted surfaces having a rough, coarse, irregular
-appearance. They commonly produce a characteristic varied badland
topography interspersed with broad flat areas. The uniformly dark,
somber hues of gray, buff, olive green, and chocolate distinguish them
at a distance from the overlying prevailing yellow sandy strata of
the Ludlow member of the Fort Union formation. They are sparingly
fossiliferous and have yielded species of turtles, dinosaurs, and poorly
preserved plants of Late Cretaceous age.

The Hell Creek formation as a whole is barren of valuable lignite
‘beds. Such lignite as occurs is usually in lenticular beds of small
areal extent in the uppermost 100 feet of the formation. Uranium-
bearing lignite was found at only two places in the formation in
northwestern South Dakota: (1) in the E 14 sec. 13, T. 17 N, R. 3 E.;
and (2) near the center of the south line of sec. 17, T. 19 N., R. 3 E.
There the beds are thin, and the occurrence of uranium in them is only
of academic interest. According to R. W. Brown (1952) the lignite
beds here mapped as in the upper part of the Hell Creek should be
placed in the lower part of the overlylng Ludlow formatwn Because
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there is no distinet lithologic difference between these rocks and the
lower part of the Hell Creek they are here assigned to the Hell Creek
formation. :

TERTIARY SYSTEM

FORT UNION FORMATION (PALEOCENE)

In northwestern South Dakota and in the adjoining area to the north
in North Dakota, the Fort Union formation, of Paleocene age, consists
of 1,200 feet or more of lignite-bearing sandstone, shale, and claystone.
The continental strata of the lower 300 feet of the formation are
assigned to the Ludlow member, and intertongue to the east with
marine strata not containing lignite and assigned to the Cannonball
member of the formation. Overlying the Ludlow and Cannonball
members with apparent conformity is the Tongue River member, in
turn overlain by the Sentinel Butte member. The significant lithologic
characteristics and stratigraphic relationships of each of the four
members are described below.

Ludlow member—The Ludlow member of the Fort Union forma-
tion, named from the town of Ludlow in Harding County, S. Dak., is
well exposed at its type locality along the south face of the North
Cave Hills (Winchester and others, 1916, p. 20). Rocks assigned to
the member occur throughout much of the region as a thin cover on
divides, particularly along the south fork of the Grand River north
and east of Slim Buttes, and as belts around the higher buttes and
mesas, as in the South Cave Hills, Table Mountain, and Long Pine
Hills areas. Most of the rocks are loosely consolidated and easily
disintegrated. '

At its type locality the member consists of 800-350 feet of inter-
bedded sandstone, shale, and lignite, most of which is believed to be
of fresh-water origin. The most prominent feature of typical Ludlow -
is the predominance of light-yellow sandstone. The Ludlow member
is very similar to the overlying Tongue River member, but it is sep-
arated from that member throughout the eastern part of the area by
the marine Cannonball member with which it intertongues (fig. 5).
Although dinosaur remains are absent in the Ludlow and are com-
monly present in the underlying Hell Creek formation on which the
Ludlow rests conformably, the differentiation of these stratigraphic
units at many places is difficult because of the local similarity of the
lithologic and color criteria by which the formations are distinguished.
At most places, however, the lower limit of the Ludlow is placed where
predominantly somber-colored shale of the Hell Creek is overlain by
prominent yellow sandy strata characteristic of the Ludlow member
of the Fort Union formation, and is marked in many places by a bed
of lignite.
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Most of the lignite beds which occur throughout the Ludlow mémber
are lenticular, and persist for only a few miles along their outcrop.
Locally, the beds are thick, and have been mined to supply fuel for
local use. Deposits of uranium-bearing lignite occur in the Ludlow
member in the Bar H and Mendenhall areas, along the west-central
and northeastern parts of Slim Buttes (pl. 11), and in the North and
South Cave Hills and Table Mountain areas, Harding County, S. Dak.
Slightly radioactive lignite also occurs in the Ludlow in the Long Pine
Hills, Carter County, Mont. '

Cannonball member—The Cannonball member of the Fort Union
formation is named for exposures along the Cannonball River in Grant
County, N. Dak. (Tps. 132 and 133 N., R. 88 W.), about 50 miles north-
east of the area of this report. It consists of sediments of a sea which
extended from the east into northern Perkins and northeastern Hard-
ing Counties, S. Dak., and southern Adams and southwestern Bowman
Counties, N. Dak. The Cannonball member is reported to be about
300 feet thick along the Cannonball River (Lloyd, 1914, p. 248-249),
but thins as it interfingers to the west with the Ludlow. It has not
been recognized west of R. 8 E. in the vicinity of Anarchist (Mud)
Butte, northeastern Harding County, S. Dak. The Cannonball is
composed largely of thick-bedded gray to buff, calcareous or fer-
ruginous sandstone, and alternating beds of yellow to buff clay, and
silty limestone. Concretions ranging in diameter from 6 inches to
10 feet are commonly present. Because the Cannonball member does
not contain lignite beds, it was not studied in detail.

Tongue River member—The Tongue River member of the Fort
Union formation has been eroded from most of northwestern South
Dakota and the adjacent areas in North Dakota and Montana. Where
the rocks of this unit are present, they conformably overlie the Ludlow
member or its marine equivalent, the Cannonball member. The -
Tongue River member caps Table Mountain, North and South Cave
Hills, and forms the bedrock near Anarchist Butte and Lodgepole
Buttes in northeastern Harding and northern Perkins Counties,
S. Dak., and near the Medicine Pole Hills in Bowman County, N. Dak.
At most places the Tongue River weathers to a gently rolling upland
and to a'fertile sandy loam.

An estimate of the original thickness of the Tongue River in South
Dakota cannot be made because its upper part has been eroded. A
maximum thickness of about 300 feet was measured by Winchester
and others (1916, p. 27) near Anarchist Butte in the southeastern part -
of T. 22 N, R. 8 E., in Harding County, S. Dak. Hares (1928, p. 47—
48) describes a total of 600 feet of Tongue River strata to the north, in
the Marmarth field where these rocks are overlain by the Sentinel

Butte member. The rocks are light gray, tan, buff, and white and are
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predominantly sandstone, for the most part, fine grained and evenly
thin bedded, though quite massive in places. The sandstone commonly -
resists erosion and forms vertical walls, to which is due the mesalike
character of the Cave Hills and Table Mountain. The rocks of the.
Tongue River are lighter in color, contain a larger percentage of sand-
stone, and have thicker and more persistent beds of lignite than those
of the underlying Ludlow member. The individual strata are also
more persistent and regular.

On the southwest side of the North Cave Hills and stratigraphically
about 170 feet above the base of the Tongue River, a 2-foot bed of
quartzite, the lowest of such beds in the Fort Union formation, forms
the top of the massive sandstone caprock. The quartzite is gray, very
fine grained, and contains impressions of plant roots. Boulders of
quartzite containing impressions of stems and roots and derived from
this bed and from beds higher in the section are scattered over the
surface of much of the area. Quartzite similar to that of the North
Cave Hills has been described by Hares (1928, p. 84-36) and Brown
(1948, p. 1268-1269) in adjacent areas of North Dakota. In Harding
and Perkins Counties, S. Dak., the lowest quartzite bed persists for
about 30 miles from the North Cave Hills eastward to the vicinity of
Lodgepole Post Office. The bed forms the caprock on the prominent
buttes east of the North Cave Hills. It is present in the Tepee Buttes,
Anarchist Butte, and on the Johnson outlier.in the Lodgepole area.
(See pls. 1 and 10.) It normally occurs 10-20 feet below a wide-
spread and persistent bed of lignite, referred to in this report as the
Harmon lignite bed. In western Perkins County the quartzite may
be within 100 feet of the base of the Tongue River member; however,
the Tongue River rests on the Cannonball member and the strati-
graphic position of the quartzite is difficult to determine because of
poor exposures and the gradational boundary between the Cannonball
and Tongue River members.

Plants of Paleocene age from the Tongue R1ver member collected
from beds above the Harmon lignite bed at Anarchist Butte in SW14
sec. 27, T. 22 N., R. 9 E., Harding County, S. Dak., were identified -
by R. W. Brown of the U. S: Geological Survey as follows:

Sparganium antiquum (Newberry) Berry
Glysptostrobus dakotensis Brown
Metasequoia occidentalis (Newberry) Chaney
Platanus raynoldsi Newberry

Cercidiphyllum arcticum (Heer) Brown
Unidentified seeds

Deposits of uranium-bearing lignite occur in the Tongue River
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