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ABSTRACT

The Silver Bell prospect is in the Great Divide Basin, Sweet-
water and Fremont Counties, Wyoming, where sedimentary‘rocks of
Tertiary age make up the stratigraphic column; The principal rocks in
the local area are sedimentary beds of Eocene age plus some of Miocene
age; the principal formation is the Battle Spring Formation of Eocene
age.

Anlévaluation 6f the prospect was made duriﬁg the summer 1968
with an intense drilling program and‘électric logging, coring and
logging and analysis of sample cuttings.

The exploration. program was based on the assumption that any
potential ore bodies would either be formed by association with geologic
structures or by a roll-front type deposition. Data from operating
mines in similar basin environments in_Wyoming was obtained and seem to
verify this assumption. |

The mineralization occurfenceé follow the roll-front theory,
which best expiain the mineralization of’orebodies in similar geological
environments. Chemical assays, and electrical logging at the Silver Bell
prospect indicate that the material is out of equilibrium with a defi-
ciency of gamma radioactivity. This indicates the possible.former
presence of an orebody that was leached by ground waters, leaving only
beta and alpha radiation. Consequently, it was not considered possible

to find a mineable ore deposit in the area investigated.
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CHAPTER 1
INTRODUCTION

Scope of Investigation and Field Techniques

Field work and interpretation of data collected was directed
toward the determination of the distribution of uranium and the possible
economic value of the uranium concentrations within 923 claims of Silver
Bell Mines Company, Denver, Colorado.! Silver Bell Mines arrived at an
agreement with W. R. Grace § Company such that the latter company had to
do 90% of the assessment work on the claims owned by the former company.
Field work was carried out by the writer on behalf of W. R. Grace §
Company from May 11, 1968 until August 19, 1968. A

An airborne radiation anomaly reported by the United Staté
Geological Survey was studied and was further investigated with a
scintillator to produce an isorad map.

A drilling program was planned in such a way that it entailed
drilling along east to west lines én mile centers across the_uppef,
middle, and lower portions of the claims. A few additional holes were
located in the southernmost claims to check control of mineral concen-
trations along faults. Depths of the drill holes generally ranged from
1,000 feet to 2,100 feet, however several shallow holes were also
drilled.

Gamma ray, self potential and resistivity surveys were made to
investigate the radioactivity and to aid in the study of stratigraphy.

1



Investigations consisted of:

1. Drilling; logging, and sampling of cuttings.
.2. Electric logging.

3. Coring.

4. Radiometric surveying.
- 5. Field checking of claim locations.

6. Geologic mapping.

Location and Access

The Silver Bell prospect is in the Great Divide Basin, an oval-
shaped undrained topographic depression on the continental divide
embracing about 4,000 square miles in Sweetwater, Carbon and Fremont
Counties in south central Wyoming (see Figure 1).

Thelexact location of the Silver Beil proépect is in T26 and
27N, R 93 and 94 W., Fremont and Sweetwater counties, Wyoming. The
claim area is roughly 50 road miles northwest of the town
of Rawlins, Wyoming. Geologic features of adjacent and related areas
are discussed in the following pages insofar as they affect the geologic
interpretation of the studied area.

The prospect may be reached by traveling north from Wamsutter,
Wyoming, which is 40 miles west of Rawlins on U. S. Highway 30 and on
the main line of the Union Pacific railroad. The road is graded in part
and is in part unimproved. Other.unimproved.roads connect this area with
the towns of Bairoil and Lamont and with U. S. Highway 287 to the east;
with Crooks Gap and'U. S. Highway 287 to the north; with State Route 28

to the west, and with U. S. Highway 30 and Rock Springs to the southwest.
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Previous Work

The Great Divide Basin has been studied continuously sinée 1909,
The Great Divide Basin was mapped in reconnaissance and the main coal-
bearing by Smith, Ball, and Schultz in 1909. Schultz in 1920 later
completed a more comprehensive report in which he defined and described
several aspects of the stratigraphy. Sears in 1924, and Brédley in 1924,
1926, 1945, Nightingale in 1930, and Nace in 1939 have yielded much
information concerning the complex stratigraphic relations of the early
tertiary rocks of this region (Pipiringos, 1961). '

Uranium was first discovered in the north-central part of the
lGreat Divide Basin by Minnie McCormick in 1936(?), who found a yellow |
green mineral, later identified as schroeckingerite, in the>east bank
of Lost Creek in the NW1l/4 sec 31, T. 26 N., R. 94 W, Radioaétive
carbonaceous shale and coal were discovered in 1945 by Slaughter and
Nelson (Masurky, 1962) at Sourdough Butte. Reconnaissance mapping
during parts of 1949 and 1950 by Wyant and Sharp, and Sheridan in 1956
(Pipiringos, 1961) indicated that very large tonnages of uranium-bearing
coal underlie parts of the Great Divide Basin. An airborne radio-
activity reconnaissance was made by Nelson, Sharp, and Estead in 1951

(Pipiringos, 1961).

Topography and Drainage

The Great Divide Basin constitutes a major physiographic feature
of southwestern Wyoming. The Continental Divide splits at the southeast
end of the Wind River Range; the north branch trends eastward towérd the
Seminoe Mountains, then irregularly southward to near Rawlins; the south:

branch extends southward toward Superior, then eastward along the .



Cathedral Bluffs south of Wamsutter, the branches converge again af the
north end of the Sierra Madre Mountains (Sheridan, Maxwéll, énd Collier,
1961). The basin interior drainage enclosed by the above mentioned
divergence of the Continental Divide is 3;600 square miles in area; it -
is not a siﬁgle topogréphic depressipn but includes a number of drainage
basins with alkali lakes and playas.

The region comprising the Great Divide Basin is a land of low
relief with altitudes ranging between 6,000 and 7,000 feet above sea
level. It is broken only by small rounded hills and low buttes.

The principal topographic feature of the Lost Creek area
(Sheridan, Maxwell and Collier, 1961, p. 35) in which the prospect occurs
is the dissected hogback of Cyclone Rim which lies to the north and west
of the schfoeckingeriterlqcality. Lost Creek has its source near Crooks
Mountain and drains southward into Lost Lake. The creek is seasonally
intermittent o&er most of its course, and the lake is dry except in

flood season.

Climate and Vegetation

The area studied is semiarid and semibofeal. The average
annual precipitation is equivalent to less thaﬁ 10 inches. The winters
are cold and the summers are warm. The temperature rarely exceeds 90°F
in the summer, but temperatures below 0°F are common in the winter. Low
humidity and continual breezes result in little discomfort from therheat
even in the warmest part of the summer, and there is little interruption

of field work in the early winter months, inasmuch as snow in October,
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Novembér and December is rapidly blown away, melted and evaporated, or
sublimated. |

The vegetation is sparse and consist of low-growing shrubs of

greasewood, saltbrush, sagebrush, and some desert and prairie grasses
and herbs. No trees grow in the area, except at some of the railroad
stations and locally along the periphery of fhe basin. Sagebrush is an
indicator of deep sbils largely free from alkali. The region is

primarily used for sheep-grazing.



CHAPTER 2
GEOLOGY

General Geology

Sedimentary rocks of Tertiary age make up most of the exposed
bedrock of the Great Divide Basin. Rocks of Eocene age predominant with
less abundant rocks of Paleocene; Oligocene, and Miocene age. To the
east, the Tertiary rocks are bordered by exposures of Cretaceous sedi-
mentary rocks along the Ferris Mountains and Muddy Gap area, along the
Rawlins uplift north of Rawlins, and along the Sierra Madre. Tertiary
sedimentary rocks extend southward from the Great Divide Basin and
through the Washakie Basin to the Uinta Mountains in Colorado and Utah,
where rocks of Precambriam, Paleozoic, Mesozoic, and Cenozoic age aré
exposed. To the west, the area of Tertiary sedimentary rocks extends
nearly to the western border of Wyoming. Its continuity is broken by
the Rock Springs anticline and the Leucite Hills, where Cretaceous sedi-
mentary rocks and Tertiary intrusive and extrusive rocks are exposed.
To the northwest, Precaﬁbrian granitic rocks occupying the core of the
Wind River Range border the Great Divide Basin. The Tertiary sedimentary
rocks of the Great Divide Basin consist predominantly of lacustrine and
fluviatile sandstone, siltstone, claystone, and shale. Coal beds and
volcanic effusive material are also found in parts of the Tertiary

section.



Quaternary’deposits consisting of fluviatile, lacustrine,
alluvial, colluvial, and eolian material are widespread in the Great
Divide Basin, and in many areas obscures the earlier geologic record.

No single structural feature, interrupts the Great Divide Basin,

rather, -it is a region of relatively minor disturbance (see Figure 2).%

Local Geology

The principal rocks in the area studied are sedimentary beds of
Eocene age, plus some beds of Miocene age which rest unconformably on
the Eocene rocks. Rocks of Paleocene age are exposed in the northern
part of the area along the northern branch of the Continental Divide,
and consist, predominantly of interbedded buff to gray massive coarse to
fine-grained sandstone, buff and gray shale, and siltstone. These
Paleocene rocks are kno&n as the Fort Union Formation. The formation is
1,000 feet thick in Bison Basin north of thg area studied.

The Eocene rocks in the Great Divide Basin inclﬁde the Battle
Spring, Wasatch, Green River, and Bridger formations, totalling about
4,200 feet in thickness, and consisting of sandstone, siltstone, oil
shale, clay shale, limestone, conglomerate and coal beds.

In the Silver Bell prospect area, representatives of the Eocene
units are, in stratigraphic sequence from oldest to youngest: the
Battle Spring formation, the Tipton tongue, of the Green River formation,
‘the Cathedral Bluffs tongue of the Wasatch formation, the Morrow Creek
member and Laney shale member of the Green River formation, and the

Bridger formation.

*Figures 2, and 7-18 are in pocket.
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To the west of the area studied a series of boulder conglomerate
beds of Oligocene age separated by unconformities from the Bridger
formation below andifrom the Mioeene rocks above. Above the Oligocene
chks is a lenticular series of conglomerate and coarse-grained sandstone
beds ranging in thickness from 0 to 100 feet this is féllowed by a
sequence of tuffaceous sedimentary rocks ranging in thickness froﬁ about
40 feet, east of Lost Creek to a probable maximum of ébout 400 feet,
west of Lost Creek. This sequence of rocks is of Miocene age.

Quaternary deposits consisting of fluviatile, lacustrine,
colluvial, and eolian sediments overlie much of the Tertiary bedrock.

During Pleistocéne and Recent time a number of extensive
terraces, both depositional and erosional, were formed. Remmants of
these deposits are still discernibles over most of the Great Divide
Basin., 1In some‘parts of the basin the sites of Pleistocene lakes are
indicated by broad shallow depréssions.

The major structural features of the area_é@nstitute a north-

westward trending syncline, a northwesternly set of faults, and a

northeasterly set of faults (see Figure 2).

Stratigraphy

Sedimentary rocks exposed in the Silver Bell prospect area
comprise a fluviatile.and lacustrine sequence that ranges in age from
Paleocene to Miocene and has an aggregate thickness of about 5,200 feet.
A mantle of alluvium; colluvium, and stream terrace material of

Quaternary age covers most of the area.
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The sequence of Tertiary sedimentary rocks may be divided into
six formations. The Qldest is the PFort Union formation of Paleocene
age, which is about 1,100 feet thick in the western part of the Great
Divide Basin and about 1,000 feet thick in the northern part (Shawe,
1956) . Unconformably overlying the Fort Union formation is an inter-
tonguing sequence assigned to the Wasatch, Green River, and Battle
Spring formations of Eocene age. Boulder and pebble conglomerates of
Oligocene age, énd conglomerate and tuffaceous sandstone of Miocene age
’overlie the Eocene formations. ,

Older sedimentary rocks that range in age from Pennsyivanian to
Late Cretaceous are exposed on the western, northern, and eastern margins
of the Great Divide Basin. They probably underlie the Lost Creek area
at depth (Sheridan'et al., 1961 and Figure 3).

| The Fort Union formation is about 1,000 feet thick in Bison
Bas%n north of the mapped area, the upper 50 feet is exposed in the Lost
Creek area. The formation crops out in the northern part of the area
along the northern branch of the Continental Divide. It éonsists pre-
doﬁinantly\of interbedded buff to gray, massive, coarse to fine grained
sandstone; buff and gray shale, and siltstone.

Eocene rocks in the Great Divide Basin include the Battle Spring,
Wasatch, Green River and Bridger formations. They total about 4,200 feet
in thickness, and consist of sandstdne, siltstone, oil shale, clay shale,
limestone, conglomerate, and coal beds. Eight stratigraphic units have
been recognized in the sequence underlying the Bridger formation
(Pipiringos, 1955, p 100-103; 1956, p 434-435). Three are made up pre-

dominantly.of claystone, siltstone, and sandstone with subordinate
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amounts of shale and coal; from oldest fo youngest, they are the Red
Desert, Ni;and, and Cathedral bluffs tongues of the Wasatch formation.
Grading into and intertonguing with these are four units consisting pre—
dominantly of paper shale with subordinate amounts of sandstone, silt-
stone, ‘and limestone. From oldest to youngest, they are the Luman and
Tipton tongues, and the Laney shale and Morrow Creek members of the
Green River formation. These units gradé'laterally into and inter-
tongue with the coarse arkosic sandstone of the Battle Spring formation
(Pipiringos, 1955, p 101 - see Figure 3). |

A formation which is believed by some géologists to be either
late Eocene or Oligocene age,'or both (U.S.G.S. Bul 1099-A), is the
Browns Park formation‘which unconformably overlies the Bridger formation.
It is a conglomerate generally rangingvfrom about 10 to 20 feet in
thickness, with constituents‘locally.as large as boulder size. VThe
conglomerate intertongues with an interbedded sequence of very coarse-
grained sandstone and fine-grained tuffaceous sandstone. These units
are lenficular, but together they afe at least 110 feet thick and
locally may be as much as 220 feet thick (U.S.G.S. Bul 1099-A). They
can be traced from the extreme northwest éorner of the area to a poinf
south of Soda Lake in the NEl/4SW1/4~seé 24, T 26 N., R. 95 W. . . East
of this point the conglomerate and coarsé—graihed sandstone bedé arér
absent and the overlying hombgeneous sequence beds are fine—giained
tuffaceous rocks resting directly on the Bridger formation.

The Browns Park formation is important because it is the most
probable source of the uranium mineralization in the coal beds and in

the shroeckingerite deposits of this area, (Pipiringos, 1961).
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The stratigraphy encountered in drilling on the Silver Bell
property is basically tﬁat of the Battle Spring formation. In the
southern part of the ciaims, south of the major east-west normal fault
(see Figure 2), the Battle Springs formation is overlain and inter-
tongued with the Wasatch and Green River formations. Drill information
shows that the beds in section 23, T.26 N. R 94 W., south of the normal
fault, strike about N 45° W and dip about 4° to the southwest.

Geologic cross sections showing formational contacts are shown

_in Figures 12 to 18. The followigg iﬁterpretation was based on electric

~log interpretation and a geologic log of drill hole cuttings.

1. Upper Battle Springs Formation. Mainly clay with some
clayey sand, moderate gamma radiocactivity 50 to 100 C.P.S.
(counts per second).

2. Middle Battle Springs Formations. Mainly clayey sand with

moderate gamma radioactivity 50 to 100 C.P.S.

3. Lower Battle Spring Formation. Clay, clayey sands, sand,

carbonaceous material, and some coal. In the upper part of
this section, erratic high gamma radioactivity 50 to 400
C.P.S. is due to uraniferous carbon material.

4. Fort Union Formation. Clay, clayey sand, sand, and

carbonaceous material, very low gamma radioactivity.

In summary, the pre—ﬁridger Eocene rocks of this area may be
thought of as products of three environments. The Green River formation
is of lacustrine origin. It interfringes with the Wasatch formation of
fluviatile origin. The Battle Spring formation of delta-fluviatile

origin interfringes with the Wasatch and Green River formations. In
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general, the“Lanéy shale member of the Green River formation thins
northeastward, whereas the Tipton and Luman tongues of the Green River
formation, the Niland and Red Desert tongues of the Wasatch, and the

Battle Spring formation thin southwestward.

Structural Geology

The Great Divide Basin is a region of relatively minor
structural elements. It may be a part of the Washakie Basin to the
south. Structural uplifts forming the other boundaries of the basin
are: the Rock Springs anticline to the west, the Wind River uplift to
the northwest, the Sweetwater uplift to the north and northéast, and the
Rawlins uplift to the east. Northeast-trending normal faults are common
at the western edge of the basin along the flank of the Rock Springs up-
lift. Along the east side of the basin, faults are associated with the
Rawlins uplift. Many faults occur along the north side of the basin.
around the nose of the Wind River Range and along the Green Mountains—
Crooks Mountain area. The major part of the basin south of the Lost
- Creek area 1is characteiized by gentle folds and a minor f;ziting, where-
as tﬁe northern part of the basin is characterized by more complex
foldiﬁg and faulting. These faults are probably structurally related to
the Continental fault mapped by Nace (1939), to the northwest of the
Lost Creek area. -

The main structural feature across the central part of the
Silver Bell Prospect area is a broad eastward-plunging arch with a
poorly defined axis that trends about N 70° E. Several subsidiary folds

are superimposed on the crest of the main arch as shallow anticlines and
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synclines with diverse axial trends. Folding of the synclines probably
began in Late Cretaceous time and continued during deposition of lo&er
Eocene rocks'(see Figure 2).

The exposed formations are cut by many normal faults that can
be traced for several miles. Most of the faults trend northeastward; a
few, however, trend northwestward at about right angles to the first set
of faults. A normal fault with a displacement of about 3,000 feet,
downthrown on the south, can be traced in T.26 N., Rs. 94 and 95 W.
Structures trending northwestward appear to be older than those tren&ing
northeastward..

Major structures mapped by the United States Geological Survey
are shown on Figure 2. The East Antelope Anticline is a dominant
feature in the northern part of the claims and a major syncline is a
dominant featuré in the southernmost claims. The major east-west normal,
fault with 3,000 feet displacement is shown in secs. 22, 23,'and 24,
T.26 N., R 94 W. Grace Company's drilling indicates majér movement along
this fault, but insufficient data were obtained to determine the true

amount of displacement (see Figures 7 and 16).



CHAPTER 3
ECONOMIC GEOLOGY

Roll-Front Theory - Geochemical Cell

For many years (Shawe and Granger, 1965), it has been known
that uranium and vanadium deposit§ in sedimentary rocks occur locally in
the form of rolls curved ore layers whiéh are not concordanﬁ with the
enclosing strata but assume discordant C-shaped or S-shaped cross
sections. Within the last 15 years the roll has been recognized as the
dominant form of many uranium deposits'in sandstone.

In the illustration of the Roil—Front Theéry we might consider
the deposits:> Rifle Deposit, Colorado; Uravan Mineral Belt, Colorado;
and the Tertiary Basin Deposits of Wyoming (Shirley Basin, Gas Hill,
Crooks Gap, etc.).

Two distinct types of uranium deposits that commonly occur in
the form of rolls are recognized: (1) a type common on the Colorado
Plateau, and (2) avf}pe best exemplified in the Tertiary Basins of
Wyoming, each with its associated altered rocks (Shawe and-Granger,
1965). 1In Colorado Plateau, mudstone that contains iron predominantly
in the reduced form and sandstone that contaips pyrite are conventionally
referred to as being altered. Such reduced sandstone may be of either
diagenetic or epigenetic origin. Rolls of Tértiary Basins of Wyoming
form thé boundaryvbetween altered and unaltered sandstone. Altered sand-
stone is typically greenish and pyrite free, whereas unaltered sandstone

is pyrite bearing.
16
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Details of the form and habitat of roll orebodies, regardless of

locality, are compatible with a theory that rolls were deposited at an

interface between two environments of different chemical and physical

properties.

Both Eh and pH differences were among the chemical

differences that were likely at the interface marked by the roll. The

degree of difference on opposite sides of the interface probably varied

considerably from district to district. This assumption is suggested

when we note:

a. That in the Shirley Basin altered sandstone (Harshman, E. N.

1962) on the concave side of rolls is greenish suggesting
ferrous iron, but there is as yet no evidence that ferric
iron occurs in significantly greater proportion on one side
of the rolls than on the other.

That in the Uravan mineral belt most of the iron on both
sides of unweathered rolls is in the ferrous state.

That at Ambrosia Lake ferrous iron (as pyrite) is dominant
on both sides of the primary ores, and that also at Ambrosia
Lake iron near one redistributed crudely formed roll type
body is largely in the ferrous state on the dominantly con-

cave side and mostly in the ferric state on the other side.

Differences among roll type deposits just described can be

summarized briefly,

1.

Rolls of the type exemplified in the Shirley Basin form the
boundary between altered and unaltered sandstone, whereas

rolls such as in the Uravan mineral belt and at the Rifle
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mine are entirely surrounded by a wide halo of altéied
ground.

In addition to differences in host-rock alteration, most
rolls seem to form originally as primary deposits, as at
Rifle in the Shirley Basin, and in the Uravan minefal belt
these are probably at least 10 million years old or older.
Only rarely, and in imperfect form, do the rolls develop as
distihctly secondary or redistributed bodies, such as found
- at Ambrosia-Lake where they may be much less than 10 million
years old (Shawe and Granger, 1965).

Rolls that occupy a large part of the thickness of thick
pe;meable sandstone units, as in the Shirley Basin,. at the
Rifle Mine, and at Ambrosia Laké, méy or may not reflect by
their orientations the gross trends of paleoground watef
movement. However rolls that occur in small permeable sand-
stone lenses complexiy divided by numerous thin impermeable
mudstone layers, such as in the Uravan mineral belt; probably
indicate by their orientation merely local diversions of the
gross paleo-drainage-vagaries of a complex natural plumbing
system.

Some rolls constitute virtually an entire ore deposit
(Shirley Basin), and others are merely boundary modifications
of, or connecting links between, large tabular orebodies

(Rifle deposit; Ambrosia Lake primary ores).

2 -
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5. 'Although some rolls might appear to be related in position
and orientation to zones of movement of ground water
controlled by structure and the present or recent topography
(Aﬁbrosia Lake postfault ores), most'exhibit no discernible
relation to these (Uravan minefal belt; Rifle depo;it;
Ambrosia Lake primary ores).

The principles of the Roll Front Theory were originally applied
to roll deposits elsewhere, but they also pertain to the ore deposition
of the Gas Hills, Shirley Basin, and Crooks Gap Uranium Deposits and
Silver Bell uranium prospect in Wyoming.

In some Tertiary basins of central Wyoming (Shifléy Basin, Gas
Hills, Crooks Gap and the Silver Bell uranium prospect), uraniferous
Precambrian granitic source rocks were transférmed into extremely lean
arkosic uranium protore that was permeable, carbonaceous and pyritiferous.
With ingress of oxygenated groundwater, geochemical cells developed in
the source beds or protore. Water -and oxygen reacted Qith disseminated
diagenetic and epigenetic pyrite to form an acid wave that moved
generally downdip to leach uranium and other susceptible elements from
the protore. These elements were deposited from solution in roll fronts
where Eh and pH changes caused precipitation at the edges of geochemical
cells.

In the course of physical and chemical weathering, the urani-
ferous source rocks were broken down and the uranium in solution, and as
both primary and secondary particles together with comminuted matrix
material ultimately was transported to adjacenf topographic and struc-

tural basins. Thus the uraniferous granitic source rocks were



20

transformed into sburce beds of uraniferous arkose and related finer-
grained interfluve deposits. In other words, the impermeable, non-
amenable granitic uranium source rocks became permeable, amenable arkosic
uranium source beds or protore. Some disolved uranium may have been lost
(leaked) from the system at this stage. An aggradational sedimentarf
environment was necessary for preservation of the arkosic protore. In
this paleoenvironment under discussion, climate, physiography,'and sedi-
mentation allowed the development and preservation of vegetable carbonm,
which is now manifest mainly as fossil organic trash is arkosic channels
and as carbonaceous or lignitic clayey interfluve deposits. This carbon-
aceous environment probably helped originally to hold syngenetic
uranium in-the continental sediments.

Anaerobic bacteria thriving'on abundant disseminated and bedded
carbon generated ubiquitous hydrogen sulfide, which combined with iron
in formation water to form diagenetic and epigenetic pyrite. This pyrite,
totalling about 0.5-1% by volume, is disseminated generally through the
source beds or protore. At thié stage, the granitic source rock had been
transformed into extremely lean arkosic uranium protore that was perme-
able, carbonaceous and @yrififefous. The protore might have remained
unenriched and éf no economic significance, however, subsequent tectonic
eventé triggered structural adjustments that revitalized formation-water
gradieﬁts and ultimately (as erosion progressed) allowed ingress of
oxygenated groundwater into the permeable protore. The formation-water
system as far down-dip as is of present concern was open to the surface.
Recharge water is considered generally not to have been anomalously

metalliferous (although metalliferous recharge water presumably would
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enhance the situation). With ingress of oxygenated gfoundwater, geo-
chemical cells developed. It should be pointed out that these cells are
finite and three dimensional. Starting at the first point of access of
oxygenated groundwater into the unoxidized protore and spreading from
this point into a tongué—shaped cell, water and oxygen reacted with dis-
seminated diagenetic and epigenetic pyrite to form ferric sulfate and
sulfuric acid. Thus, an advancing acid wave, driven (down-dip generally)
by gravity and guided by permeability, leached uranium and other sus-
ceptible elements from the protore. Around the outer margins of the
acid wave the previously described carbonaceous, anaerobe-rich environ-
ment sustained a retreating physiochemical interface or solution front,
where Eh-pH changeé caused precipitation of uranium and other elements
brought to the front in the ferric sulfate and sulfuric acid solutions.
Data from the Shirley Basin deposits suggest thatiuranium was transported
in low-temperature neutral to weakly alkaline solutions and oxidizing
ground water. Likewise the destructién of pyrite and of carbonized
plant debris by the ore-bearing solution implies that the solution was
oxidizing. Deposition of uranium and elements associated with it in the
Shirley Basin deposits appears to have resulted principally from a de-
crease in the Eh of the ore-bearing solution, although a moderate drop
or rise in its pH may have been a contributing factorr(see Figure 4).
Strongly reducing conditions in the zone of deposition are indicated by:
(1) the decrease in ferric iron content of samples of altered sandstone
taken progressively closer to ore, (2) the low ferric and high ferrous
iron content of ore, (3) the high pyrite content of ore. The reducing

agent for the Shirley Basin deposits may have been H, S of biogenic origin

2



WEST . EAST

sandstone
Altered

Eh

10 0 30 Feet

Figure 4. . Eh and pH during transportation and deposition
of uranium, Shirley Basin, Wyoming



23
as suggested by Lindgren-in 1910 (Harshman, 1966). The fesult was an ever
growing (except where festricted'by permeability barriers) terminal,
'léteral, "roof'", and '"floor'" solution fronts consisting of the elements
flﬁshed from up-dip and deposited in their relative order of solubility.
Obviously, several separate cells might coalesce and lateral and
vertical differences in permeability might prodﬁce complex variations of
the simple piqture presented here.

A well developed geochemical cell is tongue-shaped, with the
tongue pointing down-dip generally. Models of geochemical cells have
been recognized in the Crooks Gap, Shirley Basin, and Gas Hill districts
of central Wyoming (see Figure 5). In distinctly channeled sandstone,
the fongue—shaped cell may be considerably elongated parallel to the
channel. Gross permeability patterns and of the length of time cell
activity seem to be major factors controlling overall cell shape.

Ideally, the lateral edges of the cell are convex in vertical
section, but the solution or roll-front interface is complex in both
sections and plan, so that perfect C-shaped rolls are not common. In
cross section, rolls commonly show C, S, and 'socket' shapes (King and
Austin, 1965), but in plan are linear; many elongate rolls curve
abruptly at their extremities into '"noses.'" Roll surfaces are fractures
that separate mineralized rock from barreﬁ° Although rolls commonly
terminate against an upper and lower mudstone layer, in places they are
' split into two distinct rolls by a third thin mudstone layef élong their
axes (Figure 6). Rolls may bulge above places where thick parts of

sandstone strata are in direct contact termed '"puncture points', and
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EXPLANATION

MINERALIZED

Approx

Shale
Rich uranium ore

Medium tenor uranium ore

Protore
Barreh interior

--SUPERJACENT SHALY BED

S/s 3 FA*-cy ou/>/le. co//'£ Sis7~Grout/rr

//m ZZIL lyy«l  } /Mc/asar = n<?u/>A
<?/[Ev-~<yf w=> rrf/f ¢clz7_glfe t

Ajrrt& "’ z? /77r,<ve,, y-c"y/s.

w= /rc/TiiZ. y ry<cc/critfe, <Ci/l/rr
/buz 77, —&<y C a C /~zdcf//r en &nn/ SOLUTION FRONT

sne>r-j /< d?

SITIALY BED

C/raotum 'Ore.y orourn <ara/~
KH/1> slzjgr-ie. £yr£> Aji

200-

.x-SHALY.B i i p -
x.OTORE: £./£/?/" § ray -V/A6U zn CWana/ uUt/ j szjeofrae.

> u;’;ou.ln //i‘n;onﬂ /# s‘ recr'agminai nfiy 7
t ri/i cry*/#H/* oljer
yﬁ%kr o/ or i < /as/trd, ggoc/g milc. 7clal /v on
so4i-,& oc>arnd
SUBJACENT SIIALY BED -

Line BOM indicates position of principal
traverse from barren interior (B), through
solution front (0), into mineralized ground (M).

Figure 5. Idealized vertical section across

a solution front Gas Hill, Wyoming



So cke

Figure 6.

Ore Mudstone

Approximate

0

Scale

- Cross sectionul

Roll Ore bodies

Two Rolls separated by
thin layer of mudstone

Mirror-
loop ct

Mirroi-imagv C R
loop of Roll Fron

Sandstone

Feet

forms of

oncave

25



26

noses of rolls may be situated ﬁnder these places. Essentially, roll
orebodies in any particular sandstone layer are all segments of a
continuous rgll front, and in places appear to be lacking as a result

of flattening of rélls'int§ tabular form. The axis'arercharacteristi*
cally sinuous in plan and commonly double back on themselves so that
cross sections thropgh loops in the roll fronts show mirror images of
the roll shapes on. either side of the loops (Figure 6, E, F). Individual
.roll fronts in different sandstone layers show little similarity in

local distribution. In many places rolls grade into tabular orebodies
which are essentially parallel- to bedding planes (Figure 6, A, C).

The width of the ore zonevapparehtly is controlled by the rate
- of change of Eh and pH; the more rapid and intense the changes
_(laterally), the more immediate the dumping of metals. Thus, the rate
of change of Eh and pH may make the differencé between high-grade ore
spread over a few tenths of feet (laterally) or no economic concentfation
of metals where Eh and pH changes are too graduai.

A geochemical cell essentiélly is a leached, locally gossan
bearing with secondarily enriched ore around the margins. The . -
secondarily enrichea ore grades into extremely lean protore (the soﬁrce
bed). A geochemical cell may have transverse and longitudinal dimensions
of a few to ten or more miles and a thickness of as much as 300 feet.

To form such tongues, uranium and other metals were flushed from tens of
billions of tons of extremely lean source beds to be concentrated around
the margips (especially the terminal and lateral margins).

Where uraniferous source terrane has shed sediments into more

than one flanking basin, economically important geochemical cells may
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develop in each basin. Examples are Crooks Gap and Gas Hills districts
on either side of the Granite. Mountains in Fremont County, Wyoming

(Figure 5).

' Size of Uranium Orebodies in the Neighborhood

The major uranium Qrebodies‘in the Wyoming Tertiary Basins were
concentrated by the geochemical cell mechanism. Uranium has been concen-
trated and deposited in solution-fronts at the margins of the cell. The
roll-front deposits are continuous, more or less, ovér distances of five
or six miles in the Gas Hills and Shirley Basin areas of Central Wyoming.
Thef are interrupted intermittently by variations in grade which may'drop_
below economic:levels or '"belly-out'" into broad low-grade lenses. In |
some cases faulting may offset orebodies; or a sharp shift in the trans-
missive 1ithology may dislocate or interrup deposition. However,
generally, the orebodies are shoestring-shaped deposits, uninterrupted
over many thousands of feet.

The width and tﬁickness of orebodies are determined primarily by
the width of the geochemical cell. The concentration of uranium solute
present in the arkosic-sand host may also be a major factor in some
deposits. This iatter factor no doubt has an important influence on tﬁe
average grade obtained, along with the factors of relative abundance of
organic trash, pyrite, and the transmiséivity of the host rock.

Information available on the size of orebodies in Wyoming is
complicated by the general confidential nature of the data, multiple
.ownership of orebodies possibly measuring miles in length, and the fact

that few orebodies in the Gas Hills, Shirley Basin, and Crooks Gap have



28
ét this time been completely drilled-out over their entire length. It
is estimated that the Gas Hills trends have been explored léss than 70%
over their probable extent, those in Shirley Basin less than 50%, the
Powder River Basin deposits are probably less than 10% deliﬁeated. The
Crooks Gap may be 1/3 delimited or less.

The apparent size of individual orebodies may be further dis-
torted when stacked orebodies are found at several horizons, reflecting
" the fact that there is a tendency for more than one geochemical cell to
deﬁelop in vertical succession where there are a series of transﬁissive
host beds separated by impervious beds, and where a pervious zone such
as a fault has given them a common source of oxygenated surface runoff
to charge the cells. Such a phenomenon is present in both Gas Hills and
Shirley Basins.

Presently developed ore reserves plus past production in the
Gas ‘Hills uranium district total between 15 aﬁd 20 million tons of ore
containing .25% U308 as an avefage grade. Three ore trends are situated
3 miles apart. Three individual properties contain asAmuch as 2 to 3
million tons of uranium. ore at the above grade. These three properties
when fﬁlly explored will probably interconnect resulting in one_orebody
totaling between 5 and 7 million tons .25% uranium ore. There is no way
with the data at hand for an estimate to be made of the average size of |
orebodies in the Gas Hill District. However, the interconnected ore-
bodies mentioned above extend over a distance of 3 to 4 miles, vary in
width from 10 to 150 feet Wide, and vary in thickness up to S0 to 70
feet maximum thickness. The averages of other orebodies would lay

considerably closer to the minimum than to the maximum dimensions
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indicated above. The Shirley Basin has been under dévelopment for a
shorter period than the Gas Hills District and its ore therefore, has
been less completely delineated. Its reserves, including past production,
range between 12 and 15 million tohs of .25% U308 ore. The width and
thickness range are the same as the Gas Hills. The Shirley Basin has 2
or 3 sand units, separated by imperVious beds which have béen penetrated
by a geochemical cell. The result is one set of dual trend underlaid by
at least one other set, both sets stretching between 4 and 5 miles into‘
the Basin. |

At the current stage of development the Ore Reserves including
past production in the Crooks Gap area are between 500 a%d 600 thousand
tons, One major body is being devéloped on at least four properties.
:The ore lies close to the surface near the base of the Battle Springs
formation. The same formation body was once probably a classic roll-
front type orebody. However, because it is near-surface there has been
much post deposition mineral movement which has resulted in a lenticular,
multiple-horizon, orebody, difficult to delineate, and costlier to ﬁihe
than in the Gas Hills and Shirley Basin. Deeper Horizons to the south.
of the Gap in the area where W. R. Grace § Company. explored should
probably yield classic roll-front orebodies, similar in configuration to
those found in the Tertiary basins. However, théy could be considerably
smaller than those found in the larger Gas Hills and Shirley Basin :
deposit. Geochemical cells in the Shirley Basin and Gas Hills are omn
the order of one to five miles wide, which offers greater scope to con-

centration of uranium at the margin of the cell (see Figure 4).
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A Schroeckingerite deposit is present at the_ground surface
about 5 to 7 miles southwest of the Silver Bell property, but it has ﬁot
been mined because of its concentration of dranium.
Several major mining companies have initiated extensive
exploration programs for uranium deposits in the Red Desert area, but,

from all information available at the present time, no commercial ore

‘orebodies have been discovered.

Detectability and Source of Uranium in a Sandstone-Type Uranium Deposit

The detectability of uranium in the Silver Bell prospect area
must-be interpreted on the basis of information from exéeriences in the
' ufanium discovered in Shirley Basin, Gas Hill and Crooks Gap deposits,
where ore deposits now being mined are in Tertiary Basins were depositéd
by solution fronts (roll-front theory). This theory is now widely
accepted and the Silver Bell‘properfy occurs in a geologic environment
similar to these aforementioned deposits.

The radiometric anomaly was first detected by United States
Geological Survey in 1951 by airEorne surveying. W. R. Grace §& Compan&
ran.a ground radiometric over the anomalous area using a 111-B Precision
Scintillation counter. Radiohetric reading were taken on a 200 foot
grid. Contours of these readings developed the anomalous area shown on
Figures 7 and 8.

It is assumed that the uranium causing the anomaly detected was
probably dissolved, together with other elements, from tuffaceous and
arkosic sedimentary rocks. The solutions migrated through the porous

sandy Battle Spring Formation and moved from the flank of the basin down
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the hydraulic gradient toward thé lower part of the basin. The arkosic
sandstone beds were derived from the Granite Mountains north and north-
east éf the area.

The Granite Mountains are capped by a minimum of 900 feet
of weakly uraniferous tuffaceous rocks (Pipiringos, 1961) that at
one time almost completely covered them. It is difficult to determine
how much of the interstitial uranium that is present in the granite was
derived from magma and how much was derived from the overlying uranium-
bearing tuffaceous rocks.

It is likewise difficult to explain on the basis of structural
control of uranium distribution the widespread occurrence of uranium in
"in coal so far removed from the Battie Spring Formation‘and in a
'structurally unfavorable positions in relation to the source formation

(Pipiringos, 1961). But according with the study done by W. R. Grace it
seems that the solutions migrafed from north to éouth and it seems that
these solutions passed through the Battle Spring Formation in the area of °
Silver Bell prospect and deposited uranium in the south west near the
contact with the Wasatch and Green River forﬁations. These have im-
permeable beds favorable for the ufanium deposition. -This hypothesis is
based on the idea that the mineralized solutions traveled down dip along
permeable beds in the Battle Springs formation until they reached the
less permeable intertongued beds of the Wasatch formation where the
uranium was precipitated and concentrated.

In the Great Divide Basin transfer of the uranium from the
source rocks directly downward was pfevented throughout most of the coal-

bearing area by intervening thick sequences. of nearly impermeable beds of
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the Green River formation. Where these impermeable beds were absent (as
at the Silver Bell prospect), and the source rocks rested on the permeable
Battle Spring formation, uranium-bearing water percolated downward and
laterally for several miles in response to sfructural and permeability
controls suéh as the Red Desert syncline. The coal beds nearest the
permeable tongues of the Battle Spring Formation accumulated higher con-
centrations of uranium than did the coal beds farther away.

Miocene and Pliocene rocﬁs northeast, éoutheast, and south of
the central part of the Great Divide Basin are known to contain uranium.
Pliocene rocks of the Split Mountain area (part of the Granite Mountains)
contain as much as 0.005 percent uranium and 0.016 percent equivalent: =
uranium (Pipiringos, 1961).

The east flank and the trough of the Red Desert syncline offer
the best possibilities for the commercial development of uranium-bearing
coal if such an operation becomes economically feasible. No uranium
minerals have been as yét identified in the coarse-grained rocks that
crop out in the coal bearing part of the area, but it seems reasoﬁable
to suppose that prospecting might in the future disclose occurrences of
uranium minerals in the coarse sandstone associated with coal beds within
the central part of the Great Divide Basin and in the sandstone beds in
the area adjacent to the northeast.

Sandstone-type deposits are related to geochemical cells (roll-
front theory). If conditions are right for developmeht of a geochemical
cell, not only uranium but other metals such as selenium, molybdenum of

whatever is in the source bed, may be concentrate around the margins of
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these cells. Therefore this theory may be applicable broadly in the
search for uranium, vanadium, copper, silver and other metalliferous
sandstone-type deposits in divers stratigraphic and geographic situations.

Uranium is an exceptional element insofar as it can be detected
remotely by gamma rays and othér sensors. Even trace amounts of uranium
intercepted in an exploratory drill hole are relatively easy to detect.
This makes it simple to define a sandstone-type uranium deposit in three

‘dimensions.

Scattering of the Mineralization

In the Crooks Gap area the ore lies close to the surface and near
the base of the Battle Spring formation, with indication that the body.
was once probably of classic roll-front type. However, because it is
near surface there has been much post-deposition mineral movement which
has resulted in a lenticular, multiple;horizon,‘orebody, difficult to
delineate and expensive to mine. To the southeast of this deposit is the
Silver Bell property, which has almost the same characteristics as those
of the Crooks Gap deposit. The mineralization is found in different
horizons in small sizes. W. R. Grace § Company was prospecting in deeper
horizons in the arkosic sandstone of the Battle Spring Formation. Holes
drilled by the company into radioactive zones were checked by closely
spaced drill holes, 25 feet apart, to show any mineral trends. Radio-
active zones 0 to 100 feet in depth(could be traced fairly well showing
the same trend as the surface anomaly, however, radioactivity below 100
feet in depth could not be correlated as to grade, thickness or elevation.

For example, a core hole was offset 3 feet from another hole which had
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indicated Slfeet of 900 CPS (see Table 1 and 2) at a depth of 320 feet.
The electric log of the second core hole showed the mineralization had
dropped to 1 foot of 700 CPS and had dropped 18 feet in elevation. This
same situation was enclountered in many other drill holes. Drift of the
drill holes may account for partial elevation discrepancies, but a clése
evaluation of electric logs, cuttings, and observations of the drill
operation indicates drift to be an inéignificant'factor. ‘

Figures 15 to 17 show that on the SiiVer Bell prope?ty, the
mineralization is more or less continuous across the aforementioned fault
with no offsetting. Therefore, it appears that no movement along this
fault has occurred since the mineralized solutions passed through and
that it had no genetic relationship to mineral deposition. |

N Results of the extensive exploration and drilling program
conducted indicate that it is unlikely that uranium has been concentrated
enoﬁgh to form -a minable ore deposit on the Silver Bell property.

The northern and middle ﬁortions of the area has only minor
alteration and mineralization (see Figures 9 and 10). The southefnf;f
portion of the claims has intense alteration and anqmalous radioacti&ity
indicating that mineralizing solutions have passed through. Although
arkosic sands, pyrite, and carbonaceous material are present in addition
to intense alteration and high anomalous radioactivity, no ore was en-
countered by closely spaced drilling. This area is potentially the most
favorable portion of the Silver Bell property. However, due to dis?‘
continuity of the radioactivity grade, thickness, and elevation, it is
likely to assume that the mineralized solutions passed on fo the south-

west of the property without forming a commercial orebody.



Table 1. Holes and Footage

The drill program at the Silver bell property consisted of:

Depth

No. of Holes 0-300' 300-600" 600-1000" 1000+ Core

26 5736

49 25,585"

41 . ) 34,913‘

22 : - 26,250

4 ' 102.8"
Total No. of Drill Holes: .142
Total Drill Footage: A 92,587

Total Electric Log Footage: 89,232 (excluding reruns)

Table 2. Gamma Electric Log Interpretation

Counts Per Second Approximate % eU308
480 0.02
1150 ’ | 0.05
2350 0.10
3500 0.15

4700 0.20
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Description and Valuation of the Anomaly |

One of the basic reasons for exploring the Silver Bell property
was the presence of surface radioactivity which extended to a depth of
.35 feet, as indicated by two drill holes. W. R. Grace representatives
felt that this anomaly might yield a heap leach type ﬁining operation for
low grade ore. |

A gr&Eﬂd radiéme&ric survey waéiconducted over the anomalous
area using 111-B Precision Scintillation counter. Radiometric readings
were taken on a 200 foot grid (see Figures 7 and 8). Drill holes in
this area showed anomalous radioactivity to 35 feet, but gamma-electric
log interpretations indicated less than 0.04% eU308. To accurately
verify the presence or absence‘%f a low grade deposit, the material was
cored from 7.0 to 32.0 feet in GX-core 3 and chemical assays for U308
obtained. Core hole GX-core 3 chemical assays for core showed a maximum
of 0.016% U308.

Assuming that any potential orebody in this areé»would be
deposited by solution fronts similar to most uranium deposits in Wyoming,
careful consideration was given to material alteration and radioactive
trends.

The trend of the sﬁrface anomaly is_N60°W. Four lines of drill
holes perpendicular to this trend (see Figﬁres 12 to 18) showéd thick
zones of high alteration and many radiocactive zones. As shown on the
geologic sections (Figures 12—18),Ithe radioactivity from the surface
can be traced downdip of the Bedding. |

Gamma-electric logs indicated uranium ore of 0.10 to 0.30% eU308.

However, four core holes (Figure 8) were drilled to check the chemical
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values of these zones and the highest chemical assay was 0.058% U308
(seé Table 3, p. 38). Chemical assays showed the materiél to be
out of equilibriﬁm in favor of the gamma radiocactivity. This disequi;
librium indicates the possible former presence of an-orebody that has
been leached by ground waters, leaving only beta and alpha radiation.
The possibility of an orebody having been formed where these mineralized
solutions encountered the water table down dip along bedding planes was
investigated by drill holes, but no ore was found. 4The water table élong
the northern claims is at about 6,945 feet elevation and drops to 6,830
feet elevation along the GX-50 drill hole line in the south (see Figure
11).

Observations of the core and electric logs showed that the
mineralized zones are along silty or clayey sand-clay contacts with the
minéralization occurring mainly‘in the clay. This is a logical expla-.
nation as the clay would be an impermeable barrier to the mineralized
solutions whereas the sandier fraction would be permeable. In the area
of the surface anomaly, no cbrrelatibn of lithologic units could be made,
but south of the east-west normal fault in sec 23, T.26N and R.'94W, a
radiocactive zone can be traced for about one mile (see Figure 15-17) at
the contact of a distinct sand and clay zone. |

A former shallow orebody in the Silver Bell area has been
completely leached by ground water solutions. It is probable that this
mineral was redeposited in the southwest of the area prospected in the
contact and intertonguing between the Battle Springs, Green River and

Wasatch formations.
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Table 3. Chemical Assays U308

Hole No. Depth (ft.) U308 (%) el Samples

GX-Core 1 56.7-57.0! 0.021 Core
" 57.1-58.3" 0.027 "
" 59.9-62.0" 0.007 "
" 62.0-63.0" 0.005 "
" 65.9-67.9"' 0.007 "
" 67.9-68.5 0.002 "
B 68.5-69.1 0.001 "
" 68.6-68.9 0.007 !
e 69.2-70.0 0;Q24 "
" 69.9-71.9 0.003 "

GX-Core 2 56.0-58,0 0.028 "
" 77.5-80.5 0.058 ~ "
" 82.0-84.0 0.017 !
" 88.0-89.0 0.039 "

GX-Core 3 7.0-11.2 0.005 !
" 11.2-13.0 0.016 !
" 13.9-14.2 0.001 !
" 22.0-23.0 0.001 !
" 23.0-25.5 0.004 "

GX-163-3 166.0-68.0 -0.01 Air
" 68.0-70.0 -0.01 "
" 70.0-72.0 0.005 !
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Table 3. Chemical Assays U308--Continued

GX-163-3 70.0-72. 0.004 0.003 Air
" 72.0-74. -0.01 "
n 74.0-76. -0.01 "
" 76.0-78. 0.006 "

CX-163-4 61.0-63. -0.01 "
" 63.0-65. -0.01 r
" 63.0-65. 0.017 0.014 t
i 65.0-67. 0.005 n
" 65.0-67. 0.01 0.06 "
l 65.0-67. 0.008 0.007 "
" 67.0-69. -0.01 "
" 67.0-69, 0.008 0.007 "
" 69.0-70. 0.002 "

GX-163-5 60.0-65. -0.01 "
" 65.0-70. -0.01 "
" 65.0-70. 0.016 0.014 "

GX-163-6 55.0-60. 0.022 "
" 60.0-65. -0.01 "

GX-51 0.0- 5. 0.002 Wash
" 5.0-10. 0.001 "
" 10,0-15. 0.005 H
" 15.0-20. 0.012 "
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Table 3. Chemical Assays U308--Continued
GX-51 20.0- 25.0 0.005 Wash -
" 25.0- 30.0 0.009 "
CX-146 0.0- 5.0 0.001 "
" 5.0-10.0 0.003 1
" 10.0- 15.0 -0.001 "
" 15.0-"20.0 -0.001 "
" 20.0- 25.0 0.003 "
150.0-155.0 Not Detected n

155.0-160.

-0.

001
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The lack of sufficient uranium concentration in the Silver Bell
propérty because of the scattering of the mineralization makes it un-
economical and the lack of equilibrium in favor of beta and alpha and
, \

gamma radiation with only minor amounts of chemical U308 (Table 3, p. 33)

produces a misleading radiometric anomaly.

Alteration and Mineralization

Alteration features associated with uranium mineralization
usually have received 1es§>attention merited because radioactivity
counters and scintillation devices.often furnish a direct indication of
orebodies. Uranium is an exceptionallelement insofar as it can be de-
tected by gamma rayvandbdther sensors. Even minute amounts of uranium
intercepted in an exploratory drill hole are relatively easy to detect.
Whereas, in thick sedimentary sections alteration criteria often are not
recognized; some very.locaiized effects such as the red stain that ac-
companies some pitchblende veins may be recognized. |

Few of the alteration criteria associated with uranium deposits
differ appreciably from those of copper, zinc, tungsten, and other metals.
However, their applicabilit} to uranium is selective. The term alter-v
ation is applied to the development of clay mineral halos, chloritization,
alunitization, fluoritization, carbonatization, silicification, and

ferrugination.

The criteria of rock alteration that are most useful in the
search for uranium bear a striking resemblance to those for other metals.
However, conditions may vary with the locality, and render recognition

much more difficult. This is true of the Colorado Plateau (Shawe, 1956),

sediments in comparison with areas of igneous or metamorphic rocks.
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- Exploration and drill program in the Silver Bell prospect were
based on the assumption that any potential ore bodies would either be
formed by association with geologic structures or by a roll-front type
deposition. Data from operating mines in similar basin environments in
Wyoming was obtained and seem to verify this assumption.

As was pointed ouf, the drill program was laid out with three
lines of holes in an east-west direction on one mile centers across the
upper, middle, and lower part of the claims. A few holes were located in
the southernmost claims to check poséible structural ore control along
faults. The upper and middle line of holes showed very little anomalous
radioactivity with only minor alteration, whereas, the lower line had
higher radioactivity and more intense alteration. The mineralization
map (Figure 9) shows the areas of higher radioactivity, and the alteration
maﬁ (Figure 10) shows areas of high alteration.

The following criteria were used to delineate the higher radio-
active areas:

Drill holes with one or more zones of 200 ~ 400 CPS
Drill holes with one or more zones of 406 - 700 CPS
Drill holes with one or more zones of 700 + CPS.

The alteration map is based on the following criteria:

Drill holes with any alteration 0 - 300 feet in depth
Drill holes with any alteration 300 - 600‘feet in depth -
Drill holes with any alteration 600 - 900 feet in depth

- Drill holes with any alteration 900 + feet in depth.
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Figures 9 and 10 show that heavier concentrations of alteration
and mineralization roughly coincide and are both in the southern part éf
the claims.

Although arkosic sands with pyrite and carbonaceous material are
present (deemed favorable host material for uranigm deposition by most
geologists, Harshman, 1961), the lack of alteratioﬁ and the anomalous
character of the radioactivity make the area relatively unfavorable for
a possible ore body..j |

The southern portion of the claims has intense alteration and

~anomalous radioactivity showing that mineralized solutions have passéd
through the area. Although arkosic sands, pyrite, and carbonaceoué
material are present in éddition to intense alteration and high anomalous
radioactivity, no ore was encountered by close spaced drilling. ‘This
area is potentially the more favorable portion of the Silver Bell
property. However, due to discontinuity of the radiSactivity highs as to
grade, thickness, and elevation and the intense alteration, it is likely
that the mineralized solutions passed on to the southwest of the pfopérty
without forming a commercial ore body; This hypothesis is based on the
concept that the mineralized solutions would travel down dip along
permeable beds in the Battle Springs Formation until they reach the less
’ pefmeable intertongued beds of the Wasatch formation where.the uranium“
would be precipitated and concentrated.

Local sedimentary features such as crossbedding have little
influencé (Harshman, 1962) on the position of the altered-sand tongues
and only a minor influence on the character of the sharp contacts between

altered and unaltered sand.



44

Preliminary observations to establish the differences between

altered and unaltered sandstone are: (see Table 4, pf 45)

Altered Sandstone

Color Greenish-yellow

Heavy Minerals Pyrite, magnetite, and
' ’ ilmenite, largely removed

Clay Minerals High-iron montmorillonite
Cement Little or no calcite cement
Carbonaceous Incoherent and sooty

Trash :

Unaltered Sandstone

Gray

Pyrite, magnetite, and
ilmenite present in
significant amounts

Low~-iron montmorillonite

Considerable calcite
cement

Coherent, vitreous
coalified
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Table 4. Description of Core
Geologic Log GX-Core No. 1 )
Depth (ft.) Core Recovery (%) Description
56.7-57.0 90 Sandstone: medium brown and dark
brown. '
Claystone: 57.0-57.5 - reddish-
brown and dusky brown staining,
very strongly oxidized.
57.5-58.6 drab-gray, ochre-gray.
At 58.6, 0.05' white bentonite.
'59.0-61.0 0
61.0-62.0 100 Sandstone: 1light gray to light
brownish-gray.
62.0-63.0 100 Sandstone: brown, strongly
oxidized.
63.0-65.9 0
65.9-68.5 90 Sandstone: brown, strong limonite
staining.
68.5-68.7 . 100 Claystone: drab gray.
68.7-68.9 100 Sandstone: brown, strongly
oxidized.
68.9-69.4 100 Claystone: gray.
69.4-71.3 100 Sandstone: 1light brown.
71.3-71.8 100 Siltstone: grayish-brown.
71.8-72.1 100 Sandstone: brown with brown
staining.
72.1-73.1 100 Siltstone: gray.
73.1-74.5 100 Sandstone and claystone: light
brown.
74.5-74.9 100 Claystone: gray, speckled brown.



46

Table 4. Description of Core--Continued
GX—Core No. 2

52.0-52, 100 Sandstone: gray, with limonite
specks, very fine-grained.

52.3-56. 100 Siltstone: gray, slightly oxidized
at bottom.

56.4-57. 100 Sandstone: gray, very fine-grained,
with thin clay seams, limonite
staining 57.0-57.2.

57.2-57. 100 Siltstone: light gray.

57.9-59. 100 Claystone: blue-gray, oxidized at
top and bottom.

59.1-59. 100 Claystone: drab gray.

59.6--60. 100 Sandstone: gray, limonite staining.

60.0-60. 100 Claystone: drab gray to blue-gray.

60.5-62. 100 Sandstone: gray, very fine-grained
with considerable clay.

62.0-64, 0 No recovery.

64.5-66. 62 Siltstone: green-gray, with
considerable clay.

66.5-67. 62 Sandstone: white to whitish-gray,
very fine-grained, koolinized.

67.0-67.1 100 Sandstone: gray, very fine-grained.

67.5-68. 100 Claystone: drab gray to blue-gray.

68.1-72. 100 Sandstone: gray, very fine-grained,
very few limonite specks. ‘

72.0-78. 100 Sandstone: gray-medium-grained,
minor rusty-brown specks, strong
limonite specks 78.0-78.5,

78.5-80. 100 Sandstone: gray, very fine-grained,

interbedded with .05' clay seams,
considerable clay.
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Table 4. Description of Core--Continued.
80.8-82.0 100 Sandstone: gray, clean, bottom
0.2' limonite staining.
82.0-84.0 95 Sandstone: brown and light gray,
70° fracture at bottom, strongly
oxidized-water course.
84.0-86.6 95 Sandstone: 1light brownish-gray to
light gray at bottom, with very
sticky clay.
86.6-91-3 100 Sandstone: gray, very fine-grained,
and with very sticky clay.
91.3-91.6 100 Claystone: blue-gray.
GX-Core No. 3
7.0-11.3 50 Sandstone: 1light brown, limonite
specks, local oxidized streaks.
11.3-12.0 50 Siltstone: gray, some sand grains,
' locally oxidized.
12.0-12.2 94 Siltstone: gray, some sand grains,
locally oxidized.
12.2-13.2 94 Claystone: olive drab.
13.2-13.4 94 Sandstone: gray, brown staining.
13.4-15.3 94 Siltstone: gray, brown staining.
15.3-17.0 94 Sandstone: brown-gray, 15.3-15.6
very firm, compact and well cemented
by oxidized material, rest sample
has oxidized specks.
17.0-19.2 . 85 Sandstone: brown-gray-oxidized
specks.
19.2-19.7 85 Sandstone: gray, no staiﬁing.
19.7-20.0 85 Sandstone: brown, highly oxidized.
20.0-22.0 85

Sandstone: brown-gréy, limonite
stained.
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Table 4. Description of Core--Continued

22.0-22.5 100 Sandstone: brown-gray, strong
limonite staining.

22.5-24.0 100 Siltstone: gray to gray-brown,

: oxidized streaks.

24.0-24.5 100 Claystone: gray to buff-brown.

24.,5-25.5 100 Claystone: olive-grown, maroon-
gray at 25.0',

25.5-25.6 100 Bentonite: gray-white

25.6-26.8 100 Sandstone: brown-gray, limonite
staining.

26.8-27.0 100 Sandstone: medium brown, strongly
oxidized.

27.0-28.0 95 Sandstone: brown, with .05' gray
claystone at 27.3' and a .01 clay-
stone seam at 29.8'.

28.0-30.6 95 Sandstone: medium brown at top to
brown-gray at bottom.

30.6-32.0 95 Claystone: olive-gray, purple,

gray, a .05' highly oxidized
cemented sand seam at 31.7'.



CHAPTER 4
CONCLUSION AND RECOMMENDATIONS

The Silver Bell prospect lies on the Great Divide Basin in T. 26
and 27 N., R.93 and 94 W., Fremont and Sweetwater counties, Wy&ming in an
‘area known as Red Desert. This area is covered by Tertiary sedimentary
rocks which range in age from Paleocene to Pleistocene and Recent.

kadioactive carbonaceous shale and coal were discovered in 1945
by Slaﬁghter and Nelson (Pipiringos, 1961) in the Great Divide Basin.

An anomaly detected by the United States Geological Survey in 1951 in thé
Great Divide Basin was.iﬁvestigated by W. R. Grace in 1968 with the idea
that this anomaly might yield a heap leach tyﬁe mining operation for low
grade ore. A ground radiometric survey conducted over the anomaly gave
the contours shown on Figures 7 and 8. Drill holes in this area showed
anomalous radioactivity to 35 feet. Gamma-electric logs indicated
uranium ore of 0.10 to 0.30% eU308. However, four core holes (Figure 8)
were drilled to check the chemical values of these zones and the highest
chemical asséy was 0.058% U308. Chemical assays showed the radioactivity
encountered from 0 to 100 feet is out of equilibrium, and only minor
amounts of chemical USOS are present. This suggests the presence of a
former shallow orebody that has been leached by ground water solutioné.
Therefore it is unlikely that uranium has been concentrated enough to
form an orebody to be mined economically. The possibility of an orebody
being formed where these mineralized solutions encountered-the water

49
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table downdip along bedding planes was investigated by drill holes, but
no ore was found.

Radioactive zones 0 to 100 feet in depth could be traced fairly
well showing the same trend as the surface anomaly, however radioactivity
below 100 feet in depth could not be correlated as to grade, thickness,
or elevation. Drift of the drill holes may account for partial elevation
discrepancies, but a close evaluation of electric logs, cuttings, and
observations of the drill operation indicates this to be an insignificant
factor.

Observations of the core and electric logs showed that the
mineralized zones are along silty or clayey sand-clay contacts with the
mineralization occurring mainly in the clay. In the area of the surface
anomaly, no correlation of lithologic units could be made, but south of
the east-west normal fault in section 23, T.26 N. and R.94 W. a radio-
active zone can be traced for about one mile (Figure 15) at the contact
of a distinct sand and claf zone.

Although there are differences in detail the Roll Front -
Geochemical Cell concept which 1s applicablé in the Lower Cretaceous
Lakota formation in the Black Hills and in the sandstone-type uranium
deﬁosité in Mesozoic rocks of the Colorado Plateau may be applied here.

Uranium is an exceptional element insofar as it can be readily
detected by gamma rays and other sensors. However, other elements that
~have been detected partly because the metals involved do not radiate
their three-dimensional distribution might be related to geochemical

cells. If conditions are right for development of a geochemical cell,
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other metals such as copper, silver, selenium, molybdenum, or whatever
is in the source bed, may be concentrated around the margins of geo- -

chemical cells.
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