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GEOLOGY AND URANIUM DEPOSITS IN CARBONACEOUS ROCKS 

OF THE FALL CREEK AREA, BONNE VILLE COUNTY, IDAHO

By James D. Vine 

ABSTRACT

Uranium occurs in carbonaceous crocks of the Bear River formation 

of Early Cretaceous age in the Fall Creek area, Bonneville County, 

Idaho. The principal exposure is at the Fall Creek coal prospect in 

section 4, T. IS., R. 42 E. , where impure coal contains as much as 

0. 1 percent uranium and its ash contains 0.3 percent uranium. Geologic 

mapping and sampling have demonstrated that the zone of uranium-bear - 

ing rocks is widespread in the area and is repeated several times by 

folding and faulting of the enclosing strata, although exposures suitable 

for sampling and analysis are few. Analytic data suggests a possible 

geochemical relation between uranium, germanium s and molybdenum. 

Four general hypotheses are advanced for the origin of uranium in 

carbonaceous rocks, a syngenetic s a diagenetic, and two epigenetic 

hypotheses~ = one by hydrothermal solutions and a second by downward 

percolating meteoric solutions. Analogy with other occurrences of 

uranium-bearing carbonaceous rocks suggests that the epigenetic hy= 

pothe-s-is of deposition by downward percolating meteoric water seems 

best able to explain the occurrence of uranium in the Fall Creek area. 

Core drilling was inconclusive in demonstrating the areal extent of the



radioactive units because of the failure of most of the holes to penetrate 

the uranium-bear ing strata. Structural complexity, faulting, thinning 

of incompetent strata, and increasingly steep dips at depth-were factors 

contributing to the inconclusive results of the drilling.

Inferred reserves are tentatively estimated to be about 1,300 tons 

of uranium in about six and a half million tons of coaly shale, carbona­ 

ceous shale, and carbonaceous limestone. This estimate is based on 

the average thickness and grade of uranium-bear ing strata exposed in 

the Fall Creek coal prospect, drill-hole data, and the inferred extent 

of these strata over an area slightly more than 400 acres in size.

INTRODUCTION 

Purpose and scope of the report

During the course of reconnaissance for uranium-bearing coal and 

carbonaceous materials during the 1951 field season George W. Moore 

and the author made many radioactivity measurements of coal mines 

in Idaho, Colorado, and Utah, especially where the coals were over­ 

lain by silicic volcanic rocks. This association was proposed as the 

possible explanation for the occurrence of uranium in the lignites of 

western South Dakota by Denson, Bachman, and Zeller (1950). They 

suggested that the uranium in the lignite was introduced by cold 

meteoric waters percolating downward from volcanic tuff in the White 

River formation of Oligocene age and the Arikaree formation of
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Miocene age. Reconnaissance during the 1951 field season was carried 

on in Idaho and adjacent areas in an attempt to discover additional 

uranium deposits that might have been formed in a similar manner. 

Several occurTences wexe found where the uranium content was too low 

to be of economic interest (Vine and Moore, 1952b). However, investi­ 

gations in the Fall Creek axea, whexe Mansfield (1920) had reported 

several coal prospects closely associated with volcanic rocks, resulted 

in the discovery of a significant concentration of uranium (Vine and 

Moore, 1952a>.

Field work was carried on during July and August 1952 to determine 

the areai extent, structural setting, and nature of the occurrence of 

uranium in the Fall Creek area (Vine, 1953). Core drilling to deter­ 

mine the thickness and grade of the uranium-bearing zone was done 

during June, July, and August 1953. This report describes the general 

geologic setting, the occurrences of uranium or radioactivity in this 

and adjacent areas, the probable nature of the mineralization and origin 

of the deposits, and the estimated reserves of uranium-bear ing rock.

Ac knowle dg me nt s

The field investigations were greatly facilitated by the use of an 

advance copy of a geologic map of the Irwin and part of the Hell Creek 

quadrangles prepared by Louis S. Gardner (1952) of the U. S. Geologi­ 

cal Survey. The author is indebted to George W. Moore who assisted 

in the reconnaissance in 1951, Robert F. Flege, Jr. who assisted with



the geologic mapping during the 1952 field season, and Max L. Troyer 

who supervised the drilling program, All analytical work -was performed 

in the Washington and Denver laboratories, U. S. Geological Survey. 

The work was done on behalf of the Division of Raw Materials of the U.S. 

Atomic Energy Commission.

Location and accessibility

The uranium-bearing strata of the Fall Creek area are on the west 

flank of the Caribou Mountains in Bonneville County, Idaho in Tps. 1 N. 

and IS., R. 42 E. {See figs. 1 and 2.) The area is about 16 miles 

southwest of Swan Valley, Idaho, and is easily accessible in good weath­ 

er. The principal exposure is in the NE 1/4 sec. 4, T. IS., R. 42 E. , 

at an abandoned, inclined shaft dug for coal, adjacent to the Fall Creek 

road in the Caribou National Forest. The abandoned, inclined shaft, 

referred to as the Fall Creek coal prospect, may be reached as follows: 

drive 3 miles- northwest on U. S. Highway 26 from the town of Swan 

Valley and cross the bridge that spans the Snake River. At the west side 

of the bridge turn left onto a graveled road and proceed about a mile 

along the Snake River to the junction of the Fall Creek road. Turn right 

and travel about 12 miles up the Fall Creek road. The entrance to the 

Fall Creek coal prospect is- marked by a timbered entry on the south 

side of the road about a mile beyond the Fall Creek Ranger Station. 

(See fig. 2. }
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Carbonaceous rock sample locality. Upper figure is 
locality number. Lower figure is maximum percent 
uranium (or equivalent uranium if followed by "e ) 
in sample.

Silicic volcanic rock sample locality. Upper figure 
is locality number. Lower figure is maximum per­ 
cent uranium ( or eqivalent uranium if followed by "e") 
in sample.

Key Map

[

Water sample locality. Upper figure is locality number. 
Lower figure is amount of uranium in parts per 
million.

FIGURE I.—INDEX MAP OF SOUTHEASTERN IDAHO, SHOWING LOCATION OF THE
FALL CREEK AREA AND SAMPLES COLLECTED IN ADJACENT AREAS
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Topography and water supply

The U. S. Geological Survey Hell Creek and Irwin topographic quad­ 

rangles show altitudes in the Fall Creek area ranging from about 5,600 

feet in the valley of Fall Creek to 7,600 feet along the drainage divide 

between Fall Creek and Pritchard Creek in the northern part of the area. 

Fall Creek, which flows northeast to the Snake River, drains most of the 

area although Hell Greek, which flows northwestward into the Snake River, 

drains most of the southwestern part of the area (fig. 2). Fall, Pritchard, 

and Hell Creeks and many of their tributaries are permanent streams.

Land ownership

Except for a tier of sections along its west side, most of the area 

mapped lies within the boundary of the Caribou National Forest. Several 

small tracts of privately owned land, however, lie within the National 

Forest. These tracts are shown on the Department of Agriculture map 

of the Caribou National Forest dated 194*).

GENERAL GEOLOGIC FEATURES 

Sedimentary rocks

Strata of Mesozoic and Paleozoic age occur in the Caribou Moun­ 

tains, but as only Cretaceous and Jurassic rocks are exposed in the area 

mapped, only the rocks of thes« systems will be described. A summary 

of the sedimentary rocks exposed in the area is given in table 1. The 

following descriptions are adapted from Kirkham (1924, p. 20-29) with 

important modifications in the descriptions of the Tygee and Wayan 

formations in order to include Louis S. Gardner's usage (personal com­ 

munication) of the Bear River formation.
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Table 1,--°Sedimentary rocks exposed in the Fall Creek arres I/

Thickness 
Formation (in feet) Description

UPPER CRETACEOUS

P
0

o

EH 

W

O

o
t-5

LOWER MIDDLE UPPER JURASSIC JURASSIC JURASSIC

Wayan formation

Bear River 
formation

Tygee 
formation

Draney 
o, limestone
o 
£b Bechler 

formation

.p Peterson 
"0 lime stone

§ Ephraim 
formation

Stump 
formation

Preuss 
formation

Twin Creek 
lime stone

Nugget 
sandstone

I/ Modified from

•4. i W W \ it (^f*\f*\ J 9 \J \J\J i-i 9 v/V-'Vx

(estimate)

300-500

285-300

175-300

225=300

50=100

360=1400

220-300

U25-5oo

970-1,200

1^000 

Kirkham. 192

Shale, red and purple, and sandstone, gray, 
medium- to coarse "grained, cross~bedded, 
friable . Sandstone b eds form prominent 
ledges in the softer shales,

Unc onf ormity ———————————

Siltstone, dark gray, carbonaceous, ferrugi­ 
nous, and brown thin=bedded sandstone in 
lower two=thirds, overlain in upper third by 
brown to gray medium~grained quart zite or 
sandstone that is very resistant to weather­ 
ing, Uranium=bearing coaly shale and carbo­ 
naceous limestone occur near the top of the 
formation

Shale, red, interbedded with sandstone, gray 
to brown, fine~grained| some sandstone is 
gray medium<=grained, cross<=bedded and friable. 
The sandstone beds form ledges in the shales.

Limestone, gray, fine= to coarse -grained, 
weathers dirty white jj fossiliferous at top»

Shale, red, weathers into a red soi! 9

Limestone, fine-grained, dark gray, weathers 
dirty white

Conglomerate and sandstone, reddish gray, 
coarse-grained, gritty with some reddish-gray 
shale and purplish-gray limestone.

Sandstone, gray to greenish»gray, fine-»grained 
and shalyj some sandstone is massive and 
coarse=^rained0

Shale, red and green with green "salt and 
pepper" sandstone and thin beds of limestone*

Minor unconformity —————————————

Limestone, gray, impure, weathers to a yellow- 
ish=>gray color, forms small splintery fragmerts

Quartzite and sandstone, red to pink or white, 
very resistant, weathers into large blocks 
which form extensive talus slopes,

4 9 and unpublished data of L s S 0 Gardner
(personal communication)
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Jurassic system

Nugget sandstone. —The base of the Nugget sandstone is not exposed 

in the mapped area, but the formation is probably about 1, 000 feet thick. 

It consists of fine-grained, white to pink or red sandstone and quartzite, 

generally thin bedded, though locally cross-bedded. The entire forma­ 

tion is highly resistant and weathers to blocks which cover extensive 

talus slopes.

Twin Creek lime stone. —Lying with apparent conformity on the 

Nugget sandstone, the Twin Creek limestone forms a unit 970 to 1,200 

feet thick that is easily recognizable by its Uthology. The Twin Creek 

consists chiefly of gray impure limestone that weathers into yellowish- 

gray splintery fragments or flakes of characteristic appearance. The 

formation forms rounded, gentle slopes with sparse vegetation.

Preuss formation. --The Preuss formation is probably about 425 

feet thick and separated from the Twin Creek limestone by a minor 

^unconformity. The Preuss consists of interbedded shale, sandstone, 

and limestone ranging in color from red and green to brown and gray. 

The difficulty in distinguishing this formation from the overlying Stump 

and Ephraim formations made it necessary to map all three formations 

as a single unit.

^ Stump formation. -~No distinctive lithologic contact separates the 

Stump formation from the underlying Preuss formation. The Stump is 

probably about 220 feet thick and consists chiefly of fine- to coarse-grained
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gray sandstone which is commonly ripple -marked and weathers to 

yellowish or brownish gray colors.
y

Cfetaceous system

Gannett group. --Five formations totaling 1, 100 to 1,400 feet of 

strata at the base of the Cretaceous make up the Gannett group. They 

are, from oldest to youngest, the Ephraim formation, Peter son lime­ 

stone, Bechler formation, I>raney limestone, and Tygee formation. A 

striking cyclic repetition of units of similar lithology is represented by 

the Peter son and Draney limestone each of which is overlain by red

, the Be chle-x and Tygee formations .

Ephraim formation. --Conformably overlying the Stump formation 

and forming the basal unit of the Gannett group is the Ephraim forma­ 

tion, at least 360 feet thick. The Ephraim formation consists of interbed- 

ded red to gray sandstone, conglomerate, reddish limestone, and reddish 

shales. The difficulty in distinguishing the Ephraim from the two under­ 

lying formations made it necessary to map all three formations as a 

single unit,

Peter son lime stone. --Lying conformably on the Ephraim forma­ 

tion, the Peter son limestone is about 50 to 100 feet thick and forms 

prominent ledges. The Peterson consists of gray massive fine-grained 

limestone, which weathers into characteristic whitish outcrops. The 

formation makes an excellent horizon marker.

Bechler formation. --The Bechler formation lies conformably over 

the Peterson limestone and is at least 225 feet thick. The Bechler
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consists of red shale, which weathers into a red soil and forms a valley 

or saddle between the underlying and overlying limestone formations.

Draney limestone. —Conformably overlying the Bechler formation 

is the Draney limestone, about 175 feet thick. The weathered appear­ 

ance of the Draney limestone is very similar to that of the Peterson 

limestone and where not seen in continuous sequence is sometimes in­ 

distinguishable from the Peter son limestone. The Draney consists 

chiefly of gray massive fine-grained limestone with coarse =grained 

fossiliferous dark-colored limestone at the top. The limestone weathers 

into whitish outcrops that stand out as ridges between the enclosing red 

shales and sandstones.

Tygee formation. --Lying with apparent conformity on the underlying 

Draney limestone is- the Tygee formation, 285 feet thick where measured 

on Skyline Ridge, The formation consists of interbedded red shale and 

gray to brown sandstone. The sandstone is commonly medium-grained, 

cros-s—bedded and friable, similar to sandstone beds in the Wayan.

The following section of the Tygee formation was measured on 

Skyline Ridge in sec. 27, T. IS., R. 42 E. The strata in this section 

are overturned and dip 85° to the northeast. The intense deformation 

may have caused the formation to be thinner here than in a normal sec­ 

tion. The section differs greatly from that of Kirkham (1924, p. 26-28} 

who included beds in the Tygee that are here called the Bear River 

formation. Apparently Kirkham measured his section east of the Fall
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Creek Ranger Station where faulting has duplicated the strata.

Section of the Tygee formation, sec. 27, T, IS., R. 42 E. , 
Bonneville County, Idaho

The dip is about 85° to the northeast, overturned.
Thickness

(feet) 
Bear River formation:

Shale and siltstone, dark gray, ferruginous Not measured 

Tygee formation:

Unit 1. Covered, red soil 6
2. Sandstone, fine--grained, dark gray to brown,

hard 1.7
3. Covered, red soil 18
4. Sandstone, fine-grained, gray, hard 2
5. Covered, red soil 10.5
6. Sandstone, fine-grained, gray, hard, calcareous .8
7. Covered, red soil, probably red shale 52
8. Covered, dark soil, sandstone float 24
9. Sandstone, fine- to medium-grained, gray,

cross-bedded, friable, calcareous; similar
to sandstone beds in the Wayan foxmation 26

10. Covered, red soil, probably red shale 54
11. Sandstone, reddish-brown, calcareous 2
12. Covered, reddish-brown soil 35
13. Sandstone, fine-grained, gray, numerous black

grains, calcareous 2
14. Covered, reddish-gray soil and a thin ledge

of gray siltstone 15
15. Sandstone, fine-grained, gray, massive,

calcareous 2
16. Covered, reddish-gray soil 6
17. Sandstone, fine-grained, gray, massive,

calcareous 2
18. Covered, light gray soil 15
19. Sandstone, fine-grained, brown, thin-bedded,

calcareous 1
20. Covered, light-gray soil, limestone float 10

Total Tygee formation 285

Draney limestones
..&**$!•

Limestone, dark bluish-gray, fossiliferous Not measured
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Bear River formation. --The Bear River formation, lying with 

apparent conformity on the Tygee formation, is about 300 to 500 feet 

thick. The upper and lower contacts of the formation as described 

herein follow the usage of Louis S. Gardner (personal communication), 

The lower two-thirds of the formation consists of dark-gray, ferrugi = 

nous, carbonaceous shale and siltstone interbedded with thin beds of 

dark brown sandstone. The upper third of the formation consists of 

a-prominent ledge of medium-grained gray to brown quartzite or sand­ 

stone 75 feet thick, overlain by black shale, thin beds of fine = grained 

brown sandstone, coaly shale, and black fossiliferous granular lime­ 

stone of probable brackish water origin. The limestone and coaly 

shale are the uraniferous strata in the Fall Creek area. The Bear 

River formation does not contain any red or green shales that are so 

characteristic of nearly all the other Jurassic and Cretaceous clastic 

sediments in this area. The thick ledge-forming quartzite or sand­ 

stone in the upper third of the formation is- the principal marker bed 

in this part of the section. The dark somber color of soils derived 

from the formation as a whole is fairly characteristic and helps to 

identify the formation where exposures are poor. The Bear River 

formation is generally poorly exposed and the outcrops are commonly 

complicated by faulting or folding so that no complete section of the 

formation was measured. The following section of the lower part of 

the formation was measured near the divide between Blacktail, 

Porcupine, and Pritchard Creeks.
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Section of the lower part of the Bear River formation in sec. 22, T. IN., 
R. 42 E., Bonneville County s Idaho

The strata here dip 40 to 45 e to the northeast.

Thickness
(feet) 

Bear River formations

The upper part of the formation is not exposed.

Unit 1. Quartzite 9 fine-grained, brown, thin =• bedded to
massive, non-calcareous 22

2. Covered, quartzite float 35
3. Sandstone, fine=grained, gray, thin=bedded to

massive, calcareous, weathers brown 5
4. Covered, dark-gray soil covered with small

chips of dark-gray to brown siltstone float 169
5. Sandstone, fine-grained, quartzitic, dark- 

brown, ferruginous 2
6. Covered, dark=gray soil covered with small

chips of dark-gray to brown siltstone float 67

Thickness, lower part of Bear River fm. 300 

Tygee formation:

Covered, red soil Not measured 

A section of the upper part of the Bear River formation and part of 

the lower Wayan formation is described later in the section titled the 

Fall Creek coal prospect, page 25.

Wayan formation. =-An unconformity probably separates the Wayan 

formation from the underlying Bear River, though proof of its existence 

depends primarily on the variation in the interval between the massive 

ledge of quartzite in the Bear River and the first appearance of red shale 

above the quartzite. The variation in the interval may also be dependent 

on primary depositional differences and unequal deformation at the time
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of folding. The formation is estimated to be at least 3, 000 to 4 S 000 feet 

thick but the top of the formation is not exposed. No attempt was made 

to measure a stratigraphic section of the Wayan formation, but various 

exposures of it consist chiefly of red and purple shale interbedded with 

medium- to coarse-grained gray, cross-bedded, friable sandstone in 

beds up to 20 or 30 feet thick. The sandstone beds commonly form 

prominent ledges in the otherwise non-resistant strata. A characteristic 

of the sandstone beds is cross-bedding; this feature is very useful in 

determining the sequence of strata and therefore the structure, particu­ 

larly in areas where folds are overturned.

Igneous rocks

Tertiary volcanic flows and tuffs lie unconformably on the folded 

and faulted strata of Mesozoic and Paleozoic age in the Caribou Moun­ 

tains. Several hills within the mapped area are capped by remnants of 

volcanic -rocks-. These remnants occur at different altitudes. Large 

remnants in the northern part of the area, sees. 20, 29, and 30, T. 1 N., 

R. 42 E. , lie at altitudes ranging from 7,000 to 7,600 feet; whereas, 

similar remnants in the southwestern part of the area, sees. 29, 30, 

and 31, T. IS., R. 42 E. lie at about 6 8 600 to 6,700 feet. This differ­ 

ence in altitude would seem to indicate at least 1, 000 feet of topographic 

relief at the time the volcanic rocks were deposited and may indicate 

that the original thickness of tuffs and flows was much greater than is 

represented in any of the present remnants. Ross and Forester (1947)
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assign the tuffs and flows to the oldest of a series of three volcanic 

groups recognized in southeastern Idaho. This oldest group consists of 

Miocene and Pliocene silicic volcanic rocks (welded tuffs and flows of 

rhyolitic appearance) associated with the Snake River basalt. In the 

Fall Creek area this group of volcanic rocks are hard, dense, gray and 

tan to red, felsite-porphyries containing small feldspar phenocrysts. 

Black and gray obsidian with microlites and spherulites are also present.

Structural setting

The Caribou Mountains in southeastern Idaho are at the northern 

end of a system of parallel -mountain ranges that form an arcuate belt 

along the Idaho-Wyoming border. The Caribou Mountains are charac­ 

terized by complex structural features that trend northwest and ulti­ 

mately plunge beneath the lavas of the Snake River Plain, which surrounds 

the northern end of the range. Closely spaced, parallel folds, over­ 

turned at many places and broken by faults, are the principal structural 

features of the range.

Cross section A-A 1 (fig. 2} shows the principal structural features 

in the area mapped. Folds in the southwestern part of the area are 

overturned to the northeast, whereas, folds in the northeastern part 

of the area are overturned towards the southwest. The Fall Creek coal 

prospect is located on the flank of a nearly symmetrical anticline between 

the two areas of overturning. Both longitudinal and transverse faults 

are superimposed on the pattern of the folds. Most of the longitudinal
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faults are normal faults but the faults along Skyline Ridge and the next
<i 

ridge to the southwest are thrust faults,, In sec. 12, T. IS., R. 42 E.

a longitudinal normal fault is offset by a transverse normal fault. At 

this place the relation between two types of faulting can be clearly deter = 

mined. A northeast-trending joint pattern at right angles to the folding 

is prominent in the Fall Creek Basin and, with the transverse faults, 

seems to be an important factor in controlling the trellis•= like drainage 

pattern so characteristic of the area.

Folding in the area ranges from minor drag folds to folds involving 

thousands of feet of strata where the horizontal distance from the axis 

of one fold is several miles from the axis of an adjacent fold.

Structural and geographic distribution of the Bear River formation

The Bear River formation is exposed along the flanks of many of the 

sync lines and anticlines not only in the area mapped but also in much of 

the surrounding area. The prominent synclinal area at the northeastern 

corner of the area mapped (fig. 2) is divided into two sync lines by a 

small faulted anticline. The Bear River formation occurs along the 

flanks of both the major and the minor folds, but exposures of the coal= 

bearing zone are very poor. Along the overturned southwest flank of 

the major anticlinal structure east of the Fall Creek Ranger Station the 

Bear River formation is duplicated by faulting. Exposures of the coal- 

bearing zone are poor, and the zone itself is thin, apparently due to 

stretching which accompanied the intense deformation. A faulted
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anticline broken by transverse faults to form a horst-like structure 

brings the Bear River formation to the surface at the Fall Creek coal 

prospect. Elsewhere along the strike of the same anticlinal feature the 

zone of radioactive rocks is not exposed.

The Fall Creek Basin is a broad area of gentle relief eroded from 

folded strata in the Wayan formation. ^Between the Fall Creek coal 

prospect and Skyline Ridge an anticline overturned to the northeast has 

exposed strata older than the Wayan formation. However, the northeast 

flank of this anticline is so steep, the strata so thin, and the exposures 

so poor that the radioactive zone could not be found. The southwest 

flank of the anticline, however, has a relatively gentle dip and the coal- 

bearing zone appears to be -quite similar to that at the Fall Creek coal 

prospect, though the exposures are poor. Southwest of this overturned 

anticline is a thrust sheet that parallels the crest of Skyline Ridge. A 

belt of very complex structure including recumbent folds and imbricate 

thrust sheets occurs between Skyline Ridge and Hell Creek. Within this 

belt of complex structure the Bear River formation is repeated at least 

three times, but the exposures of the coal-bearing zone are very poor. 

The intense deformation has probably caused the thinning of incompetent 

strata including the coal-bearing strata.

A relatively gentle syncline and anticline occupy the southwest cor­ 

ner of the area mapped, but soil and vegetation apparently cover the 

coal-bearing zone as no outcrops could be found. An area near the heads 

of Camp, Haskin, Trap, and Beaver Creeks, in the south central part
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of the mapped area, is one of complex and indeterminate structure. Soil 

cover, heavy vegetation, and hill-wash mask the exposures. Locally, 

outcrops of the Bear River formation were recognized, but the structur­ 

al setting is poorly understood.

URANIUM OCCURRENCES 

General distribution

Uranium^bearing coal and associated rocks were discovered in 

September 1951 at the entrance to the Fall Creek coal prospect, sec. 4, 

T. IS., R. 42 E. (fig. 2). The uranium-bear ing rocks are chiefly 

confined to a single stratigraphic zone in the upper part of the Bear 

River formation which occurs throughout much of the northern part of 

the Caribou Mountains. Limestone pebble conglomerates containing as 

much as 0. 01 percent uranium were also found locally in the Wayan 

formation. One of thes« yielded a fossil bone fragment that contains 

0. 17 percent uranium. The Phosphoria formation of Permian age also 

contains uranium but a study of this formation in the Caribou Mountains 

was not included in this investigation.

The exposure of uranium -bear ing strata in the Fall Creek coal 

prospect (locality 13, fig. 2) is presented in the next section. Elsewhere 

exposures of the uranium-bear ing strata are rare. Trenches (localities 

9, 10, 11 and 12, fig. 2 and table A, appendix) were dug to expose 

these strata at intervals along the strike northwest of the coal prospect
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for nearly half a mile. Together these five exposures supply the best 

information available on the lithology and uranium content of the 

uranium-bear ing strata. Exposures elsewhere serve chiefly to demon­ 

strate the widespread distribution of uranium-bear ing strata. The loca­ 

tions of the exposures discussed below are shown on figure 1. Roadcuts 

have exposed uraniferous strata at locality 36 (sec. 18, T. 2 S. , R.45 E. ) 

and locality 38 (sec. 23, T. 3 S. , R. 43 E. ), both outside the area 

mapped and about 17 to 18 miles from the Fall Creek coal prospect. A 

select grab sample of coal from the dump of the Croley coal prospect, 

locality 37 (sec. 27, T. 1 S., R. 41 E.} contains 0.007 percent uranium 

in the coal and 0. 03 percent uranium in the ash. The mine itself is not 

accessible and so the thickness and nature of the strata are not known. 

Coal on the dump of a mine in, sec. 5 S T. 32 N., R. 119 W. near Auburn, 

Wyo. , 47 mile^ to the southeast (locality 41) contains 0.0035 percent 

uranium in the coal and 0. 0053 percent uranium in the ash. Elsewhere 

low radioactivity was detected on the dumps of abandoned coal prospects 

including the Bzinson prospect, locality 1 (sec. 34, T. 2 N., R. 40 E. ). 

the Pine Creek Pass prospect, locality 4-(gee. 25, T. 3 N. , R. 44 E.), 

which is 21 miles distant and at a mine in the Bear River formation about 

12 miles west of Driggs (locality 5). However, the radioactivity detected 

in these areas amounted to 0.003 percent equivalent uranium or less. At 

several other localities,radioactivity was detected intrenches, auger 

holes, or from limestone float, but fresh samples of the zone of coaly 

shale were not obtainable and the analyses of these samples can serve
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only in a qualitative way to show the general distribution of uranium. 

(See figs. 1 and 2, and table A, appendix.)

Fall Creek coal prospect

The Fall Creek coal prospect is an inclined shaft that extends about 

83 feet down the dip of a bed of coaly shale in the Bear River formation. 

The prospect was dug about 1922 by J. H 0 Smith of Rigby, Idaho, He 

reports that he mined down the dip of the bed for a distance of about 98 

feet and ceased operations when he reached water. A firm limestone 

roof and good timbering have helped to preserve the opening, though the 

floor is covered with rubble and the lower fifteen feet are filled with 

rubble. Figure 3A is a diagrammatic longitudinal section of the inclined 

shaft.

The prospect lies on the northeast flank of a. Lan.Uad antich:;.,?, (fi^.ZL 

The beds here dip 33 degrees northeast and strike nortliv/;?st. .£ fault 

system transverse to the general strike has uplifted the Bsar River forma­ 

tion for about half a mile along the axis of the anticline,, The inclined 

shaft has been driven in a zone of incompetent strata which have been 

sheared by differential movement and are characterized by drag folds.

Uranium in detectable amounts at the Fall Creek coal prospect is 

confined to a stratigraphic zone of brackish or fresh water organic = rich 

strata, units 16 through 21 in the stratigraphic section as described 

below and represented graphically in figure 4.
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Stratigraphic section of the upper part of the Bear River formation and 
the lower part of the Wayan formation, measured at the Fall Creek coal 
prospect in sec. 4, T. IS., R. 42 E. , Bonneville County, Idaho.

The dip here is about 30 to 35° to the northeast.

Wayan formation:

Upper part of the Wayan formation not measured

Unit 1. Sandstone, light-gray, medium-grained, thin- 
to thick-bedded, cross-bedded; forms promi­ 
nent ledge

2. Covered; probably contains red shale; forms 
slope

3. Sandstone, bluish-gray, fine- to medium- 
grained

4. Covered; probably contains red shale; forms 
slope

5. Sandstone, bluish-gray, fine-grained
6. Covered; probably contains red shale; forms 

slope
7. Sandstone, greenish-gray, fine-grained
8. Covered; probably contains red shale; forms 

slope
9. Sandstone, light gray, fine- to medium-grained, 

forms ledge locally
10. Sandstone, light gray, fine= to medium-g rained, 

cross -bedded, thin-bedded, slightly friable; 
forms ledge; the lower 6 = 8 inches contain a 
siltstone-pebble conglomerate

11. Covered with reddish soil; probably red shale, 
forms slope

Total Wayan formation (measured)

Bear River formation:

Unit 12. Quartzite, greenish-gray, fine-grained to dense
13. Covered; probably shale, green, not fissile
14. Shale, greenish- to purplish-gray, not fissile; 

forms slope
15. Covered by road fill; probably shale, green, not 

fissile

Thickness 
(feet) (in.)

23

106

2

34
5

108
4

13

75
386

6
20

20

25



28

Bear River f o rm at ion: -= Continued

Unit 16, Limestone9 carbonaceous, gray to black,,
weathers gray,, dense to finely crystalline,,-C3> j><> <f j y

contains fossil fragments including smooth 
gastropod shells, uraniferous

17. Shale, carbonaceous, dark greenish-gray, 
uraniferous

18. Limestone, carbonaceous, dark gray to black, 
weathers gray; contains fossil fragments; 
fresh fragments give off fetid odor; 
uraniferous

19. Shale gouge, carbonaceous, contains lenses 
of clay, coal, and limestone; uraniferous

20. Coaly shale and thin lenses of coal 9 clay and 
lime stone; sheared, This unit contains the 
highest percent of uranium

21. Shale, carbonaceous; limestone, carbonaceous: 
and coal, uraniferous

22. Quartzite, greenish-gray to brown, fine­ 
grained; forms ledge

23. Mostly covered slope-forming unit; probably 
gray to black, fissile shale

24. Limestone, impure, dark-brown, weathers 
brown, dense to finely crystalline; fresh 
fragments give off a fetid odor; contains 
fossil fragments including smooth gastropod

25

26

Thickne s s 
(feet) (in.)

4

4

4

15

Mostly covered, slope-forming unit; probably
gray to black, fissile shale 15

Quartzite, greenish-gray to brown, fine-grained; 
cross-bedded in part; forms massive ledge, 
the most prominent marker bed in this part 
of the section., The lower part of the Bear 
River formation is not exposed 35
Total Bear River formation exposed (measured) 152

Units 16, 17, and 18 in the above section may be considered as a rela­ 

tively resistant limestone zone with a thin shale parting. The limestone 

ranges in lithology from a gray, fine-grained limestone that is non- 

uraniferous to a black medium- to coarse-grained limestone rich in
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carbonaceous material, mascerated fossil fragments, and some gastro­ 

pod and pelecypod shells. This type of limestone rich in organic mater­ 

ial is commonly, though not invariably, uranium -bear ing throughout a 

widespread area. The roof of the Fall Creek coal prospect is formed by

the base of this limestone. It has a wavy lower surface and contains
«,

cavernous joints which may have been enlarged by groundwater circula­ 

tion. A group of incompetent strata underlying the limestone have been 

sheared by differential movement and are characterized by shear struc­ 

ture rather than bedding features.

Unit 19 in the stratigraphic section at the Fall Creek prospect is a 

gouge zone of variable thickness and lithology in which the shear struc­ 

ture is roughly parallel to the bedding of the overlying limestone units. 

This unit is composed of varying proportions of carbonaceous shale, 

carbonaceous and calcareous clay gouge, thin limestone lenses, and thin 

lenses of coal. A sample of black vitreous coal from a 2-inch thick lens 

was insoluble in carbon disulfide. Pyrite occurs in the lenses of coal. 

The unit ranges in thickness from 4 inches to 2 feet and contains an 

average of about 0. 02 percent uranium.

Unit 20, the most highly uraniferous unit of the group, consists of
/

sheared coaly shale with thin lenses of coal, clay, and limestone; it is 

approximately 4 feet thick. Unit 20 is characterized by drag folds in 

which lenses of yellow and gray clay, coal, and limestone have been

dragged into the sheared coaly shale. Gypsum, calcite, and jarosite
/ 

commonly occur as secondary encrustations on fractures, joints, and
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shea-r planer. A bulk sample of unit 20 was collected about 35 feet from 

the entrance to the inclined shaft for routine U. S. Bureau of Mines coal 

analysis. The results are- shown in table 2, along with the analysis of a 

sample collected in 1923 from the same or a nearby prospect. The ash 

content of this bulk sample is too high for commercial use of the mater•>

ial as coal. However, sufficient carbonaceous matter is present to make
i 
)

the material comparable to coal. The ratio of carbon to hydrogen is

similar to that of subbituminous coal, but the ratio of volatile matter to 

fixed carbon Is higher than for most coals except certain unusual varieties 

such as cannel coal. This high proportion of volatile matter indicates that 

this unit may originally have been similar to canneloid shale rather than 

a true coal. The top foot of unit 20 contains an average of about 0. 04 

percent uranium and a maximum of about 0. 13 percent uranium. The 

bottom 3 feet contain an average of about 0. 01 percent uranium.

Underlying the coaly shale of unit 20 is unit 21, which like unit 19 

consists of carbonaceous shale, with lenses of limestone, clay, and jet 

black coal. The shear planes in this unit are wavy but roughly parallel 

the bedding. The unit ranges In thickness from about 6 inches to 2 feet; 

the base is poorly exposed. The uranium content of this unit is rela­ 

tively low and averages slightly less than 0.006 percent.

The lowest ash content of samples collected in the Fall Creek coal 

prospect was 17.3 percent in sample VI-364, a jet black vitreous coal 

from a small lens, and 43.7 percent in sample VI-413, a 15-inch channel 

sample of the zone of sheared coaly shale. These and other samples
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Table 2.—U. S8 Bureau of Mines coal analyses of samples from the 
Fall Creek coal prospect

PROXIMATE ANALYSIS ULTIMATE ANALYSIS FUSIBILITY

fl} ^ w

f c o
G ^p 

«H
• <D TJ

Rj cd o
M Q O

Moisture

0)-P •p
2

Volatile n
o•s
cd 
o

"H 83

Hydrogen
Carbon bfl 

O

-p 
°H

fi
CD 
fcsO

'rmation

O

Sulphur Initial de

©

| temperatur

3 -P

(D

1

Softening

I-p
gN
1
(D 
•P

'fi

D-78075 1=2-52 1 2 0 9 250 U 16 0 5 55*2 2 0 7 28 0 9 00 5 9»7 3*0 2170 2300 2530

2 2 0 9 25al* 160 6 55 e l 2.7 28 0 8 0.5 9«9 3«0

3 260 1 17,1 56.8 2.U 29*7 0 S 5 7,5 3.1

1 P 1* ' 60.1* 39*6 5 8 6 68.7 1.2 17,3 7.2

91*887 9~2U-23 I/
? 1* 0 6 200 7 7.7 67 0 5 2,5 19o2 0,3 7.2 3«3 2180 231*0 2390

3 21,2 8 0 0 70.8 2 e O 20.1 0.3 3,1* 3*1* 

1* 72 0 1* 27.6 7oO 68.7 1.0 n.6 11.7

* Conditions 

1,,. Air dried 

2 0 'As received 

3 9 Moisture free 

l*o Moisture and ash free

I/ (Cooper* H, M0 , and others^ 19l*7)
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relatively low in ash contained considerably more uranium than most 

samples with higher ash contents. At localities 9 (fig. 2) and 37 (fig. 1), 

grab samples- VI-371 and VI-1140 from abandoned prospect dumps had 

relatively low ash contents of 37 and 22 peYcent and uranium contents of 

0.08 and 0.007 percent, respectively.

DISTRIBUTION OF URANIUM AND OTHER MINOR ELEMENTS IN 

CARBONACEOUS MATERIAL

Coal is a complex mixture of OTganic and inorganic compounds and 

characteristically contains a large suite of minor elements in trace 

quantities. The ash of coal that has burned represents a concentration of 

those elements which are non~ combustible and non-volatile, though not 

necessarily in the same form as originally present. The elements present 

in the ash include at least two and probably three distinct suites accord = 

ing to their mode of origin (Katchenkov s 1952). The extraneous ash is 

generally the most abundant and includes several of the common rock- 

forming elements which have been carried into the coal from the exterior 

in the form of sand and clay. The extraneous ash probably includes such 

elements as Si, Al, Ca, Fe, and Mg, and possibly also Na, K, Mn, and 

Ti, most of which are likely to be abundant in those coals having a high 

ash content. The intrinsic ash consists of those elements that were part 

of the mineral constituents in the plant bodies from which the coal was 

formed. These elements generally include several of the common metals,
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such as Pb, Ni, Zn, and Co -- present commonly only In trace amounts, 

plus many minor metals such as Be, Sc, Ga, Ge, Y, Mo, Ag, Sn, Tl, 

and Bi -- also present only In trace amounts. Several additional elements 

including sulphur, phosphorus, and boron are common constituents of 

raw coal but may or may not be present in the ash depending on the origi­ 

nal form of the element present in coal. Elements not normally abun­ 

dant in plant tissues or common rock minerals are sometimes found In 

considerable abundance in coal ash. Germanium is one such element, 

and it has been pointed out by Haught (1954) that such an accumulation is 

difficult to explain except as the result of secondary enrichment. Thus, 

secondary enrichment forms the third possible distinct suite of elements 

that may occur in coal. Any specific element may be introduced by any 

one or a combination of the three methods.

Until recently uranium was not considered to be important as a 

trace element in coal because it is normally present only in extremely 

small amounts, probably in the range of O.OOOX percent or less. Rankama 

and Sahama (1950, p. 637) quote a figure of 0.0000005 percent uranium 

for the content of coal ash. It is now known, however, that the ash of 

coal can contain as much as 1 percent uranium (Vine and others, 1953). 

The nature of the occurrence of uranium in coal Is not clearly understood. 

Investigations by Tolmachev (1943) suggest that uranium may be associ­ 

ated with carbonaceous material in the form of an adsorbed ion held by 

the platy structure of the carbon molecule*. Ion exchange studies by 

Breger and JDeul (1952) suggest that uranium may occur as a metallo-
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organic compound in lignite from South Dakota. Autoradiographic studies 

by Koppe and others (1954) suggest that uranium or one of its radioactive- 

daughter products is concentrated in an unidentified crystalline material 

that forms the pore filling of fossil cell lumens in coal. No uranium 

minerals have been recognized in the carbonaceous material of the Fall 

Creek area, though an autoradiograph made by exposing ortho=type film 

for three weeks to a cut section of coal, sample VI-364, shows numerous 

point sources of radiation in a clouded background and indicates a con­ 

centration of radioactive material in microscopic units within a mass of 

less intense disseminated radioactive substance.

Semiquantitative spectrographic analyses were obtained on a select 

group of carbonaceous rock samples from the Fall Creek area* The
Jf£ A-

analyses of samples in tablejG, appendix, are arranged by lithologic j 

types, as follows; coal, less than 50 percent ash; coaly shale, from 50 

to 80 percent ash; carbonaceous^ shale, more than 80 percent ash; and 

limestone, for which an ash determination is.not significant. Within 

each group the samples are arranged in order of decreasing percent 

uranium in the ash. With two minor exceptions in the coal group this 

results in the entire listing being in order of decreasing percent uraniu 

in the ash. In other words, the percent uranium in the ash is nearly 

inversely proportional to the percent ash in the sample.

The essential rock=forming elements are listed at the left and the 

accessory elements are grouped to the right according to chemical 

affinities. Most of the elements occur in what may be considered
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normal quantity (Goldschmidt, 1937, p. 669), but there are several 

which deviate from the normal. Uranium, of course, has a range of 

approximately 50 to one, and even the sample with the least uranium 

probably contains on the order of 10 times that normally found in rocks 

of this type. Molybdenum and germanium correlate remarkably well 

with the uranium (-fig. 5), for the samples which axe high in uranium 

also contain one or two orders of magnitude times the normal quantity 

of molybdenum and germanium, although the germanium and molybde­ 

num contents are not consistently proportional to the uranium content. 

This correlation of the three elements, which is apparent in the high- 

uranium samples and less apparent in the low-grade uranium sample s 3 

suggests a geochemical relation and possibly a common origin. 

Several elements including Be, Zn, Ga, Y, and Pb appear to be less 

abundant in the Fall Creek material than in average coal though the 

significance of this fact is- not apparent.

Uranium in the carbonaceous rocks of the Fall Creek area occurs 

most abundantly in the units that contain the most carbonaceous ma­ 

terial (fig. 3). These units include coal, coaly shale, carbonaceous 

shale, and black carbonaceous limestone in a general decreasing order 

of uranium content. However, even within each unit the uranium con= 

tent is far from uniform. This is perhaps best shown within the unit of 

sheared coaly shale because of the greater number of samples collected, 

Within this unit the uranium content varies from 0. 004 (sample VI-384)
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to 0. 131 (sample VI-413). In general, the uranium content is low near 

the weathered surface exposure and increases to a maximum at about 

60 feet down the dip of the bed. The weighted-average content of sam­ 

ples from this unit at the entrance to the inclined shaft is 0.015 percent 

uranium, whereas, the weighted average for the same unit ^0 feet from 

the entrance is 0.043 percent uranium. There is also a pronounced 

vertical pattern to the distribution of uranium. The top 1-foot of this 

coaly shale unit contains an average of about 0. 044 percent uranium, 

which compares with only about 0.0OB percent uranium contained in the 

bjottom 1 -foot of the unit.

ORIGIN OF THE URANIUM OCCURRENCES

Attention was first focused on the occurrence of uranium in coal 

when Slaughter and Nelson (1946) discovered radioactive coal beds in 

the Wasatch formation of Eocene age in the Red Desert area, Sweetwater 

County, Wyo. , not far from the occurrence of schroeckingerite in the 

Lost Creek area. In 194S Wyant and Beroni (1950) discovered radio­ 

active lignite in the Fort Union formation of Paleocene age in the west­ 

ern part of North Dakota. As a result of their preliminary investiga­ 

tions in 194& and 1949 in North Dakota they suggested that the uranium 

was (1) fixed by the living organisms or dead organic matter from 

uraniferous surface waters at the same time that the carbonaceous 

material was accumulating in a coal bog, or (2) deposited with other 

detrital minerals in sediments overlying or marginal to the lignite
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and subsequently leached and carried to the lignite by migrating ground 

water solutions. Later, detailed mapping in 1949 of the Bullion Butte 

and Sentinel Butte areas of western North Dakota by Beroni and Bauer 

(1952) suggested that the uranium was syngenetic and derived from the 

leaching of volcanic ash beds within the Fort Union formation that are 

now represented by analcite and montmorillonite. In 1950 S detailed map 

ping by Denson, Bachman and Zeller (1950) in the Slim Buttes area of 

South Dakota provided evidence that the uranium was introduced by down= 

ward percolating ground water solutions and they suggested that the 

uranium was leached from volcanic ash in the Oligocene and Miocene 

strata which overlay the uraniferous lignite. Thus s the uranium would 

be epigenetic in origin.

At the present time at least four general hypotheses for the origin 

of uranium in coal and carbonaceous materials should be considered. 

These may be classed according to the time and manner of emplacement 

of the contained uranium, as follows:

1. Syngenetic: Simultaneous emplacement of the uranium with the 

s-edimentary material in which it occurs, such as fixation of the uranium 

by the living plants and organisms from the water in which they grew,

2. Diagenetic: Emplacement of the uranium after the deposition 

of the sediment and prior to the consolidation or deep burial of the sedi­ 

mentary material, such as introduction of uranium-bearing waters 

during or shortly after the accumulation of the sedimentary material 

and chemical reaction with the dead organic material so as to remove
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the uranium from solution.

3. Epigenetic: Emplacement of the uranium long after the con­ 

solidation or deep burial of the sedimentary material, such as-- 

A, Invasion of carbonaceous uranium-bear ing rocks by 

hydrothermal solutions and removal of uranium from 

solution by reaction with the organic material; or 

B. Migration through carbonaceous rocks of uranium-

bearing meteoric waters under the force of gravity and 

removal of the uranium from solution by reaction with 

the organic material.

In each category there is general agreement that the organic mate*- 

rial is in some way responsible for concentrating the uranium from a 

source which is relatively dilute-. It is not known whether the organic 

material concentrates uranium by reduction^ ionic adsorption, chemical 

combination with the organic constituents,, or by other related processes, 

It should be possible to interpret the manner of origin of the uranium 

from the si&e and shape of the depos-it 9 the distribution of uranium within 

the deposit^ and the type of gangue minerals which characterise the de­ 

posit. A syngenetic or diagenetic origin should produce a blanket deposit 

without structural controls and it should be relatively uniform and wide- 

spreads, similar to the uraniferous black shale of the Chattanooga or of 

the black shales and phosphorite of the Phosphoria formation. A hydro- 

thermal origin could be expected to form small local deposits of uranium 

concentrated near veins or fissures from which the solutions rose and
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these should be accompanied by gangue minerals and wall rock altera­ 

tion characteristic of hydrothermal mineralization. On the other hand.,

an epigenetic origin by migrating meteoric waters might produce large 

or small deposits depending on (I) the volume and content of available 

uranium of the source beds; (2) the various factors that influence the 

flow of groundwater from the source beds to the receptor beds such as 

the regional and local structure and the permeability of the rocks; and 

(3) variations in the organic content of the receptor rock. It co-uld be 

accompanied by the type of gangue tninerals which form during the nor­ 

mal proces-ses of weather ing 0

The limited data available on the Fall Creek deposit make * it dif = 

ficult to show which hypothesis is most plausible for the origin of the 

uranium here s Hydrothermal gold deposits have been found on Caribou 

Mountain 9 an igneous intrusion over 20 miles away 9 but there is no evi­ 

dence of hydrothermal activity near the Fall Creek coal prospect. The 

presence of radioactivity in the Bear River formation over a .wide spread 

area is .somewhat s-ugg-estive of a syngenetic or diagenetic origin of the 

uranium accumulations,, However, the ..uranium content of samples 

from this- widespread area Is far from being uniform and some of the 

samples from the Fall Creek coal prospect contain several times more 

uranium than that normally found in the Chattanooga or Phosphoria 

formations^ which have been mentioned as- examples of deposits of 

syng-enetic origin,, Al@o 9 there is an apparent relation between the grade 

of the deposit and structure. The top of the z.qne of sheared coaly shale
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contains the highest percent of uranium s and there is an apparent increase 

in the percent of uranium below prominent cavernous joints and fissures 

in the overlying bed of limestone. Where vertical strata were examined 

and sampled (localities 1 and 39) they were found to contain less uranium 

than elsewhere. Th^se factors are difficult to explain by a syngenetic 

or diagenetic origin and are suggestive of an epigenetic origin of the 

uranium with the mineralising solutions being introduced from above. 

More data are desirable before the structural control of the deposit can 

be established with certainty.

A definite structural control has been demonstrated in other areas 

of uraniferous coals and lignites where additional field relationships 

can be observed indicating an epigenetic origin by migrating meteoric 

waters. Denson, Bachmang, and Zeller (1950) first observed that the 

uranium-be a ring lignites in western North and South .Dakota were consis­ 

tently the stratigraphically highest bed of lignite below the pre-Oligocene 

unconformity, whether the lignite was in the Hell Creek formation of 

Cretaceous age or the Sentinel Butte member of the Fort Union forma­ 

tion of Paleocene age. The uranium content decrease-s sharply in suc = 

ceeding lower beds of lignite. Structural control was also observed in 

the La Ventana area in Sandoval County, N. Mex e by Vine and others 

(1953) where uranium occurs in coal and carbonaceous shale in the 

Dakota formation and the Me&averde groiip. There, uranium occurs in 

the topographically highest eoal that was ve-ry close to the base of tuffs 

of Pleistocene age that have been eroded away. Concentrations of
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uranium in minor structural features were explained by the introduction 

of uranium with percolating meteoric waters. Similarly, the relation­ 

ship between uranium concentrations and structural features or permea­ 

bility was observed by Masursky and Pipiringos (1953)) in the Red Desert

area of Wyoming and by Hail and Gill (1953) in the Goose Creek area of

southern Idaho. Thus,, from the limited evidence at the Fall Creek coal 

prospect and the comparison with other deposits of uraniferous coal and 

lignite, the epigenetlc origin of the uranium from migrating -meteoric 

water seems most plausible in the Fall Creek area0

There still remains the problem of the ultimate origin of the uranium 

which is transported to the deposit by meteoric water. In the Dakota 

uraniferoas Lignite area the ultimate source is thought to be the Oligocene 

and Miocene tuffaceous sandstones of the White River and Arikaree forma- 

tions (Denson 9 Bachman,, and Zeller 9 1950} which directly overlie the 

uraniferous lignite. In the La Ventana area, N. Mex. , the ultimate 

source is believed to be the Bandelier tuff of Pleistocene (?) age (Vine 

and others, 1953). In the Goose Creek .area-, Idaho, the source is be­ 

lieved to be the Salt Lake rhyclitic tuffs >of Pliocene age which are inter = 

bedded with the lignite. In each example the ultimate source is believed 

to be a rock of volcanic origin, either a tuffaceous sandstone or a vol­ 

canic tuff containing uranium in a highly disseminated form 0

A similar potential, source for the uranium existed in the Fall 

Creek area. The entire area was once overlain by Miocene or Pliocene 

silicic volcanic rocks of which only a few small remnants remain as
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shown on the geologic map (fig. 2). Samples of these rocks contain

0. 002 to 0. 004^ percent equivalent uranium and 0. 0012 -percent uranium.

Analyses of spring -waters issuing from source rocks have helped 

to demonstrate the leaching action of groundwater in other areas. Some 

spring waters from the White River formation in South Dakota and Wyo­ 

ming commonly contain 40 or more parts per billion of uranium. This 

compares with less than 2 parts per billion for most waters from non- 

tuff aceous rocks that have been tested (Fix, P. F. , oral communica­ 

tion). No springs could be found in the Fall Creek area issuing direct­ 

ly from the silicic volcanic rocks 8 but water from a spring at the Fall 

Creek Ranger Station a which is near the trough of a syncline 9 part of 

which is overlain by silicic volcanic rocks contained 8 parts uranium 

per billion.

The origin of the uranium is of considerable economic importance 

because of the influence that the mode of origin has on the approach to 

be used in physical exploration. If the epigenetic hypothesis is true, then 

exploration for ore grade material should be conducted In areas of struc­ 

ture favorable for the concentration and flow of groundwater solutions 

such as along synclinal troughs. On the other hand, if the origin is syn- 

genetic or diagenetic then the deposit should be relatively uniform over a 

large area and exploration should be conducted in areas most easily 

mined.
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RESULTS OF CORE DRILLING

Drilling operations

Core drilling in the Fall Creek area 9 Bonneville County, Idaho was 

planned to obtain subs-urfaee information on the areal extent, thickness, 

and grade of unweathered uranium -bear ing carbonaceous rocks on which 

an appra-i&al of the reserves- of uranium might be based. It was hoped
4

that additional information might also be obtained on the relation between 

uranium content and the structural position of the uraniferous strata.

Areas drilled

i 
Core holes were drilled at three different structural settings (fig. 6)

to obtain information on the reserves of uranium in three blocks, as 

follows:

(a) Core holes 1 and 2 were drilled on the northeast limb of an 
anticline in the northern part of section 48 T. IS., R. 42 E.

(b) Core holes 3, 4, and 4A were drilled on the southwest limb 
of an anticline near the center of the same section.

(c) Core hole 5 was drilled on the southwest limb of an anticline 
at the northeast corner of section 8, T. IS., R. 42

All holes were planned to test the same stratigraphic zone exposed in 

the Fall Creek coal prospect.
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Drilling contract

All drilling was done under contract no. 14=08-001=72Q 9 dated April 

10 9 1953 with the Boyles Bros. Drilling Company 9 Salt Lake City., Utah.

Drilling, began on June 6 and was completed on August 8, 1953. The work

i
was performed under the direction of Max L. Troyer, project chief. The'i

s
schedule of unit prices was as follows: i.

Surface to 250 feet (NX core) . . ...... $5. 90 per foot

Surface to 250 feet fBX core) ........ 5.30 per foot

250 to 500 feet (NX core) . „ ....... 7. 90 per foot

Surface to 250 feet (solid bit) ........ 5.60 per foot

Reaming NX hole to 3 1/2 inches ....... 2.50 per foot

Cementing ......... ...... 4.50 per foot

Delays caused by the government ...... 8. 00 per hour

The contract specified a minimum recovery of 80 percent while drilling

in coal and carbonaceous shale. A total of 1,618 feet of drilling was

completed at a cost of $12 S 020. 00

The core drilling in the Fall Creek area was done with two truck-

mounted diamond drills equipped with hydraulic lifts. Each drill was 

operated one eight -hour shift six days a week. Cores were cut with
L G3> 3

2 1/8 inch (NX) face discharge diamond bits on a 10 foot swivel-tube core

barrel. Because of the difficulty in obtaining core recovery in the coaly
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shale zone the core barrel was hammered through the zone. This pro­ 

vided the desired recovery, but the sample was badly disturbed. In 

order to maintain circulation of the drilling fluid it was necessary to 

ream and set casing at most of the drill sites. From 7 to 280 feet of 

casing (average about 90 feet) was used per drill site. Even so, the 

caving and frequent loss of circulation made it necessary to cement an 

average of 25 feet per hole. One 1, 000-gallon water truck serviced the 

two drills; average hauling distance for the water truck was about a mile.

Drilling progress

It was^ originally estimated that one month would be sufficient time 

to complete the drilling, but nearly twice that much time was required 

due to delays caused by caving, loss of circulation, reaming, cementing, 

and redrilling. A combined total of 1, 618 feet of drilling was completed 

in six holes-. (See figs, 6 and 7.) The average hole depth was 270 feet, 

the deepest being 4-72 and the shallowest 55 feet. Four hours was the 

average time for moving and setting up.

Core recovery of rocks other than the coaly shale was good, but 

core recovery of the coaly shale was poor.

The structure of the area was much more complex than anticipated 

and only one hole penetrated the eKpected thlcknes-s--of radioactive car­ 

bonaceous rocks. Failure of the other holes to penetrate the objective 

was due to intersection with faults and steepening of the dip at depth.
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^Description of core holes

Core hole 1 was drilled to a depth of 293 feet from a location about 

300 feet northeast and 60 feet higher than the exposure of uranium=bear = 

ing rocks at the Fall Creek coal prospect. Uraniferous limestone and 

carbonaceous shale were penetrated from 264 to 270.9 feet. Analyses 

of 8 samples, VI-1300 to VI-1307f table D, appendix), from this zone 

ranged from 0.003 to 0.036 percent uranium in the sample. The highest 

grade sample, Vl=1306 3 contained 0.056 percent uranium in the ash and 

7,0. 0 percent ash. This is the only hole which penetrated the anticipated 

thickness of uranium-be a ring rock 0

Core hole 2 was drilled to a depth of 374 feet from a location about 

350 feet northeast and 100 feet higher than the outcrop of uraniferous 

rock exposed at carbonaceous rock sample locality 9. If the surface 

dips of about 35 degrees had remained constant at depth, the uranium- 

bearing zone should have been penetrated at about 345 feet. However, a 

thin z-one of dark gray carbonaceous shale from core depths of 246 to 

248 feet analyzed 0.006 percent equivalent uranium (sample VI-1308). 

Below this zone the core more nearly resembles the carbonaceous, 

ferruginous siltstone present in the lower two-thirds of the Bear River 

formation. Therefore, if the thin zone from 246 to 248 feet represents 

the uranium-bearing zone exposed at the Fall Creek coal prospect, it 

has apparently been squeezed and deformed because of its proximity to 

a fault.
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Core hole 3 was drilled to a depth of 472 feet from a location about 

430 feet southwest and at the same altitude as the outcrop of radioactive 

soil and limestone exposed at carbonaceous rock sample locality 14. 

Based on the surface dip of about 35 degrees the uranium-bear ing zone 

should have been penetrated at a depth of about 295 feet. However, the 

dip of the rocks as observed from the core gradually increased to as 

much as 70 degrees, and the red shales characteristic of the Wayan 

formation were encountered at the bottom of the hole. No reliable esti­ 

mate can be made as to the depth required to penetrate the uraniferous 

zone in the Bear River formation.

Core hole 4 was drilled to a depth of 214 feet from a location 

140 feet south and level with the outcrop of radioactive soil and limestone 

near carbonaceous rock sample locality 15. Dip readings at the surface 

in this area range from 20 to 45 degrees so the uranium-bear ing zone 

should have been penetrated somewhere between 50 and 135 feet deepth. 

Radioactivity was encountered at a depth of between 53 and 54 feet, but 

no core was recovered, and no more radioactivity was encountered in 

the remainder of the hole which contained red shale, characteristic of 

the Wayan formation. Core from the bottom of the hole dips 70 degrees.

Core hole 4A was drilled to a depth of 55 feet from a location offset 

about 3 feet from core hole number 4. The purpose of drilling core hole 

4A was to obtain a sample ojf core from the radioactive zone from which 

no core was obtained in hole 4. At a depth of 51.5 to 52 feet a uranium- 

bearing limestone pebble conglomerate was cored similar to limestone
\
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pebble conglomerates observed in outcrops of the Way an formation.

Core hole 5 was drilled to a depth of 210 feet from a location 

about 330 feet south and 42 feet below the outcrop of radioactive soil 

and limestone about half a mile northwest of carbonaceous .rock sample 

locality 24. Dips at the surface near the hole are from 20 to 22 degrees 

s-o the uranium-bear ing ssone should have been penetrated at a depth 

somewhere between 75 and 90 feet. However, dips as high as 32 e were 

observed in the core. When the contract was terminated, the hole was 

completed in the Bear River formation, probably within 50 feet of the 

objective.

INFERRED RESERVES

Prior to the completion of the core drilling program the inferred 

reserves of uranium-be a ring rock in the Fall Creek area were estimated 

at about 1, 500 tons of uranium in about seven million tons of rock (Vine, 

1953, p. 23). This estimate was based on the average thickness and 

grade observed in the Fall Creek coal prospect and the inferred extent 

of these strata over an area of three blocks which were 57, 54, and 356 

acres in siz.e respectively. (See figure 6.) Core holes 1 and 2 were 

drilled in the 57-acre block. The thickness and grade of uranium-bear ing 

strata penetrated in core hole 1 are so near to the average figures used 

in calculating the reserves that no adjustment is made in the reserve 

figures because of this new data. However, as core hole 2 did not pene­ 

trate the expected thickness of uraniferous strata, an adjustment must



be made for the inferred reserves in the 57=acre block. Samples 

collected at localities 9, 10, 11, and 12 extend nearly the entire length 

of the block so it has been arbitrarily decided to reduce the size of the 

block from 57 to 50 acres. (See table 3.} Core holes 3 and 4 were 

drilled in the 54<=acre block, and because both holes failed to penetrate 

the uranium-bear ing strata, it has been arbitrarily decided not to cal­ 

culate any reserves for this- block. Core hole 5 was drilled in the 356- 

acre block, but this hole failed to penetrate the ur anium - bearing strata 

simply because of insufficient drilling depth. There is no reason to 

believe the strata would not be encountered by deeper drilling, so no 

change in the inferred reserves was made for this block.

The following table of inferred reserves is a re-evaluation of the 

reserves of uranium-bearing rock in the Fall Creek area based on the 

assumption that the strata are continuous in their observed or assumed 

thickness and grade for a minimum distance of 1, 000 feet down the dip 

of the beds from their outcrop. On the basis of the aforementioned 

assumptions about 1,300 tons of uranium in six and a half million tons 

of rock may be present in the Fall Creek area.
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