
~~) ~<~~~~~~ 
-J(p7r- ~ee~~ ~I Jo/09 

fir} . Lfo..z, 0 
Reconnaissance for 

Uranium-Bearing Lignite in 

the Ekalaka Lignite Field, 

Carter County, Montana 

By J. R. Gill 

Trace Elements ln'Vestigat ions Report 452 

UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 



OFFICIAL USE ONLY 

Geology .and Mineralogy 

This document consists of 2? pages ~ 

Series A · 

UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

RECONNAISSANCE FOR URANIUM-BEARING LIGNITE 

IN THE EKALAKA LIGNITE FIELD 

CARTER COUNTY, MONT ANA* 

By 

James Re G.ill 

July 1954 

Trace Elements Inveatigations Report 45Z 

This preliminary report is distributed without 
editorial and technical review for conformity 
with offic1al standards and nomenclature. It 
is not for public inspection or quotation. 

When separated from Part II, handle Part I as 'UNCL~:SSIFIED. 

* This report concerns work done on behalf of the Division of 
Raw Materials of the U. S. Atomic Energy Commission. 

OFFICIAL USE ONLY 



~ 

USGS - TEI-454 
GEOLOGY AND MINERALOGY 

Distribution (Series A) 
Argonne Nati onal Laboratory . 

·Atomic Energy Commission, Vf ashington 

Divi sion of Raw Materials~ Albuquerque 
Divi sion of Raw Materials, Butte 
Division of Raw Materials, Denver 
Division of Raw Materials~ Douglas 
Division of Raw Mate rials, Hot Springs • 
Division of Raw Materials, Ishpeming 
Divi sion of Raw Materials 1 Phoenix 
Division of Raw Materials,·: Richfield 
Di v ision of Raw Materi als, Salt Lake City • 
Division of Raw Materials, Washington . 

Explorati on Divi s ion, Grand Junction Ope'rations Office • 
Grand Junction Operations Office 

Technic al Information Service, Oak Ridge . 
Tennessee Valley Authority, WUson Dam • 
U .. S .. Geological Survey: 
Alaskan Geology Branch~ Menlo Park 
Fuels Branch, Washington 0 

Geochemistry and Petrology Branch, Washington . 
Geophys ics Branch, Washi ngton 
M i neral Depos its Branch, Washington 
E. H., Bailey, Menlo Park 
Ao Lo Brokaw, Grand Junction 0 

K . L. Buck, Denver . 
J. R .. Cooper, Denver 
No M. Denson, Denver .. 
Cq E ~ Dutton, Madison ~ 

W o L ~ Emer ic k, Plant City 
L. S . Gardner, Albuquerque . 
M .. R. Klepper, Washington 
.A. .. H. Koschmann~ Denver 
R .. A . Laurence, Knoxville 
D. M. Lemmon, Washington . 
J . D~ Love, Laramie 
V .. E . McKelvey, Menlo Park . 

,_' . 

R . J. R ss ~ rte-, Salt Lake City R. tJ;. r.-I,PJt.#'( .. 
04. D. Singewald, Beltsville 
J. F. Smith, Jr" , Denver 0 

A p E. We i ssenborn, Spokane 
TEPCO, Denver 
TEPCO, RPS, Washington (Including mast~r) 

. . 

No . of copies 
1 
1 

1 
I 
1 
1 
1 
1 
1 
1 
1 
3 

1 
1 

6 
1 

1 
3 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 

54. 



\ 

3 

CONTENTS 

Abstract 0 , 0 

Introducti on 
Location and access ib i l ity . 
Previ ous work 
Acknowledgments 

Stratigraphy 
Uppe-r Cretac eous rocks 

Hell Creek format i on . 
Terti ary rocks . 

Fort Uni on format i on . 
Arikaree formation 

Structure 
L igni te 
Origin 
Reserves 
Literature c i ted . 
Unpublished reports 

ILLUSTRATIONS 

F igure 1. Index map of Carter County 9 Montana, showing 
l ocati on of Ekalaka Hi lls area . 

2 o Preliminary geologi c map of Ekalaka H i lls, 

Page 
4 
4 
7 
7 
7 
8 
8 
8 
8 
8 
9 

10 
10 
20 
22 
25 
25 

5 

Carter County , Montana 6 

3. Stratigraphic secti ons showi ng correlation of 
ligni te beds, Ekalaka H i lls, Carter County 9 Montana 11 

4 o Chart showi ng cloncentrati on and distributi on of 
urani um i n l i gni te beds 9 Ekalaka Hills, Carter 
County, Montana . 1-9 

5. Map showi ng area underlain by urani um-bear i ng 

Table 1. 

lignite 9 Ekalaka Hi lls, Carter County, Montana 23 

TABLES 

Summary of analytical data on surface samples of 
radi oactive ligni tes i n the Ekalaka H i lls area, 
Carter County 9 Montana 13 

Analyses of wa-ter samples from sp'r i ngs in the 
Arikaree formati on 9 Ekalaka H i lls, Carter C.ounty, 
Montana 22 



· 4 

RECONNAISSANCE FOR URANIUM~BEARING LIGNITE IN THE 

EKALAKA LIGNITE FIELD, CARTER COU.NTY, MONTANA 

By James. R .. Gill 

ABSTRACT 

Uranium-bearing lignite beds I. 5 to 8 feet thick occur in the Fort 

Union formation of the southern part of the Ekalaka Hills, Carter County, 

Mont. Data from surface outcrops indicate that an area of about 1 ~~ 400 

acres is underlain by 16, 500, 000 tons of uranium-bearing lignite contain~ 

ing 700 tons of uranium. The uranium content of the lignite beds ranges 

from 0 .. 001 to 0. 034 percent 

Ironstone concretions in the massive coarse =grained sandstones in 

the upper part of the Fort Union formation contain 0. 005 percent uranium 

i n the northern and ea.stern parts of the area. These sandstones are good 

potential host rocks for uranium mineralization and are lithologically simi= 

lar to the massive coarse~grained uranium-bearing sandstones of the 

Wa.satch formation in the Pumpkin Buttes area of the Powder River Basin .. 

INTRODUCTION 

Uranium-bearing lignite was discovered by the writer in the southern 

part of the Ekalaka Hills {fig. 1) in September 1953. .An area of about 120 

square miles was mapped in reconnaissance (fig. 2) and 127 samples were 

collected for uranium determinations. 
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F IGURE 2- PRE LI MINARY GEOLOGIC MAP OF THE EKALAKA HILL S, CART ER COUNTY, MONTANA 

Geoloqy by J R Go11 ,1953 
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B- Cleveland hQn tte zone 
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E- P< ee ter II QO&It zone 



7 

I 

Location and accessibility 

The Ekalaka lignite field includes approximately 1, 100 square miles, 

in no-rtheastern Carter 'and southe-rn Fallon Counties in southeastern 

Montana although uraniurn~bearing lignites are ~nown in only a~out 120 

square miles i:n Carter Coq.nty in the southern part of the field. The area 

studied is largely within Custer National Forest. Ekalaka (population 904~, 

the county seat of Carter County, is the only town in the area. The near= 

est rail shipping ,point is at Baker about 36 miles to the north. The area 

is readily accessible _by graded county roads and Forest Service trails)) 

and State Highway 7 which extends southeastward across its central part. 

The Ekalaka Hills rising 400 to 500 feet above the surrounding country 

is the most imposing topographic feature in the area., Vegetation other 

than grasses is sparse except on the steep slopes and relative.ly flat tops 

of the hills where dense growths of western yellow pine abound. 

Previous work 

The, geology a11d. lignite resources of the ,E:kalaka Hills a-re described 

by Bauer (1924) and the ground...,water res.ources by Perry (J935). 

Acknowledgments 

William Muldowney, Forester 9 U. S. F ,orest Service, supplied Fore't 

Service maps and aided in the location of land corners within the National 

Forest. The work was undertaken ,on behalf of the Division of Raw Mate:ri-

als -Of the U. ~. Atomic Energy Comm.ission as part of a ·progra-m conducted 
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in the search for and the appraisal of uranium-bearing carbonaceous rocks 

in the Rocky Mountain region. 

STRATIGRAPHY 

The lignite -bearing rocks in the Ekalaka Hills range from late Creta= 

; 

ceous to Paleocene in age and are unconformably overlain by tuffaceous 

sandstones of Miocene age. 

Upper Cretaceous rocks 

Hell Creek formation 

The oldest r-ocks exposed in the Ekalaka Hills a~e a·s~igned to the 

Hell Creek formation of late Cretaceous age. Thes.e rocks consist of 

gray to buff claystone, with lenses of :ttusty-br~wn fine -grained poorly 

i~durated sandstone anc;l a few thin l~nticula::r beds of lignite. Ellipsoidal 

sands.tone con,cretions ranging from one inch to mpre than five feet in 

diameter are common. The formation averages 500 feet in thickne.ss 

(Bauer, 1924, p. 239) and is conformably overlain by the Fort Union 

i 

formation. The soft, poorly indurated claystones and sandstones of the 

Hell C:reek erode to form badland topography. 

Tertiary rQcks 

Fort Union formation 

The Fort Union formation of Paleocene age consists of light yellow 

an_d. gray fine- to medium-grained ~assive sandstone, gray shale, 
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claystone,, and thick lenticular beds of lignite. The formation ranges from 

180 to 500 feet or more in thickness and is unconformably overlain by the . 

Arikaree formation. 

In the southern part of the area the Fort Unidn formation is exposed 

. ·, 

beneath the cliff. forming t1.lffaceous sandstones of the Arikaree formation 

that for~ the upper .surface of the Ekalaka Hill~. In the northern part of : 
I 

the area (T. 2 N. i Rs. 58 -and 59 E.) the massivei well-indurated sand= 

stones of the upper part of the Fort Union formation form the upper sur~ 

face of the Ekalaka Hills. 

Ironstone concretions in the massive coarse -grained sandstones in 

the upper part of the Fort Union formation near Ekalaka. contain 0. 005 

percent uranium.. These sandstones are. good potential host rocks. for 

uranium mineralization and are lithologically similar to the massive 

coarse=grained uranium-bearing sandstop.es of the Wasatch formati on i n 

the Pumpki n Buttes .area of the Powder River Basin (Love~ 1952). 

Arikaree formation 

Unconformably overlying the rocks .of the Fort Union formation is 

the Arikaree formation of Miocene age. The formation is composed of 

over 230 feet of slightly radioactive light~gray fine -grained tuffaceous 

sandstones • . Samples. of the sandstone contain from 0. 001 to 0.003 ·per= 

cent uranium. The sandstone is one of the more resj,stant rock units i n 

the area and causes the Ekalaka Hills to stand more than 500 feet above 

the surrounding .country. 
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STRUCTURE 

The Ekalaka Hills l i e along the western margi n of a b r oad s h a llow 

sy:n.cl ine between the northwest trending extensi on of the Black H i lls up = 

l ift on the s-outhwest and the Cedar Creek anticline on the northeast. Th e 

Hell Creek and Fort Union formations are about equally deformed. The 

overlyi ng rocks . of the Arikare-e formation lie horizontal on the beveled 

,edg-es of the underlying formations. In the mapped area th~ l igni te= 

bearing rocks d ip 1 e to 3 c NE 0 

LIGNITE 

-The l ignite in the Ekalaka Hills i s in the lower part o£ the Fort 

Union formati on. The beds are best exposed in the southern part of the 

~ mapped area i n sees. 35 and 36, T. 1 N., R. 58 E., and in see s .. 19 

and 30, T. 1 ,N., R. 59 E. (fig. 2). B.~uer (192.4) mapped three beds 

df l igni te named, from oldest to youngest, the Keefer, Elder 9 and Wi lder. 

The beds, mapped are actually ~ones of lenticular lignites. In the . pres,ent 

study, an addi tional zone, the Cleveland, w:as mappe4 between the Eld.er 

and W~lder zones, ~nd the Elder was. s:elparated into upper and l owe.r 

zones (fig. 3 ). The Cleveland zone is, named after the Cleveland Ra,.nch 

J 
(NW 1/4-, sec. 30, T .. 1 N., R. 59 E.) in Carter County, Montana~ wh.ere 

these beds attain thei r greatest thickness. The stratigraphic relati ons 

of these zon.e s a _re shown in the J allowing generalized secti on .. 
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Wilder zone ( 1-3 beds) -
shale and sandstone ~ 

12 

Cleveland zone {1 ~3 beds) 
sandstone and shale - = = -

Upper Elder zone (1~4 beds) 
shale and sandstone .·- = - = 

Lower Elder zone ( 1 =6 beds)- = 

s.hale and sandstone ... - = -

Feet 
1 = 35 
30 = 45 

2 = 30 
35 - 90 

1 = 25 
15 = 35 

8 = 30 
70 = 120 

Keefer zone ( 1 =3 beds) = - - - - ~ ,. = = - ~ = - 5 = 15 

Individual beds ,of lignit~ are lenticular and are difficult to trace 

for any great distance. _ The zones, however, are persi stent mappable 

units even though the beds at many places are represented by carbona= 

ceous shale. Lignite sections were measured at 18 loca1iti esj and about 

130 samples collected for uranium determinations (table 1~ p.l3=18 ; 

The uranium content of the lignite beds ranges from 0 .. 001 to 0. 034 

percent. The greatest concentration of uranium is in the beds .of the 

Wilder, Cleveland, and Upper Elder lignite zones in the southern pa.rt 

of the area at localities 4 through 12 inclusive (fig. 4) where they are 

unconformably overlain by the mildly radioactive tuffaceous sandstones . 

of the Arikaree formatio-n~ Elsewhere in the area to the north and east~ 

the Arikaree formati-on. unconformably overlies younger ro~ks of the 

Fort U-nion formation and the same lignite beds that are uranium=beari ng 

in the southern part of the area are not radioactive. 

In the southern part. oi the area .at localities 11 and 12 the Wi lder 



Table 1. -=Stt:mmary of analytical data on surface samples of radioactive lignites in the Ekalaka Hills area, 
Carter- Ct;tu.nty ~ Montana l/ -

Equivalent Uranium Uranium 
Locality F-ield Laboratory uxanium Ash in ash~/ in $ample~/ 

no. no. no. (percent) (percent) (percent) {pe-rcent) Location and description 

1 S W NE Sec. 2 , T. 1 So , R. 58 E. 
GM-138 201092 0.003 78.1 1. 1' carb. shale 
GM-139 201093 • 001 2. 91 car b. shale 
GM=l40 201094 - 0 001 upper 1. 0 1 of 2. 0' lignite 
GM~l41 201{)95 "001 lower I. O' of 2. 0' lignite 

2 NE NW Sec. 3 5, -T. 1 N. , R. 58 E. 
GM.;.147 201101 • 001 1. 1' lignite 
GM-.;148 201102 0 003 65.9 00003 0 .. 002 10 0 1 car b. shale 
GM~149 201103 0 002 0 o 4 ' lignite 

3 NWNESec.35, T.1 N.,R.58E. 
GM=75 98592 . 003 53.8 _ 2. 0 ' lignitic shale 
GM.-76 98593 0 001 62.7 2. 7 r lignitic shale 

4 SE SE Sec. 26, T. 1 N., R. 58 E. 
GM-66 98_583- • 007 46.4 • 021 • 010 upper 1. 0' of 6• lignite 
GM-67 98584 0 003 45. 2 . 009 0 004 2nd 1. o·r of 6 9 lignite 
GM=-68 98585 0 004 47. I .. 008 .. 004 3rd 1. 0' of 6' lignite 
GM~69 98586 . 002 49.4 • 004 .. 002 4th 1. 0' of 6' lignite 
GM~70 98587 .. 005 38.8 .013 .. 005 5thJ.Qi of 6 9 lignite 
GM~71 98588 . .. 003 38o0 .007 o003 -6th 1.0' of 6~ lignite 
GM'C' 72 98589 ;. 005 • 002 0. 9' clay shale 
GM..,73 98590 .. 010 60.0 .010 .. 006 0.3' lignitic shale 
GM= 74 98591 • 005 • 002 1. 5 • clay shale 

}:_/ Analyses were made in th~ Uo 5 .. _ Geological S urvey Trace Elements Laboratories 9 Washington, D. C. 
and Denver~ C,olo .. by Iyan BarlO:W 9 H .. B ivens 9 Maryse Delevaux 9 S. Furman~ Mary JoslynQ Benjamin 
A.. Me Cal1

9 
and -Audrey . Pietsc-h... · · 

~I Most samples conta ining less. than 0 .. 003 percent equivalent uranium were not analyzed chemically. The 
· l~tter "a" indicates less than 0. 001 percent equivalent uranium or less _than 0 .. 001 percent uranium. 

...... 
V.> 



Table 1. == Summary of analytical data o~ s urface s-amples of radioactive lig nites in the Ekalaka Hills area, 
Carter County 9 Montana- ~Continued 

Equiva-lent Uranium Uranium 
Locality Field Laboratory uranium Ash i n ash i n sample 

no. no. no. (percent) . (percent) (percent) (percent) Location and descripti on 

5 NW NE Sec . 3 6 , T. 1 N. 9 R. 58 E. 
GM-5 98543 0.005 94.3 0.003 00003 1. 0' clay shale 
GM=6 98544 . 015 60. 1 0 030 . 018 0. 3 '- lignitic shale 
GM-:__7 98545 . 011 74.5 . 016 . 012 0. 5 • carb-. shale 
GM-8 98546 0 007 43.7 • 024 . 010 upper 0. 5' of 2. sv lignite 
GM-9 98547 0 004 40.4 0 011 0 004 2nd Oo 5 9 of 2. 5t lignite 
GM-10 98548 0 002 46.1 . 007 • 003 3rd 0. sv of 2. 5' lignite 
GM-11 98549 . 003 30.9 0 013 • 004 4th 0. 5' of 2 0 5' l ignite 
GM-12 98550 .008 -49.7 . 017 . 008 5th D. 5' of 2. 5' lignite 
GM~l3 98551 0 005 56.0 0 010 • 006 0. 5' lignitic shale .... 
GM-14 98552 0 002 1. 0' carb. shale ~ 

G.M~l5 98553 0 003 49.3 . 004 • 002 0. 5 i lignite 
GM-16 98554 . 002 1. 0 1 car b. shale 

It~:";,. 

1. 0' lignitic shale GM=l7 98555 a i 
. - 58.3 

GM-18 98556 . 001-- 60.4 • 004 1. 0 1 lignitic shale 
GM-19 98557 0 004 - 47.3 . 008 • 004 1 . 0' lignite 
GM-20 98558 . 004 65.8 0 007 • 005 I. 0' car-b. shale 
GM=21 98559 . 002 5503 1. 0 w lignitic shale 
GM=22 98560 0 003 54.8 1. 0 i lignitic shale 
GM=23 98561 . 003 45.3 0 007 • 003 1. 0 ° lignite 
GM..,24 98562 . 002 39.0 . 006 . 002 1. 0 11 lignite 
GM=27 98563 0 002 41.4 • 006 . 002 upper 0. 5' of 1. 5 w lignite 
GM=28 98564 . 004 33.5 0 014 0 005 2nd 0., sw of I. 5~ lignite 
GM=29 98565 . 005 40.7 . 011 .004 3rd 0.5' of 1.5i lignite 

6 SW SE, Sec . 25 ~ T. 1 1\l. , R. 58 E. 
G M =7 7 98594 . . 004 • 001 2. 4 ° clay shale 
GM~78 9~595 . 008 53 .0 0 009 "005 0$ 4 8 lignitic shale 
GM=79 98596 0 005 . 001 0. 4 w clay shale 



Table 1. ~ =Summary of analytical dat a on s urfa-ce sa1nples of radioacti ve lignites in the Ekalaka Hills area,~ 
Carter C ounty~ Montana-=Continued 

Equivalent Uraniur.o Uranium 
Locality Field Laboratory uranium Ash in ash in sample 

no. no. no. (percent) (percent) (percent) (percent) Location and description 

-6(cont.) GM=BO 98597 0.003 39.8 0.012 0.005 upper I. 0' of 10' lignite 
GM-81 98598 0 00 l 42.4 • 004 - o 002 -2nd 10 0' of 1 0' lignite 
GM=82 98599 . 002 33.6 • 008 . 003 3"rd 10 o• of 10 1 lignite 
GM-83 98600 0 003 33.5 . 011 . 004 4th 1 .. or of 10 l lignite 
GM-84 98601 a 32.0 5th 1. 0' of T0 1 lignite 
GM-85 98602 . 007 43.0 • 017 . 007 6th 1. 0' of 1 0' lignite 
GM-86 98603 a 33.6 7th 1. 0' of l 0' lignite 
GM-87 98604 . 002 33.5 . 001 -a 8th I. 0 I of I o• lignite 
GM-88 98605 a 32.0 9th 1. 0 1 of 1 0' lignite 
GM-89 98606 a 44.9 1 Oth 1 . 0 1 of I 0 1 lignite 

7 SESESec.25 7 To1 N.~R.58E. ..... 
U1 

GM-30 95526 . 006 27.7 0 017 . 005 upper 0.5 1 of 1.5'lignite 
GM-31 95527 . 021 24.0 . 014 0 034 2nd 0. 5 1 of 1. 5' lignite 
GM-32 95528 0 007 51.9 • 015 . 008 3rd 0.5' of 1.5' lignite 
GM-:33 95529 0 004 7Io8 0 004 • 003 I. 0 • carb. shale 
GM~34 95530 . 004 34.3 • 012 . 004 0. 7 1 lignite 
GM-35 95531 . 003 86.9 • 002 . 002 0. 3 1 car b. shale 
GM~36 95532 . 002 35.5 0 005 . 002 upper 1. 0 1 of 2. 0 1 lignite 
GM=37 95533 . 003 38.2 • 008 . . 003 lower 1. 0' of .2. 0' lignite 
GM~38 95534 0 010 91.8 . 008 . 007 0. 8' shale 
GM-39 95535 . 011 39.3 • 027 . 011 0. 3 1 lignite 
GM-40 95536 . 005 86.3 • 003 . 003 1. 0' carb. shale 

8 CWL -Sec.30, T.l N.~R.59E. 
GM=53 98569 . 005 56.2 0 012 ._007 1. 0' carbo shale 
GM=54 98570 . 003 41.4 • 010 . 004 upper 1 • 0' of 2 0 0' lignite 
GM=55 98571 . 002 39. 1 • 011 . 004 lower 1. 0 1 of 2. o• lignite 
GM=56 98572 . 007 48.9 0 019 . 009 I. 0 1 lignite 
GM=57 98573 . 007 81.0 • 012 . 010 0. 4 r car b. shale 
GM=58 98574 . 011 63.5 • 014 . 009 0. 2 g lignite 
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Table 1. --Summary of analytical data _ on s urface samples of radioactive lignites in the Ekalaka Hills area, 
Carter County, Montana - -Continued 

Equivalent Uranium Uranium 
Locality Field Laberatory uranium Ash in ash in sample 

no. no. no. (percent) { p-en:ent) (percent) (percent) Location and de scription 

8(cont. ) GM--59 98575 0.008 86.6 0.009 0.008 0. 8' carb. shale 
GM-60 . 98576 . 00~ . 001 1.. 0' shale 
GM-61 - 98577 • 0~5 52.2 . 008 .0-94 0. 5' of 2. 5 1 lignite 
G-M-62 98578 • 002 42.6 . 007 • 003 2nd 1.0' of 2.5 1 lignite 
GM-63 - 98579 . 007 37.8 . 014 • 005 lower 1. 0 '.of 2. 5' lignite 
GM-64 98580 . 003 72.1 o. 7' carb~ shale 
GM-64A 98581 . 008 90. 1 0 007 . 006 0. 3' c 'arb. shale 
GM-65 98582 ' . 003 41. 6 . 001 a 0. 3 1 lignite 

9 S E S W_ Sec . I 9; T. 1 N. , R. 59 E. ..-
0' 

GM-96 98607 . 003 38.2 . 009 . 003 upper 1. 1' of 2. 21 lignite 
GM-97 98608 . 006 36.6 . 020 . 007 lower 1. 1 t of 2. 2' lignite 
GM-98 98609 . 003 I. 0' clay shale 
GM-99 986i0 . 002 48.5 . 005 • 002 U, 7' lignite 

Il NW SW Sec.24, T.l N. ,R. 58 E. 
GM-50 98566 . 004 39. 2 . 011 • 004 upper I. -0' of 5. 8' lignite 
GM-51 98567 0-004 47.0 . 008 • 004 2nd 1. 0' of 5. 8 1 lignite 
GM-52 98568 . 001 30. 7 . 007 . 002 lower 3. 8' of 5. 8' lignite 

12 NW NE Sec. 24, T. 1 N., R. 58 E. 
GM~lOO 98611 . 005 26.6 0 020 • 005 upper 1. 0' of 6. 0' lignite 
GM=l01 98612 . 002 36.0 0 006 . 002 2nd 1 0 0' of 6 • 0' lignite 
GM=l02 ~8613 . 001 41.9 0 002 0 001 3 rd 1 0 0 1 of 6 . 0 1 lignite 
GM-103 98614 . 001 14. 1 . 014 0 002 4th 1. 0' of 60 0' lignite 
GM-104 98615 17. 1 5th 1.0 1 of 6g0' lignite 
GM=1 05 98616 . 001 16.4 . 005 . 001 lower l.or of 6.0' lignite 



/"""" 

Table 1. ==Summary of analytic-al data on s urface samples of radioactive lignites in the Ekalaka Hi lls area~ 
-Carter County 9 Montana =~ Continued 

Locality 
no. 

13 

14 

15 -

16 

17 

\\ ~-:~ 

Field -Laboratory 
no.,._ no. 

GM ... l42 201096 -
GM .. l43 201097 
GM-144 201096-
GM-145 201099 
GM-146 201100 

GM-108 201061 -
GM ... 109 201062 
GM-110 201063 
GM~111 ZOI064 
GM;,.-112 ~01 065 

GM-134 -201087 -
GM ... J35 -- · 201088 
GM-136 201089 
GM-137 201090 

GM=l33 201686 

GM=120 201073 -
GM=121 - 201074-
GM_..;l22 201075 
GM=l23 201076 

Eq.u:ivalent 
uranium Ash 

(percent) (percent) 

0.002 
0 001 
• 001 
• -()02 
• 002. 

• 002 
• 001 - --
• 002 
• 006 
. 004 

• 004 
0 002 
• 002 
0 004 

0 008 

- 0 002 ----
• 002 

8600 
78.5 

34.7 

79.4 

8:1. 0 

0 003 53. 6 
0 004_ 43. 0 

Uranium 
in ash 
(percent) 

0.003 
. 003 

. 005 

0 001 

0 005 

0 003 
0 009 

Uranium 
_in sample 
(percent) 

00002 
. 002 

. 001 

. 005 

0 001 
0 004 

Location and description 

SE NW Sec. 8 1 T. I N. , R o 59 E. 
1 . 8 ' lignite 
0. 9 1 lignite 
1. 8' car b. shale 
1. 3' carb. shale 
0. 4 1 carb. shale 

S W NE Sec . 8, T. 1 N. , R. 58 E. 
2 0 5 1 lignite 
0 _. 6 1 lignite 
0. 7' lignite 
o·. 6 ~analcite 
0. 4' carb. shale 

NW S W Sec. _ 3 , T. 1 N. , R. 58 E. 
3 ._ 4' lignite 
1. 0' carb. shale 
upper 1. 5 1 of 3. 0' shale 
lower 1. 5 8 of 3. -o 0 shale 

SENE Sec. 33, T. 2 N., R. 58 E. 
. Ironstone concretion 

SW SE Sec. 29, T. 2 N:, R. 58 E. 
2. 0' carb. shale 
-1. 9' lignite 
2 0 6' ca~b. shale 
0 0 3 3 lignite 

...... 
-..1 



Table 1. ==Summary of analytical data on surface samples. of radioactive lignites in the Ekalaka Hills area, 
Carter County 9 Montana.,.=Continued 

Eqaivalent 
Locality Field Laboratory uranium Ash 

no. no. no. (percent) (percent) 

17 (cont.) 
GM-124 201077 
GM-125 201078 
GM=126 201079 
GM=l27 201080 
GM=l28 201081 
GM-129 201082 
GM-130 201083 
GM--131 201084 
GM-132 2.01085 

18 
GM-115 201068 
GM=116 201069 
GM-117 201070 
GM~ll8 201071 
GM-120 · 201072 

19 
GM=ll3 201066 
GM=114 201067 

Total 128 

0.002 
0 003 
0 003 
0 004 
0 003 
0 003 
0 006 
,. 004 
. 002 

. 001 

-· 002 
• 003 
0 004 
. 002 . 

0 003 
. 001 

91.2 
35. 1 
16.6 
28.2 
91.0 
44.7 
93.2 

36.0 
92. I 

76. 1 

Uranium 
in ash 
{percent) 

a 

0 .. 004 
Q 013 
0 009 

a 

• 010 
a 

• 003 

• 001 

Uranium 
in sam ple 
{percent) Location and description 

0.001 
. 002 
0 002 

Q 005 

• 001 

"001 

I. 0 r lignite 
1. 0 1 car b. shale 
upper 1. o·• of 3. 5' lignite 
2nd 1.0 9 of 3 .. 5' lignite 
lower 1. 5 ' of 3 . 5' lignite 
2. 4' carb. shale 
1 . 5 1 lignite 
I. 0' car b. shale 
2. 3 1 carb. shale 

NE NE Sec . 3 0, T. 2 N. , R. 57 E. 
0. 7 1 lignite 
1. 5 v lignite 
0. 9 ' lignite 
o. 9' carb. shale 
1. 2v coal ash 

NW NW Sec . 18, T. 2 N. , R. 58 E. 
2. 1 i car b. shale 
1. 0' lignite 

...... 
00 
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CHART SHOWING CONCENTRATION AND DISTRIBUTION OF URANIUM IN LIGNITE BsDS, EKALAKA HILLS, CARTER COUNTY, MONTANA. 
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lignite contains an average of about 0 .. 003 percent throughout :its entire 

thickness of 5. 9 feet and the Cleveland lignite zone contains several thin 
. ' 

beds ranging from 1 D 5 to 3. 5 feet in thickness that contain an average of 

0. 006 percent uranium. · The Upper Elder lignite zone is high_ly lenticu= 

lar ranging from less than one foot to more than 20 feet in thickness. A 

maximum .thickness of 8 feet contains 0. 005 percent uraniume 

Fresh, unweathered sample-s suitable for fttel analysis could not be 

collected from .outcrops and there are no mines in the areae The lignites 

contain 14 to 50 per-cent ash. The ash determinations were made on 

weathered s.amples containing visible i mpurities of analcite, bari te and 

gypsum. Because these impurities probably were introduced duri ng the 

weathering of the lignite, it is not unreasonable to assume thq.t unweath= 

ered l ignite w i ll have a .much lower ash content and wi ll have heating 

Values ·COmparable to most lignites. 

ORIGIN 

Investigations of uranium= bearing lignite depos~ts in North and South . 

Dakota by Denson, Bachman, and Zelle.r (1950) suggested that the uranium 

present in these lignites migrated downward in ground water from the 

radioactive tuffs in the overlying White River and Arikaree formations of 

Oligocene .and Miocene age. Subs,equently, secondary uranium m _i nerals 

were found in Oligocene rocks in the Slim Buttes area (Gill and Moore~ 

1954.a) and in the Big Badlands of South Dakota (Moore and Levi sh 3 1954J. 

Some of the conditions that seem to control the concentrati on of 
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uranium in the lignite are: stratigraphic proximity of the lignite to the 

base of the potential source rock; permeability of rocks overlying the 

lignite, and the adsorptive properties of the lignite. In general 3 the 

stratigraphically highest lignite beneath the source rock is the most 

radioactive, and the greatest concentration of'uranium is in the upper 

parts of beds three feet or more in thickness. Beds less than 3 feet 

thick may contain uranium through their entire thickness. 

The distribution of uranium in the lignite beds is shown on figure 

4. The effect of permeability is- indicated in the Wilder bed at localities 

11 and 12 where the lignite is directly overlain by impervious shale. The 

uranium content i s low despite the fact that the lignite closely underlies 

the sourc e rocks of the Arikaree formation. At localities 4, 5, 7 and 

8 {fig& 3 ) the Upper Elder lignite zone is overlain by a thick sandstone 

and though the lignites are 90 to 150 feet stratigraphically below the base 

of the Arikaree formati on the upper parts of the lignite bed are more 

than twice as uraniferous as the Wilder bed at localities 11 and 12. 

Minor variations in the distribution of uranium within the lignite bed 

can be expected where the lignite is directly overlain by an impervious 

shale and underlain by a ·permeable sandstone~ as for exam_ple, the 

Cleveland lignite at locality 8. There, a bottom rather than a top prefer= 

ential distribution suggests that the uranium may have been introduced 

under hyd;rostatic head into the base of the lignite from the underlying 

sandstone. 

Where the lignites are separated from the Arikaree formation by 

the. impervious younger rocks of the Fort Union formation~ as in the 
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northern and eastern parts of the area~ the beds are not radioactive. 

Analyses of spring waters from the Arikaree formation in the 

Ekalaka H i lls i ndicate that urani um is bei ng leached from thi s forma~ 

t i on and is being transported by ground waters. The uranium content 

of six representative samples for the area are listed below e Some of 

the spr ings shown on the map as being i n the uppermost part of the Fort 

Uni on actually are in small unmapped alluvi al deposits~ but the spri ngs 

de r ive the ir wat er from the A r ikaree formati on .. 

Table 2e ==Analyses of water samples from springs i n the Arikar ee 
formation~ Ekalaka Hills~ Carte r County ~ Montana 

Lab~ratory F i eld Location U cont ent 
number number Spr ing ISac 'T' D ) 

\ ...... • .L • ' J.\.. (ppb} 

201091 G M =l38 K i nsey 6 =1N=5 9E 6 

201106 ~152 Dugan D r aw 19= 1N=58E 4 

2011 07 =153 Sugar Bowl 33 -1 N-58E 7 

201108 =154 Stag v i le 21 -1 N=58E 3 

201109 =155 Ben Russell 24 ~ 1N=58E 3 

201110 =156 Marti n 13 -1N~58E 8 

RESERVES 

An i nferred reserve of approxi mately 16$ 500 » 000 tons of uranium= 

bearing ligni te containi ng over 7 00 tons of uranium is pre sent i n the 

southern part of the Ekalaka H i lls {figo 5 ) i n beds of the Wilder~ Cleve = 

land~ and Upper Elder ligni te zones.. The radioactive ligni te beds have 
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a 
® 

35 

Lignite zone 

Wilder 

Cleveland 

Upper Elder 

'36 

Average 
th ickness 

(feet) 

5.9 

2 .7 

5.8 

23 

- - - --Wilder Lignite Zone 

a @) 

T. 
I 
N. 

E X P LA NAT I 0 N --- - - -

Areas underlain by 
uranium-bearing lignite 

lZJ 
Wilder lignite zone 

~ 
Cleveland I ignite zone 

r.=:l LJ 
Upper Elder lignite zone 

Sam pIe® 4 5~ r---..... 
locality 8.0051 "-----L ignite 'bed 

Dashed where approximately located. 
4. 5' Thickness 

.005 Uran ium in l ignite, percent. 

R. 5 8 E . R . 5 9 E. 
a Less than o.oo 1 percent uranium. 

vvv 
Clinker 

RESERVES 
'nterred 

Uranium 
1n l ignite Area Lign ite 1 Uranium 2 

(p erc en t) (acres) (short tons) (short tons) 

0.003 56'0 5,782,000 175 

0 .006 760 3,591,000 215 

0.005 700 7,105,000 355 

Total 2 ~,020 16,478,000 745 

1 Based on 1750 tons per acre foot- net r esult rounded to nearest 1,000 tons . 
2 Rounded to nearest 5 tons. 

FIGURE 5- MAP SHOWING AREA UNDERLAIN BY URANIUM-BEARING LIGNITE, 
EKALAKA HILLS, CARTER COUNTY, MONTANA. 

0 I Mile 
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an .averc;tge ash content of 37 percent; these ash determinations were 

made on weathered lignite samples. Unweathered lignite probably 

would have a much lower ash content and could result in a four to five= 

fold concentration of the contained uranium ~y burning. The uranium= 

bearing lignite in the Wilder Zone averages 5. 9 feet thick~ has a 

urani um content of 0. 003 percent» an ash content of 30 percents and 

underlies an ar~a of about 560 acres. The Cleveland lignite averages. 

2. 7 feet i n thi ckness, has an average uranium content of 0. 006 perc ent;} 

an ash content of 43 percent~ and underlies an area of about 760 acres. 

The lignite i n the Upper Elder zone averages 5. 8 feet in thickness~ has 

a uranium et>ntent of 0. 005 percent, an ash content of 40 percent~ and 

underlies an area .of about 700 acres. 
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PLANS 

Uranium reserves in lignite in the Ekalaka Hills are relatively 

small. The lignite probably is compq.rable in quc;tlity to lignite in other 

areas- although this would have to be determin~d by physical exploration. 

Until the need ~or uranium is. great enough to make necessary more de= 

tailed· investigation by Government agencies, or until industry estab-

lishes means o;f utilization and recovery of uranium and other metals 

\ 

from lignites, it does not seem necessary to undertake phys ical explora-

tion in the Ekalaka Hills, The occurrence of uranium=bearing carbona~ 

ceous sandstone containing as much as 3. 9 percent and averagi ng 0 .. 68 

percent uranium in a 3. 2 -foot bed in the Ludlo;w member of the Fort 

Union formation underlying the pre -Arika'ree unconformity at Reva 

Gap in Slim Buttes (Gill and Moore, 1954)' suggests that similar 

sandstone favorable for ·the localization of secondary urani,um minerals 

may be present in the Ekalaka Hills and Long Pine Hills. Reconnais = 

sance traversing with a carborne scintillation counter is planned in 

these areas during the summer of 1954 to d_etermine if the thick~ per~ 
. \ 

meable carbonaceous sandstones underlying t:P.e White River and 

Arikaree formations. are favorable host rocks for uranium .. 
. . . ' \ 
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