(320)

AT
Nlo. 531

carbonaceous rocks in the

Uranium 1n

Townsend and
Helena Valleys, Montana

By G. E. Becraft

Trace Elements Investigations Report 581

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY



Geology and Mineralogy

%
This document consists of 2/, pages.
Series A

Byt
UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

URANIUM IN CARBONACEOUS ROCKS IN THE TOWNSEND

AND HELENA VALLEYS, MONTANA *

By

George E. Becraft
April 1956

Trace Elements Investigations Report 581

This preliminary report is distributed
without editorial and technical review
for conformity with official standards

and nomenclature, It is not for public
inspection or quotation,

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



USGS - TEI- 581

GEOLOGY AND MINERALOGY

Distribution (Series A) No, of copies
Atomic Energy Commission, Washington . ., . . . . o« « + o =« « 2
Division of Raw Materials, Albuquerque . . . . . o « 4+ o + o s o 1
Division of Raw Materials, Austin . ., . . . . + v o « « o o « 1
Division of Raw Materials, Butte . . . . . . . « o « + o « o« o 1
Division of Raw Materials, Casper . . . . . . .« =« « &+ « + « o o 1
Division of Raw Materials, Denver, . . . . « . . o &+ « o« o « o 1
Division of Raw Materials, Ishpeming , ., . . . . . . « +« =« « « =« = 1
Division of Raw Materials, Phoenix ., . . . . . . « « « &+ « + o = 1
Division of Raw Materials, Rapid City, . . . . . <« ¢« « « + o« o =« = 1
Division of Raw Materials, St, GEOIgE. . o =« « o o o o o o o« « o = 1
Division of Raw Materials, SaltLake City , . . . . . + + & « + « = 1
Division of Raw Materials, Washington ., ., . . . . . . « . « « + = 3
Exploration Division, Grand Junction Operations Office , . . . . . . . . . 1
Grand Junction Operations Office . . . . . . . + « +« o « « o« . 1
Technical Information Extension, QakRidPe .- ¢ +« . % -% 5 % 2 % 3 6

U, S. Geological Survey:

Fuels Branch, Washington ., ., . . . . . . . . .+ < « < « « & o
Geochemistry and Petrology Branch, Washington . e e e w6 B e BB e B
Geophysics Branch, Washington, . . . . . . . . . .+ & +« « « o
Mineral Classification Branch, Washington , . . . . . . . . . .« . .
Mineral Deposits Branch, Washington , . . . . . . . . .+ . . . .

P, C, Bateman, MenloPark, . . . i « +« o o @ s o o 8° 3 & & .o
..L, Brokaw, Grand Junction ., ., . . . . . +« + & o e e o

« M, Denson, Denver . . & « « & % o« % & & » w € @ s @ 4 o
. L. Freeman, College, . . « . & « & & & % % & & & % w & 7@
. L. Griggs, Albuquerque . . . . . . . . . .« e o« e . e e . .
. R, Klepper, Spokane
. H, Koschmann, Denver , ., . . . +v o o o o o « o o o « o« =
JRloKeeferr.Ldtamie, . « & 5 & % @ 5 & F & 4 ® & w @ & ..
« R, Page, Washington ., .. & & 4 « 5 & & & s & % « % @« @« = 0
Q. D, Singewald, Beltsville ., ., ., . . . . . . .« .+ + « + & o
A, E, Weissenborn, Spokane , ., . . . . . . . . .+« « .+ . . .
TEPCO, Denver . ., & & 4w s & & @ % % & & s=s & @« @» % w
TEPCO, RPS, Washington, (including master) . . . . o « « & & « o« =

< Z >

ol

. . . ° . . ® . . . . . . . . . . .

<

=

g

gleMHHI—JHHI—lD—'HHHNHHHH

v



3

CONTENTS

Page

AbSIract., . « + w w W @ W w W e o m w g W ow m W ® o W 4k m 4
Inmodugtofl. & & <« ¢ & 2 &8 & § 5 % & B & B 3 B E & € § ® & 4
Gepetal geologY . 4 o & » . w w s . s @ s 4 e w W o & & g
Geology and uranium deposits of areas examined in detail , ., . ., . . . . . . 8
Area northeastof Winstorl, . . . . . « « & & s & & w & 4 & s == 8
GeOloRY . & s w.% « & & @ ¥ A & @ B B & E W A & K ¥ % 8
Uranium deposits , . . . o . . & o 4 . o 6 e & o & e .+ a4 . 12
Locality A |, 4 o« 5 & & o & = © = + % @ = = ' = » & 3 13

Locality B T T I I T v 13

Locality € & & & w = w @ % = @ & @& » & ® % & @ @ % @ 4

Bocality D © § & & & & « o % = w o B e % @ & @ % w w @ 18
Locality E . . . . . . . ¢ o o o @« o s s o s o o o« + 15

Locality F s % W R & W E B W e e w6 ® % @ e & w. W 15
Loedlity G, & . o« & % » & % % = @ & % 5 % .8 & & ® & W i6
Other Jocalities . . & « & « . o % = # "8 » & = % & & & %= 6
Area west of Hauser Lake ., . . . . . . . . . i e e e e e e e 18

AreainT.3N..R.1W....................30
AreainT, BNes RSIMW, o & o i o 5 o @ % & & @« & & % & & w @ 0

Origin of the uranium deposits , , . . . . . . . . « . ¢ « « .« « o 22

Suggestions for prospecting ., . . . . . . . . . .+ e+ e a6 e o o s 23

Literature cited - ., ., . . . c. 0 & & 4 & % e w4 e a s » = w4 = = s 24
ILLUSTRATIONS

Figure 1, Index map showing the Townsend and Helena Valleys and the locations of
figures 2, 3, 4, and 5, ., . . . . . . ¢ .« « 4 e« o 4 & 6

2. Geologic map showing the radioactivity anomalies northeast of Winston, Broadwater
County, Montana . =« s« « s s @ # % & & @ @ & ® % @& 9

3, Geologic map showing radioactivity anomalies west of Hauser Lake in the Helena
Valley, Moéntand . . <z & & s s & = & % & % & % = @« w : 19

4, Radioactivity anomalies in T, 3 N,, R, 1 W,, near the southern end of the
J/Townsend Valley, Montana . . . . . & =« « o o o o o o o = 21

5. Radioactivity anomalies’im T. 2 N,, R. 1 W,, npear the southern end of the
Townsend Valley, Montana . . . « . & o « o o o o o o« o 21

TABLE

Table 1, Equivalent uranium and uranium analyses, in percent,frorn localities shown
onfighte 2. & o ww = % % & % % % & ® & & # & w & w I



4

URANIUM IN CARBONACEOUS ROCKS IN THE TOWNSEND

AND HELENA VALLEYS, MONTANA
By George E, Becraft
ABSTRACT

Uranium-bearing carbonaceous shale and 1ignite‘beds are exposed in five areas in the Townsend and
Helena Valleys in western Montana, The greatest number of exposures is in an area of several square miles
northeast of Winston in the Townsend Valley, The uranium-bearing beds are in the lower part of a Tertiary
* unit that consists largely of thin-bedded, white to buff, pure and impure tuffs, locally altered to bentonite,

The uranium occurrences, none of which appear to be commercial, have three characteristics in
common: (1) they are in and adjacent to carbonaceous shale or lignite interbedded with light-gray or
white, fine-grained tuffs and lapilli tuffs, (2) the stratigraphic section in the vicinity of the deposits includes
bentonite and partly bentonized tuff, and (3) the distribution of the uranium in the favorable beds is erratic,
The uranium was probably leached from the tuffs and lapilli tuffs by meteoric water during bentonization
and was concentrated in the carbonaceous shale and lignite,

Similar Tertiary rocks are present in many of the major valleys in Western Montana and probably warrant
prospecting for uranium, Areas containing white, fine-grained tuff or lapilli tuff, bentonite, and coal, or

carbonaceous shale would be particularly favorable for prospecting,

INTRODUCTION

Uranium occurrences were discovered in Tertiary sedimentary rocks, consisting largely of volcanic
debris, northeast of Winston, Mont,, in the Townsend Valley early in 1955, Subsequently, wuranium was
discovered in similar rocks near the southern end of the Townsend Vglley and near the eastern end of the

Helena Valley,

¥



The Townsend and Helena Valleys are wide basins in western Montana near the headwaters of the
Missouri River (fig, 1), U, S, Highway 10 N traverses the length of both valleys, Helena is near the
southwestern margin of the Helena Valley, and Townsend is near the center of the Townsend Valley, The
Missouri River flows northward through the Townsend Valley, and Prickly Pear Creek flows northward across
the Helena Valley and joins the Missouri River near the northeastern margin of the valley,

Earlier work in the Townsend Valley includes a report on the geology and groundwater by Pardee (1925);
a report on the geology of the Canyon F;rry quadrangle, which includes the northern end of the Townsend
Valley, by Mertie, Fischer, and Hobbs, (1951); and a report by Freeman, Ruppel, and Klepper (in press)
which includes detailed maps of most of the western part of the Townsend Valley,

Brief descriptions of the geology of the Helena Valley are included in reports by Knopf, (1913);
Pardee and Schrader, (1933); and Lorenz and Swenson, (1951), Hail and Gill, (1953) briefly describe slight
radioactivity associated with carbonaceous shales in the Helena Valley,

During May and June 1955, the writer examined several areas containing uranium minerals and
radioactivity anomalies in the Tertiary sedimentary rocks in the Townsend and Helena Valleys, Much of
this time was spent rnaki.ng a detailed map and study of the uranium occurrences northeast of Winston,
Extensive radiometric surveys were made with a scintillation counter in selected areas and with a carborne
scintillation counter over larger areas in both valleys, Paul E, Myers assisted the writer with much of the
radiometric surveying, This examination is part of a study of the uranium deposits in and near the Boulder
batholith that is being carried out by the_ U, S, Geological Survey on behalf of the Division of Raw Materials
of the U, S, Atomjic Energy Commission,

The writer wishes to acknowledge the kind permission granted by the ranch owners in the vicinity of

Beaver Creek to cross their ranches at a time inconvenient to them,
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GENERAL GEOLOGY

Pardee (1925, p. 1) defines the Townsend Valley as "the widened part of the valley of Missouri River
between Canyon Ferry and Taston and a broad lowland west of Toston , , , . " It "is about 60 miles long
and 600 square miles in extent,” In a brief summary of the geology of the area, he states (1925, p, 2-3)
that "The rocks consist of two groups separated by a major unconformity, The older group includes a great
thickness of quartzite, shale, and limestone that range in age from Precambrian to Cretaceous and have
been severely deformed and deeply eroded. Associated with these beds are intrusive and extrusive igneous
rocks, chiefly of Cretaceous or early Tertiary age, These rocks compose the mountains and in the valley
form the bedrock upon which the younger rocks lie,

"The younger group, which occupies most of the valley, includes beds of Oligocene, Miocene,
Pleistocene, and Recent age, "

All of the known radioactivity anomalies in the Townsend Valley are in rocks of Oligocene age,
Northeast of Winston, the uranium occurrences are in the lower part of the Oligocene rocks, and the
anomalies near the southeastern margin of the valley are in similar and probably correlative rocks,

Helena Valley is another wide basin, separated from Townsend Valley by a broad, low divide north-
west of Winston, The valley extends northwestward from the divide about 20 miles and is about 10 miles
wide at its widest part, The geology is similar to the geology of the Townsend Valley except that the
Quaternary deposits are much more extensive, and as a result the Tertiary rocks in the valley are not

exposed except in a few small areas, A few weak radioactivity anomalies occur in rocks similar to the

Oligocene rocks northeast of Winston,
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GEOLOGY AND URANIUM DEPOSITS OF AREAS EXAMINED IN DETAIL

Area northeast of Winston

Geology

The area northeast of Winston (fig, 2) is near Canyon Ferry Lake in the Canyon Ferry quadrangle
and extends north and south of Beaver Creek, Mertie divided the Tertiary rocks in the Canyon Ferry
quadrangle into 5 units (Mertie, Fischer, and Hobbs, 1951, p. 30), Three of these units are exposed in
the area of figure 2,

Unit 1/ consists of conglomerate, ted shale,, interbedded dark-gray, partly bentonized tuff,
and bentonite, It is poorly exposed in the area, Mertie (Mertie, Fischer, and Hobbs, 1951, p, 31-32)
describes unit 1 as follows: |

"The boundaries of this unit are not well-defined, The beds include some conglomerate, which
disintegrates by weathering so that the resulting material is not easy to distinguish from the terrace gravels,
Along its eastern boundary, the sediments grade into those of unit 2, so that this boundary is a matter of
interpretation, The boundaries shown are therefore necessarily somewhat inexact,

"The sediments of unit 1 are nowhere continuously exposed, A few outcroppings show that the unit
consists of conglomerate and red shale, the latter inicluding some’bentonitic horizons, but the proportions
of conglomerate to shale cannot be determined, At one site along the north side of Beaver Creek, the
conglomerate is in place, and consists of well-rounded gravels, cobbles, and boulders, as much as 3 feet
in diameter, with an average size of about 6 inches, They are mainly basic lava, with a small amount of
quartzite, Some of the cobbles are exfoliated by weathering, The matrix consists of a yellow to reddish
grit, made up of small well-rounded grains of limestone, and a small amount of other kinds of country rock,
About a mile north of Beaver Creek, the red shale is exposed in an elbow-shapedr bend of a small gulch,
These beds are banded, tuffaceous, and bentonitic, and are composed mainly of grains as much as 0, 1
millimeter in size, averaging perhaps 0,025 millimeter, The reddish-brown grains, originally glass, are
altered to montmorillonite and kaolin, Angular grains of quartz, sericite, chloritized biotite, and altered
iron ores are the other constituents, In the next gulch to the south, about three-fourths of a mile north of
Beaver Creek, 10 feet of reddish~brown conglomerate and grit are exposed, the matrix of which is composed
mainly of grains of limestone, "

The author has slightly modified the contact between units 1 and 2 as shown by Mertie, Fischer,
and Hobbs (1951, pl, 2), One modification is in the SE 1/4 sec, 18 (fig. 2) where Mertie, Fischer, and
Hobbs included in unit 2 several thick beds of conglomerate, which are made up of cobbles and pebbles of
pre-Tertiary rocks, and interbedded bentonite and partly bentonized, dark-gray tuffs, These rocks are

typical of unit 1 and are therefore included in unit 1 by the author, Another modification was made near




| BDcpBrimenrt of e Indvrror
rnited Srores Geo/og/ces/ Jar,re-y

R.IE.

SCALE [:24000

1o0e o to00 PEET
e,

coerour Intecry al 40 FEET

Aporoxtypete boundsry Setweer
tpppi s 11 lower port of FTe 2

Tue

al

T 9N

)
g
. Cooloqy by CE Becrery 1955

113°35

froguwre & = Geologic Mgp Showing redioctivity KromS/res prorthesst of

BTN o e A

P R Sy, g

> o S S 2 TR

4 30

Oligocenc
A

Trace Llemenrs lnvestiodrhions

R
Al]u vium
CRACA |
04q.

Old gravels and sand

Tus

Unit 3
Massively bedded, buff, impure tuffs

Tu Zm

Unit 2, showing areas of bentonite
Thin-bedded, white to buff, pure and impure tuffs including areas
of bentonite and thin beds of da:'x brown to black carbonaceous
shale.

Tul

Unit 1, siowing areas of bentonite
Conglomerate, red shale, and Zark gray, impure tuffs in places
bentonizec.

e

————

Contact, dashed whee approximately locnrea
Concealed contact
L_,_w cmow="
Fault, showing dip, cotted wnere conceaslec
Vertical fault
IS»
Strike aad dip of beds

Horizontal bedding
Ao
Radioactivity anomalies
referved to in reporf

A4

Quaternary

.

\h
TLETIARY

S




10

the southern margin of the Canyon Ferry quadrangle where several beds of reddish-brown conglomerate
interbedded with bentonite and partly bentonized tuff are exposed along an abandoned road half a mile
from the lake, These beds were included in unit 2 by Mertie, Fischer, and Hobbs but are included in
unit 1 by the present author,

In general the beds of unit 1 strike northwest and dip 15° - 256° NE,; however, along the abandoned
road near the south margin of figure 2, the beds strike north and dip about 40° E,  South of the road for a
short distance, the beds strike northeast and dip 2090 - 30° SE, These differences in attitudes may indicate
a concealed east-trending fault north of the abandoned road; an anticline plunging to the east; or a
topographic high in the older rocks at the time of deposition of the Tertiary rocks; but, because of lack of
exposures, the reason for the differences could not be determined,

Rocksof unit 2 underlie most of the area of figure 2 and are exposed north of Beaver Creek for a
distance of 2-3/4 miles from the contact of unit 1 to Canyon Ferry Lake, Previous workers separated unit
2 into three parts (Mertie, Fischer, and Hobbs, 1951, p, 33-35), but in this report the lower two~-thirds is
considered as a single part which differs markedly from the upper one-third, The original division was
based on the presence of more and thicker beds of bentonite in the lower third than in the middle third of
the unit, However, the amount of bentonite present in the section differs considerably more along the strike
of the unit than across the strike,  Although most of the tuffs in the lower two-thirds of unit 2 are bentonized
to a slight degree, the almost completely bentonized tuffs--referred to in this report as bentonites--are more
common near the south margin of figure 2 and become less common northwestward along the strike of unit
2. Insection 18 only a few thin beds are bentonjzed to the degree common south of Beaver Creek,

’I:he lower part of unit 2 is largely unaltered or only slightly altered tuff and lapilli tuff, which make -
up about 60 percent of the section, and bentonite, which makes up about 20 percent, The remainder of
the section is tuffaceous sandstone, conglomerate, and breccia and includes many thin beds of carbonaceous
shale and chert, The tuffs, lapilli tuffs, and tuffaceous sandstones are predominantly white or light gray
but also include gray, cream, yellow, and buff beds, The carbonaceous shale beds range from light brown

to black, The lithology commeonly changes along strike which makes correlation of sections very difficult,
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The tuffs and lapilli tuffs consist of angular fragments of quartz, plagioclase, orthoclase, and chert
and angular to subrounded fragments of pumice in a matrix of fine glassy material, The pumice fragments
and matrix are largely kaolinized or bentonized, The mineral fragments make up from 10 to 50 percent of
the rock,

The sandstones consist largely of subangular to subrounded grains of quartz, plagioclase, opthoclase,
and chert and commonly contain rounded grains of pumice largely altered to clay,  In the coarser sandstones
occasional rounded grains of rhyolite are present,

The carbonaceous shales are from a few inches to 18 inches thick, = Many of the shale beds contain
only a small percentage of carbonaceous material, but some consist almost entirely of carbonized plant
fragments,

The chert beds, which may represent tuff beds replaced by silica, are mostly less than a foot thick
and are associated with bentonite or partly bentonized tuff, In places the chert is opalized,

The upper part of unit 2 differs markedly from the lower part, It consists largely of buff to gray,
fine-grained tuff, very little of which shows any bentonization, Beds of limestone are common and no
beds of carbonaceous shale were recognized, Mertie, Fischer, and Hobbs, (1951, p, 35) report that two
beds of diatomaceous earth occur in the upper part of the sequence,

In general the beds of unit 2 strike northwest and dip northeast, The dip is usually greater in the
lower part of the unit than in the upper part, This difference in average dip may indicate deposition in
a subsiding basin, Following deposition of the lower beds but before deposition of the upper beds, the
basin may have subsided differentially, the greatest subsidence being east of the mapped area,

In places gentle folds are superimposed on the regional structure causing local differences in the
attitudes of the beds,

North of Beaver Creek, several normal faults cut the lower part of unit 2, Commonly the east block
moved down but in a few places the west block apparently moved down, In the southeast corner of section
18, the contact between unit 1 and unit 2 is offset by a normal fault that strikes about no;th and dips 60°E,
Most of the apparent offset, about 1, 200 feet, is probably the result of erosion rather than strike-slip dis-

placement, Banded chalcedony was deposited along some of the faults probably by meteoric water because
no evidence of hydrothermal alteration of the rocks along the faults was observed,
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In section 7 in the northwestern corner of figure 2, tuffs that resemble those mapped as unit 3 near
Canyon Ferry (Mertie, Fischer, and Hobbs, '1951) are in fault contact with unit 2 (fig, 2), The tuffs
are fine-grained, buff colored, and massive,

The Quaternary deposits shown on figure 2 are of two ages-- gravel and sand deposits, principally
on terraces cut on the tilted Tertiary rocks, and recent alluvium in the stream valleys, South of Beaver
\Creek the older deposits consist largely of volcanic rocks probably derived from the Elkhorn Mountains several -
miles west of the area, North of Beaver Creek, debris from the Spokane Hills, immediately west of the
area, is mjxed with the gravel, These older deposits are in places at least 10 feet thick and cover very
broad areas (fig, 2), Because of this gravel cover and the alluvium in the valleys, several beds of radio-

dctive carbonaceous shale could be traced for only short distances,
Uranium deposits

Radioactivity anomalies were detected at about 20 localities northeast of Winston (figs, 1 and 2),
All of the anomalies are in or adjacent to carbonaceous shales in the lower part of Tertiary unit 2, The
shale beds are lenticular and no single bed could be traced for more than a few hundred feet, Secondary
uranium minerals were identified from five of the localities, No primary uranium minerals wese recognized,
Almost all of the carbonaceous shale in unit 2 is slightly radioactive, but only the localities where the
radioactivity is several times background are shown on figure 2, Several beds of white tuff and white
lapilli tuff were also slightly more radioactive than the surrounding rocks, Additional radioactivity
anomalies undoubtedly exist under the extensive terrace gravel deposits but could not be detected by

scintjllation counter traverses because of the depth of the gravel cover,
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The radioactivity anomalies shown on-figure 2 are described below,

Locality A, -- Locality A is in the SE 1/4 sec. 20 near the top of the steep north slope of the broad
terrace north of Beaver Creek, Uranium cccurs in a poorly indurated, carbonaceous shale and in a
fine-grained, partly bentonizeq, gray tuff overlying the shale, Locally, lenses of sandstone in the
overlying tuff also contain uranium, The shale strikes No 15° W, and dips 20°NE, and ranges in
thickness from less than 6 inches to 18 inches, The bed is exposed for a distance of about 200 feet
in a bulldozed cut, The radioactivity is not distributed evenly throughout the shale and is strongest
over a strike distance of about 30 feet near the center of the exposed area, Results of drilling on the
terrace indicate that the uraniferous‘bed extends at least a few hundred feet south of the exposed area,

A yellowish-green, micaceous mineral that coats fractures in the in the shale and overlying
tuff and replaces plant fragments in the shale was identified optically, spectrographically, and by
X-ray diffraction pattern as metatorbernite by Jerome Stone of the U, S, Geological Survey, The
mineral fluoresces bright green, No other uranium minerals were detected at this locality,

An attempt to strip mine the uranium at this locality was made in June 1955, Because of the dip of
the uranium-bearing bed, a considerable amount of overburden had to be remowed, The overburden was
stripped to the carbonaceous shale which at this point was about 12 inches thick, Care was taken to mine
only the carbonaceous shale,

Locality B, -- Locality B is on the west side of a small knoll in the northeast corner of section 20
(fig. 2). The uranium is in a 12-inch thick bed of light reddish-brown carbonaceous shale and an
underlying light greenish-gray chest bed about 6 inches thick, Overlying the carbonaceous shale is a
partly bentonized lapilli tuff several feet thick, Underlying the chert bed is a 6-foot zone of alternating
chert and white tuffs, Underlying this sequence is a thick, partly bentonized tuff, The beds strike
N, 18°W. and dip 22° NE,

The carbonaceous shale is exposed for a strike length of about 200 feet, It lenses out toward the
southeast and could not be located on the slope across a small valley to the northwest, The bed is cut

off by a northeast-trending fault about 150 feet down dip from the highest exposure,
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Carnotite, identified by Jerome Stone, U, S, Geological Survey, coats fractures and has partly re-
placed plant fragments in the carbonaceous shale, In several places carnotite coats fractures in the under-
lying chert also, A selected sample of the carbonaceous shale assayed 0, 28 percent eU, 0, 70 percent U,
and 0, 2 percent V _/, A selected sample of carnotite-coated chert assayed 0,019 percent eU, 0,022
percent U, and 0,01 percentV, A bulk sample from a small ore pile assayed 0,062 percent eU, The
bulk sample was ground and separated into size fractions and each fraction was then assayed for equivalent

uranium with the following results:

+ 20 mesh 0,028 percent eU
+ 40 mesh 0,032 percent eU
+ 60 mesh 0,044 percent eU
+ 80 mesh 0,072 percent eU
+ 100 mesh 0,064 percenteU
+ 140 mesh 0,074 percent eU
- 140 mesh 0,11 percent eU

By weight, one-half of the sample is finer than 60 mesh, These data indicate that the bulk of the

uranium is in the finer fractions, and the uranium might be concentrated by grinding and sereening,

Locality C, -- Locality C is on a low, rounded spur near the bottom of a broad valley in section 18
(fig. 2). The uranium is in a brown carbonaceous shale bed about eight inches thick, Overlying this shale :
is a thin soil cover, Underlying the shale is a 4~inch bed of white, fine-grained tuff which js underlain by
another 8-inch carbonaceous shale bed, @ These carbonaceous shale beds are more indure;ted than those at
Localities A and B,

The beds are exposed for a total distance of about 50 feet in two shallow bulldozer cuts and elsewhere
are covered by colluvium, The attitude of the beds is N, 80° W, 70 NE, Only the upper shale bed is
strongly radioactive, but locally the lower shale bed has slight radioactivity, A selected sample of the

upper shale assayed 0,051 percent eU, 0, 10 percent U, and 0, 03 percentV, No uranium minerals wege detected,

_/ All vanadium analyses in this report were made by K, E, Valentine, U, S, Geological Survey,
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Lg’ cality D, - Locality D is an outcrop at the northwest end of a low mound near;the center of a
broad valley in section 18 (fig, 2), The uranium is in black, well-indurated carbonaceous shlale about
6 inches thick overlying a 12-inch dark-gray chert bed and underlying a lighter-gray chert bed at least
8 inches thick, The beds strike about N, 40° W, and dip about 3° NE, and are exposed for a distance
of about 30 feet, Carnotite occurs in the black shale and coézs fractures in the underlying chert, A
selected sample of the black shale assayed 0, 11 percent eU, 0,20 percent U, and 0,3 per;:ent V.

About 500 feet southeast of this outcrop, a radioactive greenish-gray, partly bentonized lapilli
tuff bed about 4 feet thick is exposed in a bulidozer cut, The bed is ove;lain and underlain by gray,
partly bentonized tuff, The bed is exposed for a distance of about 100 feet and has an attityde of
N. 20° w., 250 NE, The radioactive material is distributed erratically in the bed, A selected sample

of the radioactive material assayed 0, 069 percent eU,

Locality E, -- Locality E is in a shallow bulldozer cut on the north side of a small ridge near the
center of the western margin of section 20 (fig, 2). The uranium is in a carbonaceous shale exposed
over an area of only a few square feet near the bottom of the south wall of the bulldozer cut, The rock
surropnding the carbonaceous material is partly bentonized tuff and bentonite, In the vicinity of the
anomaly the rocks are cut by several small, highly irregular faults and about 40 feet east of the -anomaly !
by a larger fault, The details of the structure are difficult to determine hecause of poor exposures and
flowage of the bentonite, No uranium minerals were recognized, but a selected sample of the highly
carbonaceous material assayed 0, 12 percent eU, 0,28 percent U, and 0, 02 percent V, A composite

sample of the bentonite in the vicinity contained 0, 002 percent eU but no uranium,

Locality F, -= Locality F is about 550 feet north of Locality E in section 20 (fig, 2). A sequence
about 6 feet thick of carbonaceous beds and fine-grained tuff beds is exposed in a road ;:ut, The car-
bonaceous beds range from lignite to shales containing only a small amount gf plant fragments, The beds
are from 2 inches to 12 inches thick and strike N, 15° W, and dip 25° NE, The sequence is overlain

by bentonite and underlain by partly bentonized tuff, A bentonitic mud flow covers the beds to the west
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of the road cut, and the beds are cut off near the east end of the cut by a fault which strikes N, 10°w,
and dips 62° SW, East of the fault the rock is white sandy tuff made up of,30 percent to 50 percent of
rounded pumice fragments and about 10 percent rounded grains of chertin a fine-grained glassy matrix,
Several of the carbonaceous beds are radicactive, A sample from a 2-.inch bed of lignite about
12 inches above the base of the sequence assayed 0, 015 percent eU and 0, 022 percent U, A sample
selected from the most radioactive bed in the sequence--a 6-inch bed of reddish-brown carbonaceous
shale about 4 feet above the base--assayed 0,051 percent eU and 0,021 percent U, A bulk sample of

all the carbonaceous beds assayed 0, 008 percent eU and 0, 009 percent U,

Locality G, -- Locality G is a large area south of Beaver Creek in section 28 (fig, 2). The rock in
this area is predominantly bentonite with smaller amounts of partly bentonized tuffs and lapilli tuffs,
Three beds of carbonaceous shale in the area of bentonite are radioactive, The lowest shale bed in the
section is 3 inches thick and is underlain by a 6-inch chert layer which is underlain by bentonite.. The
bentonite appears to have originally been a lapilli tuff consisting largely of ash and rounded fragments of
pumice about a quarter of an inch in diameter, Overlying the shale is a sandy tuff, about 2 feet thick,
that consists almost entirely of rounded pumice fragments altered to bentonite in a matrix of glassy
material largely altered to clay, About 50 feet higher in the section is a 4-inch carbonaceous. shale
and ‘about 2 feet higher is another carbonaceous shale about 2 inches thick, = The beds between the
shales have been almost completely altered to bentonite, = These beds strike N, 30°-35° W, and dip
25°-40° NE, The carbonaceous beds are exposed for a distance of about 250 feet, Metatorbernite is
locally along fractures in the lowest shale bed, Samples selected from two of the beds assayed 0, 36 and .
0,054 percent efJ.

Nonradioactive, thoroughly silicified plant fragments and logs are associated with‘rthe bentonite

at several places,

Other localities, -- The other localities shown on figure 2 are similar to those described above, but
the uranium content is generally considerably lower; therefore the information on these localities is

presented on table 1 along with the analytical data given above for comparison,
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Table 1, --Equivalent uranium anc uranium analyses, in percent,
from localities shown on figure 2,

Locality eU U Description

B 0,28 0,70 carbonaceous shale containing carnotite
B ,019* . 022 chert with carnotite coated fractures

B . 062 s carbonaceous shale and cherf,

C ,051® .10 carbonaceous shale

C <23 o carbonaceous shale

C .24 N carbonaceous shale

D & A* .20 carbonaceous shale containing carnotite
D ,069 oo partly bentonized lapilli tuff

D .034 - carbonaceous chale conthining carnotite
E o .23 carbonaceous shale

E .20 e carbonaceous shale

E . 002* 0 bentonite

F ,015% . 022 carbonaceous shale

F .051* . 021 carbonaceous shale

F . 008%* . 009 carbonaceous shale

G . 36 - carbonaceous shale containing metatorbenite
G . 0584 "e carbonaceous shale

H . 007 . 004 partly bentonized fine~grained tuff

H ,013% . 009 fine-grained tuff

J . 004** 0 tuffaceous sandstone

K . 004%= 0 coarse, partly bentonized sandstone

L .013* . 019 silicified wood

M . 038 .071 brown carbonaceous shaie

N . 005 ., 003 white, coarse, sandy tuff

P .008%* . 006 gray tuff with plant fragments

Q ,009% . 004 tuffaceous sandstone

Q + 0 18% .036 carbonaceous shale containing carnotite
Q . 001* 0 light-gray chert

R . 007 . 005 carbonaceous shale

S o1 .012 carbonaceous shale

T . 009 o brown chert

U ,010 s carbonaceous shale

* Analysts: Benjamin A, McCall and Roosevelt Moore
** Amalysts: C, Angelo and M, Finch
“@®: Not analyzed for uranium ‘

1/ bulk sample
2/ fossil tree trunk fragment

Thickness
of bed
(inches)
12

(=20 S« P e ]
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Area west of Hauser Lake

The area shown on figure 3 is on the drainage divide between Hauser Lake and Lake Helena in the
Helena Valley (fig, 1), Most of the area is covered by Quaterpary gravel and soﬂ: much of which i
cultivated, Tertiary rocks are exposed in three small areas (fig, 8), The westernmost exp(;sure of
Tertiary rogks in section 29 (fig, 3) consists of conglomerate, tuffaceous conglomerate, ;uffaceous
sandstone, and bentonite, The conglomerate is made up of pebbles and cobbles af dark volcanic rock,
quartzite, and limestone, The rock is not well indurated and tends to crop out only as layers of loose
gravel. Most of the conglomerate beds are broadly lenticular and crossbedded, The tuffaceous con-
glomerate consists of pebbles similar to those in the conglomerate in a matrix of ash now largely altered
to clay, The amount of pebbles differs considerably from one bed to another, The conglomerate and
tuffaceous conglomerate make up about one-half of the nonbentonitic rocks in the section, The remainder
are light-gray, tuffaceous sandstone, which consists of rounded grains of chert and fragments of pumice in
a glassy matrix now largely altered to clay, and gray, partly bentonized tuffs, The bentonite is in beds
from 4 feet to 12 feet thick, It appears to have been formed from alteration of fine-grained wff, The
bentonite is largely gray but contains a few beds that are purplish-brown as a result of carbonaceous
material in the beds, The attitude of the beds in this vicinity is N, 45° W,, 8° SW,

In the vicinity of locality D (fig, 3), the section céntains less nonvolcanic material than it does
farther north, About 20 percent of the section is con“glomeraze or sandy conglomerate, about 30 percent
is bentonite, and the remainder is largely partly bentonized tuff and lapilli tuff, The rocks are well
bedded, and most beds are less than one foot thick, Four beds of purplish-brown carbonaceous shale
ranging in thickness from one inch to four inches are interbedded with light-gray, partly bentonized tuff
near the top of the exposed section, All of the carbonaceous shale is siightly radioactive, A selected
sample from the lowest bed assayed 0,011 rd‘arcent eU,

In the vicinity of locality C (fig, 3), the rocks are prgdominantly light-gray sandstone and greenish-
gray bentonite, Some beds contain many rounded pebbles of older rocks, and a few broadly lenticular
beds of conglomerate are interbedded with both the bentonite and the sandstone, Most of the sandstones

and conglomerates are crossbedded, A one-inch bed of purplish-gray carbonaceous shale at locality C is
slightly radioactive, but it is not as radioactive as the shale at locality D, ‘
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The Tertiary rocks in the vicinity of localities A and B (fig, 3) are partly pentonized fine~-grained
tuff and bentonite, Interbedded with these are a few beds of light-gray, partly bentonized lapilli tuff,
The lgpilli are subrounded fragments about 1/4 inch in diaméter of 1ight-g;tay, fine-grained tuff,

At locality B are four slightly radioactive beds of light purplish~gray thin-bedded carbonaceous
shale from 3 inches to 1 foot thick, Two fhin, élighﬂy radioactive beds of carbonaceous shale crop

out at locality A, The shale at localities A and B is less radioactive than the shale at locality C,

Area in T, 3 N,, R, 1 W,

The areia shown in figure 4 is near the south end of the Townsend Valley (fig, 1), Most of the
area is under cultivation and outcrops are poor, At locality A (fig, 4), a four-foot bed of white 1api1.ﬁ
tuff is exposed on the southwest side of a small valley, The rock consists of large rounded pumice
lapilli in a fine-grained matrix, It is crossbedded and overlies bentonite, A sample across three feet of
tuff assayed 0, 004 percent eU and 0, 002 percent U, A similar, white, slightly radioactive lapillirtuff
is exposed along a low bluff at locality C,

At locality B, a 5-inch bed of light purplish-gray carbonaceous shale is interbedded with gray,
partly bentonized tuff, Locally, the shale is partly replaced by chert, A selected sample of the
carbonaceous shale assayed 0,006 percent eU and 0,‘0 18 percent U, At locality D, a radioactivity
anomaly was detected with a carborne scintillation counter near the base of a:small kndll, Outcrops are
poor but float indicates that the knoll is capped by a bed of white lapilli tuff similar to that at . locality

A, The source of radioactivity was not found,

Area in T, 2N,, R, 1 W,

The area shown in figure 5 is about 5 miles south of the area of figure 4 at the southern end of
‘the Townsend Valley (fig. 1). Almost all of the area is under cultivation and outcrops are extremély
poor, The large amounts of bentonite in the soil and on the graded road; and the few outcrops of |
tuffaceous rocks indicate that the area is probably entirely underlain by Tertiary rocks similar to those

~

northeast of Winston,
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At_\locality A (fig, &), a slightly radioactive bed of reddish-brown carbonaceous shale 10 inches
'thick is exp\ésed on both sides of a graded country road, The carbonaceous shale is interbedded with
partly bentonized, fine-grained tuff, sandstone, and bentonite, About ' 6 feet above the shale is a
thin bed of limestone,

At locality B, a slight radioactivity anomaly was detected with a carborne sciﬁtﬁlation‘ counter,

The source of the radioactivity could not be located definitely, but the soil contains a small amount of

carbonaceous shale which might be the source,
ORIGIN OF THE URANIUM DEPOSITS

In the Townsend and Helena Valleys, the uranium deposits have several characteristics in common:
(1) they are in and adjacent to carbonaceous shale or lignite interbedded with light-gray or white fine~-
grained tuffs and lapilli tuffs, (2) the stratigraphic section in the vicinity of the deposits includes bentonite
and partly bentonized tuff, (3) the distribution of the uranium in the favorable beds is erratic, The
source of the uranium was probably the light-gray and white fine-grained ruffs and lapilli tuffs, samples
of which contain 0, 002 percent to 0, 009 percent uranium, A bulk sample of the bentonite, which was
fofmed by alteration largely fiorn similar tuffs and lapilli tuffs, contained no uranium, andno radio-
activity was detected in the bentonite during radiometric wraversing, These data suggest an epigenetic
origin for most of the uranium in the carbonaceous shale and lignite, The uranium was probably leached
from the tuffs and lapilli tuffs by meteoric water during bentonization and was concentrated in the
carbonaceous shale and lignite, essentially in the manner suggested by Denson (1952) for other deposits
of uranium in coal, lignite, and carbonaceous shale in the Rocky Mountain region,

Faulting is common in the Tertiary rocks, and northeast of Winston the development of banded
chalcedony along some faults indicates that meteoric water that had leached silica from the surrounding
rocks moved along the fault, However, no direct relationship of the uranium deposits to faults was

found, nor was any other structural control apparent,



28

SUGGESTIONS FOR PROSPECTING

Tertiary rocks similar to the rocks described in this report are widespread in many of the major

) valleys_win western Montana, W, J, Hail, Jr,, and J, R, Gill(1953) examined many of the known
occurrences of coal, lignite, and carbonacecus shale in these valleys, but large areas of Tertiary rocks
are still unexplored,  Areas of white, fine-grained tuff or lapilli tuff, areas of bentonite, and areas
containing coal, lignite, or carbonaceous shale warrant detailed prospecting with a scintillation counter,
Areas of white rocks or bentonite can be detected easily on aerial photographs or from the air, thus
actual prospecting should be preceded by aerial reconnaissance or a careful study of aerial photographs,
Then traverses using carborne scintillation counters could be planned for the most promising areas and

-traverses on foot could be made where necessary,
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