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URANI-U M - BEARING L IGNI TE AND I TS RELATION TO -THE WHITE 

RI VER AND ARIKAREE FORMATIONS IN NORTHWESTERN SOUTH 

DAKOTA AND AD J ACENT STATES 

By N. M. Denson , G. 0. Bachman, and H. D. Zeller 

ABSTRACT 

In northwestern South Dakota and adjac e nt areas uranium-bearing 

lignite beds occur at m any hor i z ons in the Hell Creek format i on of late 

Cretaceous age and the overlyi ng Ludlow ~ Tongue R iver D and Sentinel 

B ut te member s of the Fort Uni on formati on of Paleocene age. Uranium 

analyses of 2 75 surface and auger samples and about 1 9 000 core samples 

s how that m any of t he l i g n ite b e4s cont a in 0. 005 t o 0. 02 percent urani um 

w ith concentrati ons of 0. 05 to 0 . 10 percent uranium i n the lignite ash. 

Anal yt i c a l data indicate that the region contai ns an aggregate of at 

least 4 7 ~ 5 00 9 000 t ons of ligni te w ith an aver age g r ade of sl ightly more 

than 0. 008 percent contai n i ng 3 ~ 900 tons of uranium. Almost a fifth of 

the estimated reserves are adapted to strip mini ng and are i n beds aver­

ag i ng about 4 feet i n thi ckness. Urani um concentrations of this magnitude 

i n lignite i ndi c ate that these depos its upon the d e velopment of prope r 

utiliza t i on technique s and process e s may be an i mportant future source 

of urani um. Recent discoverie s of ore ~ grade deposits of autunite -bearing 

lignite and secondary uranium m i nerals i n carbonaceous sandstone at 

Cave Hills and S lim B qttes i ndic ate that northwestern South Dakota and 
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-adjacent areas may contain -iniportant reserves of uranium -ore. 

The stratigraphic units containing the uraniferous lignite beds have a 

combined thickness of about 1, 500 feet and are unconformably overlapped 

by 3 00 feet or more of tuffaceous sandstone and bentonitic claystone of 

the White River and Arikaree formations of Oligocene · and Miocene age. 

The stratigraphically highest lignite beds in the local sequence have the 

greatest concentration of uranium~ and the uranium content is greatest 

~t the top of thick lignite beds s diminishing progressively downward to a 

vani shi ng point i n their lower parts. Variations in permeability of the 

rock overlyi ng the . mineralized lignite beds seem to be reflected in the 

intensity of uranium m i neralization. Most of the known uranium-bearing 

lignite depos its i n the region are closely overlain by the White River and 

Arikaree format i ons. F ield evidence indicates that the uranium in the 

l ignite i s i ndependent of the age of the formation i n which the lignite 

oc c urs and that the uranium has been concentrated by downward and 

laterally moving ground water from the overlying mildly radioactive, 

tuffaceous rocks. The White River and Arikaree formations have about 

1.2 times more uranium than the average sedimentary rock. The uranium 

content of spring water from these formations is 30 times as great or 

greater than that of normal ground water. Field relations suggest that 

the uranium is of secondary origin and has- been introduced subsequent 

to the a~cumulation and marked regional warpi ng of the lignite beds and 

assoc i ated rocks. 
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During the transportation of the uranium - bearing volcanic materials 
I 

from their place of origin to t he site of deposit ion i n South Dakota, the 

uranium is believed to have been held as a finely disseminated constituent 

i n volcani c ash. Subsequent release or displacement of the uranium is 

thought to have resulted from weatheri ng and chemical breakdown~ thus 

free ing and allowing the transportati on of the uranium, probably in ionic 

fo_rm 3 to the ligni te by downw.ard and laterally moving groundwaters. Car;.. 

bonac e.o u s m a t eri al i n t he pat h of these urani um -beari ng waters is be-

lieved t o have act ed as a receptor that extracted _the uranium as a result 

of a n i on ex.change mechani sm or . by the formati on of organo-metallic 

compoundso 

G e olog i c fac tors that see m most s i gni f i cant i n controlling the distri-

but i on a nd c oncent r a tion of u r ani um i n Dakota lignites are as follows: 

1 ) st r a t i g-r aphi c p rox imi t y of the lignite to -the base of the White River 

fo rmation; 2 ) pern1e ability of t h e rocks overlyi ng the l ignites ; 3) adsorp-

t ive properties and po r osi t i es oi the l igni t i c constituents; 4) present and , , 

past positi on of t h e groundwater ta:b-le ; and 5) the amount of uranium in 

the o_r i gi nal Whi t e River and Arikaree sediments. 

Individual m aps showing the extent, thickness ~ and variations in 

mineral content of the i mportant deposits in the Table Mountain~ Cave 

Hills , Slim Butte s, Lodgepole, and Medicine Pole areas are included. ' 

Conditi ons c ont rolling the concentration of uranium are desc.ribed and 

the i r applicati on as -guides to find i ng addit i onal reserves by the presently 

held concepts are explained and illu,strated. 
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INTRODUCTION 

The study of radioactive lignite in n-orthwestern -South Dakota and 

adjacent areas. was unde.rtaken as .part of a program of exploration for 

radioactive materials by the . U. s • . GeologicalSurvey on behalf of th~ 

Division ofRaw Materials of the U . . S. Atomic Energy.Corn.mission • . The 

purpos-e of the study was to evaluate the ec;anomic possibilities of radio.­

active lignites and to determine the geologic .factors -controlling the c;~.ccJ~m. ­

ulation of uranium in lignite. Field work began June 25 and was completed 

October 22, 1950. Geiger-Muelle.r co.unters and a portable s.caler guided 

the field wo_rk and sampling program. A jeep-powered auger was employed 

to .obtain samples .of unweathered radioactive lignite (fig. 25). Estimates 

of potential underground and strippable reserves were submitted upop the 

completion of the field work in 1950 (Denson~ Bachman, and Zeller, 19SO) 

and were revised and briefly _described by Zeller (195~ and 1953), Denson 

and others ( 1952~ p. 13 -19L and Gill (1954b) upon the completion of the 

cqre =drilling programs conducted during the summers· of 1951.-53. 

During .the 1950 field investigations, .275 /samples were collected fo.r 

laboratory analysiso Radiometric and chemical determinations fo.r urani­

um ~n the s.e samples were m~de by the U. S. GeologicaL Survey labo.r.atorie.s. 

at Denver, Colo. and Washington~ D. C. Chemical and sem~qua:n,titative 

spectrographic analyses fo_r other minor .elements and petrologic exami­

nations of a few samples also were made in these laboratories. 
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The theory herein presente<l on the origin and accumulation of the 

uranium in the lignite was tested during the latter part of the summer of 

i 

1950 in the Powder River Basin in eastern Wyoming and in other areas 

in the Rocky Mountain region d~ring the summer of 1951, where its appli-

cation made possible the discovery of other occurrences of uranium-bearing 

' ' 

carbonaceou~ materials (Denson~ 1950; Denson, and others, 1952 ). 

Geography 

The lignite field of northwestern South Dakota and adjacent areas con-

s i sts of about 5 9 000 square miles near the eastern margin of the Great 

Plains provi;nce, north of the Black Hills (fig. 1). The region is a rolling 

prairie~ interrupted by small areas of badlands » or by buttes and ridges 

that are rugged and pree-i p i tous, -The more prominent buttes are the Cave 

' Hills and the Slim Buttes near the center of the area~ and the Short and 

Long P ine H i lls nea.r the southwest corner of the area. These buttes stand-

ing 300 to 500 feet above the surrounding country support a growth o:f 

yellow pine. Rock strata are well exposed in the cliffs around the buttes. 

The eastward flowing Grand River and the northward flowing Little Mis-

souri River and their tributaries drain most of the regiori. Low, sandy 

hills, and broad, sandy flats adjoin the rivers, whereas, away from the 

streams, the divides in many places are capped by small tock buttes or 

by red baked rock and clinker resulting from :the burning of the .lignite 

beds. 

The altitude of the field ranges from 2, 100 feet above sea level along 
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the east bo.rder to 4, 019 feet on the Short P i ne Hills, gi v i ng a maximum 

relief of about 1, 900 feet. Buffalo (populati on 40.0 ), the county seat of 

Harding County, is the largest town wit hin the area in South Dakota. 

Numerous -county roads and prai r i e trails 9 in addition to $tate and F .ec,ier...; 

al highways, make most places in the reg_ion fairly accessib le. Bowman, 

N. Dak. (populati on 1, 400L 50 miles no.rth oJ Buffalo, is the ne-arest 

rai lroad shippi ng poi nt. 

The prominent t opographi c features i n the region and the i r .relation­

shi p to the general geologic setti ng are shown on plate 1. 

Ack:n.ow le dg_me nt s 

The wr it ers .ac knowledge the helpful suggesti ons and advice given 

in the field by C. H. Dane, . Wo G. Pierce, and V. E. McKelvey. To 

D. G. Wyant and E. P. Beroni , the writers express apprec i ation for 

analyti cal data and for an advanf2;e copy of their uncompleted report 

on the uranium-bear ing l ignites . . i n No.rth Dakota and easte~n Montana 

(Wyant and Beroni, 1950). W. E. Benson likewise contributed to the 

investigation by permitting the authors the use of h i s .unpublished map 

showi ng the areal d i stribution of late Terti ary formati ons in western No_rth 

Dakota (Benson, 195.1). R. -W. Brown v i sited the party in the early stages 

of the i nvestigation and gave valuable as.sistance in the field identifying 
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plant collections _and establishing th~ age relationships of the rock units 

mapped.. Speci al thanks are due W .. E. Benson and _D .. G. Wyant for their 

helpful assistance dur i ng the early stages of the field work1 and to 

Howard A. Powers for h i s _study and interpretati on :of thin s-ecti ons of 

volcanic rocks. 

STRATIGltAPHY 

The s tra t i graphic secti on exposed i n northwestern South Dakota and 
! 

adjacent areas includes rocks of Cretaceous 9 Terti ary» and Quaternary 

ageo A generalized colu-mnar -secti on ( fig~ ZL adapted from Winchester 

and others (1916 ) and Hares (1928 ) shows the averag~ thicknesses 3 char ;,. 

acteri s tic s 9 and relati ons of the var i o u s formations and the stratigraphic 

position of the p r i nc i pal coal beds .. 

Radi o active ligni te occurs sporadically thr oughout the region at -many 

hori zons i n the Ludlow, Tongue R iver 9 and Sentinel Butte members of the 

Fort Union formation of Paleocene age and i n the underlying .Hell --Greek 

format ion of late Cr-etaceous age.. The lignite=bearing formations aggre-

gate 1 9 500 feet or more in thickness and cons i st predominantly of fluvia..; 

tile depos its of sombre.;..colored 1 soJt v sandy 9 clay shale and massive 9 

thick-bedded 9 tan 9 and buff-gray sandstoneo Ove.rlappillg the lignite..;. 

bearing sequence w i.th marked regi onal unconformity are 300 feet or more 

of ash - gray 9 mildly radioactive tuffaceous sandstone and bentonitic clay -

of the White R iver and Ari karee format i ons ;pf Oligocene _-and Miocene ag~~ 
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I 

Eros i onal remnants of these 'formati ons now unconformably cappi ng many 

of the ~igh but tes and escarpments i ndi cate that these _formations once ex-

tended ove r most i f not all of the lignite -beari ng rocks i n we stern South 

Dakota and adjacent parts of North Dakota and!Montana. (See plate 1.) · 

The general g'eology of the regi on i s described in detai{~n~~r -eports ·by -

, Wi nc h e ster and others (1916'L Baue·r (l924L Hares (1928 L and Baker (1952); -

and no attempt i s made in thi s repor t to treat the geology in s i milar -detail. 

A de s cri p tion of t he stratig r aphy and general geology of the var i ous areas 

underlai n by s igni f i cant -deposits of u r ani um - beari ng l igni te follows .. 

Cretaceous :system 

Hell Creek formati on 

The -Hel l Creek format i on i s the oldest stratigraphi c unit i n a thick 

seq uenc e of lignite - beari ng -c ontinent al sediments exposed i n Harding and -

Perki ns Count i e s, S • . Oak .. ~ a nd i n the adjoi n i ng areas i n Bowman County, -

No Dak. and southeastern Montana~ The ·.formation overlies the Fox· Rills -

sandstone of mari ne ori g i n and crops out extensi vely south and w e st of 

Sli m Buttes , Cave Hi lls, and T 'able Mount a i n and to the north along the 
~ 

east flank of the Cedar Greek anticli ne i n southwest Bowman County. 

The Hell Creek ranges frorp 300 t o -575 feet in thickness and consists 

of fresh and poss-ibly bracki sh-.water deposits of sandstone, bentonitic 

claystone, and thin beds of l igni te. In places the s t rata cont a i n ellips~idal, 
! 

· buff, or d i rty brown, iron ... cemented sandstone concretions whi ch range 
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from an inch or less to 5 or 6 f-eet 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 heterogeneousv cross bedded~ 

and seemingly orderless. As a rule~ single beds are not traceable more 

than a few miles 9 even where exposures are good. Although weakly ce­

mented ~ the rocks are resistant to -erosion, weathering into rounded and 

fluted su-rfaces having · a rough ~ coarse ~ irregular appearanc-e. · They 

commonly produce a characte ristic varied badland topography interspersed 

w ith broad flat areas. The pre.d-ominant colors are gray~ buff, olive 

g reen , and chocolate. The rocks of the Hell Creek format i on are dis­

t i ngui shable at a d i stance from the overlying prevailingly yellow ~andy 

s trata of the Lud~ow by their uni formly dark D sombre hues. They are 

sparingly foss iliferous and have y ielded spec ies of turtles~ dinosaurs, and 

poorly preserved plants of late Cretaceous age. 

The Hell Creek formation as a whole i s barren of economically im­

portant lignite beds. Such lignite as occurs is usually i n lenticular beds 

of small areal extent i n the upper 100 feet of the formation. Radioactive 

lignite was found at only two places i n the formation in northwestern South 

Dakota: 1) in theE 1/2 sec. 13~ T. 17 N. ~ R. 3 E.; 2) and near the CSL 

sec. 17 , T. 19 N. , R. 3 E. There the beds are thin~ and the occurrence 

of uranium ~bearing carbonaceous materials is only of academic inte rest. 
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Terti ary system 

Fort Uni on formati on (Paleocene) 

In northwestern South Dakota and in the adjoining area to the north in 

North Dakota 1 the Fort Uni on format i on of l?aleocen.e age consists of 

1' 200 feet or more of lignite ~bearing sandstone 9 shale, and claystone. 
i 

The lower 300 feet of the fa.rm:ati on referred to as the Ludlow member 

i nt ert ongues t o the east w ith non- lignite bea_ri ng strata of marine origin 

ass igned t o the Cannonball member. Overlyi ng the Ludlow and Cannonball · 

merpbers wi th ·apparent conformity i s the Tongue R iver member in turn 

overlain by the Sentinel But te shale. The s i gni ficant lithologic character;. 

i sti cs and ptrati graphi c relati onshi ps of each .of the four members are 

descr ib e d below. 

Lp.dlow m ember. -- The Ludlow member of the Fort Uni on formation, 

nam ed fr om the t own of 'Ludl ow, Hardi ng Count y, S. Dak.., i s well ex-

posed at i ts t ype locality along the s.outh face of the .North Cave Hi lls 

(Winchester and others ~ 1916 3 p. 20). Rocks a9signed to the member 
i 

occur throughout much of the reg i on as a thi n covering ·of the ~ivides, par;. 

t i cularly along the south fork of the Grand River north and eq.st of Slim 

Buttes 9 and as belts around the h i gher buttes and mesas, as i n the _Sbuth 

Cave H ills, Table Mountai n , and Long Pine Hills areas. The greater 

proportion of the rock is loosely consolidated and ·easily dis i ntegrated. · 

At i ts type locality the member consi sts of 300 to 350 feet of inter-

bedded sandstone, shale, and ligni te of fresh - water origin. The most 
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promi nent feature of typical Ludlow is the predominance of light ~yellow 

sandstone. The Ludlow member i s very simi lar to the overlying Tongue 

River member~ but it is separated from that member throughout -the east .. 

ern part of the area by the marine Cannonball member wi~h whi ch it 

intertongues (fig. 4). Although dinosaur remains are absent in the Ludlow 

and are commonly pr-es-ent .i n the underlying _Hell Greek formation on which 

the Ludlo~ rests conformably~ the separation of these stratigraphic units 

at many places i s d i ffi cult because of the local similarity of the litho;_ 

logic and color criteri a by whi ch the formations are separated. At most 

places~ ho~ever 9 the lower limit of the Ludlow i s drawn where predomi .. 

nantly s.ombre ~ colored shale of the Hell Creek is succeeded by p11 pminen_t 

yellow sandy strata i n the Ludlow member of the Fort Union forn1ation. 

The point of change in many place s, is marked by a bed of l ignite. 

Most of the lignite b eds whi ch occur .throughout the Ludlow member 

are lenti cular , and pers i st for only a few miles along the i r outcrop. 

Locally, the beds are thick~ and have been worked to supply a large part 

of the fuel for local residents. Significant deposits of u:ranium~bearing ­

lignite occur in the Ludlow i n the Bar H and Mendenhall areas along the 

west - central and northeastern parts of Slim Buttes (fig. 18), and i n the 

South Cave Hills and Table Mountai n areas~ Hardi ng County, S. Dak. 

Slightly radi oactive lignite also occurs in the Ludlow in the Long Pine 

Hills~ Garter County , MonL ~ and i n the North Cave Hills 3 Harding 

County $ S. Dak. , but the deposit s are not considered of economic impor-

tance. 
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Cannonball member. -=-The Cannonball member of the Fort Union 

formation is named for exposures along the Cannonball Riv-er in Grant 

County (Tps. 132 S., 133 N. 1 R. 88 W. L-about 5-0 -m i les northeast of the 

area here described. The membe-r consi sts of sediments deposited in a 

sea whic h extended from the east into northern Perkins and northeastern 

Hardi ng Countie s, s. Dak. ~ and southern Adams and southwestern Bowman 

Counties, N. Dak. , aft-e-r the depos-itio-n of the rocks of -continental -o-rigin 

i n the underlyi ng Ludlow- member. The Cannonball member is reported 

to be about 300 feet thick along the Cannonball -River (Lloyd~ 1914 ~ P• 248-

249 ), but thi ns as i t i nt-erfi ngers to the -west with the Ludlow. The Cannon­

ball has not been recognized west of R. 8 E~ i n the- vicinity of Anarchist 

Butte~ n o rtheastern Hardi ng County ~ S. Dak. - The-Cannonball is composed 

largely of thick~bedde-d gray to buff ~ calcareous o-r ferruginous s-andstone, 

and a lternating beds of yellow to buff clay~ and silty limestone. Concre-­

t i ons rang i ng i n d i ameter from 6 i nches t o lO feet are commonly -present. ­

Since the Cannonball member does not contain lignite beds, it wa-s not 

studied in -detail. 

Tongue R iver member. ---jfhe Tongue- River member of the Fort Union 

format i on has been removed by erosion from most of northweste r n South 

Dakota and adjacent areas in North Dakot-a and Montana. - Where the -rocks 

of thi s unit are- present -they conformably overl i e the Lud-low member o~---

its n1arine equivalent, the Cannonball member. The Tongue Rive-r member 

caps Table Mountai n , No.rth and South Cave Hills~ and are the sui·face 

rocks near Anarchi st Butte and Lodgepole Buttes in northeastern-I-larding 
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and northern Perkins Countie s 9 S. ,Dak. 9 and near the Medicine Pole 

Hills in Bowman County 9 N. Dak .. . At most places the Tongue River 

weathers to a gent ly rolling upland ap<;l to a fertile .sandy.loam. . ' 

An estimate of the ori g inal thickness of the Tongue River in South 

Dakota cannot be made be-cause it s ,upper parts -have -been eroded. A 

I 

maximum thi ckness of about 300 feet was me.asured by Winchester a~d 

other s (1916 9 p. 27) near Anarchi st Butte in the southeastern part of 

T. 22 N .. , R, 8 E. o i n Hard:ing County~ So Dak. To the north~ in the 

Marmarth f i eld _where these _rocks are overlai n by the Sentinel Butte 

shale 9 Hares (1928 9 p. 47 =48 ) describes a total of 600 feet .of Tongue 

R ive r . . The -rocks are light gray 9 tan$ huff, and white i n color and are 

chi efly sandstone. For the most part the sandstone i s fine grained and 

evenly thin b edded 9 though q uite massive i n places. The sandstone com-

monly res i sts eros i on and stands out in verti'cal walls~ to whi ch is due 

the mesa =like character of the Cave _H i lls and Table Mountai n. The 

Tongue R iver ·rocks are lighter colore.d 9 containa larger percentage of 

sandstone, and have thicker and more IJers i stent beds of lignite than the 

underlying ,Ludlow member. The i ndividual strata are also more per sis~ · 
I 

tent and regular. 

On the southwest s i de of the North Cave .Hi lls stratigraphically about 

170 feet above the has.e of the Tongue River 9 a 2 -foot bed of quartzite~ 

the lowest such bed i n the Fort Uni on formations9 forms the top of th_e 

mass i ve sandstone caprock. The quartzi te i s gray~ .very fi ne grained~ and 

contains impress i ons of plant roots. Boulders of quartzite containing 
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impressions of stems and roots derived from this horizon and from hori-

zons higher in the stratigraphic section are scattered over the surface of 

much of the region. Quartzite similar to that of the ~North Cave Hills has 

been described by Hares {1928 3 p. 34 =36) and Brown (1948~ p. 1268-1269) 

in adjacent areas of North Dakota. In Harding and Perkins - Counties~ 

S. Dak., the lowest quartz i te bed persists for abo.ut 30 miles from the 

North Cave Hills eastward to the vicinity of Lodg_epole Post Office. The 

beds form the caprock on the prominent buttes east of the North Cave 

Hills. The bed of quartz ite i s present in the Tepee Buttes 3 Anarchist 

( Mud ~ But te 9 and on the Johnson outlie r i n the Lodgepole area. (See 

fig. 17. ) It 'normally occurs 10 to 2 0 feet below a widespread and pe.r= 

sistent bed .of lignite ~ .referred to i n thi s .repo.rt as the Harmon lignite . 

. In weste r n Perk-ins County the quartzite may be within 100 feet of the 

base of the Tongue River member ~ however~ s i nce the Tongue River 

rests onthe Cannonball member, the stratigraphi c position of the quartz-

i te i s d i ffi cult to determi ne because of poor exposures/ and the grada-

tional boundary between the Cannonball and Tong:ue River members. 

Plants of Paleocene age from the Tongue River member collected 

from beds above the Harmon lignite at Ana.rchist Butte in SW 1/4 3 sec. 27, 

T. 22 N., R. 9 E., Harding County, S. Dak. 3 were identified by R. vV. 

Brown of the U. S. Geologi cal Survey as follows: 

Sparganiurn antiquum (Newberry) Berry 
Glysptos.trobus dakotensis Brown 
Metasequoia occidentalis (Newberry) Chaney 
Platanus raynold,si Newberry 
Cerc i diphyllum arcticurn {Heer) Brown 
Unidentified seeds 
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Deposits of uranium-bearing lignite occur in the Tongue River membe:r 

of the Fort Union formation in three area.s: 1-)~ ·,the Medicine Pole Hill~ area, 

Bowman County» No Dake; 2) the Lodgepole area of Perkins County? S.Dak.;: 

and 3) Ca.ve Hills area~ Harding County, S. Dak. 

Sentinel Butte shale member .. =- The Sentinel Butte shale .is the upper-

most member of the Fort Union formation. It has been removed by erosion 

from all parts of northwestern ~outh Dakota and is preserved only as belts 

around the higher but~es in the adjoining area to the north in Bowman County~ 

No Dak. Ther·e ., it is unconformably overlain by a massive S';lndstone of 

probable Oligocene age. The Sentinel Butte member.is about 350 feet 

thi ck and i s lithologically very s imilar to the Hell Creek formation of late 

C:retaceous ageo The Senti nel Butte member is composed chiefly of silt-

stone, clay shale, and thin beds of lignite. Sombre shades of gray and 

brown predomi nate, but the upper part of the unit 9 directly underlying the 

White R iver sandstone, i. s characteri sti cally oxidized to a yellow or light 

tano 

Radioactive lignite beds occur in the Sentinel Butte shale at HT Butte 

near the central part of Slope County (fig. 3 L but the beds of lignite are 

thin and of little commercial importanceo 

White River formation (Oligocene) 

The White River formation crops out prominently in the Slim Buttes 

( 

and Short Pine Hi lls in Harding County ~ and in the adjoining area to the 

west in the Long Pine Hills 9 Carter ·County~ Mont. Numerous isolated 
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hills in --Perkins -and Bowman C .ounties have thin :remnants of -Whit-e River 

rocks -capping them. The formation lies unconfor:mahly on ·the He-ll Creek 

formationin -the Sh-e>rt Pine Hills, ·on the Ludlow membe-r inthe&lim· Buttes 

and .Long .Pine Hills~ onthe T:Ongtte Rivell' member in Cave Hills and Medi~ 

-cine Pole Hills ~ and -on the--sentinel Butt -shale "On H'I' Butte. -- _The amount 

oi erosion beneath this unconformity i$ a least I -~ z-oo feet (figs. 3 and 4). 

The White River .form.ati on is 40 to 200 feet thick. It common!~ con;.. 

s i s t s of a basal _clasti c unit of coarse =grai ned, tuffaceous $and stone and 

conglomerate succeeded by light-colored bentonitic clay, thin limestone 

lenses, and whi te calcareous grits. Locr ly these units exhibit slump 

struct ures (G i ll and Moore 9=!~54~~,c~P· 17 L and are commonly overlain by 

massiVe nea~lyhorizontal cliff - forming j andstones of the Arikaree forma­

t i on. (See fig. 21.) The lower 25 feet Oli more of the White River forma­

tion, at rnanypla.ces, consists of very fJ e - grained sandstone and silty . 

carbonaceous shale eroded from the we J hered pre -Oligocene formations. 

Where present 9 · these rocks are characteristically stained yellow or rusty 

tan. Volcanic debris in the White River formation consists of pebbles of 

pink porphyry in the hasaLclastic' phases of th~ formation and in the sue~ 

ceeding finer-grained clastics. A persistent 10 to 40~foot bed of dar k= 

gray bentonitic clay occurs in the upper wart of the formation. Its 

presence, particularly in Slim Buttes, c I ntrols the position of a perched 
I 

water table marked by 'Springs and seeps on the flanks of the Buttes. 

Analyses of two water samples from the White River formation in the 

Slim~uttes are a~ Harding County 9 S. D k.~ madebythe U. ,S. Geological 
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Survey's Water ResourcesDivision, Quality of Water Branch; Lincoln, 

Nebr. (Aberdeen, and others , 1952, p. 35) are given below. Uranium 

analyses - are included ·fo-r co-mparison. 

Colon~l Spring, West 
flank of Slim Buttes, 
(Mendenhall area) 
Custer Natl. Forest, 
SEI/4sec. I, T. 17N., 
R. 7 E., Harding County, 
S.Dak. 

West Spring, "\Vest flank 
of Slim Buttes (Bar H 
area), Custer Natl. Forest, 
NE 1 /4 sec . 2 6 , T. 1 9 N. , 
R. 7 E., Harding County~ 
-s. Dak. 

Parts per million 

Silica (SiOz) 
Iron {Fe) 
Calcium (Ca) 
Magnesi um (Mg) 
Sodium (Na) 
Potassium (K) 
Carbonate (C03 ) 

Bicarbonate (HC03 ) 

Sulfate {S04 ) 

Chloride (Ci) 
.Fluoride (F) 
Nitrate {N03 ) 

Dis solved solids 
Total hardness as CaC03 

Specific conductance 
{Micromhos at 25°C.) 

pH 

Uranium 

29 
• 03 

4.3 
1. 2 

144 
4.5 

9 
367 

8.0 
2.5 

.6 
1. 3 

398 
16 

591 

8.4 

0. 03 0~< to 0. 036*>.'< 

24 
. 03 

1. 0 
.4 

279 
2.8 

87 
544 

16 
3.0 

. 6 
2.2 

698 
4 

1,100 

9.3 

':; Uranium determinations made by the U. S. Geological Survey Trace 
Elements Laboratory, Washington, D. C. 

~:;,;; Uranium determinations' made by Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 

Gill and Moore (195~ report that the average ura_nium content of water ; 

from 26 springs in the White River and Arikaree formations in the Slim Buttes 

area is 41 parts per billion. 
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Volcanic material forms an appreciable part of the White River forma~ 

tion in other areas (Wanless~ 1922; -Wood, 1949). Various workers have 

noted that , volcanic material in the White River rocks, ranges in quantity 

from none or very little to _ the bulk of the formation. Wood (1949, p. 88) 

summari zes the volcanic nature of the White River formation as follows: 

" .•. The ash falls bec-ame steadily heavier during the 
Oligocene and extended progressively east and north during 
thi s epoch. Thus~ in eastern and northern White River de ­
pos i ts (Nebraska, South Dakota , North Dakota, and Montana) 
the Chadron i s a true sedi mentary rock with clays p silts 3 and 
sandstones. The Brule~ in these _same areas~ - I:s of composite 
orig i n ; the Orella 9 its lower member 3 is still largely a sedi­
ment, w i th _m inor amounts of volcanic material; the Leptauchenia 
clays of the u.ppe r~ Whitney member are almost a tuff. Much3 

b ut not qui te all, of the ash was apparently reworked and de -· 
pos i ted by water rather than as direct ash falls. To the west, 
i n Colorado and eastern Wyoming 9 the ash content rises 
markedl y i n both Chadron and Brule, so that these units be­
come progress ively more d i fficult to d i stinguish from each 
other by color , erosional habi t, or lithology . Still farther 
west~ i n cent ral Wyoming, the whole White Ri'V'e-r is one nearly 
uni form, p r edominantly vol canic. 9 tuff fac ies , which n1ay locally 
be treated as a formati on 0 •• " 

The writers made no attempt to subdi vi de the Oligocene rocks in 

northwestern South Dakota i nto the Chadron and Brule formations as 

recognized i n the B ig Badlands of South Dakota (Bu,mp ~ 1951 ). 

Fossils of lower Oligocene age (Chadronian) from the White River 

sandstone capping ,Medicine Pole Hills in sees. 1~ 2~ and 12, T. 130 N.? 

R. 104 vV. 9 Bowman County, N. Dak. (fig. 15L were identified by Dr. 

C. L. Gazin of the U. S. National lv1-useum as follows: 

Hyaenodon sp. -
D inicth; sp. 
Titanothe re teeth 

Hyracodon sp. 
Proebrothe riurn sp. 
Leptom.eryx sp. 
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Winchester and others (1916, p. 33) reports Oligocene fossils- from the 

White River formation at many localities in the Slim Buttes and Short 

Pine Hills in northwestern South Dakota. 

Arikaree formation (Miocene) 

The rocks referred to as the Arikaree formation in northwest South 

Dakota and adjacent areas to the west in Carter County, Manto 3 are so 

I 

ass igned because of their stratigraphi c position and lithologic similarity 

to the m iddle M iocene Arikaree formation in the B i g .Badlands of southern 

South Dakota. On the bas i s of age determi nati on of a fossil beaver col-

lected i n Carter County , Mont. 9 Wood ( 1945 3 p. 5) interpreted t~~~i:' the 

rocks ass igned to the Arikaree i n th i s area are of upper rather than mid- ' 

dle M iocene age. The rocks 3 however, are l i thologi cally more closely 

related to the Arikaree format i on than to the upper Miocene Ogallala forma-

t i on of the Great Plai ns. As the available evidence does not seem tb jus- . 

t i fy renami ng of the unit for purposes of thi s report~ the writers follow 

Darton (1909, p. 31 L vVinchester and others (1916, p. 34), and Bauer 

(1924, p. 245) in assigning ~hem to the Arikaree. The age and strati-

I 

graphi c relationships of the Arikaree and Ogallala formations in north~ 

western South Dakota and adjacent areas are d i scussed by Wood and 

others (194;l) and vVood (1945). 

The A.rikaree formation in northwestern South Dakota and adjacent 

areas , is predominantly a cliff-forming formation, about 200 feet thick, 

cons i sting almost wholly of chalky to greenish~gray sandy and quartzitic 

tuffaceous beds. (See fig. 21.) A disti nct ive zone, 20 to 3 0 feet thick,-



·30 

composed largely of concretions ,with concent:ric and stalactitic structure 

occurs at many places within 25 feet of the base of the formation. The zone 

:ts typically developed along the west face of Slim Buttes in the vicinity of 

the Mendenhall Mine, sec. 1, T. 17 N., R. 7 E. (See fig. 23.) The 

Arikaree rests disconfo.rmably on the White River formation in the Slim 

Buttes and Short Pine Hills in Harding County, S. Dak., and the Long Pine 

Hills in Carter County, Mont. A 2- to 3 -fo.ot bed of conglomerate, com­

posed of very fine-grained tuffaceous .-sandstone pebbles as much as 3 

inches in diameter, occurs .at many places directly above the contact. 

In parts of the Long .Pine Hills, the White River is absent and the Arikaree 

rests on the Ludlow meml:er of the Fort Union formation. Volcanic ma­

terial is abundant throughout the formation. Typical specimens contain 

angular feldspar, biotite, quartz, epidote, augite, hornblende, and £rag­

ments of glass, together with chloritic material. These rocks have been 

termed a rhyolitic tuff by E. S. Larsen, Jr. of the t]. S. GeologicalSur­

vey (Winchester and others, 1916, p. 34-35). The Arikaree and White 

River formations are remarkably uniform in lithologic characteristics. 

over large area.s in western North and South Dakota, Nebraska, and east­

ern Wyoming. Their general areal distribution, compiled from Federal 

and State Survey maps, is .s:hown on figure 5. 

Three hand specimens from the tuffaceous Arikaree formation in the 

Slim Buttes area (ZD :..33, 50, and 41) and thin sections of two of these 

(ZD,...33 and 40) were studied by Howard A. Powers <;>£the U. S. Geolo·giccil. 

Survey. 
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-Field -data - -

ZD-33 From concretionary zone near base of -A_rikaree 
formation~ SE 1/4 sec~ 36 ~ T. 18 N., R. 7 E. 

ZD ... 40 From depth of 12-0 -feet in co-re hole 16A, - near 
base of Arikaree formation~ NE 1/4~ -sec • 12, 
T. 17 No~ R. 7 _E. (same horizon as ZD-33). -

ZD-41 · From depth of 53- feet in core hole 17, near top 
of Arikaree for.mation 9 SW 1/4 sec, 6, T. - 17 N. ~ 

· R. 8 E. (Zeller~ 1952? fig. 3). 

Mr. Powers reports the following (personal communication July -1, 1952): 

'
1Hand specimen notes: All thre-e are sandstones con­

taining well rounded to s-ubangular -mineral and rock fragments 
in matrix material. Samples ZD - 33 and 40 are compacted but 
not in the least indurated; ZD ~41 i s moderately indur~ted; 
ZD - 33 is a concentrically banded nodule ~ 2 inches in diameter. 
ZD-40 contains about 5 percent of fragments as much as 1 
mm. in diameter~ about 35 percent fragments between . 05 
and . 15 mm., and 60 percent matrix.; the other two samples 
contain about 60 percent of fragments ranging in diameter from 
. 02 to . 25 mm-. w i th the greatest number between ~ 05 and . 15 
mm. Sample ZD =41 owes its i ndur ati on to opal in the matrix. 

"Micr-oscopic determinations: All three rocks have essen­
tially the same general compositi on ~ except for the larger 
fragments in sample ZD - 40 and the opal in the matrix of 
sample ZD - 41 mentioned above. The mineral and rock frag­
ments range from well rounded to subangular in form, and 
are present in about the following relative proportions: 

clear crystalline quartz about half of the fragments 

cloudy~ yellowish to greenish, about a third of the fragments 
cryptocrystalline fragments of 
fine -:-grained altered material, 
perhaps altered mudstone 

clear, twinned, zoned plagio~ about an eighth of the fragments 
clase, composition about 
ande-aine 

clear ~ · twinned rnicrocline · numerous 



green hornblende crystals 

biotite 

brown hornblende crystals 

zircon crystals and rounded 
grains 
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apatite crystals and rounded 
grains 

iron oxi de grains--

numerous 

common 

common 

common 

common 

comtnon 

black tourmaline~ aug ite , and r are 
rounded grains of garnet 

"From 5 to 10 percent of shard:- shaped -bodies should also 
be l isted with the fragments and not with the matrix material. 
These shapes are outlined i n thin secti on by a thin film .of a 
high - b i refri ngent flakey mineral ~ which also mantles all of 
the mineral and rock fragments. The material composing 
the shard .,. s.haped bodies i s colorless ~ clear to cloudy~ iso­
tropi c , soft material with i ndex of refraction lower than 
balsamo It cannot be isolated and separated on a freshly 
broken rock surface » so that the mater i al examined in index 
oils cannot wi th confidenGe be ass igned to the shard shapes 
rather than to some s imilar materials appearing in the matrix. 

"The matrix~ e?'cept for the opal in ZD -41 ~ is an in­
coherent mass .of at least three sorts of material; a clear, 
birefringent .mineral which occurs in sheaves of fibers, a 
cloudy cryptocrystalline birefringent low index clay mineral 
(or minerals L and some clear isotropic interstitial material. 
The fibrous sheaf mineral has the habit of a zeolite~ but its 
index of refraction 3 1 ~ 464+ . 003 is low for most of the fib ­
rous zeolites o Two hydrous aluminum sulphate minerals 
have an index in this range ~ i . e. mendozite, and aluminite , 
but both are described as uncommon, and I hesitate to sug­
gest e i ther one without much more determinative work. 
The clay minerals have an index of refraction that would 
permit them to be in the montmorillonite group. Some of 
the clear isotropic material has an 'index slightly below 
1. 480 (which I presume is that from the shard- shaped 
bodies) and some of it has an index about 1. 562 . 
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-''Thoughts· on-the -o-rig in -of-t he --reck: · -1-n the --nodule (ZD =33) 
· ··· nothi ng was - -d i scovered ~eithe-r-·-in texture---or in -the observed 

··mineral composition whi ch apparently could ac-c-ount-{or the 
···-·-s-ugge-sted ·c ·oncent ·r-i c laye ring ;·-- 'Fhe rock as· R-whole- must be 
·- -a m -i-x-ture of mate-rials ·frO:m twCT d i ffe-rent sourceS"; ··· and with 
·-· two d i fferent eros-i on h i s torie.s. - Bevera1 d i f{erent -considera= 

· t i ons- forc·e this · eonclu-s~ion--:-' · -The- pres·ence of --rounded micro­
-- · - cline and--rounded tourmaline grai ns require-s-=a sour-ce -- of 

crystal l i ne·· r oe·k ;·· ·· and ·· a h i s -t o-ry· of s t~r~ ng· mechanical · erosion. 
The presence- of -rounded· fragments of-c ryptoc-ryst-aili ne aggre-

·gate , probably -chlorite ; --s -erpent-ine- and chalcedony requires 
a source of metamo-r~phose-d -Jine--sed-i~ment-s- -and s-ome mechani= 
cal e rosion. ~The· -pr-esenc-e -of-.:Zoned-and-twinned -plagioclase ~ 

i n- fragment s- s·uhro-unded to - stlbangul-ar ~ -reqtti re-s a s -ourc e of 
- ----ex trusiv-e vol-canic rock ~- w ith-not too s t rong m -echani cal ero ­

s i on. The pre s e nce of many n eedle= shaped crystals of green 
hornblende indic ates very moderat e mechani cal eros ion ~ 

and s ugg ests a source i n volcani c -tuff or lava -whi ch was 
easily broken up .- The shard--shaped fragm e-nt-s · most logi­
cally coul d b e assume d to have been shards of volcanic 
glass which had und.ergone v e ry little tr ansportati on and 
mechani cal erosion. · Probably the s i mplest proposed ori-
g i n whi ch can a c cou nt fo r the observed mineralogy ana petrog ­
aphy i s that t he rock i~s fluv i atile or lac-ustrine sandstone 
der i ved from a cryst alli n e and metamorphi c c ountry rock 
at some d i s t ance D mixed w ith c rystal =v i tric ash from a 
nearby source ~ H 

A photomi crograph of a t h i n secti on of a sandstone concreti on (ZD-33). 

from a zone near the base of the Ar ikaree formati on i s shown i n f i gure 

6. Semi quantita tive spe c t rog r aphi c and chemical determinations on core 

samples of the Ar ikaree and White River fo r mat i ons i n the Slim Buttes 

area ~ Hardi ng County ~ s. Dak. ~ ar e listed b e low: 

F i eld Hole number - Thi ckness Depth i n Formati on Rock type 
numbe r {Zeller ~ 1952 ~ of hole (tuffaceous) 

fig. 3 ) sample 
ZD - 41 17 grr 53 H ~ Arikaree Qua :t·tzitic siltstone 

ZD-40 l6A 7" 120 1 Arikaree Siltstone 

ZD - 39 16A 6tr 137 9 White -R iver Bentonitic clay 
ZD - 37 . 16A 8" 173 1 Whi te R iver Calcareous grit 

ZD - 38 16 9ft 242 ' Whi te-'R iver P inlz clay 

ZD - 36 19 8" 240 1 White -R i v er Green clay 
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J-1 ~ J-1 
'a.> Q) Q) 

0.. 0.. 0.. 

. 002 - 0 001 • 008 

.-002 ~ -eo 1 . 005 
-. -00"1'- ~-- 00-1 -. 002 
oOOl .001 . 008 
• 003 . 001 0 008 
0 001 . 001 0 009 

Analyses by Paul R. Bar-nett 

Element 
· Ag 
Al 
As 
Au 
B 
Ba 
Be 
Bi 
Ca 
Cd 
Ce 
Co 
Cr 
Cs 
Cu 

M i n imum amounts of element s detec t able wi th sem~quantitative 
spect rographi c methods are i ndic a ted below. 

R e v i sed May 22 9 1952., 

Percent Element Percent E l ement Percent Element Percent 
0.0001 Fe 0.001 Nb 0.005 Si = 0.001 
0.001 - G a - o. 001 Nd 0.01 Sm= 0.01 
0. 1 Gd 0.05 Ni 0.0005 Sn = 0.001 
0.005 Ge 0.0005 Os -0.005 Sr = 0.0005 
0.005 Hf 0. 1 p 0.5 Ta = 0.05 
0 .. 0001 Hg 1. 0 Pb 0.001 Te = 0.5 
0.0001 In .. 0. 001 Pd - 0.0005 Th = 0.05 
0.001 I r 0.005 Pr 0.005 Ti 0.001 
0.001 K 1. o(o. oo5-) ~~ Pt . 0. 005 - Tl · 0.05 
0.005 La 0.005 Rb - (0.; 01--)-* u 0.05 
0.05 L i 0. 01 (0. 0001 )*- Re 0.005 v 0.001 
0.0005 Mg - 0.005 - Rh 0.-005 .... ... --·w 0.01 
0.0005 Mo .... 0-. 001 Ru .. 0.; ·005 --- --Y 0.001 
1. O(o. os ) ~l' Mn = 0.0005 Sb 0.05 Zn 0~05 
0.0001 Na 0. 05 (0. 001 ~ ~:'- Sc 0.001 Zr 0.001 

A second e_xposure i s requi red for the h i gh sensitiv ity l isted. 
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Figure 6.--Photomicrograph of a thin section of Arikaree sandstone. En­
larged So diameters. U = high index (greater than 1.60) isotropic, 
rather brownish colored, scaly-shaped secondary mineral; M = matrix 
of isotropic secondary material, index less than 1.48, clear in trans­
mitted and white in reflected light; Qu = quartzJ Sp = andesine; Ch = 
chalcedony; H = hornblende, both brown and green; Fe = opaque iron 
oxide; S = shard. A common fibrous secondary mineral of low index 
(less than 1.48) and low birefringence is not identifiable in the 
photo. Rounded grains of microcline also not recognizable. (Identi­
fications by Howard A. Powers). 

Figure 7.--Photomicrograph of a group of analcite (NaA1Si206.H2o) rosettes 
isolated from uranium-bearing lignite, South Cave Hills, Harding County, 
South Dakota. Enlarged 10 diameters. 

70833 
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Quaternary system 

Thin terrace deposits are distributed along the principal streams 

of the region here describede The material in these deposits ranges in 
I 

size from sand grains to cobbles 3 to 5 inches in diameter~ and is cbm-

posed pri nc i pally of quartzite, sandstone, limestone~ and fossil wood. 

Sand dunes cover large areas along the Grand and Little Missouri Rivers, 

but s i nce ne i ther the dunes nor the terrace deposits seemed to be related 

to the occurrence of radioactive lignites these Q:.1aternary rocks were 

not studi ed i n detai l. 

STRUCTURE 

The lignite-bearing formations occupy the west limb of a very shal-

low structural trough, the Lemmon syncl i ne, the axis of which trends 

approximately no~th and lies well to the eastern edge of the area (fig. 1). 

In general~ the strike of the rocks is northwest and the regional dip is 

10 to 40 feet per mile to the northeast. The dominant structural feature 

effecting the regional dip is the plunging north end of th,e Black . Hills up-

lift, the axis of which trends north-northwest and passes just to the we-st 

of the Short P i ne Hills in western Ha.rding County, So Dak.", and the Long 

Pine Hills in eastern Carter County, Mont. All of the lignite-bearing 

format i ons are deformed about equally. The younger . White River and 

Arikaree formations and Quaternary terrace gravels lie almost -horizon-

tally on the truncated edges of the older formations. A few faults with 

stratigraphic displacement of less than 150 feet were observed at 
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the north end of Slim Buttes 0 • At numerous places~ however, landsliding .of 

Recent and Mi.ocene ( ?) ages .produces effects simi lar to faulting as well 

as fold i ngo , 

URANIUM- B.EARING LIGNITE 

Mode of occurrence of the uran.ium 

Megascopi cally v i si ble u r anium minerals have been onlyrecently dis-

covered i n lignite and carbonaceous sandstones in the Cave Hills and Slim 

Buttes areas of northwestern South Dakota (Gill 9 1954c ). There the 

urani um m i ne r als autunite and rnetatyuyamunite 9 impregnate fractures and 

joi nts i n thi n i mpure lignite beds and i n the enylosi ng sandstones. 

Uranium 'm inerals b:ave not been fotind i n the radioacti ve lignite de-

pos its i n the other Dakota areas 0 Detailed m icroscopic and analytical 

' ' i 
studie s have not been completed on samples .from the deposits herein de-

scri bed an4 the exact nature of the occurrence of uranium i s not known. Accord-

ing to the presently held co.ncepts,however~the uraJlium is thought to oc.cu.r 

as a disseminated constituent_ of carbonaceous mate .rial.. Petrographic and 

. mineralogic studies by the Battelle Memorial Institute (Ewing, and others, 

1950), the U. S . . Geological s ·urvey (Schopf and Gray, 1954; Breger and De~l, 

1952), and Pennsylvania State College (Bates, and others , 1952) of lignites 

from North and South Dakota demonstrated that the uranium, · although not 

present . as a distinct mine·ral 9 was .closely ass.oci ated with the' organic 

· carbonaceous rriaterial.. Gypsum, analcite, jarosite, limonite, quartz, 
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and other minerals were -idertified "i n decreasing order ofabandance but -

had no obse rved r -elationship to the amount of uranium in the lignite. Semi;.. 

quantitative spectrographic a!f.alyse s of the ash from radioactive lignite 

cores from South Dakota (Zeller 9 1952 9 p. 25} show that most chemical 

elements are uniformly d i stri buted through a vertical secti on of l ignite. 

Ur ani um and molybdenum we re among those -.whi ch show a marked decrea-se 

downward from the top of the bed. 'I'he- pr-esence· of small amounts of - - -

riickel ~ lead~ vanadium ~ and · arseni c i s suggested by spectrog-raphi c data -

but the relati onshi p between their d i s trib ution and that of urani um is less 

obvi ouse 

L i gni te f r om South Dakota has been s-hown to be a good extractor of 

urani um f rom soluti on (Moore 9 1954 }. Non= radi oactive lignite from _ Slim 

B uttes a S. D ak. 9 was immersed i n a soluti on of uranyl -,csulfa'e£ ·containing 

200 parts per milli on urani um . After 19 days the lignite contained 0. 19 

pe rcent urani um and the soluti on contained 2. 0 part s per milli on uranium. 

Thi s confi rms v i n a s trik i ng mannerv the .affi n ities of carbonaceous mater ~ -

i a1 for urani um poi nted out by Tolmachev (1943) andSzalay (19-54). Simi;.. 

lar absorptive relationshi ps have been postulated by McKelvey ·and Nelson -

(1950 9 p. 46 ) for the ori g i n of urani um in marine black shale ~ and 

I 

,Fr-ede-rickson (1948) has d i scussed the relati on between uranium and other 

types of ca::rhono- -- --

The ori g i n of urani um in the lignites in South Dakota cannot be con;.. 

elus ively demonstrated, although in the writers u- opin i ons an abundance-
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of field evidence favors the third of three opposing concepts. The three 

concepts are referred to here as the l~ diagenetic» 2 ~ syngenetic~ . and 

3 -~ epigenetic hypotheses ,of o.rigin. 

As the result of work in 1948 and 1949 Wyant .and Be rani (1950) pro-

po.sed . the .follo-wing two :hypothe s,e ,s of . Oiigin: 

'' 1 ~ that qranium was deposited /with .. other detrital minerals · 
in s-ediments .overlying or marginal to the lignite and subsequently· 
leached from themD carried downward, or laterally 9 and fixed by 
the carbon of the lignite; or~ 

''2) that u-ranium was deposited {rom surface waters by the 
action of living organisms . or dead organic matter at the _same 
time as ·the carbonaceous debris -from which _the lignite formed."' 

Beroniand Bauer 9 as the res-ulLof more detailed work in1949, reiterated 

these two hypotheses {1952 9 p. 35 ~ 9 and stated~ ' ''B.oth of these hypotheses 

r~q.ml.re that there was uranife-rous $Ource material being eroded and 

leached either at the time of deposition of the organic material of the lig-. 

n ite or shortly thereafter"o They concluded as d id Gott 1 Wyantv and 

Beroni ~1952 9 p. 34» and Page ~in Lovering, l950j that -the second, or 

•'s-yngenetic origin"» was more probable. 

The 1950 work of the writers (Dens.on1 Bachman, Zeller, 1950~ led 

to the propos.al of a -:third hypothesis: the u;ranium is epig,enetic in -origin, 

hCiving been ex.tracted by th.e ·lignite subsequent to coalification from ground 

wate,r bri nging uranium from ove-rlying tuffaceo.u.s source rocks by down= 

ward pe-rcolating or by late,ral movement .along aquifers ne-ar the lignite 

·bed.s . . The uranium ion is heJieved to have been held as a finely=disseminated 

constituent in volcanic ash and other glassy extrusive equivalents. Sub.se-

q._uent release o _r displacement of the uranium may _have been acc.omplished 

by .weathe;ring and ultimate divitrification of the volcanic mate.rials. What- . 

ever the reas.on for the displacements carbonaceous materials are 
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believed to have acted as filters to concentrate .and c.au .. se fixation of the 

uranium as a res.ult of an ion exchange mechanism or by the formation of 

organo ~metallic compounds (Breger and Deul~ 1952 ). 

Subsequent field .work i ncludi ng extensive core drilling in the Dakotas 

has elaborated and confirmed thi s hypothesis now tertned the 11 ash leach~· 

or volcani c ash theory (Thomas~ 1954 ; Hager~ 1954 ; Miller and ·Gill, 1.954). 

The mechani sm proposed has been applied i n .other areas as an exploration 

g uide and a~ an explanati on of the d i stri bution of known deposits. Love (1952) 

has a t tributed the or igin of c e rtai n sandstone - type urani um deposits in Wyo­

m ing to the ash leach mechanism, as has Griggs (1954) in New Mexico and 

Gruner ( 1954 ~ i n the Colorado Plateau and other areas. · Koeberlin in 1938 sug­

g-ested that volcani c ash may have been th-e source of various metals in some 

depos it s i n southweste .rn United St ates where evi dence of hydrothermal activ­

i ty i s obsc u re or lacki ng. The recent discoveries of ore -grade deposits of 

autunite - b e ari ng lignit e and of metatyuyamunite i n carbonaceous sandstones 

closely underlyi ng tuffaceous rocks i n the Slim B uttes and North Cave Hills 

areas (G i ll and Moore ~ 1954b; Gill~ 1954c) offer additional confirmatory 

evidence for the theory. The ori g i n of the uranium seems important because 

reconnai s.sance for additional occurrences -will be successful chi efly to the 

extent that it is guided by applicable cmcepts of orig i n. 

Observati ons supporti ng a syngenetic theory of origin 

The following observati ons were summari zed by Beroni and Bauer 

(1952~ p. 35-40 ): 

1 ) Urani um - bearing lignites are confined to a limited stratigraphic 

zone and .were therefore formed by a mechanism \vhi ch operated 
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o-nly duri ng that -time:. -· 

z,) - Uranium -c-ontent -o.f i ndi v-id-ual lignite-heds -i s -remarkably uni- -

form --over -wide -areas i ndicating -an-environmental controL-

3) Urani um i s , closely associated -w ith -analc ite =beari ng rockso 

Both analc<i.te and uranium are deemed to he' synge-ne-tical1y 

der ived from the breakdown of volc-anic -material de-posited 

i n -the c-oal s-warnps • 

4 ) Ap. autoradi ograph suggests a homogene-ous d i str-ibution ~of -

uranium in l igni te which in turn s uggests introduction -of the· 

uranium before coali f icati ono 

5 ) In some -areas, ~ as at- Sentinel Butte~ -N . Dak. ~ the lignite' 

neare-st the White Rive r unc,on-formity does not have the 

h ighest u ranium content as i t should i f the urani um were 

comi ng from downward moving s oluti.ons o 

6 ) There i s little evi dence of radi oactive materials i n the 

overlying White R ive-r- form'ation whi ch could make it a 

source betl -for the radioactive -m 'ate-rials i n the ligniteo 

Observ-ati ons- :suppe-rting -an epig'enetic theory of uri g i n · 

There are many line.s of f i e-ld evidence which s-upport ·the -theory that 

the uranium in the Dakota l-igni tes -wa-s secondari ly derived ·by:ground 

water leachi ng of the volcani c material-s i n the- White River and Arikaree 

formations ~ of which the followi ng -are believed to be of parti cula-'-r sig..; 

nificance : 
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· ·· 1-) ·· A ll uraniu-m "" he-ari ng ·- lig-nite~·cdepo-si tsc-rep·ort e-d =·fro·m~--e·a-ste-rn~ Montana 
and -the Dakotas are stratig-raphically nBar-the unc-onformlty,atcthe· bas-e ' of : 
the Oligocene and bear no apparent relationshi p :to the age of the formation 
in whi ch they occur.· 

Areal relati onships of the minerali zed heds over-vast areas in the 

Dakotas ~ eastern Montana 9 and Wyomi ng indi cate that the uranium -in the 

lignite i s independent of the age of the formation in :which the lignite occurs 

but is v e ry closely related to the topographic positi on of the -wide-spread 

unconformity at the base of a thick sequence of tuffaceous rocks which .at -· 

one tim e covered most of the reg i on. (See pL 1.) Since· lignite beds of 

s uccessively younger age are m i neralized adjacent ·to the unconformity it 

seems log ical to assume that the m ineralization occurred after· t 'he tilting 

and tr uncati on of the lignite ~bearing rocks. · 

A summary of the urani um =heari ng lignite deposits i n the Da'kotas 

and east ern Montana listed by formati on and stratigraphic proximity to -

base of t he Whi te. R iver formati on ·( o~ Arikaree) i s- shown below~ --

Locati on of radi oactive 
depos i t 

Formation in whi ch deposit 
occurs 

l. -Sli m Buttes ~ S.-Dak. · Ludlow mbr., Ft. {Jnion fm.:.. 
· 2. South Cave Hills-9-S. Dak. do. 
· 3. · No-rth :Cave H i lls , S.D-ak. do. 
· 4. Table Mtn.- ~- S.:Dak. do. 
- 5" Long Pine Hills~ · Mont. - ( do. 
6. Ekalaka Hi lls, Mont. do~--'· 

7.- Lodgepole area , S.Dak.. ·T,ongue R i ver mbr. ; Ft-. · 
Uni on··fin·. ·-

8. l\t1ed. Pole Hills~· S.Dak. -do. · -r 

9. - HT Butte, - N • D-ak. - Senti nel Butte mhr. , Ft. -

1 0. Chalky -B-uttes~ N. Dak. 
- l -1. - Bullion Butte~ N.Dak. 

12. Sentinel -B-ut te, Nu Dak.: -'- · 

Union fm. -
do·. 

do. 

Stratigraphic · 
proximity of · 

-_, -- depos~its to base · 
Age of-· White· River .or 

Arika-:ree- fm·; -- ------- -- ·· 

Paleocene -- 5 to c40· feet 
-ae-. - 120 to ,·l-60 feet 
do-. 
do-. 
-de··· 
do. 
do. '· 

do.-· 

do. 

- LO t o :-150 feet 
~~ 150 ·tu-·16-o ·feet 
--' 75- to 15 0 feet 

10 to ·85 feet 
-_ ~;~z.s t-cr7S-fe·et 

· 25 ·to 6-o-feet 
70 to 80 feet 

do-. '. LO to '80 feet 
do. - - - · · 30 to 90 fe·et 
do.. - ' 40 to ·140 feet 

~:~ Indicates projected pos i t i on of base of the· White River· formati~on in · -
areas--where White River has ·been removed by -erosion. - · 
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In addition to the Paleocene depos-its llsted ~a:bov_e ~ -t-.h:ln:heds-of -t;iranium.:.. 
~-

hearing lignite occur in the Hell Creek formation o-f Late Cretaceou~s age -in 

the Eas.t Short Pine Hi lls, Harding County 9 -S. Dak. -, and in the-Golden Valley -

formation -of Eocene· age- in-the -Little- Badlands, · Stark C-ounty;, - N. --~ D:ak. - -. Both 

of these occurrences are within 10 to 20 f-e-et of the base · of the W-hite River 

format i on. 

I f the uranium in the lignite -is · syngenetic it -is difficult · to · ex:plain the -

reason for the occurr-ence of radi oactive l ignite-s only on the fla-nks -of the-

h ighest buttes capped with volcani c -materi als. Many lignite -beds- are -ex- -

pos ed a _long the low plains and stream valleys throughout the Dakotas and- · 

eastern Montana. Many of th.em have been· sampled · or te·sted radiometri-

callyv but all are radi ometric ally inert. Much of this infor m-ati on 'gathered 

duri ng the course of the investi gati on i s not presented i n this report. Such 

data ~ howeve r ~ are perti nent and w-e r e- cri t i cally evaluat ed in developing 

wor k i ng hypotheses to explai n the origin of the ur ani um and i n determining -

-the facto-r -s·· e ont r-o-1-li-ng--it-s --ac-c-um-u-1-a t~ielh·- - --- --·-- ·· ----- -- ---- -- -- .... _ ------------ --

2) Most highly ·radioactive lig-nite-s -occur highe-st : in stratig-raphi c 
section. -

-- Within a ser-ie-s of- nearly flat =lying c-arb-onaceo-us -beds-- the stratigraphi;.. 

cally and topog-ra-phical-ly -h igher ,-beds ~- i n g·ener~al 9 -ar-e more -r-adi-eactive. 

Tho urani um content -of succ-eedi ng lower- ,beds decrease-s to the vanishing ·· 

point. This · suggests that the urani um probably' was deposited ·.from an 

overlying source. Thi s relationshi p -i s noted at a majority of the-':-locali .. ' 
I 

ties where a sufficient number of samples has been .. colle·cted in e.=-a-ch 
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stratigraphic section. Locality 84 (figs. 18~ 19, and 24) at the Mendenhall 

mine in Slim Buttes is an excellent example. There the upp-ermost lignite 

in the stratigraphic section contains -0. 030 percent~ uranium.= =The second 

lowest bed of lignite contains 0. 010 percent uranium, while the third lowest 

bed contains 0. 005 percent uranium in its upper half and only 0. 002· percent 

uranium in its lower half. The fourth lowest bed of l-ignite -s ·ampled at this · 

locality contained only 0. 002 percent uranium. Beds lower in the strati­

graphi c secti on in th-is -area were tested radiometr-i cally but did not show 

appreciable radioactivity. Nu-merous-localities which show this- r :el-ation...; -

shi p may be c ited as, for example, localities 82 ~ 88, 92; 96;- and 97 (fig.19) 

in the Slim -Buttes;- locality 9 -(:fig. -13 ) at Table- Muuntain; localiti es 36, 38 ~ 

3 9 ~ 40 ~ 44 ; 45 ; and 46 (fig~ · lJ) i n the North -Gave Hills ; and ·localities 66 

and 68 (f ig. 11 ) i ntheSouth =CaveHi lls.c Departures fromthis relationship ­

may be explai ned by the pos ition of the permeable zones= which, in s·ome 

- places ~ may have carr-i ed gr-o-und water laterally for a considerable -= distance 

under hyd-rostatic he-ad~ For example, at locality 1 (fig.- 13) at Table M-oun~ 

tain -the stratigraphically highest lignite contain-s only 0. 00-3 pe-rc--ent- urani~ -

urn; whereas the sec-ond hig-hes-t lignite contains -0-. 036 -percent uranium. -The 

highest lignite in this· str-atig-raphic s-ection is a thin lens enveloped · i!l shale. 

The rel-atively imperr;neab-le shale -would prevent a-ccess of t-he uranium­

beari-ng soluti ons to the lignite-. -The second= highest---lignite- i n this section ­

is somewhatmore c-ontinuous' and is -overlain by a relatively thick, =poorly 

cemented; coarse-grained sandstone. This sandstone may have -served as 
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an aquifer for the lateral movement of uranium-bearing solutions. Notable 

exceptions to this generalization also occur at localities 52 and 63 (Jig~ ll) 

in the South Cave Hill-s. 

3) Uranium cone entrations are highest at the top . of thick lignite beds~ 
diminishing progressively downward to a vanishing )?oint in their lower parts. 

In general the uraniurn within a -mineralized lignite bed 3 feet or more 

in thickness is higher at the top and diminishes progressively downward. 

This suggests that the uranium was introduced from an overlying- source. 

The following examples show the top preferential distribution of uranium 

characteristic of thick radioactive lignites in the Dakotas. 

Core hole No. 14, 
Perkins Co., S.Dak. 
7 '9'' lignite cored 
{After Zeller, 1952, 
fig. 8) 

Top 

U in lignite 
(percent) 

0.036 
• 028 
. 021 
• 013 

• 008 
• 002 
• 001 

Base 

Surface Section No. 30, 
Slope Co., N. Dak. 

1/ Auger hole no. 
- 86, Harding Co., 

7 1 lignite exposed 
(After Moore et~ al~~~~54~ 
fig s • 7 and 1 1 ) 

S.Dak. 12' lignite 
cuttings (Fig. 19, 
this report. ) 

U in lignite 
----(-percent) 

Top----- 0. 022 
. 013 
. 010 
. 006 
. 004 
.001 

Base=-c- · . 005 
Sample interval · 12 

U in lignite 
(percent) 

u-ppe-r-4-0~ 0. 0 10 
next 2' • 006 

next 5' . 0-()3 
.., lower' 3J ··· .-002 

-- ----±/G o-I-Tt:-arr1i:na ti on of 
i-ne-h-e-s - . l-ignite --c-uttings with 

-- ----- wall r-oeks -makes 
----thes-e:analyse s 25 

--- - ------- to 45-percent be-
low their true 

·Sample--inte-rva-l 6- ine-he-s-- -- ----- - ---- · 

Analysts-: M~ ·De1evaux,- s~ - Furman, S.- Lundine, W. -Tucker', and ·J. Wilson ·· 

At those places vvhere the stratigraphically highest lignite is ,·less than 

3 feet thick, the uranium in general is concentrated ·in the lower part of · 
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\ 
the bed. Examples of thi s " inverted" pattern were noted by · Zelle r { 1952 

p. 23 L who concluded that t he h i gher c oncentrati on i n the lower rather 

than the upper part s of these beds m ight be explained by the lateral move-

ment of u r anium - bearing ground water along the base of t hese generally 

incompet ent and h igrly fractur e d beds which normally overlie thi ck,- i m -

pe r v i ous underclays. Analyses showing t he " inverted'' pattern are listed 

below: 

a ) Near top of Senti nel But te shale 3 north s ide of Senti nel Butte, 
SE I / 4 , se c . 6 ~ T. 39 N. , R. 104 W., Golden Valley County, 
N. Dak. 

Percent Percent u Percent U Percent 
ash i n ash i n sample eU 

Upper 6" 50.5 . 002 . 001 . 00 I 
Lower / II 0 ' 41.7 . 030 . 012 0 009 

12" Tot a l thickne ss of b e d 

b ) N e ar t op of Ludlow member of Fort Uni on formati on, east 
s ide of Table Mount a i n, SE I / 4 , sec. 5 , T. 22 N., R. 4 E., 
Hardi ng County, S .. Dak. (localit y no. ·9] f i g. 10 ). 

Upper 1" 38. 1 0 004 0 001 - . 003 
Next 9'' 22.8 . 035 . 008 . 008 

- Lowe r 9'' 28.6 . 078 . 022 . 017 

19" Total thi ckne ss of bed 

The order of magnitude and normal pattern of d i st r ib ut i on of uranium 

i n the Dakot a lignites a r e shown on f igur e 8. Due to 'cont amination of 
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lignite cutti ngs with the wall rock~ the uranium analyses shown for the 

auger holes in f igure 8 are approximately 25 to 45 percent below their 

true values.-

4) Variati ons i n the permeabi lit y of the rock overlyi ng the m i neral= 
ized bed are reflected in the i ntens.i ty ~ of u·ranium m ineralizati on. 

Where a mineral i zed bed i s d i rectly overlain by a permeable -sandstone, 

it is more h ighly minerali zed than-where the same bed is overlain by clay 

or shaleo An excellent -example of the effect the permeabili ty of the roof 

rock has on the intensity of m i neralizati on of a lignite bed is shown by 

data gathered at localiti es 111 and 112 {fi g. 19 ) in the northeast corner 

of S lim Buttes. At locality 111 ~ the Bar H lignite bed i s d i rectly overlai n 

by 3 0 feet . or more of coarse =grained permeable sandstone which grades 

laterally i n half a m ile i n t o a thi ck impervi ous clay shale at locality 112. 

At locality Ill where the sandstone rests d i rectly on the ligni te, the upper 

bench of the Bar H bed i s about 5 fee t thi ck and contains 0. 011 percent 

urani um or more ; the lower bench i s about 7 feet thick and contains 0. 007 

percent urani um. At the Bar H M i ne (locality 112) where the same lignite 

is d i rectly ove-rlai n by 25 feet or more of i mpervious clay shale, the 

uranium content of the upper bench is Oo 001 percent and the lower bench 

- -is radiometri cally ine-rt. 

5) Volcani c materi als i n the Whi te R iver and Arikaree format i ons 
show appreciable radioactiv ity and at some localiti es are assoc i ated with 
uranium m i nerals. 

The radioacti v it-y , of the White River ~Arikaree source beds unconform ·-

ably overlyi ng the uranium - bearing lignites on Slim Buttes was measured 
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in four drill holes with a scaler equipped with a thyroid tube a nd a 400 ~ foot 

coaxial cable (Zeller s 1952 9 p. 30 ~ and fig. 11 ). Logs obt~ine d by this 

method showed radioactivity above background throughout n1ost of the holes. 

Chemical analyses of representative samples from the Whi te River 

and Arikaree formations show a maximum content of 0. 003 0 percent and 

an average of about 0. 0015 percent urani um indicating a urani um content 

of about 12 t imes that of the average sedimentary rock (Evans and Good= 

man ~ 1941 ) . Analyses of these rocks also show concentrati ons of about 

0. 04 percent vanadium (Davidson and Ponsford 9 1953 ) . Tha se analyses 

and the occ urrence of carnotite 9 a p otass i um uranyl vanadate; meta-

tyuyamunite «? L ~calcium uranyl vanadate ; and uranoc i rci tes a barium 

uranyl phosphate ; i n the White R iver format i on at several vv idely separated 

loc a lities in South Dakota (Gill and Moore ~ 1954a; Moore and Levi sh, 

1954 ) suggest t hat these volcanic materials may be source beds of uranium. 

6 ) · V/ater analyses show hi gh urani um contents for spr ing water now 
i ssui ng from t he \Vhite R iver and A rikaree formations i ndic a ting that 
uranium as well as -othe r elements are being leached today from these 
volcani c materials. 

Gill and Moore (1954a) have shown that spring water ;issuing from the 

White River and P ... r ikaree formations in the Slim Buttes area~ Hardi ng 

County~ S. Dak. ~ contains 10 to 30 times more uranium than wate r f ror.n 

the Fort Uni on and HelLCreek formati ons. Chemical analyses show that 

the water from the Whi te R iver formation also contai ns signi ficant concen-

trations of vanadium. The average urani um content of water from 26 
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springs in the White River and Arikaree formations is 41 parts per billion, 

wherea-s water from 8 springs in the underlying formations averages 4 

parts per billion. The u-ranium -conte-nt -of the water from the Fort Union 

and Hell Creek formations is even lower in areas remote from known 

sources of uranium. The average uranium content of the ocean is about 

1. 5 parts per billion (Rankama :and Sahama, 1950). 

Concerning the role of volcanism in the geochemistry of uranium 

Daniels ( 1953) writes: 

''We believe that the distribution of uran~um in volcanic dust 
and ashes is an important factor in providing the preliminary 
source of uranium for later concentration into secondary deposits 
in sedimentary rocks. The vole anic ash has a very large surface 
area and uranium can be leached out rather quickly by water 
passing through porous material of this type. 11 

If uranium can be leached by ordinary ground water processes today, 

it is logical to assume that similar processe-s could have operated in the 

pa·st ·to leach the uranium out of these or similar rocks v transport it along 

aquifers in the underlying strata, and deposit it in favorable host rnateri-

als. Favorable host materials in addition to the lignite underlying the 

White River and Arikaree formations would include carbonaceous sand-

stones which Beroni and Bauer (1952, p. 40) predicted would be favorable 

for the localization of secondary uranium minerals if the tuffaceous rocks 

in the White River formation were a significant source of uranium. A 

recent discovery of a 3. 2 foot bed of uranium-bearing carbonaceous sand~ 

stone containing as much as 3. 9 percent and averaging 0. 68 percent urani..;. 

urn in the Ludlow memb~r of the Fort Union formation underlying the 
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pre ~ Oligocene unconformity at Reva gap i n Slim Buttes (Gill and Moore~ 

1954b) seems to substanti ate Beroni and Bauer us predict i on and adds 

supporti ng evidence to the theory that the urani um may ha:ve been derived 

from the overlying volcani c materialse 

At many places i n some of the most h ighly radi oactive lignite~ analc i te 

(NaALSi20 6 H 20) i s present as a common accessory impurity (Ewing and 

others 1 1950 ; Beroni and Bauer 9 1952; Gill~ 1954a). The mineral occurs 

f inely d i s seminated as m-inute white particles or ro~ettes 0. 5 to 1 mm. in 

d i ameter (see f i g. 7 ) or minute trapezohedral crystals and generally in 

such abundance as to g i ve the lignite a characteristic "salt and p e pper'' 
I 

appearance. As analc ite occur s only rarely i n sedimentary mineral de-

pos its {Ross ~ 192 8 ; Bradley ~ 193 OL and has b een reported i n few coal 

depos its (Foster and Feicht ~ 1946~ p. 359 ; Tourtelot~ 1946 ), it s occurrence 

in the lignite depos its of South Dakota is worthy of brief note. 

Foster and Fe icht poi nt out that analc i te must form i n alkaline water 

whereas the wate r in which coal accumulates i s acid in character.. It 

the ref ore seems improbable that the analc ite -in the Dakota l ignite is syn;,., 

geneti c i n o rig i n o r that it could have been formed i n acid waters that are 

characteri stic of the deposition of coaL As both clastic and hydrothe rmal 

hypotheses fo r i ts ori g i n seem i nadequate to explain its occurrence and 

s i nce the spring waters issuing from the White Ri ver and Ar ika:re-e forma- · 

tions are soda r ich and alkaline i n character (pH of 8.5 to 9. 5 )~ i t seems 

poss ible that the analc ite was der ived from the· overlyi ng volcanic mater i als 
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and introduced into the ~ l-ignite by ground water subsequent to coalification. 

In a report on the occurrence of uranium in coal Davidson and Ponsford 

( 1 9 53 ; p;. - 8) conclude as follows : 

''A syngenetic origin for -the mineralization fails, however, 
to explain why it is that in the uraniferous coal deposits which 
have been studied in some detail, high values are commonly re = 

stricted to a single seam, usually the highest in the local se-­
quence. Further;, the geologic-al-evidence tends to suggest that 
uranium-rich-coa-ls are-~ only ,fo-und where there i-s direct access 
to overlying ·sedimentary-, ·volcani-c -or -pyroclastic rocks likely 
to form sources -for uranifereus -ground-~water solutions. The 
close relation between uranium-bea:ring- coals and ancient sur­
faces truncating them,- and the' -manner in which a higher coal 
protects an underlying coal -from becoming mineralized, can 
best he explained by the epigenetic introduction of the minerali­
zation by means of descending meteoric water. " 

From the foregoi ng statements- -and the detailed description of the 

deposits which-follow, -it seems reasonable to conclude that most of the 

uranium in the Dakota lignite has been secondarily derived from tuffaceous 

materials in the non-lignite bearing formations of Oligocene and Miocene 

age. -

Conditions controlling concentration of uranium 

The distribution of uranium in the .Dakota lignite is controlled by a 

combination of factors,- none of which has absolute. control but all of which 

a -re potentially complementary.; The conditions listed below are believed 

- to be of primary s ignific anc e -. - (See fig. 9. ) 

-- - 1~)- Stratigraphic -proximity oflignite to -base of the Oligocene 
White Rive:r-formation; or to the projected position of its 
base .in areas where the White River has been removed by 
erosion. Lignite underlying the pre ~Oligocene surface by 
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whether inherent (C) or i nd uced by jointi ng (D), 
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3 . Porosity o f li gn ite : L ignite and sub-bitumi nous cool g ive 
higher cou nts than hard , dense cool. 

4 . Att1tude c f li gn i t e: Hor i zontal or very g ently dipping 
lig nite beds (F) give h igher counts t han moderately 
d ipping beds (G) . 

5 . Pr esen t ol'ld po st po sit 1on of the ground water table (H) in 
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6 Where the uppermost lign i te ha s been burne d , the 
uranium 1n the l1 gn1te IS f 1xed 1n the a sh as Ol'l 
" •nsol uble " oxide . Further .movement of uran i um-b ear ing 
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lign ite for t he followin g reasons : 

a . Greater permeability is i nduced by c lin ke ri ng . 
b The f il t ering agent, carbon , has b e~n de stroyed 

by burn i ng . 

FIGURE 9--DIAGRAM ILLUSTRATING AUTHORS' INTER PRETAT ION OF CONDITIONS WH ICH CONTROL TH E URANIUM CONTENT OF LIGNITE. 
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150 feet or more is inactive. This observati on i s in general 
accordanc·e -with the work of Wyant and Beroni (1950 9 p. 7) 
who report that radioactive lignite- i n North Dakota appears 
to be limited from 40 to 140 feet below the White R i ver forma­
tion. 

2) . Permeability of the rocks overlying the lignite, .whether the 
permeability i s i nhe r ent as i n sandstones. or i nduced by joint­
ingP fracturing~ or faulting. Highest concentrati ons of urani­
um are present i n lignite d ire-ctly overlain by sandstone. _The 
same lignite overlain by beds of shale- or clay contains little 
or no u~anium, ·Li.gn~te adjacent to joints i n general shows 
hi-gh~:r concentrations of 'ura-nium than that away from joints, 

3) Adsorptive properties. and porosities ·of the organic l ignitic 
constituents, The wr iters believe that so!t porous li.gnite i s a 
much better hos.t mate,rial !or the adsorption and fixati on of 
uranium than is dense v hard~ impervi ous semi ... b ituminous coal 
·and;:anthrac i te .!" Furthermore~ that the amount of uranium ex:..­
tracted from soluti on may be d i rectly proportional to the 
presence of certain spec i fic lignitic consti tuents. 

4 ) ~resent and past position of t he ground wate r table in re ~ 

lation t o l ignite and -the i r effects on acti ve ground water cir ­
culation .. 

5 ) Amount of urani um orig i nally present i n the Whi te River 
and Arikaree sediments and the nature and degree of it s dis­
semi nation and d istributi on. Studi es of dri ll cores by 
Farr i ng t on Dani els of the Univers i ty of Wis cons i n (personal 
communicati on) indicate that the uranium content is fairly 
uniform throughout most of the Whi te River and Arikaree. 
Whether the uranium content of these rocks was uniform over 
wide areas is not known, but if a c ohsi de rable variati on did 
occur, it s-eems reasonable- to conclude, other conditions 
being equal, that this vari ation would be reflected i n the 
degree of m i neralization in the underlyi ng ligni te. 

De'scripti on-of -r-adi-oactive deposits 

Sout-h G-ave :Hills 

The-South Cave Hi lls are a conspicuous me sa ~like feature thpt occu~ 

pies about 9 square miles in parts of Tps. 20 and 21 N., Rs. 4 and 5 E.~ 
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12 miles north of Buffalo i n Harding County, S. Dak. (See fig. 10.) The 

mesa rises several hundred feet above the surrounding country in almost 

impassable cliffs. Several flat-topped ridges separated by deep box can­

yons extend beyond the main area of the mesa. Below the cap rock of the 

mesa~ a steep talus slope of large blocks of slumped sandstone makes the 

area almost inaccessible. Directly to the south of.South Cave Hills, 

across the valley of Jones Creek, are many small buttes, the largest 

be ing McKens i e Butte. Some of the buttes are capped w i th clinker result­

i ng from the burning of the l i gnite . Thei r bri ck =red colors are very dis­

t i nctive and can be seen for many miles. The top of the South Cave Hills 

mesa i s access ible by a few cattle trails and by a narrow secondary 

Forest Service road at the northwest corner of the mesa. 

The lower part of the mes_a and the surroundi ng country consists of 

soft sandstones and shales of the Ludlow member of the Fort Union forma-

(t i on9 but the cap rock of the prominent buttes {McKensie and Ra~tlesnake 

Buttes ) and of the main area of the -me sa i s a massive well =indurated 

sandstone 125 feet thick, in the lower part of the Tongue River member of 

the Fort Uni~n format i on.. A thin~ d iscontinuous lignite bed in th,;;; lower 

part of this sand stone is called Bed 11E 11
• A remnant of the Whi te R iver 

fo-rmation, 50 feet or less i-n thi ckre-ss , caps the 1Jllesa over an area of 

about 160 acres i n parts of: sec. 31 and 32 0 T. 21 N., R. 5 E. The pre­

Oligoc-ene surface in the Cave H i lls was apparently close to the present 

position of the mesa top. At most places the beds are essenti ally hori­

zontal and d i p uni formly at about 40 feet per mile to the northeast. 



57 

The i-mportant radioactive lignite in the South Cave Hills occurs in the 

upper 50 feet or less of t-he Ludlow member of the Fort Union formation 

and i s -r-eferred to in thi s report as Bed 11 D 11 (see f i gs. 11 and 12). The 

bed has a maximum ohserved thi'ckness of;4. 2 feet at locati ons 55 and 60~ 

and an average thickness,- based on 17 measured sections 9 of about 2.5 

feet.. A thin lignite or carbonaceous zone 9 referred to as Bed "E" 9 :occurs 

3 0 to 40 feet above the base of the Tongue R iver' member, but its lenticu-

1ar character and poor quality makes i t only of local importan~e. The 

occurrence of autuni te·=hear ing lignite at thi s hori z.on i n the North Cave 

H i ll s (G i llv 1954c ) and the close strati graphic proximity of Bed "E" to 

the base of the overlyi ng Whi t e R ive r format i on makes i t not unlikely 9 

however 3 tha t signif i cant depos i ts of secondary ur anium minerals may ' 

be found a t thi s hori zon i n the South ' Cave Hillso The thickest and most 

pers i stent beds of l i gnite i n the South Cave H i lls are in the m i ddle and 

lower pa rts of the L udlow membero These beds a re nonradi oactive and 

were not mapped o.r studied in detai L 

The three areas -in the S~uth -Cave Hi lls underlain by s ignifi~ .ant de= 

pos its of radi oacti ve lignite, 3 feet or more i n thi ckness, : a;re listed 

here in the order of their apparent importance. 1) SW 1/4 sec. 28 and 
l 

~· "' 

NW 1/ 4 sec. 33~ T. 21 N. 9 R. 5 E. (locati ons 57 to 61}; 2l NE 1f 4 sec. 5D 

T. 20 N .. , R. 5 E~ (location 63 ); and 3} S 1/ 2 seco 13 3 T. 21 No 3 R. 4 E . . 

and SW- 1/ 4 sec. 18 andSW 1/4 sec. 16 9 T. 21 N. 9 R. 5 Eo (locations 55 

and 56 ). - These areas 9 w ith a combined total of about 600 acres~ are 
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estimated to contain 3, 060, 0{}0 tons of radioactive lignite. A small area 

of about 50 acres at McKensie Butte in SE 1/4 s.ec. 20, T. 2.0 N., R. 5 E. 

may also contain an additional 255 v 000 tons of uranium""'bearing l ignite. 

(See fig., . 10, location 69.) Although Bed 11D" is persistent and tnay contain 

significant tonnages of uranium= beari ng lignite in other areas in the South 

Cave Hills than thos.e l i sted 9 the poor exposures and the widely spaced 

localities sampled make a closer estimate of the potentialiti es of the area 

impossible w ithout trenchi ng or drill =c ore data. 

The re are no stri ppable reserves i n the South Cave Hills. Because 

of the thi ckness and character of the overburden9 all the l ignite reserves 

will requi re development by underground m i n ing. Bowman, N. Dak., the 

nearest railroad shippi ng poi ntv is 25 to 3 0 miles to the north along U. S. 

H i.ghway 850 

North Cave Hi lls 

The North Cave H ills occ upy about 15 square m i les i n Tps .. . 21 and 22 

N. v R. 5 E., i n north=central Hardi ng County9 S. Dak.. (See fig. 10, and 

pl. 1 o) They are very ~irnilar topographically and structurally to the 

South Cave Hills and are separated from them by about 4 miles of low 

rolling country in which is the valley of Bull Creeko From a d i stance the 

North Cave Hills have the appearance of a single mesa ris i ng 3 00 to 400 

feet above the surrounding country~ but in reality the h i lls are a series of 

narrow flat~topped r idges separated by narrow canyon~like gullies. The 

hills are capped by about 200 feet of thick=bed.ded sandstone which in most 
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places forms sheer cliffs. The contact between the Tongue River and the 

underlyi ng Ludlow member is placed at the base of the sandstone that 

forms the rim rock of the Hills. Two small remnants of White River con= 

glome '·rate overlie the Tongue River in sees. 21 and 28 9 T. 22 N., R. 5 E. 9 

but throughout the remainder of the area the White River formation has 

been removed by eros i on. In some parts of the North Cave H i lls two dis~ 

tinct cliffs are formed by two sandstone units belonging to the Tongue River 

membe r (Winchester and ?thers~ 1916, p. 27 ). These sandstone units are 

separated by 40 to 125 feet of light=gray friable sandstone and whitish= 

gray c lay. A thin bed of carbonaceous shale or clayey lignite rests on 

the basal massive sandstone. This lignite , which is also· present at some 

places in the sandstone cap rock in the South Cave H i lls, is referred to as 

Bed "E". {See fig. 14.) The basal s andstone ledge i n the North Cave 

Hills is from 75 to 100 feet thick and i s gray to buff i n color. The upper 

sandstone i s commonly p ink i n color, cross bedded~ and at some places 

cont a i ns clay pellets and rounded pebbles of sandstone. A two-foot bed of 

quartzite ~ described on page 23~ occurs on top of the massive' sandstone cap 

rock. (See fi g. 14, locati ons 33, 34, and 40. ) At many places wind acti on 

along joi nts and on th,e unequaJlly indurated sandstone has developed charac = 

teristically pitted and cavernous surfaces in the cli ff faces. The beds in 

the North Cave H i lls are essentially horiz ontal and, in general 3 dip about 

25 feet per mile to the southeast (Wincheste.r and others, 1916~ p. 73·). 

Only two lignites of minabl~ thickness, Beds "B" and ''C" 3 are mildly 

radi oacti ve in the North Cave .H i lls area. (See f ig. 13.) These beds occur 
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in the upper 100 feet of the Ludlow member of the Fort Union formation. 

Lack of exposures and their marked variability in thickness and quality 

makes an exact ·correlation of the lignites in many places doubtful. The 

evidence fromthe 36 localities sampled indicates that there are few ifany 

places where the mine·r-al content of these beds is ~ such that underg-round 

mining ·:could be recommended·. An area of about 15 acres near the center 

of s e c , 19 , T, 22 N; ~ R , 5 E; 2 may he favorable for stripping. There Bed 

11 B" i s 5 to 10 feet thic k and is overlain by about 35' feet of soft sandstone , 

Ana lyses of 14 samples of c ontaminated auger cutti ngs £:ror:n 3 auger holes 

indicate that the area may contai n 170, 000 tons of radioacti ve lignite. (See 

f ig. 10-, locations 47, 48, and 49.) Bed "E", absent in most of the North 

Gave ·Hills, is present in parts of sees. 22, 26, and 27, T. · 22 N., R. 5 E. 

In thi s area the bed rang,es fr~m 6 inches to two feet in thickness and lo-

cally contains -as much as 5 percent uranium. Where the bed is most highly 

radioactive, visible uranium minerals, autunite and torbernite occur . 

(Gi ll, 1954c. ). The reason for the low uranium content of the lignite in 

other parts of the North Cave Hills is not known but may be attributed to· 

th.e presence of 40 to 75 feet of impervious shale directly overlying the 

stratigraphically highest lignite-s (Beds ''B't and ''C''). These shales may 

have prevented downward moving uranium-bearing ground water from reach-

· ing the ·lignite. The much higher concentration of uranium in the South Cave . 
Hills may be due to the fact that Bed '''D", · a stratigraphically higher bed 

absent in the North Cave Hills, occurs throughout the South Cave Hills and 

at most places is directly overlain by massive po.rous .sandstone which could 

have served as an aquifer in carrying uranium-bearing water to the lignite. 
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Table Mountain 

Table M.ountain is a hig:h butte with steep and roc.ky slopes which 

occupies about 500 acres in northwestern Harding County$ S. Oak . . (See 

fig. 10.) rThc butte is c,apped by about 125 fe-et of tan and buff massive 

~andstone of the Tongue .River member of the Fort Uni.on formation and 

underlai n by 250 feet or more of poorly indurated yellowish and light-gray 

sandstone and .shale of the Ludlow member. At the south end of the butte 

thin lenses of fine - grained, chalky gray tuffaceous sandstone containing 

·shards are present within the cap rock. These lenses .. are rarely over a 

foot in thickness but are quite conspicuov,s by their. color and indentation 

which they form in the cliff. The regi onal eastward dip at Table Moun-

tai n and v i cinity i s about 50 feet to the mile. 

The radioactive . l ignites at Table Mountain are in th.e upper 40 feet of 

the Ludlow member. They occur in two beds referred to as B.eds "D''' and 

"C'i, whi ch average about 2 and 2 •. 5 feet, respectively. (See figs. 12 and 

1.3. }- The lack of exposures .and the prevalence of slumpi ng along the steep 

sides- of the butte make their identification and correlation at many places 

~ 

very d i fficult. The irnporta~t minable reserves of radioactive l ig n ite are . 

in Bed ''C" which is thicker and less variable in thickness than Bed \nnu. 

·The average mineral cont~nt of Bed ''C''~ however ~ is not as high as that 

oi Bed "D". This is probably due to the fact that Bed "C" is overlain at, 

most places by Bed ''D'' as well as relatively impervious shale. The lig-

nites stratigraphically below Bed ttC" show little or no radioactivity. (See 

fig. 1.2.) _From 17 measured sections and as many analyses :i.t is 
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estimated that ther~ are at least 1, 700,000 tons of radioactive lignite 
~ I 

under! ying Table Mountain (sees. 5, 6, 7, and 8, T. 22 N. , R. 4 E. ). 

I j I 

These reserves underlie about 500 acres in beds ~veraging about 30 inches 

in thickness. The characte.r a~d thic:kness of the overburden will require 

that the lignite ,be recovered by underground mining .. 

Medicine Pole Hills 

The Med.icine Pole Hills were mapped and described in detail by Hares 

(1928, p . . 95, 98). They are on a hi~ly divide separating the little Mis~ 

sou.ri and Grand River drainages in the southweste-rn part of the Marmouth 

lignit-e field, Bowman County, N. Dak. (See pl. 1.) The hills are capped 

by _ a thin veneer of the Oligocene (Chadronian)_ White River formation 

(C. L. Gazin, personal communication). Thin beds of well-indurated sand-

stone and quartzite in the Paleocene Tongue River formation, whi ch uncon-

formably underlies the White River, form resistant ledges that outline the 

hills. The hills are nearly flat~topped and are easily accessible by dirt 

road · leading half a mile east from the main north- south graveled road to 

Rhame,- .N. Dak. The nearest railroad shipping point is at .Rhame, 8 miles 

to the north. 

The important radioactive lignites in the Medicine Pole Hills are the 

Harmon lignite and its associated "ride.r 11
• These beds are overlain b y 

60 to 70 feet or less of soft poorly-indurated sandstone and shale. The 

'easy accessibility of the area, the soft character of the overburden, and 1 

the fact that strip mining methods can be applied to the deposits, make the 

area attractive for exploitation. The Harmon lignite is in the Tongue 
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River m .ember of the .Fort Union formation and-averages about 4. 5 -feet in 

thickne$s. At .some places .10 to 20 feet above it a . -'':rider'' bed is present 

which varies from a few to as much a -s 30 inches i n th:ickness. These beds ­

-underlie about 360 acres in parts .of sees. 1 and 2~ T. 130 N. ~ R. 104 .W. ~ 

andSW l/4sec. 3.5, T. 131 N., R. 104W., andareestimatedto .contain 

about 2 3 204,000 tons of radioactive lignite. (See figs. 15 _and 16.) Analysis 

of the lignite core from the Harm.on bed (Zeller, 1952, p. 23 and 54) s4ows 

on an a i r dri ed bas,i s .an average of about 26 to 33 percent f i xed carbon, 

11 to 17 percent ash, 0.5 to 3. 0 percent sulfur, and a heati ng value of 

7 , 680 B.T .. U.!s .. 

Ha}:"es (1.928, p. 97 ) estimates that there are 4, 480,000 tons of lignite 

in the Ha;:-mon bed .whi ch underlies the low hills 3 miles to the northeast of 

_Medi cine Po1e Butte, -hut .s i gni f icant amounts of u;ranium were not found in · 

samples from lignite surface exposures and auger d,.rilJ~ng. See fig_s. 15 

and 16.) There the Ha.rmon bed i s 20 feet or more thick and throughout 

most -of the area i s ove-rlain by l.es;s than 60 to 75 .feet of soft sandstone and 

_sh.ale. Although the mineralization of the Harmon lignite at the four . 

sampled localiti es. (No_s .• 12 9 to 13.2) is too low to. be of comn1ercial signifi­

cance~ there is a likely possibility that there are places i n the area -where 

conditions for mine-ralizati on were mu.ch more favorable than those exam= 

ined. The inadequacy .of the present -exposures w i ll ma,ke neces,s,ary addi­

tional trenching and drilling before the area 1s. potentialities can be fully 

. appraised. 
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Lodgepole are a 

The Lodgepole area is on an upland surface between the North and 

South Forks of the Grand River~ in T. 21 N., Rs. 11 and 12 E .. , north = 

western Per:k ins County, . S .. Dak. (See f igs. 1 and 17 .. ) The area i s readily 
! . ' 

~ 

access ible Hy 17 miles of graveled road extending north from State High ~ 

\ 
way 8 about i:9 miles west of Bison. Hettinger~ N. Dak. ~ 17 miles to the , . 

.. 
nor th, i s the near-est railroad shi ppi ng point.' A low grassy butte about 2 

m i les south of Lodgepole Post Office is th:e main topographic feature i n the 

area~, :f: s i m ilar butte, _ -~eferred to in this report as the Johnson outlier, 

i s 5 miles to the west. The lignites underlyi ng these buttes were mapped 

and descr ibed by_Winchester and others (1916, p. 138, 142). 

The radi oactive l ignite in these a r eas i s about 150 feet above the base 

of the Tongue R iver member of the Paleocene Fort Uni on format i on, whi ch 

has a reg i onal d i p of about 24 feet per mHe to the northeast. The domi nant 

l ithologi es of t he Tongue R iver are soft, gray to pink sandstone and silt -

stori.e, with i nterbedded gray shale and lignite. The main coal bed aver = 
I 

ages 6 feet or more in thi ck:ne ss .and is bel~eved to be the Harmon bed. . It 

is commonly assoc i ated with a "rider" bed, 10 to 15 feet stratigraphi cally 

h igher, which averages from a few inches to 6 feet in thickness i n short 

distances along the outcrop. The bed in the Johns-on outlier may be e ith e r 

the Harmon bed or its "rider". 

The lignite beds i n the Logepole area are only locally radi oactive, 

probably because of the variation in l i tholog i c character and pern:~e ability 
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of the overlying .ro~ks. Data fr-om 5 auger and -6 . core holes indicate that 

there are_ at least 120 acre\s underlain -by ' approximately -6-60, 000 tons of 

strippable radioactive lignite in beds 3 to -6 feet thick. These deposits l i e 

principally in the SW 1/4 sec. 19, T. 21 N., R. 12 E., and inS 1/2 

sec. 9, T. 21 N., R. 11 E. (fig. 17). Analyses of the lignite ~core (Zeller, 

1952, p. 21, 53, and 54) show on an air dried basis an average of about 
\ . . 

25 'percent fixed c.arbon, 18 percent ash; 2 percent sulfur, . 1 ~"-and a heating 

value of 6 ~ 17 0 B. T. U. 's. 

The Harmon lignite, a mile northea~st of the Lodgepole Post Office, 

underlies ,approximately 1, 000 acres and is reported by-Winchester and 

others (1916, plate 10) to average 6 feet or more in . thickness • . There, how~ 

ever, the overburden directly above the lignite is a thick impervious clay 

. - - - I . -
shale. _In this ar~a the Harmon lignite is essenti ally nonradioactive and 

at the two localities sampled .contains only a trace of uranium in its upper 

2 feet. (See locations 142 and 143, fig. 17. ) 

Slim Buttes 

Slim Buttes is a timber-covered, steep sided mesa a half to 5 miles 

in width and 20 mi~es in length in south.western Harding County, S . . Dak. 

(figs. 1, 18, and 19). The mesa is composed chiefly of massive, chalky 

gray, tuffaceou~ sand~tone in the Arikaree formation th~t in places forms 
I 

sheer cliffs 200 feet or more in heig.ht. Slumped rocks that recent ero.sion 

has dissected into riearly impass.able badland~ are present at many places 

around the mesa {fig. 20). Slumping and l~ndslides have so greatly · 
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· disturbed and covered the lignite =bearing rocks about the edges of the mesa 

that at many places. it is very difficult to correlate beds or correctly .inter= 

pret geologic structure. Many good springs issue from rocks along the 

edge of the mesa, but the rugged na.ture of the surface in their vicinity is 

such that few s.toc.k ranches are located so as to take advantage of the ex= 

cellent water. · Water tanks have been erected at many of these springs. by 

the U. S. Forest Service. The top of the mesa~ at a mean elevation of 

about 3 s 6 00 feet, is 400 to 600 feet above the general level of the surround-

ing plains and is gently rolling. A few pine trees grow about the maxgin 

of the butte. The central part of Slim Buttes is most easily ac.cessible 

along the top of the Bu.ttes by aU. S • . Forest Service road that ex:tends 

north from J =B Pass road half a mile east of the divide.. The northern 

part is most easily accessible from the top of the Buttes by six: miles of 

Foreat-Service road extending .northeastward from State Highway 8, 2 

miles wes.t of Reva. 

The oldest rocks exposed in the Slim Buttes area a .re at :its southern 

margin where the White River and Arikaree formations .unconformably 

overlie the Hell Creek formation of Upper Cretaceous age. To the north 

the pre ""Oligpc.ene unc_onformity transgresses progressively younger beds 

and in the central and no.rthern parts of Slim Buttes the Oligocene rocks 

res;t on the ligp.ite-hearing Ludlow member .of the Fort Union formation of 

Paleocene age. (See· fig. 18.) The lignite-bearing rocks dip northeastward 

at about . 20 feet or less per mile. 

The lignite =bearing rocks are relatively undisturbed except at the 



north end of the Buttes, where the rocks are broken by a pre~ White River 

fault (fig. 18) and pre~Arikaree landsliding. The fault trends N. 75 © W. 

for an inferred distance of about a mile i n sec. 28, T. 19 N. 3 R. 8 E. and 

has a maximum stratigraphic displacement of about 150 feet. Drag ~pro­

duced by the relative downward movement along its south side i s quite 

notice able. The nearly horiz_ontal beds of the White River format i on over- · 

lie the steeply dipping lignite = bearing rocks of the Ludlow (fig. 22) ~ but 

lignite~bearing rocks are essentially horizontal 500 feet away from the 

fault. The only other place examined i n the Sli m Buttes area where pre -

White R i ve.r fault i ng _may have occurred i s i n the vic i n ity of Reva Gap 9 

sec. 8 , T. 18 N. ~ R. 8 E. There, however 9 the exposures are so poor 

and r ecent slumping s.o prevalent that the fault i ng and pre ~ Arikaree land­

s liding were not d ifferent i ated. 

The two areas in the Sli.m Buttes where core and surface data are ade ­

quate to estimate res-erves are along the west central part of the Buttes in 

the v i c inity of the Mendenhall mine, locati ons 83 to 96 (figs. 18 9 23, and 

24) and in the .Bar H area at the northeast tip of the Buttes~ locati ons 110 

to 118. The radioactive beds in these areas average 6 to 12 feet in thick ... 

ness (fig. 19 ) and a .re of -excellent quality lignite. An average of 13 Bureau, 

of Mines analyses of lignite coxe from the Mendenhall area .shows the 

radioactive bed to cont'ain on an a i r dried basis approximately 38 percent 

fixed carbons 13 percent ash, 1. 7 percent sulfur, : and a heating value of 

about 8 9 4.20. B. T. U. ' s (Zeller 1952). The amount of mineralization var i es. 
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Figure 20.--West face of Slim Buttes T. 16 N., R. 7 E., showing badland 
topography formed by landslides and slumping in White River and Arikaree 
formations • 

Fic,aure 21.--Cliff-f'orming, tuffaceous sandstone of Arikaree formation 
unconformably overlying bentonitic clay and siltstone of White River 
formation at Reva Gap, SWt sec. 8, T. 18 N., R. 8 E., Harding County, 
South Dakota. 

Figure 22.--Angule.r unconformity between White River and Fort Union 
formations in Bar H area, NEt sec. 33, T. 19 N., R. 8 E., Harding County, 
South Dakota. 
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Figure 23.-Radioactive lignite in Fort Union formation unconformably 
overlain by White River-Arikaree sotn"ce beds or uranium T. 17 N., 
R. 7 E., Harding County, South Dakota. Mendenhall strip mine in 
lett toregraund (see f'ig. 24 below). 
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Figure 24.--llendenhall strip Jldne, NW;f SEt sec. 1, T. 17 N., R. 7 E. 
Harding County, South Dakota. Three-toot shovel in center fore~und 
rests on base of lignite averaging 8 feet in thickness. Anaqses 
listed in margin show uranium content or lignite and siltstone roof •. 
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Pigure 25.--Jeep-powered auger used 
in s. Dak. by the Geological Survey 
to obtain unweathered samples of 
radioactive lignite. 
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from p lace to place an.d appears to be most closely controlled by the strati­

graphic proximity of the lignite bed to the base of the White River forma ­

tion and to the permeability of the rocks directly overlying the bed . 

The occurrences at widely separated locations 7-9~ 81 , 101, 107, and 

108 (fig. 18) i ndicate that radioactive lignites 5 feet or more in thickness 

probably underlie most of the 60 odd square -miles of White River and 

Arikaree terrane capping Slim Buttes . However ~ in computing the reserves 

of radioacti ve lignite the surface and core data were considered adequate 

for only a total of about 7 square -miles. On the basis of the surfa<;e and 

core hole data ~ it i s estimated that there are at least 5 , 250 , 000 tons o£ 

str ippable l i gnite in beds 5 feet or more in thickness in the Mendenhall 

are a and a combi ned total of 33, 250, 000 tons of lignite in the Mendenhall 

and the Bar H areas which w i ll require underground m ining. Potential 

reserves of radio~ctive lignite underlying all of Slim )3uttes are estimated 

to be i n the ne i ghborhood of 340 ~ 000 , 000 tons. 

Long Pine Hills 

The Long P ine Hills a;re a high mesa, 2 to 5 miles in width and 14 

miles long north and south in the eastern part of Carter County, Mont. 

Throughout the length of the mesa, chalky gray sandstones and bentonitic 

clays of the Arikaree and Wh:i.te River formations unconformably overlie 

the lignite -bearing Ludlow member of the Fort Union formation. These 

strati grap h i c units make up the mai n body of the mesa which rises 500 

feet or more above the general level of the surrounding plains. Beds of 
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lignite 30 inches, or more i n thickness occur at few places .around the mesa 

and are generally ove:rlai n by 100 feet or more of impervious shale. A 

7 - day reconnai ssance examinati on of most of the lignites exposed along 

the flanks of the mesa did not find s ignifi cant ,depos its of radioacti ve car~ 

bonaceous mater i als.. At the abandoned Chuning m ine at the southern t i p 

of the mesa , i n the NE 1/ 4 sec. 21, T. 3 S .. , R. · 6.2 E., a lignite 5 feet 

in thi ckness occurs 150 feet below the base of the White R iver formation 

(Bauer 9 1924, plate 23, local i ty 287 ). The impure character of the bed 

and it s low urani um con tent (s e e fig. 16, locality 121) makes the occur ­

r e n e e onl y of academi c i ntere st. The lignite at the Chuning mine thi ns 

to the west and i n the NV/ 1/ 4 seco 19, T. 3 S. ~ R. 62 E. (Bauer's 

loc ali ty 291 ) ~anges. from 6 inches to 2 feet in thickness. The ligni te i s 

only mildly radi oactive o (Se e fig. 16, loc.ali ty 120. ) The sa me bed~ o.r 

one in the NE 1/ 4 s e c" 20 9 T. 1 S. 9 , R. 61 E. 9 at about the same strati= 

graphi c horizon at the northern t ip of the mesa, contains a s ignificant 

amount of urani um but i s 1 foot or less in thi ckness at most places a:p.d i s 

of no commerci al importance (locality 122, fig. 16 )o 

The thi n, l e n ticular character and poor quality of the stratigraphically 

h ighes t ligni te, the thi ckness of generally impervious materials .betwee n 

i t and the overlyi ng source b e ds, and t he low m ineral content qfthe five 

most radi oacti ve samples collected during. the reconnai ssance examina­

t i on make it seem unl ikely that radi oactive ligni tes of commercial impor­

tance w i ll b e d i s c ove red i n the regi on of the Long P ine, H i llso The massive 

. coarse-grai ned sandstones dire~tly underlying the pre-Oligocene 
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unconformity in the Long Pine. Hills~ however, may at som.e places act as 

a favorable host rock for the localizati on of secondary uranium minerals. 

The discovery of secondary uranium m inerals in sandstones underlying the 

White River formati on at Reva Gap in Slim Buttes make the possibi lity of 
'~-

a similar d i scovery i n the Long Pine H ill s not unlikely. 

RESERVES 

General statement 

Avai l able data from northwestern South Dakota .and adjacent areas 

i nd i cate that the regi on contai ns an aggregate of at least 4 7 , 500 9 000 tons 

of l igni te containi ng 3 9 900 tons of uranium. Almost a fifth of the estima:~ 

ted reser.ves are adapted to stri p m i n i ng and a re i n beds averagi ng 4 feet 

in thi c kness. Analyses of abo ut 275 channel and auger samples in addi tion 

to 1 9 000 samples f rom d rill cores i ndi cate that the l ignite contains an 

ave r age of sl ightly more than 0. 008 percent uranium. I n some areas the 

uranium content ranges from 0. 015 to 0. 03 percent. The ash content of 

the l ignites ranges from 10 percent or less to about 20 percent ; the urani~ 

urn content in the ash thus is at least five times and generally seven to 

ten times that of the lignite 0 Proximate and ultimate analysis show a low 

s-ulfur content (2 percent or less ) and heati ng values on an a i r dried 

basis of about 8 , 2 0 0 B 0 T 0 U . 6 s ( Ze 11 e r ~ 1 9 52 ) . 

The radi oactive depos i ts in the Sli m Buttes. area of Hardi ng Countys 

S.Dak. ~ a r e pe rhaps the most promisi ng of those exami ned in the 
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Dakotas. , The lignites underlying Slim Buttes ave.rage ten' feet or more in 

thickness and are favorably related to the :position of the base of the over­

lying White River formation to permit w ide-spread mineralizat ion by 

groundwater. 

Approximately 850 feet of core drilli ng in 8 shallow holes along the 

northeast side of Slim Buttes u:p.der contract No. Igs 12521 was completed 

late i n July~ 1952 (Zeller, 1953)." The ca.re drilling conducted in the Slim 

Buttes area under this contract i n 1951 and 1952 and by the U. S. Bureau 

of M ines in 1952 and 1953 (Gi l1 9 1954b), i s not considered adequate to 

app r ai se the area ' s potentiali t ies. For example, radioactive lignite prob­

ably underli es about 60 square miles in the Sli m Buttes area, but only the 

re s erves underlyi ng about 7 square miles , where data from both drilling 

core and surface secti ons were available ~ a r e included in the est imates. 

From t he incomplete data at hand it i s possi ble that. Slim , Buttes Inay be 

underlai n by 340~ 000 , 000 tons of radi oacti ve ligni te i n beds averagi ng 5 

feet or more i n thi ckness and containing at least 24, 000 tons of uranium. 

A total of 15 to 20 core holes, 375 to 400 feet deep, at an estimated cost 

to the government of $25,000 to $35,000 would pr ov ide a more complete 

and accurate appraisal of the area 1 s potentiali t i es.. Large underground 

reserves of nonradioacti ve lignite at most places underlie the uppermost 

m i neralized bed in the Slim Buttes area . . Large additi onal strippable and 

underground reserves o( nonradi oactive ligni te also are available 7 to 9 

miles north of Slim :Sut,tes along the South Fork of the Grand River in the 

vicini ty qf the Shi rley Mine (sec. 35, T. 21 N., R. 8 E.) • . The region in the 
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icinity of Sli m Buttes~ therefore~ se.ems particularly well adapted for 

providing large tonnages of lignite for lignite ~consuming industri al installa~ 

tions of major size o 

In addition to the estimates of uranium-bearing reserves l i sted here i n 

for northVtestern South Dakota and adjacent areas, Moore 9 and others (1954) 

report an inferred estimate of about 5 3 000~ 000 tons of radioactive lignite 

(average grade 0. 007 percent) underlying about 1 9 200 acres at Sentinel 

Butte in Golden Vall-ey County, No Dako p and about 4, 200,000 tons (average 

grade 0. 007 p~ rcent ) underlyi ng 500 acres at Bulli on Butte in Billinga 

County, No Dak. The radioactive beds in t hese areas average from 2. 5 · 

to 405 fe et i n thickness. Bullion and Sentinel Buttes are i n the southwest 

corner of North Dakot a 3 8 and 52 miles north of the Medicine Pole H i lls o 

The thi ckness and character of the Wh:i,te R iver formati on which caps these 

Buttes wi ll requi re t hat the l igni te be recovered by underground mining. 

I n Slope County, N. Dak., about 5 miles north of Bowman, Moore and 

othe r s estimate a reserve total of about 17 9 950, 000 tons of u:ranium-bearing 

lignite underlying about 5, 200 acres i n the vici n ity of Chalky Buttes. There 

the grade is estimated to be 'about 0. 017 percent but the beds average 2. 5 

feet or less i n thickness and most will require recovery by methods of 

underground mining. Approximately 600 acres are overlai n by 30 feet or 

less of overburden and underlain by u:ran:ium-bearing lignite 2. 0 feet or 

more in thickness (average grade 0. 016 percent ) whi ch are suitable for 

stri pping. 
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In the Ekalaka Hills, Carter County 3 Mont., Gill (1954a) estimates a 

total reserve of 16, 500, 000 tons of mildly radioactive lignite (average 

grade 0. 005 percent) which underlies about 2, 000 acres. The beds aver­

age about 5 feet in thickness and at most places ·are overlain'by 200 feet 

or more of massive bedded sandstone. 



Summary of i nferred reserves of uranium~bearing lign ite i n northwestern South Dakota 
and adjacent are as 

Loc ation 

Mendenhall area , in parts 
of sees. 1 and 12, 17 N., 
7 E. ; sec. 3 6, 18 N. , 7 E. , 
and sees. 5, 6, and 8, 
17 N., 8 E. 

Johnson Outlier, S 112 
sec. 9, and SW 114 SW 114 
sec. 10 9 21 !'I., 11 E., 
Perkins County 

Lodgepole area, C of Vl 
il2 sec. 19, 21 N., 12 E., 
Perkins County 

~:~North Cave Hills, 
C sec. 19, 22 N., 5 E., 
Harding County 

Medicine Pole Hills, in 
parts of sees 0 1 and 2, 
13 0 N 0 , 1 04 W . , and S E 1 I 4 
sec. 35, 131 No, 104 Wo , 
Bowman County 

Area 
{acres ) 
600 

90 

30 

20 

360 
40 

Strippable reserves 

Thickness 
(feet) 
5.0 

Upper 

4.0 

5.0 

4.5 
3.0 

Grade 
(p ercent U ) 
0.009 

0.010 

Oo010 

0.005 

0.006 
0.013 

Subtotal 

L ignite .!_I 
(short tons) 
5,250,000 

472,000 

210,000 

175,000 

2,835,000 
210,000 

9,152,000 

-Uranium~/ 
(short tons) 

470 

45 

20 

10 

170 
25 

740 

Core 
holes 
14 

2 

4 

0 

5 

.!./ Tonnage estimates based on l, 750 tons of lignite per acre foot - net result rounded to nearest 1, 000 
tons. 

?:_I Figures rounded to nearest 5 tons. 
~:~ Reserve data for the mineralized "Err B ed in parts of sees. 22, 26, and 27 ~ T. 22 N., R. 5 E., i n 

the North Cave Hills are not available but will be included in a subsequent report. 

00 
H.:.. 



Summary of inferred rese r ves of ur ani um =bearing l ignite i n northwestern South .Dakota 
and adjacent areas = =Cont i nued 

Uride~~g:r.·o~~nd .m i n i ng reserves 

Location 
Area Thickness· G r ade Lignite .!_/ Urani um2/ Core 

(acres ) (feet ) (percent U ) (short tons) (short tons) holes 
Bar H area~ in parts of 600 upper 0.010 5~250,000 525 1 

s e c s . 2 0 ~ 2 1 , 2 8 , 2 9, and 5. 0 of 

33, 19 N~,, 8 E., Harding 1.2 0 9 
County 

Mendenhall area, in 3,200 upper 0.008 28,000~000 2,240 28 

parts of sec s. 1 and 12, 5. 0 of 
17 N. , 7 E. , sec s. 5, 6, 8.0 
7 , and 8 , 1 7 N. , 8 E. , 00 

U1 

and sec s • 3 1 and 3 2 , 1 8 N. , 
8 E., Harding County 

South Cave Hills, in SW 600 3.0 0.009 3,150~000 285 0 

1/4 sec. 2-8 and NW l/4 
sec. 3 3 , 21 N. ~ 5 E. ~ NE 
l/4sec. 5, 20N., 5E.~ 
S l/2 sec. 13 , 2 1 N. , 4 E . , 
Harding County 

McKensie Butte, in SE l/4 50 3.0 0.01 262~000 25 0 

sec. 2 0 , 2 0 N. , 5 E. ~ 

Harding County 

Table Mt. , in parts of 500 2.0 0.008 1,750,000 140 0 

sec s . 5 , 6 ~ 7 and 8 , 2 2 N. ~ 

4 E. , Harding County 
Subtotal 38~412,000 3,215 

Grand tot al strippable -and undergr ·ound 
,.. ii· .... 

47,564,000 3~955 
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APPENDIX 

Summary of analyti cal data on s urface samples and 

auger cuttings of radioactive lignites from northwestern 

South Dakota and adjacent areas. Data supplied by U. S. 

Geolog ical Survey Trace Elements Laborat or ies, Washi ng -

ton, D. C. and Denver, Colorado: J. C. Rabbitt and 

Lewi s F. Rader i n charge. 

Chemi cal analyses by: F. Cuttitta, A. Dufour, E. Mallo.ry, 
J. J. McGee, W. P. Tucker, Jr., 
and H. W. Worthing. 

Radi ometric analyses by: C. Cox, B. A. McCall, J. N. Rosholt, 
and J 0 J 0 war r ' J r a 



Locations 1 to 15, Table Mountain and adjacent ~~tliers, Harding County, South Dakota. (See fig. 13.) 

Local­
ity 
number 

1 
2 

3 
4 
7 

8 

9 

10 
11 
13 
14 

15 

Labora­
tory 
number 

42469 
42458 
42461 
42459 
42460 
42465 
42467 
42468 
42462 
4246~ 
42933 
42455 
42457 
42463 
42470 
42454 
43901 
42936 
42934 
42935 
42937 

Thickness 
of sampled 
interval 
(feet) 

2.3 
2.6 
3.8 
2.6 
2.9 
1. 3 
0.3 
2. 1 
4.8 
1.6 
3.0 
1.7 
2.8 
3.0 
2.3 
1.7 
2.2. 
·s. o 
2.2 
0.7 
0.5 

Ash 
(per­
cent) 

23.6 
34.6 
16. 1 
26.4 
57.3 
45.0 
63.2 
28.7 
33.5 
45.4 
26.8 
30.9 
17.0 

- ~.1 

'29. 7 
32.4 

22.1 
·29. 1 
59.6 
53.5 

Equiva­
Uranium Uranium lent 
in ash in sample uranium 
(percent) (percent) (percent) 

0.028 
• 017 
• 002 
• 090 
• 026 
• 006 
• 067 
• 012 
.·oo5 
• 010 

• 046 
• 062 
• 001 
• 003 
• 038 

o.oos 
• 005 
• 000 
• 020 
• 012 
• 003 
• 036 
• 003 
• 002 
• 005 
• 005 
• 013 
• 009 
.001 
• 001 
• 015 
• 004 
• 000 
• 001 
• 001 
• 003 

o. 004 
• 006 
• 000 
• 016 
• 014 
• 002 
• 021 
• 002 
• 00'1 
• 004 
• 005 
• 014 
• 008 
• 000 
• 000 . 
• 012 
• 004' ' 
• 001 
• 001 
• 002 
• 004 

Location 

NW NW 7-22N-4E 
Do • 
Do • 
Do • 

NW SE 7-22N-4E 
NE SE 7-22N-4E 

Do. · 
Do • 
Do. 

NE NE 8-i2N-4E 
Do • 

NW SE 5.-22N-4E 
Do. 
Do. 
Do • 
Do. 
Do. 

NW SE 6-22N-4E 
CSL 17 -22N -4E 

Do. 
,SE SW 9-22N-4E 

Locations 16 to 51, North Cave Hills, Harding County, South Dakota. (See fig. 13.) 

16 
17 
19 
21 

22* 

23 
24 
25 
26 

27* 
28 
29* 
30 

43148 
43150 
43151 
43153 
43152 
145024 
'45025 
43154 
43155 
44254 
43659 
43660 
45023 
43658 
450E2 
47864 . 

3.2 
3.9 
o. 5 
0.5 
4.8 
2.0 
2.0 
5.2 
5.0 
1.9 
4.5 
4.0 
3.0 
1.8 
1.0 
2.0 

/ 
25 • . 77 

· ' z1·~ 16. 
95'~ 6~ 
95.40 , 
?9.49 
'76. 9, 
65.66 
22.14 
42.27 

., . 4Z:~ 6.5 
... ·:.;6~,. 54 
. •:. ~1.3'5. :49 

8~ • . os 
z7.\42 

/: 
' o. 012 

• 003 
• 003 
• 016 
• 005 
• 002 
• 002 

. • 002 
• 005 

• 015 
. ·oo8 
• 025 
• 002 
• Oll 

0.003 o. 004 
• 001 • 001 
• 003 • 007 
• 011 • 006 
• 001 • 001 
• 002 • 002 
• 002 • 002 
• 001 • 001 
• 001 • 000 
• 005 • 005 
• 001 • 000 
• 006 • 004 
• 005 • 006 
• 007 • 006 
• 002 • 004 
• 003 • 003 

CEL SE 4-22N-5E 
CWL NE 9-22N -5E 
SW NW 10-2,ZN-SE 
SW SE 10-22N-5E 

Do. 
Do. 
Do. 

SW SW ll-22N-5E 
SW NW 11-22N-5E 
NW SE 2-22N-5E 
NW SW 14-22N-5E 

Do • 
Do. 

SE NW 26-22N-5E 
Do • 

CE~ SE 27 -22N -5E 

Note: At l .ocations 5, 6, 12, 18, and 20, lignite is nonradioactive and was not sampled. 

* Auger hole. Due to contamination of wall rock with lignite cuttings, uranium analyses are 
25 to 45 percent below their true values. 
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Locations 16 to 51, North Cave Hills, Harding County, S,outh Dakota. (See fig. 13. )--Continued 

Thickness Equiva~ 

Local- Labor a- of sampled AIJh Uranium Uranium. lent 
ity tory interval (per- in ash in sample uranilim 
number number (feet) cent! (Eercent) ~Eercent! ~ercent) Location 

31 43898 1. 6 0.004 o. 004 SW SW 35-22N-5E 
32* 43903 10. 0 53.43 0.001 • 001 • 001 SE SE 36-2ZN-5E 
33 43900 2.2 • 001 • 001 SW SE l2-2IN-5E 

43899 5.8 • 001 • 000 Do • 
34 45110 4.8 • OOI • 000 NE NW 13-21N-5E 
35 46222 1.3 • 003 • 002 SW SE 11-2IN-5E 

4622I 5.0 • 002 • 001 Do • 
36 43654 2.1 42.23 • 018 .• 006 • 007 SW NW 10:-2IN-5E 

43653 4.6 • 003 • 002 sw NE I0-2IN-5E 
37 43657 · I. 1 38.82 • 025 • 004 • 004 I SE NW 34-22N-5E 
38 43656 0.8 37.2I • OI9 . • 006 • 006 NE SE 33-22N-5E 

43655 3.6 ._OOI • OOI Do • 
39 43652 1. 7 4Z. 11 • 023 • 008 • 006 EL SW NW .33-22N-5.E 

4365I 3.3 • 003 • 002 Do • 
40 44264 0.5 • 006 • 007 ·SESE 29-22N-5E 

44263 0.3 • 005 • 004 Do. 
44262 2.0 • 002 • 003 Do • 
44261 I.9 • 001 • OOI Do. 

4I 44260 I. 8 • 002 • 002 NE SW 29-Z2N-5E 
42 44258 1.6 .ooo • 000 SW NE 3 o--22N -5E 

44259 5.4 .000 • 000 Do • 
43 44267 1.2 • 003 .005 NW NE 25-22N-4E 
44 43649 3,,6 I9. 96 • 028 • 005 • 003 SE NE 24-22N-4E 

43650 1. I 27.I3 • 043 • OIO • OI4 Do • 
45 44269 I . 0 • OI8 • 021 NW SW 19-Z.~N-SE 

. 44268 4 . 3 • 002 • 002 Do • 
46* 45026 I,.25 73.94 • 008 • 006 • 004 Do. 

45027 I ,. Z5 62.84 • 007 • 005 • 007 Do • 
45028 2,.25 61.2 • 003 • 003 • 003 Do • 
45029 2.25 65.28 • 003 • 003 • 004 Do • 

47* 45039 I. 0 69.14 • 006 ~ 004 • 005 NW SE I9-2~N-5E 
45040 5 .. 0 46.26 • 005 • 003 i .004' Do • 

48* 45396 1.0 7I. 86 • 002 • 004 Do • 
45030 I.O 52.81 • 005 • 003 • 003 n-o • 
45031 1.0 54 •. ·33 • 006 • 003 I . oo2 Do • 
45032 1.0 5'4.-59 • 004 • 003 . I • 002 Do • 
45033 1.0 52.~8 • 007 • 003 • 002 Do • 
45034 I.O 54.,94 • 005 • 003 • 003 Do • 
45035 1.0 58.42 • 004 • 003 • 002 · Do. 
45036 1.0 42.61 • 004 • 002 • 002 Do • 
45037 1.0 45.0 .• 005 • 003 . • 003 . Do • 
45038 1.0 55.73 • 006 • 003 • OOZ' Do • 

49* 45397 2.5 40.80 • 005 • 006 SW NE 19-22N-SE 
4504I 4.0 32.85 .006 • 003 • 001 Do • 
45042 1.5 70.63 • 003 • 003 • 003 Do • 

50 44256 2.0 '• 004 • 004 SW SW 9-22N-5E 
51 44255 4.5 • 002 • 001 SE SE 8-Z.ZN-SE 

* Auger hole. Due to conta.mi.n.a.ti6n of walrock with lignite ·cutti:ilga, uranium analysea are 
25 to 45 percent below their true va.lue.s. 
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Locations 52 to 76,South Cave Hills and adjieent outlier~,Harqing County,SouthDakota.(See fig.Il.) 

Thickness Equiva-
Local- La bora- of sampled Ash Uranium Uranium lent 
ity tory interval (per- in ·ash in sample uranium 
number number (feet) cent~ (eercent~ (eercent~ <eercent) Location 

52 43668 0.8 34.32 0.025 0.009 o. 006 SW NE 23-2IN-4E 
43667 0.8 68.39 • 084 • 055 .04I Do. 
43666 0.5 36.63 ; 093 • 034 • 025 Do. 
43669 2.7 • OOI • 000 Do. 

53 43664 2.2 48.5 • 013 • 007 • 028 SE SW 23-21N-4E 
43663 o. 8 69.39 • 020 • OI2 • 017 Do. 

54* 45097 2.0 93.88 • 004 • 004 • 005 Do. 
55 43894 4.2 • 003 • 003 SW SW 13-2~N-4E 
~6 44716 3.5 21.93 • 009 • 007 C SW 18-2IN-5E 
57 44717 1.0 ,,ls~ _. :zo • 045 • 042 NW SW 28-21N-5E 
58 47866 2.5 ·-~rZ2.12 .108 • 024 • 020 NW NW 33-2IN-5E 
59 447I9 1.5 M.o~· l3 • 030 • 029 CSL 28-ZIN-SE 
60 447I8 4.2 'ig~· 3~ • 015 • 014 CSL 28-2IN-5E 
61 43670 I. 1 51.18 • 021 • 013 • 006 Do. 
62 43889 1.0 39.59 • 039 • 014 • 011 SE NW 9-ZON-SE 
63 43888 2.0 49.8 • 013 • 00'7 • 006 SW NE 5-20N-5E 

43887 3.3 40.42 • 031 • 013 • 008 Do. 
64 43890 3.0 38.8 ~ OI4 • 006 • 006 NE· NE 6-2'0N-5E 

43891 1.0 30.I5 • 021 • 007 • 003 Do. 
I, 

65 447I5 3.0 42.13 • 001 • 001 NE SE 6-i.ON-5E 
66 43893 1.7 60.01 • 011 • 006 • 011 NW SE 6-20N-5E 

43892 6.0 • 001 • 001 Do • 
67 43673 2.5 • 004 • 003 C NE 36-21N-4E 
68 43671 1.2 .,004 • 004 SENE 35-21N-4E 

43672 3.0 • 001 • 000 Do • 
69 47934 .1. 75 25.17 .0~6 • OI4 • 015 NE SW 20-20N-5E 

47933 I. 75 ~ • •. Z5.07 .116 • 029 • 016 Do. 
47932 3.0 • 002 • 003 Do. 

70 47937 0.7 83.61 • 020 • 018 • 023 NE NE 19-20N-5E 
47936 . 0.7 94.87 • 035 • 028 • 038 Do. 
47935 0.8 87.62 • 0.31 • 024 • 020 Do • 

71 47925 0.5 85.74 .22 • 19 • 14 SW SE 30 ~20N-5E 

479Z7 0.8 88.94 • OZ2 • 020 • 018 Do. 
72 47926 2. '3 • 005 • 003 SE SW 13-20N-4E 
73 47()30 o. 5 94.93 .019 • 018 • 017 NE NE 21-2lON-4E 
74 4793'·1 1. s·. 54.93 • 046 • 025 • 018 CSL 21-20N-4E 
75 ' 47928 1.6 • 002 • 003 NE NE 2.8-20N-4E 

·:4'7929 1.6 • 003 • OOI Do • 

* Auger hole. Due to contamination of wall rock with lignite cuttings, uranium analyses 
are 2 .~ . to 45 percent below their true values. 
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Locations 77 to 119, Slim Buttes, Harding County, South Dakota. (See fig. 19.) 

Thickness Equiva-
Local- Labora- of sampled Ash Uranium Uranium lent 
ity tory interval (per- in ash in sample uranium 
number number (feet) cent) (percent) (percent) (percent) Location 

77 45052 0.3 0.002 0.000 SW NW l-16N-7E 
78 45050 4.0 • 002 • 005 NE NW 34-17N-7E 

79 45051 0.6 • 001 • 002 NE SW 35-17N-7E 
8'0 47851 1.0 43.79 • 002 • 003 NW SE 8-17N-8E 
81 47852 4.9 17.85 0.039 • 007 • 009 SW SE 8-17N-8E 
82 47853 2. 1 34.30 • 029 • 010 • 009 SE NE 5-1 7N- BE 

47854 2.7 29.47 • 017 • 005 • 005 Do • 
83* 45064 1.5 76.19 • 011 • 010 • 010 SE SW 1-17N-7E 

45065 2.0 82.5 • 009 • 008 • 009 Do • 
45066 2.0 80.3 • 010 . 010 • 008 Do • 
45067 3.0 69.74 • 003 • 002 • 003 Do • 
45069 1. 0 33.21 • 003 • 002 • 001 Do • 
45070 1.0 48.07 • 003 • 002 • 003 Do • 

84 45368 1.5 86.53 • 008 • 010 NW SE 1-17N-7E 
45367 1. 75 25.53 • 030 • 031 Do • 
45366 0.7 85.80 • 002 • 003 Do • 
45365 1.3 21. 93 • 010 • 008 Do • 
45364 0.7 82.0 • 001 • 002 Do • 
45362 2.75 12.20 • 005 • 004 Do • 
45055 2.75 • 002 • 002 Do • 
45054 3.0 • 002 • 001 Do. 
45053 3.0 • 002 • 002 Do • 

.85 45063 4.0 64.56 • 011 • 008 • 005 NE SW 1-17N-7E 
45049 4.0 40.84 '002 • 001 .• 002 Do • 

86* 45061 2.0 78.15 • 014 • 010 • 010 SW NE 1-17N-7E 
45062 2.0 63.61 • 009 • 006 • 006 Do. 
45044 5.0 56.94 • 006 • 003 • 004 Do • 
45045 3.0 so. 60 • 003 • 002 • 001 Do • 

87* 45072 2.0 55.51 • 007 • 006 • 005 SW SE 36-18N-7E 
45073 3.0 38.45 • 009 • 004 • 003 Do • 
45076 8.0 22.18 • 002 • 001 • 000 Do • 

88 45104 2.5 20.39 • 011 • 020 • 012 NW SE 36-18N-7E 
45103 2.5 ·20. 26 • 074 • 014 • 009 Do • 
45102 ~.o • 002 • 002 Do. 
45101 2.75 • 002 • 001 Do • 
45100 2.75 • 004 • 003 Do • 

89 46206 2.2 34.84 • 017 • 006 • 004 Do • 
46205 2.0 • 001 • 001 Do • 

90 46204 2.9 40.34 • 042 • 014 • 012 Do • 
91 46207 2.2 37.15 • 075 • 025 • 017 SW NE 36-18N-7E 
92 45106 3.0 33.09 • 058 • 019 • 015 Do • 

45105 5.5 • 003 • 004 Do • 
93* 45080 7.0 58.5 • 009 • 007 • 005 Do • 
·94 47843 3. 1 22.67 • 075 • 016 • 017 SW SE 25-18N-7E 

* Auger hole. Due to contamination of wall rock with lignite cuttings, uranium analyses 
are 25 to 45 percent below their true values. 



Locations 77 to 119, Slim Buttes, Harding ~ounty, So~th Dakota. ,(See fig,19. )--Continued 

Thid~.ness' Equiva-
Local- Labor a .. of sample4 Ash Ura.nlum Uranium · I~nt 

ity tory interval · (per- in ash in satrtple . uranium 
numbeJ> number ~feet) , :pent) ~ferceatt iEercent} (fercent) Location 

95 - ·47844 3. 5 . 25.63 0.039 0.008 0.010 NW S.W 25-18N-1E 
96 . 46212 o.s z.1. 13 .043 •. 010 • 007 Do. 

46210 0.5 • 004 • 005 Do. 
46209 1,;2 . •. 003 • 002 ~o. 
46208 4.5 • 003 ·~ooa · . bo. 

97 46213 2.7 3·3. 99 .110 • 032 • 026 . Do • 
98 46211 4.4 ·• 004 • 002 . p·J. 
99 '47848 0.2 8.24 .121 • 010 • 009 NE SE '24-18N-7E 

47847 1.8 26.20 • 053 • 014 • 014 Do. 
100 47849 3.0 19.87 .050 • 010 • 009 SE SW ~0-18N,;.8E 

47850 2.5 17.61 • 0~4 • 006 • 006 Do • 
101 47855 3_. 7 25.05 • 020 ·• 008 • 005 NW SW ~8-18N-8E 
102 47856 3.5 35.80 • 025 • 009 • 007 SW SW 29-18N-8E 
103 47857 4.Z 17.93 • 011 • 0,02 • OOl SE SE 8-18N-8E 
104 47859 1~7 28.07 • 014 • 0~4 • 004 NE NE 17-18N .. 8E 

47858 3.1 - 12.55 • 002 • 003 Do. 
105 47860 0.4 80.13 • 014 • 011 • 012 Do • 
106 43895 3.5 • ooz • 003 NE SE 1-18N-7E 
107 43896 5.0 • 004 • 003 Do • 

'f3897 3.0 • OQ1 • ~01 Do. 
108* ~7943 - ~.. 0 • 005 • 002 SW SW 8-18N-8E 

479.4 2.· o • OQ,3 • 002 -· Do • 

47945 2.0 • ooz • 001 Do. 
-i7946 2.0 • 003 • 002 Do. 
·47947 z.o • o'o2 • 001 Do .• 
47948 i~ o • OQ3 • ()01 o<>~-

109* 47949 8.0 • 003 • 002 si NW ~..;18N-8E 
47953 ?•O • 004 • 003 Do.· 
47954 4 •. 0 • 003 • 002 Do. 
47956 1. 5 • 004 • 002 Do • 

110 42930 o. 8 93.3 • 019 • 019 NW NE 33--19N-8E 
1

• 42931 0.7 29. 1 • OlZ • 013 Do. 
111 -42.729 5.0 23.7 • 059 • 011 • Qll Do. 

42730 0.25 94.5 • 002 • 003 • 0.03 .Do. 
42731 7.0 15.7 .• 064 • 007 • . 019 Do • 

112 1292.8 4.2 17.0 • 001 • 000 NW SW 27-19N-8E 
429~7 1_ 5 92.9 • opf , • 002 Do. 
42926 8.0 14.6 • ooo· • 000 Do. 

113 42929 3.5 36.1 • 00.9 .. 007 CSL Z8-19N .. 8E 
114 46196 Z.5 Z8. 32 • 088 • 028 • 013 C E-1/2 Z8-19N-8E . 

46195 z.s 9.89 .010 • 009 • 007 · Do. 
115 46198 o.s 97.80 .012. • 014 • 019 Do. 

46197 0.70 97.07 • 010 .010 • 011 Do. 
116 46199 2.0 zz. 54 .' .038 .006 • 007 SW NE Z8-19N-8'F; , 

117 462.00 5.5 19.70 • 085 • 015 • Oil SW SE; 20-19N-8E. 

118 46201 2.0 18.1-2 • 053 • 009 • 007 SE 'SE ?0-19N-8E 

119 42923 0.7 36.5 • 003 • 005 sw ·2o-zlN-8E 
42924 3.2 19.4 • 001 • 001 . Do· • . 
42925 2.2 18.0 • 001 • 001 Do~ 
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Locations 120 to 1:23-;·'LOng Pine Hills, Carter County, Montana. (See fig. 16.) 

Thickness Equiva· 
Local- Labor a- of sampled Ash · urapium Uranium lent 
ity tory interval (per- in ash in sample uranium 
number number (feet) cent) (Eercent) (percent) <eercent) Location 

120 42472 2.0 10.l> o. 006 o.·oo4 0.004 NW NW 19-3S-6ZE 
121 46215 2.5 • 004 • 005 SW NE 21-3S-62E 

4 621.4 2.5 • 003 • 005 Do. 
122 46216 0.8 33.62 • 043 • 014 • 008 NE NE 20-1S-61E 
123 46217 0.8 • 003 • 002 SW SW 13-1N-58E 

Locations 125 to 132, 1~7, and 148, Medicine Pole Hills, Bowman County, North Dakota. (See fig. 16.) 

125 42474 4.0 45.1 0.015 0.005 o. 005 NE NW 12-130N-104W 
126* 45390 5.0 61.33 • 004 • 005 SE SW 35-131N-104W , 
127* 45393 4 . 5 64. 0· • 010 • 008 NW SE 35-131N-104W 
128 45398 5.5 17.33 -. 009 • 007 Do. 
129 45056 2.0 • 001 • 001 NW NW 29-131N-103" 
130* 45394 8.0 55.46 • 001 • 002 SW SW 20-131N-103W 
131 45369 2.(). 34.26 • 010 • 'oo8 NE NE Z1-131N-103W 
132* 45395 5.0 59.60 • 001 • 002 Do • 

45060 5.0 54.20 • 002 • 002 • 003 Do. 
147* 45391 3~5 58.40 • 019 • 019 NE SE 2-130N-1 04W 
148* 45392 5.0 60.66 • 003 • 003 SW NW l-130N-1 04W 

Locations 133 to 145, Lodgepole area, Perkins County, South Dakota. (Se·e fig. 16.) 

133 42473 6.0 21.3 0.001 o.ooo o.ooo SW SW Z0-21N-12E 
134 45091 2.0 76.94 • 005 • 004 • 004 SL SE sw 20-21N-1ZE 

45092 6.0 38.48 • 001 • 001 • 000 Do • 
135 45109 2.1 29.95 • 035 • 009 • 007 Do. 
136 43902 2.0 29. 12 • 016 • 005 • 004 Do. 

43156 4.0 19.89 ~ 008 • 002 • 001 NW NE 30-21N-12E 
137* 45081 2.0 64.17 • 016 • 012 • 008 sw NW 19-21N-12E 

45082 2.0 57.13 • 005 • 003 • 002 Do • 
45083 2.0 40.4:j • 004 • 003 • 001 Do • 

138 45107 2.0 54.28 • 028 • 015 • 010 Do • 
139* 45084 2.0 61.99 • 023 • 015 • 015 Do • 

45085 2.0 66.20 • 009 • 008 .• 006 Do • 
45086 2.0 47.31 • 007 • 004 • 002 Do • 
45087 1.5 48.10 • 004 • 003 • 002 Do • 

140* 45088 2.0 56.53 • 004 • 003 • 002 NW NE 19-21N-12E 
45089 2.0 21.9 • 003 • 002 • 001 Do • 
45090 1.5 54.41 • 002 • 002 • 002 Do • 

141 .45108 2.6 • 004 • 003 NE NW 19-21N-12E 
142 47958 2.0 • 001 SW SW 2-21N..:12E 
143 43157 3.0 23.41 • 003 • 001 • 001 NW SW 3·3-22N- l2E 
144* 45093 3.5 64.75 • 009 • 006 • 006 . CEL SESE 9-21N-.... IE 

45094 1.5 53.05 • 004 • 003 • 003 Do • 
45095 2.5 52.53 • 004 • 002' ' • 002 Do • 

145 44272 5.5 • 004 • 003 NE SW 9-21N-11E 

* Auger hole. Due to contamination o£ wall rock with lignite cuttings, uranium analyses 
are 25 to 45 percent below their true values. 



U. S. DEPARTMENT OF THE INTERIOR 
GEOLOG ICAL SURVEY 

···,-· 
.r--

,.....J 
- ·· 

Khc 

R 7 E 

T 
19~--------_,------------~------~~~~~~~~~~~-r 

N 

Khc 

Khc 

.. r 
I 

K!lc 

\ 
\ 

R B E 

TRACE ELEME NTS INVESTIGATIONS 
REPORT 467 

Khc 

EXPLANATION 

Landslide 

White River formation 
(OIIqoc~ne) and Arlkaru 
formation (Miocene?} 

Fort Union format ~on 
Ludlow (Ttl) member 

Hell Creek formation 

Outcrop of LiQnite Bed 
Enc:ircled numbers• 
110 Lignite section 
.ou Percent uranium 

,... ..... ....__...._ 
Inferred Outcrop of Lignlt~ 

Burned Outcrop of Llgnite 

Faull, daahed where appro• 
lmately located, dotted where 

covered. 
~ 

Mine 

0 
Auger Hole 

Boundary of Custer National 
Forest 

I 
--+--

1 
Section Comer Recovered 

Due o cont am ina ti on of lignite 
cuttings with wall rock , the uran­
ium analyses of samples from 
auger holes are approximately 
25 to 45 percent below their 
true values. 

Geology modified after Winchnter, 
tl of, 19 16, P latt I 

FIGURE 18.--GEOLOGIC MAP OF SLIM BUTTES AREA, HARDING COUNTY. SOUTH DAKOTA 
by 

N. M. Denson, G. 0. Bachman and H. D. Zeller 

SCALE 

o-. ............ C=============2-. .......... .-3============~4._ .......... .-5 M il~• 
4 



U. S. DEPART MENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

TRACE ELEMENTS INVESTIGATIONS 
REPORT 467 

EXP L ANAT ION 

I{ Wh"• ~~, .. ~ 
~~ ~ ~ Fort Union formtlon 

Tongue River (Ttl) ond 
Ludlow (Tfl) members 

~~f 0 }~ 
~ Hell Creek formation ~ 

IX 

® 
~ 

Outcrop of Lignite Bed 
Enc ircled numbers • 
45 Ug,ite sect ion 

.o •• Percent uronium 

St ratigraphic secti on 

...... _,,..., 
\.. 

Inferred Outcrop of Llljnlte 

Burned Outcrop of Lign ite 

Abandoned Mine 

z ~ 0 

~j-----~~--~------~~--r-----~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~::=-------t-~~~~==:j~/?~~-----t~--------~~ Auger Ho le 

.. 

R 4 E R 5 E 

Boundary of Custer Noti onal 
Forest 

I 
--- +---

. I 
Secteon Corner Recovered 

Due t o contamination of li gn it e cu tting!. 
wi th wa ll rock, the uranium analysts of 
samples from auger holes ore oppro ~ im ate l y 
2 5 t o 45 percent below their tr ue values. 

Geology modif ied aft~ r Winchester, 

19 16 , Plat• I 

GEOLOGIC MAP OF CAVE HILLS AND TABLE MO NTAIN AREA, HARDING COUNTY, SOUTH DAKOTA 
bl 

N. M. Denson , G. 0. Boc man and H. D. Zell er 

SC LE 
o 2 3 4 5 lol ll u ---------========--------E========---------

19 

FIGURE 10 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100

