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PRINCIPAL URANIUM DEPOSITS OF THE WORLD
By V. P. Byers
ABSTRACT

The geology of the principal world wuranium deposits that
have identified uranium reserves and production, as described in
published 1literature, 1is summarized briefly, including such
features as type of deposit, host rock and age of host rock, age
of mineralization, depositional environment, and mineralogy.

The deposits are located on four maps with the deposits
grouped according to age of host rocks - Precambrian, Paleozoic,
Mesozoic, and Cenozoic - and further subdivided into types of
deposits and size categories. Types of deposits are
peneconcordant sandstone, quartz-pebble conglomerate, vein and
vein-type, marine black shale, phosphate deposits, coaly
carbonaceous rocks, and pegmatic and alaskitic rocks.

The economically most significant deposits of uranium known
in 1975 are in quartz-pebble conglomerates and sandstones, which
together represented about 75 percent of the world's total
production.

The Tlargest deposits occur in quartz-pebble conglomerate at
the E11iot Lake-Blind River area, Canada (average grade 0.12
percent U30g), and at the Witwatersrand basin area in the
Republic of South Africa (average grade 0.025 percent U30g),
where uranium is produced principally as a byproduct or coproduct
of gold mining; and in medium-grained sandstones in the Colorado
Plateau, U.S.A. (average grade 0.2 percent Us0g). Other
economically significant <concentrations are vein, pegmatite or
contact metamorphic types, containing smaller but relatively
high-grade tonnages and representing about 20 percent of the
world's total production. At Vdstergotland (Billingen) and Ndrke
in Sweden, uranium has been recovered on a pilot-plant basis from
black shale deposits having an uncommonly high grade for black
shale of 0.03 percent U30g. "Recoverable reserves" in the near
future (40 year period, 1ife time of nuclear plants) 1is on the
order of 50,000 metric tons U.

Over 50 percent of the world's total uranium reserves is
lTocated on or near the trend of the iron deposits 1in the
Precambrian iron formation, referred to as the "iron band".



INTRODUCTION
General Statement

Uranium 1is widespread throughout the world but was one of
the last metals to become economically significant. Uranium
deposits, prior to the "Nuclear age", were found by accident in
the search for copper in the Belgian Congo, for cobalt and silver
in the Northwest Territories of Canada, for radium and vanadium
in Colorado, and for silver in Czechoslovakia. Most discoveries
of large deposits in recent years have been made by geophysical
methods, mainly airborne scintillometer, drilling in areal
extensions of known areas, or using geologic models as
exploration tools.

Uranium deposits occur in three major metallogenic age
groups: (1) Laramide and Tertiary, (2) Hercynian and Jurassic,
and (3) Precambrian (during which two primary periods of
mineralization occurred).

Uranium is a geochemically persistent -element. It s
isomorphic as U4+ with Th, Zr, rare-earth elements (REE), Ca, and
Fel+, As uraninite it is precipitated either at high

temperatures and pressures or at atmospheric temperatures and
pressures. It is easily oxidized from U4t to UB*, which forms
the uranyl ion, (U02)2*, a wunit of sufficient stability to
preserve 1its identity 1in solution, eventually precipitating as
low temperature uranyl minerals.

Uranium is precipitated in clastic host rocks that have high
transmissivity to ground water, such as sandstones and
conglomerates, or is confined to fracture systems (vein deposits)
in less permeable rocks. Primary (dull black, gray, and brown)
uranium ore minerals (pitchblende and uraninite) occur either in
extensive bedded deposits of pitchblende in sedimentary rocks, or
in veins and pegmatites. Refractory primary uranium-bearing
minerals are found in placers.

Secondary uranium ore minerals, such as carnotite,
tyuyamunite, torbernite, meta-torbernite, autunite,
meta-autunite, wuranophane, and schroeckingerite, occur in
weathered and oxidized zones of primary deposits. Vanadates such
as carnotite are major secondary minerals in sandstone deposits.
Autunite, torbernite, and uranophane are especially widespread
uranyl species found in oxidized vein deposits.

Russell (1956) found that the trace element assemblage in
"sedimentary type" uranium ores of the United States included Ag,
As, B, Ba, Be, Cd, Cs, Co, Cr, Cu, Dy, Er, Ga, Gd, Ge, Li, Mo,
Nb, Ni, Pb, Sc, Sn, Sr, Sm, U, V, Yt, Yb, Zn, and Zr. The
elements Ba, Cu, F, Mo, P, Pb, Se, V, and Zn are characteristic
associates of wuranium (Cathcart, 1956; Finch, 1967; Weeks,
Coleman, and Thompson, 1959).

Purpose and Scope of Report

This report is an outgrowth of a primary attempt to show on
a map the principal concentrations of wuranium known from



published sources. In this report, data on the geographical
distribution, mode of geologic occurrence, and source references
through 1976 are compiled from the literature.

The report covers principal uranium deposits throughout the
world exclusive of Eastern Europe, China, and the U.S.S.R. Many
new important discoveries are not included. Some small deposits
receive greater descriptions than large deposits because more
literature is readily available about them. A Tack of uniformity
in format 1is somewhat a reflection of published material
available. In the brief summaries, no attempt is made to
evaluate conflicting interpretations in the literature. Large
identified wuranium resources plus production, even though they
may be presently paramarginal (50-percent to a 5-fold price
increase) or submarginal (5-fold price increase) (Finch and
others, 1973) are included in this report.

GLOBAL DISTRIBUTION OF DEPOSITS
Parallelism of Precambrian Iron
and Uranium Deposits

The distribution of the trend of iron deposits in
Precambrian iron formation (Condie, 1976; Goodwin, 1973),
referred to as the "iron band", and the present known
distribution of the uranium deposits, 1in host rocks of
Precambrian as well as other agqges, have an overall spatial
parallelism (figures la and 1b). Over 50 percent of the world's
total uranium reserves are located near the "iron band".
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Uranium Provinces and Districts

Seven principal uranium provinces (Klepper and Wyant, 1956,
1957), as described by Heinrich (1958) are: (1) Colorado
Plateau, including adjoining areas and areas in western Idaho and
eastern Washington, (2) Canadian Shield-Bancroft district and
nearby areas, (3) eastern Brazil areas, (4) Central and Western
Europe, (5) southern Africa, (6) northern, eastern, and southern
Australia, and (7) Ferghana-Kara Tau region, U.S.S.R. The
caliche (or <calcrete) deposits of Western Australia, North
African phosphate areas, black shale deposits of Sweden, and
nepheline syenites of the Illimaussaq massif in Greenland may be
considered additional uranium provinces. .

Principal productive wuranium districts occur primarily in
five types of environments: (1) at the margins of Precambrian
shield areas where silicic igneous rocks can be as much as five
times as radioactive as silicic rocks from the interior parts of
the shield areas (Keevil, 1943) (e.g., Blind River-Elliot Lake
area and other areas in Canada; Greenland, Australia, Africa,
India, Madagascar, Finland, U.S.S.R., and Brazil); (2) at the
margins and locally along the axial parts of sedimentary basins,
which may be either intermontane basins (e.g., Wyoming,
Argentina, and Ferghana, U.S.S.R.), intracratonic basins (e.g.,
Witwatersrand, South Africa; Blind River-Elliot Lake, Canada;
Lake Frome, South Australia; Arlit area, Niger; and Colorado
Plateau, U.S.A.), or gulf-type basins (e.g., Texas), and
particularly in those basins containing sediments derived from
either granitic terranes or volcanic ash; (3) in areas of silicic
intrusions 1in orogenic belts (e.g., Spain, France, Bohemian
Massive, and Colorado Rockies); (4) in late magmatic
differentiates (alaskites and associated pegmatites) (e.g.,
R8ssing deposit in Southwest Africa); and (5) at unconformities
related to paleokarst topography (e.g., Bakouma, Central African
Republic, and Tyuya Muyun, Turkistan, U.S.S.R.).

Type of Deposit

Much effort has gone 1into the <classification of uranium
deposits (see Cornelius, 1976; Barnes and Ruzicka, 1972; W. D.
Chenoweth and R. C. Malan, 1969, written commun.; Petrov and
others, 1969; Fomin, 1968; Tananaeva, 1968; "Uranium resources
estimates", edited by European Nuclear Energy Agency and the
International Atomic Energy Agency, 1967 ; Wambeke, 1967; Tishkin,
1966; Gotman and Zubrev, 1963; Lang and others, 1962; Little,
1970; Danchev, 1961; Kotlyar, 1961; Surazhakiy, 1959, 1960;
Griffith and others, 1958; Robinson, 1958; Ruzicka, 1975; Tishkin
and others, 1958; Klepper and Wyant, 1957; and Sullivan, 1957).
The geologic classification of deposits as used in this report
(table 2) 1is seven-fold; (1) deposits that are peneconcordant
(Finch, 1959a) with the sedimentary structures of the enclosing
rocks, which are predominantly sandstones (a single placer
deposit is also included in this classification); (2) deposits in
quartz-pebble conglomerates; (3) deposits in veins, shear zones,



breccia, and fracture zones in rocks of all types, in stockworks,
in pipe-like bodies, and of related types (may include
disseminated concentrations in fractures, or replacement bodies);
(4) deposits in marine carbonaceous black shales; (5) deposits in
marine phosphatic rocks, phosphorites, and land-pebble
phosphorites; (6) deposits in coaly <carbonaceous (coals and
lignitic) rocks; and (7) deposits in pegmatite dikes, pegmatoid
bodies, alaskite stocks including "porphyry" type bodies, and
other igneous rocks. The symbols used in table 2 for categories
1 through 7 are S, G, vV, B, P, C, and D, respectively, and are
represented in the second alpha character in the symbol.

Peneconcordant deposits (S)

The most economically significant concentrations of uranium
known at present in peneconcordant deposits are in host rocks of
sandstone, with some deposits occurring in siltstones,
conglomerates, and occasionally in 1limestones, which occur as
tabular, lenticular, or roll-shaped bodies, and irregularly
shaped masses of widely differing size. Typically these deposits
occur in sandstone lenses that are interbedded with mudstone.
These strata accumulated under fluvial, lacustrine, sabkha, and
near-shore marine <conditions 1in either <cratonic or marginal
cratonic environments (Finch and others, 1973).

A combination of <certain factors 1is necessary to form
peneconcordant uranium deposits 1in sandstone. These factors
include (1) uranium source, (2) transport medium and conduit, (3)
reducing agent, and (4) entrapment. Potential source areas for
uranium are either granitic or acidic volcanic rocks. Volcanic
sources include ash flow tuffs, bedded tuffs, rhyolite lavas,
felsitic rocks, zeolitic and montmorillonitic rocks, and
calc-alkaline to peralkaline rocks. The transport medium is
groundwater, and the conduit consists of permeable rocks such as
arkosic sandstones, quartzose sandstones, or porous skarn. The
reducing agents include oxide of pyrite, humic material,
bacteria, and HyS, as in formations where gel was formed from
alkaline solutjons, and in which humates or humic acid provided a
fixing environment for precipitation of uranium (e.g., southern
San Juan Basin, New Mexico). Squyres (1972) proposed that humic
acids were leached from plant detritus in the host rocks, and
subsequently flocculated to form a gel, masses of which were
transported by ground water and formed lenticular orebodies where
the humate masses adsorbed uranium from solution by cation
exchange. The traps may be stratigraphic and lithologic or,
rarely, they may be structural features such as faults, flanks of
anticlines, shear zones, unconformities, fracture systems, and
igneous contacts. Areas of sandstone formations that display all
or nearly all of these wessential factors are favorable for
exploration to find new sandstone ores.

The deposition of uranium, molybdenum, and selenium at a
reducing barrier has been studied experimentally by Vasil'eva
(1972). Microbiologically active gray rock and limonitized rock
were permeated by gaseous reducing agents (H2S and Hp) rising



from below, counter to downward-moving metaliferous oxygenated
waters. The precipitation of uranium occurred as the Eh of the
environment fell to 200 mV and below while the pH ranged from
6.5-8.

Uranium may be concentrated in sedimentary areas in gently
folded clastic sequences as thick as 3.5 km that wunconformably
overlie highly distorted ancient basement rocks (Dunham, 1974)
with possible accompanying economic concentrations of Ba, Cu, F,
Mo, P, Pb, Se, V, and Zn.

The peneconcordant deposits in clastic sedimentary rocks
constitute the greatest known reserves and resources, over 41
percent of exploitable uranium in the western world (OECD/IAEA,
1973), for example: the Colorado Plateau, Wyoming Basins, and
Texas Gulf Coast, U.S.A.; Salta and Mendoza Provinces in
Argentina; Niger; Ferghana Basin in the U.S.S.R.; and Lake Frome
area, Australia.

Placer deposits are extremely rare, and only one significant
deposit is included in this report. The deposit is in gravel in
gold placers in the Aldan region, Siberian platform, U.S.S.R.
The symbol for peneconcordant deposits (S) is used for the Aldan
deposits, although placers are not peneconcordant deposits.

Deposits in quartz-pebble conglomerates (G)

Uranium ore occurs 1in Precambrian sediments in firmly
cemented quartz-pebble conglomerates that were deposited under
deltaic or fluvial conditions in shallow basins in cratonic or
marginal <cratonic environments more than 2.3 billion years ago.
The matrix surrounding the pebbles consists of common resistate
grains and iron sulfide. The ore minerals are either uraninite
or brannerite. During early Precambrian time the atmosphere was
nearly oxygen-free and reducing 1in character, which allowed
rounded and polished detrital grains of uraninite and pyrite to
accumulate with typical detrital placer minerals. Both uraninite
and pyrite are generally coextensive with conglomerate beds.
Locally the rounded forms of some uraninite and pyrite grains
were later modified.

In the Blind River-Elliot Lake district, Canada, deposits
are 2.1 - 4.6 m thick and from several hundred meters to 3 km
across, 1in an area of more than 128 km long, and contain more
than 5 million tons of ore (Finch and others, 1973). Mineable
grade averages 0.12 - 0.16 percent U30g8; gold values are 0.02 -
0.03 ounce per ton. The Blind River-Elliot Lake deposits are
found in two major structural features, which extend east-west
more or less parallel to the north shore of Lake Huron. On the
north 1is a synclinal trough about 40 km long and filled with
quartzite. On the south is an eroded anticlinal arch of about
the same 1length that exposes the upwarped basement rock of
granite and gneiss.

In the Witwatersrand area, South Africa, the deposits are
larger and more extensive than at Blind River~Elliot Lake, but
their uranium content is lower, generally 0.03 - O0.07 percent
U30g. Uranium 1is produced mainly as a byproduct of gold mining



and locally as a coproduct. Brannerite is a minor amount of ore
mineral in the Witwatersrand area.

Uranium reserves and resources in quartz-pebble
conglomerates constitute 25 percent of the world's total for
g?untries that have reported resources (OECD/IAEA, 1973) (figure

Vein and vein-type deposits (V)

Uranium-bearing veins are fissure fillings 1in faults,
fracture zones, "and Jjoints. Uranium vein-type deposits occur
near feeder dikes, in joint sets and along major wunconformities,
lineaments, and shear zones. Ore occurs as tabular bodies,
irreqgular stockworks, pipelike masses at fracture intersections,
and in mineralized gouge and breccia. Veins can be a few
centimeters to a few meters wide and extend along strike and
downdip as much as several hundred meters. Known vein systems
may extend as much as 400 m below the surface 1in the United
States and 1500 m in Canada and may contain 10 tons to millions
of tons of ore (Finch and others, 1973). Average mined grade
ranges from 0.10 to 1.0 percent U308.

The uranium-rich vein deposits are commonly rich in sulfides
and are found in a variety of host rocks ranging from Precambrian
to Tertiary 1in age, but more commonly of Precambrian age (e.g.,
the very large deposits at Beaverlodge, in the Goldfields area,
Saskatchewan, Canada; the Shinkolobwe, Katanga Province, Zafre;
and the medium-sized deposits at Joachymov, Czechoslovakia, and
at Schwartzwalder mine, Colorado, U.S.A.). Uranium deposits have
been found in the principal mountain systems (e.g.,
Schwartzwalder vein deposit, and Central City district, Colorado
Rockies) and near or in foreland areas or blocks of earth's crust
(massifs) composed mostly of granitic and metamorphic rocks
(e.g., Joachimsthal in the Bohemian Massif; Vosges vein deposits
of Massif Central, France; and vein deposits of Spanish Meseta,
Portugal). Fluorite is a characteristic associate of uranium in
moderate-sized deposits at Marysvale, Utah. Uraninite-thorite
veins and irregular pods <cut and vreplace bodies of unzoned
granitic pegmatite and form fairly large deposits at Bancroft,
Ontarjo, Canada (Robinson and Hewitt, 1958). They ~contain an
average of about 0.1 percent U308 and 0.025 - 0.2 percent ThOQ2.

Uraniferous marine carbonaceous black shales (B)

Uraniferous marine black shales are all of Paleozoic age.
The wuranium was deposited wunder anaerobic conditions with the
organic fraction of the shale during sedimentation in shallow
epicontinental seas. The sapropelic type of uraniferous black
shales are commonly more uraniferous than those of the humic
type. Most of the black shale resources in the United States are
in the upper member of the Chattanooga Shale of Late Devonian and
Early Mississippian ages 1in central Tennessee and adjacent
Kentucky and Alabama (Swanson, 1961). This member is 3.7 - 5.5
meters thick over an area of about 10,360 square kilometers, and



averages about 0.007 percent U308. Sweden has uranium ore in
uraniferous alum shales (Upper Cambrian and Ordovician) which is
2.7 - 5.5 meters thick, and averages about 0.03 percent U3Qg.
Sulfides are abundant. Shales that yield 10 percent or more
distillable 0il usually have appreciable uranium. Other deposits
of radioactive shale include those in U.S.S.R. near the Baltic
Sea.

Uraniferous phosphatic rocks (P)

Marine phosphorite 1is a dominant source of phosphate and
constitutes a very large resource of uranium. Uranium in marine
phosphatic rocks is found 1in formations of early Paleozoic to
Tertiary age, but more abundantly in Cambrian, Permian, Upper
Jurassic, Cretaceous, and Tertiary rocks. In general beds
richest in phosphorites are richest in uranium, but beds leached
by surface and ground waters may be enriched in uranium and have
a diminished phosphate content. Uranium 1is produced as a
byproduct of phosphorite and phosphate rock. Deposits are found
associated with either siliceous carbonate rocks in geosynclinal
environments or clay and sand in platform environments.
Geosynclinal facies tend to be more wuraniferous than platform
facies. Uranium was probably deposited from sea water during
sedimentation, or possibly Tater by downward percolating ground
water. Extensive uraniferous marine phosphorite deposits (which
are commonly 2 - 3 m thick, wunderlie hundreds of square
kilometers, and have uranium content generally ranging from 0.007
to 0.07 percent U30g) occur 1in the Phosphoria Formation of
Permian age in Idaho, Montana, Utah, and Wyoming, 1in the Bone
Valley Formation of Pliocene age in Florida, in countries along
the Mediterranean Sea from Morocco to Israel, and near Recife,
Brazil.

Uraniferous phosphorite fills 1large depressions formed by
solution of dolomite in the Central African Republic (Mabile,
1968). Uraniferous deposits of aluminum phosphate occur in
Senegal and Nigeria.

Uraniferous coaly carbonaceous rocks (C)

Uraniferous lignitic and coaly carbonaceous rocks occur in
fluviatile, soft sandy shales and sandstones on the southwestern
flank of Williston Basin, North Dakota, South Dakota, and eastern
Montana. Uranium probably was introduced by precipitation,
chiefly from groundwaters, following coalification. Sources for
uranium in the deposits may have been associated silicic volcanic
rocks. Uraniferous coaly deposits in Vinaninkarena, Sweden, and
Freital, Germany probably had a granitic source. The uranium
source in some Hungarian coals may have been the alkalic sills
and dikes intruding the coals. Uranium in other coals may have
been introduced by wuraniferous magmatic solutions. Factors
necessary to form the wuraniferous <coals include: (1) a
uraniferous source, (2) groundwater and structures or rocks
capable of permitting uranium transport, (3) time for continued
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movement of uraniferous groundwater, and (4) <coaly material of
the <correct rank, ash content, and permeability, which contains
acid organic material capable of precipitating uranium.

Uranium in pegmatite dikes, pegmatoid bodies,
alaskite stocks, igneous rocks (D)

~

Uranium minerals are known to occur in granitic pegmatites,
whereas thorium minerals are more likely to be found in syenitic
and nepheline-syenitic pegmatites. Several different types of
pegmatites and related rock types may occur in the same area
(e.g., Bancroft area, southeastern Ontario). Uranium deposits
are found around alkalic complexes (e.g., carbonatites around
alkalic complexes in dikes and plugs, areas of fenitization, at
contacts of granite and schist near plutons (e.g., Mount Spokane
alaskite pluton, Washington); and in late-stage differentiates
(e.g., Conway Granite of Triassic, Jurassic and Cretaceous age in
central New Hampshire). Other areas of uraniferous igneous rocks
include alaskitic rocks near R8ssing, South West Africa,
pyrochlore-bearing alkalic rocks at Araxa, Brazil, sodalite
foyaite and nepheline syenite near Julianehaab, Greenland (Bondam
and S8rensen, 1958) and riebeckite granite in Nigeria.

FREE WORLD RESOURCES AND PRODUCTION

Uranium resources and production data given in figures 2 to
5 are based on the following sources: “Uranium, Resources,
Production and Demand," a joint report by the Organization for
Economic Co-operation and Development, Nuclear Energy Agency and
The International Atomic Energy Agency, and published by the OECD
(1973, 1975); Finch and others (1973); and Bowie (1970).

The Organization for Economic Co-operation and Development
NEA/IAEA (1975) estimated world resources of wuranium (exclusive
of East Germany, Soviet Union, and Chinese Peoples' Republic),
which included the totals of reserves and estimated additional
resources (in thousand of metric tons wuranium) minable at a

combined price of less than $15/1b U308 and $15-30/1b U308. See
table 1.
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USA 47%
161,214

(209,559)

France and
associates 6%

(27,853)\21.427

Africa 17%
58,064
(75,477)

South

Canada 26%
87,496

(113,734)

Figure 2.--Uranium production by major producing countries reporting
production, 1938=1970 (in metric tons U; short tons U308

in brackets) (after Davis, 1972, p. 24).
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Australia
243
23%

Canada
144
13%

Figure 3.--Uranium: reasonably assured world resources as reported,

but excluding estimated additional resources (OECD NEA/IAEA,
1975)

A. Thousand metric tons from ore minable at a price of
less than $15/1b. U,0,.

B. Thousand metric tons U from ore minable at a price of
$15-30/1b. U308.
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Sweden
300
41%

South Africa
90
12%

B.
{1) Conservative estimate as restricted to principal deposits.

Figure 3 cont.
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Sandstones 39%
336

(436)

Quartz-pebble
conglomerates 35%
302
(392)

Vein and
related deposits 17%
152
(198)

Other 9%
75
(98)

A.

Figure 4.--Allocation of world reserves and resources to
geological ore types (from QECD NEA/IAEA, 1973, p. 88)
A. Thousand metric tons U (103 short tons U30g) reasonably
assured resources (reserves) from ore minable at a price
of $10/1b. U308.
B. Thousand metric tons U (103 short tons U30g) reasonably
assured resources from ore minable at a price of $10-15/1b. U308.
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Sandstones 24%

161
(209)

Quartz-pebble

conglomerates 26%
172
(224)

Vein and related
deposits 7%

45
(58)

Other (mostly black shales)

292
(380)

Figure 4 cont.
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Figure 5.--Allocation of world reserves (reasonably assured resources

of ore minable at a price of $10/1b. U308) (from reporting

countries) to ages of host rock within geologic ore types

Cz, Cenozoic; Mz, Mesozoic; Pz,

1973).

(OLCD NEA/IAEA,

Paleozoic; and p6, Precambrian.
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Table 1. Estimated world uranium resources

Uranium reserves, in Country
thousands of metric tons¥*
2606.0 USA

(includes 69.0 as byproduct
from phosphate and copper
production)

585.0 Canada
350.0 S. Africa
323.0 Australia
300.0 Sweden
210.3 Spain
95.0 France
80.0 Niger
59.6 Argentina
52.5 India
30.0 Gabon
28.0 Algeria
21.7 Yugoslavia
19.2 Brazil
16.0 Central African Republic
16.0 Denmark (Greenland)
7.7 Japan
6.9 Portugal
6.0 Mexico
5.8 United Kingdom
5.0 Germany
3.5 Zalre
3.5 Turkey
2.4 Korea
2.2 Italy
1.9 Finland

*These figures from the non-Communist free world total
4,837,200 metric tons U.
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SIZE OF DEPOSITS AND DISTRICTS

Both small high-grade uranium deposits or districts (where
more than one deposit is present) and Tlarge low-grade deposits
that have at least 38 metric tons of uranium metal (or 50 short
tons U30g) 1in resources and production together have been
selected as "principal deposits." The few relatively high-grade
deposits that have been found are not very extensive. Large
low-grade concentrations, which are not recoverable profitably
under present economic <conditions, include such deposits as
uraniferous marine phosphorite, black shales, and igneous rocks.

The deposits are divided into three size ranges which are a
combination of total ©production plus reserves, expressed in
metric tons of uranium metal (metric tons U), followed by short
tons in parentheses. Small size (S) deposits (either single
deposit or group where more than one) 770 metric tons U (1,000
short tons of U308); medium size (M) deposits have 770 to 11,500
metric tons U (1,000 to 15,000 short tons U308); and large size
(L) deposits, more than 11,500 metric tons U (15,000 short tons
U30g). The size (S,M,L) of the deposits is shown in the third
alpha character of the symbol in table 2.

DESCRIPTION OF LOCALITIES
Geologic descriptions, including type, host rock, age,
environment, location by latitude and longitude, and references,
are given in table 2 and are keyed by numbers and symbols on the
maps in figures 6, 7, 8, and 9, showing principal uranium
deposits of the world. The maps have been revised from previous
release (Byers, 1977).

Table 2.--Principal uranium deposits of the world.

Map symbol consists of numeric and alpha characters: numeric
characters are map and table no. (e.g., 1); first alpha
character, age of host rock (A, Precambrian, B, Paleozoic, C,
Mesozoic, D, Cenozoic); second alpha character, type of deposit
(S,G,v,8,P,C, and D, see seven categories described above) and
third alpha character, size of deposit (S,M,L, see above for
explanation).
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Symbol: 1AVM
Name: Midnite mine, Stevens County, 80 kilometers northwest
of Spokane, Washington, U.S.A.

Location: 47° 57' 00" N; 118° 05' 00" W

Description: Uranium occurs in tabular bodies 50 meters or less
thick, wup to 210 meters wide, and as much as 380 meters long,
in metamorphosed steeply dipping Precambrian pelitic and
calcareous rocks of a roof pendant adjacent to a Cretaceous(?)
porphyritic quartz monzonite pluton. The thickest ore zones
invariably occur at depressions in the metasediment-granite
contact, and the margins of ore zones generally are
steep-sloping granite surfaces (Nash and Lehrman, 1975). At
the contact the metasedimentary rocks are mostly phyllite and
schist of the Precambrian Togo Formation; the dgranite 1is
mostly porphyritic quartz monzonite and granodiorite of the
Cretaceous Loon Lake Granite. The granite is without visible
primary uranium mineralization. The contact is sharp and in
detail is extremely irregular. It commonly crosscuts the
bedding of the metasedimentary rocks but Tocally parallels the
bedding. The highest grade ore is localized along zones in
which the bleached metasedimentary rocks are altered to a rock
consisting largely of clay, quartz, and sericite. These zones
are at or within a few feet of the contact between the quartz
monzonite and the metasedimentary rocks (Becraft and Weiss,
1963). Most ore is in muscovite schist and mica phyllite, but
concentrations of uranium sufficient enough to form ore occur
in calc-silicate hornfels. Amphibole sills and mid-Tertiary
dacite dikes Tocally carry ore where intensely fractured.

Uranium minerals occur as disseminations along foliation,

replacements, and stockwork fracture-fillings. Secondary,
oxidized uranium minerals, principally autunite and
meta-autunite, and next abundant, uranophane and
phosphuranylite, 1lie above a fluctuating water table, while
below this table there occurs a zone of partially oxidized,
sooty and compact uraninite with which sulfides are

associated. Coffinite also was observed. Accessory
tourmaline and rutile are abundant in the metasedimentary
rocks. Adularia, illite, kaolinite, and montmorillonite are

present, and indicate hydrothermal action (Tatsch, 1976).

Production during 14 years of operation has been about
3,000 metric tons U from oxidized and reduced ores averaging
0.23 percent U308 (Nash and Lehrman, 1975). '

Economic zones of uranium are 1nterpreted to have been
secondarily enriched 1in late Tertiary time by downward and
lateral migration of uranium 1into permeable zones where
deposition was influenced by ground water controls and
minerals that <could reduce or neutralize uranium-bearing
solutions (Nash and Lehrman, 1975). High content of iron and
sulfur, contained chiefly in FeSp, pear to be an important
feature of favorable host rocks Nasﬁ and Lehrman, 1975?

Age of uranium is 102 to 108 m.y.; U/Pb ages for the ore
(pitchblende) are of the order 100-110 m.y. (Rich and others,
1975, 1977).
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References: Barrington and Kerr, 1961; Becraft and Weiss, 1957,

1963, Everhart, 1956; Nash and Lehrman, 1975; Norman, 1957,
Osterwald, 1965; Rich and others, 1975, 1977; Sheldon, 1959;
Tatsch, 1976; Thurlow, 1957; von Backstr8m, 1974; Walker and
Osterwald, 1963, Walker, Osterwald, and Adams, 1963;
Weissenborn and Moen, 1974.

21



Symbol: 2DSM
Name : Peters lease (or Northwest Uranium mine, also known as
the Sherwood mine), Stevens County, Washington, U.S.A.

Location: 47° 53' 00" N; 118° 07' 00" W

Description: Uranium is disseminated in a low-grade ore body 1in
gently dipping O0Oligocene conglomerates. The conglomerate 1is
poorly sorted and very poorly cemented, and except for the
large boulders (of mainly quartzite or types of Loon Lake
Granite) that must be broken before removal, the rock can be
mined in open pit without blasting. The conglomerate occupies
a shallow northwest-trending sedimentary trough 1in the
underlying porphyritic quartz monzonite. This trough may be a
pre-Gerome stream valley. The maximum thickness of the ore
body 1is believed to be as much as 9 meters. It lies from
about 2 meters to as much as 24 meters below the surface. The
ore consists of uraninite intimately associated with
carbonaceous material near the base of the conglomerate that
makes up the basal wunit of the Eocene Sanpoil Volcanics
(formerly known as Gerome Andesite) in this vicinity. Other
radioactive minerals are coffinite, gummite, autunite, sparse
metatorbernite. The carbonaceous material, including
coalified woody structure, occurs both in small arkosic lenses
and in irregular masses distributed sporadically throughout
the <conglomerate. No carbonaceous material was observed in
the conglomerate above the ore zone. Accessory minerals
include quartz, potassium feldspar, clay, and calcite.
Concentration of arsenic, molybdenum, and zinc were present.
Since there is no evidence of hydrothermal activity, the
solution that transported the uranium was probably ground
water. The source of the wuranium 1in the ground water is
unknown. The Sherwood open pit mine is estimated to contain
12 million 1b of U oxide 1in 1966 (Engineering and Mining
Journal, 1975, v. 176, no. 9, p. 206).

References: Becraft and Weiss, 1963; Engineering and Mining
Journal, 1975, v. 176, no. 9, p. 206; Nash, 1977; Nash and
Lehrman, 1975.
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Symbol: 3CVM

Name: Mount Spokane area, Spokane County, Washington, U.S.A.

Location: 47° 57' Q0" N; 117° 12' 00" W

Description: The mineralization occurs in shear zones along a
moderately dipping arcuate contact between an wunderlying
granodiorite phase of the Cretaceous Loon Lake Granite and tre
overlying Precambrian argillites of the Deer Trail Group on
the flank of a major anticline. Both rocks have been altered
and contain autunite, uranophane, and gummite. The
mineralized zone 1is 608 meters long and averages 2.4 meters
wide. Assays of some parts range from 0.67 to 1.12 percent
U30g. Mineralization follows the arcuate contact rather
closely. The main Dahl orebody is along a Tlarge east-west
shear zone dipping 10° to 30° north along the contact.
Especially rich shoots appear to lie along intersections with
faults that strike northwest and offset the contact. Autunite
is found 1in granite as much as 6 meters from the contact.
Some of it occurs in crystals of exceptional size and quality,
occurring as vug linings in individuals as much as 37
centimeters thick. Pitchblende and pyrite have been
identified from drill cores from a depth of 45 meters.
Coffinite also has been reported at depth. The five Daybreak
properties are reported to contain reserves of almost 50,610
metric tons proved ore, 418,760 metric tons inferred ore, and
about 1,051,120 metric tons potential ore, and the grade
;angis from 0.06 to more than 2.0 percent U308 (Heinrich,

958).

References: Davis and Sharp, 1957; Heinrich, 1958; Illsley,

1967; Norman, 1957; Thurlow, 1956.
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Symbol: 4pVvs
Name: White King mine, about 20 km northwest of Lakeview,
Lake County, Oregon, U.S.A.

Location: 42° 20' 00" N; 120° 31' 00" W

Description: The uranium mineralization at the White King mine
appears to be geologically quite recent and is associated with
a flow-banded rhyolite dike(?) that has intruded clayey tuffs,
tuff breccias, agglomerates and basaltic lava flows of
Pliocene age. Black uranium oxides and associated realgar,
stibnite, pyrite, cinnabar, ilsemannite, galena, and
chalcedony indicate a relatively low-temperature hydrothermal
origin for the deposit. Primary uranium minerals are in veins
and disseminated 1in clayey tuffs and breccias (Peterson,
1969). Opalization and clay alteration are predominant in the
orebodies, which tend to be somewhat tabular and are displaced
by numerous northwest- and northeast-trending faults. Near
the surface, concentrations of a rare, bright yellow-green,
secondary uranium mineral, metaheinrichite (barium uranyl
arsenate), vivid blue ilsemannite (hydrous molybdenum oxide),
and the orange and yellow arsenic sulfides realgar and
orpiment make a very colorful mineral deposit (Peterson, 1958,
1959, 1969).

References: Gross and others, 1958; Matthews, 1955; Peter
1958, 1959, 1969; Rich and others, 1975; Schafer, 1955, 1
Walker and Adams, 1963; Walker and Osterwald, 1963.

son,
956;
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Symbol: 5CSS
Name: Northern Black Hills area, Crook County, Wyoming,
U.S.A.

Location: 44° 46' 00" N; 104° 54' 00" W

Description: The principal host rocks for uranium deposits at
the northwest end on the Black Hills uplift are the Inyan Kara
Group of Early Cretaceous age. In northeastern Wyoming, the
Inyan Kara Group ranges in thickness from about 100 to 200
meters and includes the Lakota Formation and the overlying
Fall River Formation. The Lakota 1is nonmarine, ranges in
thickness from 60 to 150 meters, and thickens southward and
eastward from the northwestern Black Hills. The rocks make up
a sequence of fine- to medium-grained sandstone, siltstone,
and clay deposited under fluvial, Tlacustrine, and paludal
conditions. Most of the sandstone occurs as poorly bedded
lenses, some of which are of <considerable lateral extent
(Harshman, 1968a). Carbonaceous shale is present in the lower
part of the formation in some areas. The Fall River overlies
the Lakota with a marked disconformable contact. It is 38 to
45 meters thick and comprised of mostly fine-grained sandstone
with some interbedded siltstone. The Fall River was deposited
in a marginal marine environment, and its thin-bedded
character <contrasts with the more massive character of the
nonmarine Lakota (Harshman, 1968a).

The uranium deposits consist of small, irregular, tabular
masses that average about 1 meter in ‘thickness and have
lateral dimensions that may be measured in 3 to 30 meters; and
large deposits, 100 to 300 meters in width (Bergandahl and
others, 1961). In gross aspect, the ore deposits have no
preferred orientation or trend. One type occurs above the
local water table and consists of <carnotite-tyuyamunite type
of minerals assemblage, and the other type occurs below the
water table and 1is characterized by a uraninite-coffinite
assemblage. Both types are associated with finely divided
carbonaceous material. Locally both carbonaceous material and
uranium minerals are concentrated in sandy or silty seams that
appear to be alined along bedding planes and planes of cross
stratification; these <concentrations <constitute the richest
parts of the ore bodies (Bergandahl and others, 1961).

References: Bergandahl and others, 1961; Harshman, 1968a; Hart,
1968; Maxwell, 1974; Robinson and Goode, 1957; Robinson and
others, 1964; Vickers, 1957.
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Symbol: 6CSM

Name: Southern Black Hills area, South Dakota, U.S.A.

Location: 43° 25' 00" N; 103° 50' 00" W

Description: Peneconcordant disseminated uranium deposits are 1in
continental fluviatile <channel sandstones of the Lower
Cretaceous Lakota and Fall River Formations of the Inyan Kara
Group. Sandstone-filled channels in the Inyan Kara are as
much as 40 km 1long and over 30 meters wide. Along their
length the deepest scour was completely filled and the
stream-borne material then spread over a vrelatively wide
plain, in some places several kilometers wide. The sandstone
is fine- to coarse-grained, normally noncarbonaceous, poorly
sorted, of extremely variable texture, and <cross-stratified.
The superposition of fluvial sandstones provided channelways
that permit circulation of ground water and influence the
location of ore deposits. The Black Hills uplift of Laramide
age, an elongate northwest-trending dome about 200 km long and
96 km wide, provided the structural topographic relief
necessary for the erosion that exposed Mesozoic and Paleozoic
rocks. This erosion resulted 1in ground water recharge of
aquifiers in the formations of Devonian to Permian age.
Artesian water ascended along fractures in these aquifers and
dissolved evaporites in the Pennsylvanian and Permian
Minnelusa Formation. Collapse of beds overlying the evaporite
zone resulted in subsidence breccias and breccia pipes. These
breccia pipes of Tertiary to Holocene age extend wupward from
the Minnelusa and permit Tlarge volumes of artesian waters
carrying relatively low concentrations of wuranium to ascend
into the Inyan Kara (Gott, Wolcott, and Bowles, 1974). As
this calcium sulfate type water from the Minnelusa migrates
downdip it is modified by ion exchange and sulfate reduction
to either a sodium sulfate or a sodium bicarbonate type water,
causing an increase in pH values and a descrease in Eh values.
Reduction of sulfate ions in the ground water was the major
factor in creating a favorable environment for the
precipitation of uranium. Where the water in the Inyan Kara
changes from a predominately calcium sulfate water to a sodium
bicarbonate water, hydrogen sulfide is abundant. Most likely,
the hydrogen sulfide resulted from sulfate reduction by
bacteria that depend upon <carbonaceous material within the
Inyan Kara rocks for their life processes. During erosion,
the water table declines, and the zone of artesian recharge,
as well as the oxidation-reduction front within the Inyan
Kara, migrates basinward. In addition to erosion, structural
deformation caused shifting of the sites of wuranium
deposition. Ore deposits are restricted to fluvial units 1,
4, and 5 and to the sandstones and siltstones of the basal
Fall River Formation, which are favorable zones for deposition
of uranium because the fine-grained rocks have been removed by
intraformational erosion and the geochemical environment s
favorable for precipitation.

In the basal part of the Fall River Formation, corvusite,

rauvite, carnotite, and tyuyamunite constitute the ore-forming
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minerals. Aggregates of uraninite are concentrated around
pods of green pyritic clay in a quartzose sandstone. In many
oxidized uranium deposits uranium minerals are selectively
concentrated around carbonized wood fragments and macerated
plant remains. In the many other deposits, in which this
relation does not exist, the uranium minerals seem to have
been precipitated by an ephemeral agent. It is suggested that
biogenically derived hydrogen sulfide has been enriched in the
ground water in some areas, and this enrichment probably
accounts for those deposits not directly associated with
organic material (Gott, Wolcott, and Bowles, 1974).

References: Bell and Post, 1971; Braddock, 1955, 1963; Brobst,

1961; Cuppels, 1962, 1963; Gott and Pipiringos, 1964; Gott,
Post, Brobst, and Cuppels, 1956, Gott and Schnabel, 1963;
Gott, Wolcott, and Bowles, 1974; Hart, 1968; Post, 1967;
Ryan, 1964; Schnabel, 1963.
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Symbol: 7DSL
Name: Monument Hill area, Powder River Basin, Converse
County, Wyoming, U.S.A.

Location: 43° 14' 00" N; 105° 37' CO" W

Description: The stable vanadates, carnotite, and tyuyamunite,
disseminated in 1lensing uncemented sandstone wuni*ts of the
Wasatch Formation, early Eocene age, are the principal ore
minerals in the deposits. The ore-bearing sandstone units
range in thickness from a few meters to 200 meters. The area
is on the west edge of the narrowest part of the red sandstone
zone in a region where formation of clay from volcanic ash in
some of the sandstone units has bleached out the red color
(Sharp and Gibbons, 1964, p. D30). The uranium deposits
almost without exception occur near the boundary or edge of
the red color in any sandstone unit. Deposits are as much as
30 meters long, 15 meters wide, and 3 meters thick. Small .
dense concentrations of yellow uranium minerals are common
around coalified woody fragments within the body of
disseminated material, and fractures may be coated with
hydrated uranium minerals. Much of the uranium occurs as
uraninite which cements and coats sand grains to form
accretionary masses a few centimeters to 2 meters across. All
the uraninite accretionary masses are surrounded by a thick
halo rich in yellow oxidized uranium minerals. A lead/uranium
ratio indicated a maximum age of 13 million years for a
uraninite-bearing rock. Vanadium rarely is present 1in nmore
than a 1:1 ratio with uranium. Manganese occurs almost
exclusively in nodules in a highly oxidized state.
Concentration of wuranium, vanadium, and manganese began with
moderate folding along the axis of the basin. The resulting
disturbance of the geochemical equilibrium within the Wasatch
sediments changed the gray color rock to red (hematitic) or
"white™ (bleached). The wuranium is thought to have been
derived from the clastic material which was deposited in the
basin and formed the sandstone 1lenses (Sharp and Gibbons,
1964)--tuffaceous and arkosic debris (Dahl and Hagmaier,
1975). Curry (1976) estimates that uranium resources in tons

U308 of the Powder River Basin, as of January 1, 1976, at a

cost of  $30/1b U308 are: reserves, 107,200; probable
resources, 60,000; and possible resources, 18,060. These

fiqures include Highland Flats.

References: U.S. Atomic Energy Commission News Release, 1973, v.
4, no. 13, p. 2; Curry, 1976; Davis, 1969; Dahl and Hagmaier,
1975, 1976; Fischer, 1974b; Granger, 1966; Granger and
Warren, 1969, 1974; Harshman, 1968a; Keefer and Schmidt, 1973;
Law and others, 1975; Mrak, 1968; Rosholt and others, 1965;
Seeland, 1976; Sharp and Gibbons, 1964; Sharp and White, 1957;
Sharp and others, 1954; Tatsch, 1976; Warren, C. G., 1972. ’
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Symbol: 8DSL
Name: Highland Flats area, southern Powder River Basin,
Converse County, Wyoming, U.S.A.

Location: 43° 05' 00" N; 105° 30' 00" W

Description: Uranium deposits are large roll-type ore bodies in
Paleocene sandstone in the upper part of the Fort Union
Formation. The sandstones are arkosic, loosely <consolidated,
very permeable, and contain substantial organic debris and
tuffaceous material (Dahl and Hagmaier, 1975). The sandstones
were deposited as point bars by a meandering stream, and to a
lesser extent as channel bars by sand-laden streams (Dahl and
Hagmaier, 1975, p. 1). In cross section the uranium deposits
are characterized geometrically by C-shaped or roll-type
mineralization. In plan view the deposits are tongue-shaped
and best developed near the sandstone margins (Dahl and
Hagmaier, 1975, p. 6). Mineralization wextends for several
kilometers but 1is not everywhere of economic grade along the
tongue. The ore mineral is primarily coffinite with lesser
uraninite. Coffinite occurs in the form of thin sooty layers
and irregular spherical or botryoidal masses {generally less
than 10 micron thickness) on individual mineral grains in the
sandstone. High alteration is represented by red
hematite-stained sandstone within the oxidized concave
interior of a roll. Hematite grades into a narrow
brown-colored goethite zone close to and within the roll. The
goethite-stained sandstone grades into gray unoxidized
sandstone (protore) on the convex side of the roll.
Higher-grade ore of minable thickness 1is most frequently
located within a band of varying width (20-200 meters) along
the goethite-protore contact. The source of the uranium is
considered to be tuffaceous and/or arkosic debris indigenous
to the host sandstones, their nearby facies equivalents, and
overlying sedimentary units. A master stream system flowed
northward into the Powder River Basin depositing clastics in
an alluvial complex. Its location was sympathetic with the
synclinal axis of the basin. The largest deposits of highest
grade occur near the distal margins of permeable, slightly
dipping sandstones where they grade laterally into
organic-rich siltstones, claystones, and lignites deposited in
backswamp or flood basin environments. The deposits are
epigenetic in origin, formed by precipitation of uranium from
ground-water solutions that moved through the host rocks from
a recharge area southwest of the deposits toward a discharge
area northeast of the deposits. Oxidation of pyrite, that was
formed early through a biogenic process utilizing
sulfate-reducing bacteria, caused sulfite to form. Sulfite
disproportionation into S04+ and HS- (inorganic bisulfide)
developed the final reducing mechanism for uranium
precipitation in the ore rolls (Granger and Warren, 1969,
1974).
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References: Buturla and Schwenk, 1976, Dahl and Hagmaier, 1975;
Denson and Horn, 1975; Granger and Warren, 1969, 1974;
Harshman, 1968a, 1968b; Keefer and Schmidt, 1973 Seeland,
1976.
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Symbol: 9DSSs
Name: Copper Mountain area, Wind River Basin, Fremont
County, Wyoming, U.S.A.

Location: 43° 25' 00" N; 107° 54' Q0" W

Description: The area is on the north flank of the Wind River
Basin in the central part of Wyoming. The host rock for the
deposits is a very coarse-grained, arkosic sandstone and
boulder <conglomerate that was derived from the Precambrian
granite upon which it was deposited. The host rock s
probably Eocene 1in age. Near the steep slope of Copper
Mountain, it laps onto the eroded surface of the granite or
fills ol1d stream <channels in the granite. Uranium, in the
form of coffinite and various yellow oxides, coats sand

grains, fills interstices between grains, and, in many places,
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Symbol: 10DSL
Name: Gas Hills area, about 95 kilometers east of Lander,
Fremont and Natrona Counties, Wyoming, U.S.A.

Location: 42° 48' Q0" N; 107° 35' Q0" W

Description: The Gas Hills area is on the south flank of the
Wind River Basin 1in an area where a trough-like depression,
underlain by rocks of Paleozoic and Mesozoic age, 1is filled
with a sequence of continental rocks of fluvial origin and of
Tertiary age. The older rocks dip 10° to 15° N.; the Tertiary
rocks dip a few degrees to the south. The wuranium deposits
are in the upper part of the Wind River Formation of early
Eocene age. The ore-bearing beds in the Gas Hills, as in the
Shirley and Powder River Basins, are coarse-grained,
conglomeratic arkoses, a basin-border facies of the Wind River
Formation that contrasts markedly with a fine-grained facies
nearer the <center of the basin (Harshman, 1968a, p. 829).
Roll-type ore bodies are by far the most impertant source of
uranium in the Gas Hills, although blanket-type bodies of
reduced black ore, as well as near-surface oxidized ore
bodies, have been mined. The deposits are in three belts,
trending northerly and about 5 kilometers apart. Two of the
belts are aligned with channels, exposed in the Beaver Divide
escarpment, that were eroded through the Wagon Bed Formation
and subsequently filled with rocks of the White River
Formation. In the Gas Hills the ore deposits are related to
tongues of altered <conglomeratic sand produced by the
ore~bearing solutions. Most of the ore occurs along the
margins of the altered tongues, in elongate bodies that are
C-shaped in cross section. Some ore is emplaced on the top
and bottom surfaces of the tongues. Some of the rolls are
suspended entirely within a sandstone interval: however, many
go]ls terminate, top and bottom, at impermeable siltstone
eds.

Epigenetic minerals 1in the orebodies include uraninite,
coffinite, pyrite, marcasite, calcite, jordisite, and one or
mere selenium minerals. Selenium is most abundant near the
contact between ore and altered sand, and molybdenum generally
is found on the convex side of the roll in a zone between ore
and mineralized ground. The ore minerals coat sand grains and
fill the interstices between the grains. Most geologists
working in the area conclude that the deposits are the result
of deposition from ground water moving through the most
transmissive parts of the Wind River Formation.

Cpinion is diverse regarding the source of the wuranium,
the hydrodynamics of the ore-bearing solutions, and the
factors causing deposition. Stuckless and co-workers (1977)
proposed that the source of the uranium deposits in the Crooks
Gap, Gas Hills, and Shirley Basin uranium districts, Wyoming,
are the granite rocks from Granite Mountains, Wyoming.
Investigations by Armstrong (1970) and Cheney and Jensen
(1966) indicate that the three belts in the Gas Hills district
may all be related to a single large tongue of altered sand,
irregular in plan and extending across the district. The

32



deposits have been estimated to be more than 500,000 years old
(Cheney and Jensen, 1966).

References: Armstrong, 1970, 1974a; Cheney and Jensen, 1966;

Coleman and Appleman, 1957; Dooley and others, 1974; Finch,
1967, Fischer, 1974b; Gruner and Smith, 1955; Grutt, 1956;
Harshman, 1968a, 1972a; Sharp and White, 1957; Soister, 1967;
Stephens, 1964; Stuckless and others, 1977; Zeller, 1957;
Zeller, Soister, and Hyden, 1956.
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Symbol: 11DSM

Name: Crooks Gap area, about 88 kilometers southeast of
Lander and 40 kilometers south of the western part of
the Gas Hills district, Lander County, Wyoming, U.S.A.

Location: 42° 22' CO" N; 107° 50" 00" W '

Description: The known deposits are on the north and west flanks
of Sheep Mountain, a few kilometers north of the drainage
divide between the Great Divide Basin and the Sweetwater
uplift. The area is structurally complex. Rocks of
pre-Tertiary age are intensely deformed by folding, normal
faulting, and overthrusting. Rocks of Tertiary age are only
moderately deformed. The host rock for the uranium deposits
is the Battle Spring Formation, a sequence of <coarse-grained,
friable, arkosic sandstones, <conglomerates, conglomeratic
sandstones, and thin interbeds of carbonaceous siltstone. The
formation is 608 meters to 912 meters thick in the mining
area. These rocks are of early Eocene age and are partly
equivalent to the coarse-grained facies of the Wasatch and
Wind River Formations in other Wyoming basins. The Battle
Spring Formation rests either on the eroded surface of the
Fort Union Formation of Paleocene age or on the eroded surface
of the older rocks. According to Eric Newman of Western
Nuclear, Inc. (oral commun., 1967), the wuranium deposits 1in
the Crooks Gap area are in the lower 243 meters of the Battle
Spring Formation. On a regional basis, the ore-bearing zones
are concordant with the beds, which dip 20°SE; within the
zones, ore may crosscut sedimentary features. Roll-type
uranium deposits, associated with slightly altered sand, are
thought to be present in the Crooks Gap area, but they are
poorly defined and difficult to recognize. Much of the ore
appears to be in irregular and/or blanket-type deposits. The
complex structural and stratigraphic setting for the Crooks
Gap deposits contrasts sharply with the more simple settings
in the Gas Hills and Shirley Basin (Harshman, 1968a). A
“plumbing"” system, complicated by faulting and impermeable
siltstone beds, is thought to account for the irregularity of
the deposits. The ore-bearing solution is thought to have
been ground water; the shape and position of some of the ore
bodies suggest that it moved from south to north. Unoxidized
ore is black and contains uraninite, coffinite, and pyrite;
calcite, selenium, and molybdenum (jordisite) are associated
with wuranium 1in the deposits. Near surface ore-bodies, of
minor economic importance, contained wuranium phosphates,
silicates, sulfates, and vanadates.

Granite rocks from Granite Mountains, Wyoming, are
proposed as the source of uranium deposits in the Crooks Gap,
Gas Hills, and Shirley Basin uranium districts, Wyoming, by
Stuckless and his colleagues (1977).

References: Coleman and Appleman, 1957; Finch, 1967; Fischer,
1974a, 1974b; Gruner and Smith, 1955; Grutt, 1956; Harshman,
1968a, 1968b, 1968c, 1972a, 1974a; Sharp and White, 1957;
Stephens, 1964; Stuckless and others, 1977, Zeller, 1957;
Zeller, Soister, and Hyden, 1956.
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Symbol: 12DSL
Name: Shirley Basin area, Carbon, Converse, and Natrona
Counties, about 56 airline kilometers south of Casper,
Wyoming, U.S.A.

Location: 42° 20' 00" N; 106° 11' 00" W

Description: The uranium deposits in the Shirley Basin area
constitute about one-sixth of the uranium ore reserves of the
United States. They are in the 1lower Eocene Wind River
Formation in two thick sandstone intervals which are separated
by siltstone and silty <claystone beds. The deposits bound
large tongues of altered sandstone, commonly in so-called roll
forms at the margins and as tabular 1layers on the top and
bottom surfaces. This spatial relationship is useful as an
exploration guide (Harshman, 1972a, 1972b). Ore bodies range
from a few hundred tons to a few hundred thousand tons and in
ore grade, as mined, from 0.1 to 0.7 percent U308. High-grade
ore may contain as much as 20 percent U308. The edge of the
altered-sandstone tongues separate oxidized iron minerals
within the tongues from reduced iron and uranium minerals in
the material surrounding them. Hydrogen sulfide of biogenic
origin is believed to have played an important part in forming
the ore deposits, although precipitation of the ore minerals
may have been <caused by nonbiogenic reactions (Harshman,
1972a, 1972b). Ore deposition probably took place at Tleast
150 meters and perhaps as much as 450 meters below the ground
surface.

Uraninite, the principal ore mineral, 1is either fine
grained or sooty. It is the only identified ore mineral;
accessory minerals are abundant pyrite and minor amounts of
marcasite, <calcite, hematite, native(?) selenium, and an
unidentified sulfate mineral. Altered sandstone contains
goethite, 1limonite, and ferroselite. Uraninite and pyrite
coat sand grains and fill interstices between sand grains;
there is some replacement of the arkose by pyrite. Many
elements in the ore, and in altered and wunaltered sandstone
near ore, show a systematic distribution about the edge of the
altered-sandstone tongue. These elements include uranium,
iron, selenium, carbon, beryllium, sulfur, copper, and
vanadium. The ore is unoxidized, and it contains no secondary
uranium minerals (Harshman, 1972).

The zone of ore deposition is considered to have been a
dynamic feature, migrating basinward by oxidation and solution
on the updip side of the ore body and reduction and deposition
of the downdip side (Harshman, 1972). A rather sharp drop 1in
the pH of the ore-bearing solution probably occurred at the
edge of the altered sandstone tongue when pyrite was oxidized
by the ore-bearing solutions.

The age of the Shirley Basin uranjum deposits is not well
documented, but the best evidence suggests that it is about 18
million years (Harshman, 1972).

Some of the 1larger ore bodies are represented by: the
Morton Ranch properties, about 22 miles northeast of Glenrock,
which have reserves of 11.4 million 1b of U oxide, and are
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expected to mine for 10 to 12 years (Engineering and Mining
Journal, 1976, v. 177, no. 4, p. 148); the Silver Bell
properties, which have 1.1 million 1b of U308 in 440,000 tons
of shallow ore (Engineering and Mining Journal, 1976, v. 177,
no. 4, p. 148); the UJV holdings in the Shirley Basin area,
which are estimated to contain 6.9 million tons of in-place
reserves with an average grade of 0.19 percent U oxide or 3.8
1b/short ton; the UJV properties in sections 4 and 33, which
are estimated to contain 4.5 million tons of ore reserves of
0.23 percent U oxide (Engineering and Mining Journal, 1976, v.
177, no. 6, p. 316); and Getty O©0il and Shelly 0il owned
properties which have 6.4 million tons of material with
average grade of 0.09 percent U oxide or 1.8 1b/ton,
containing 5,760 short tons of U oxide (Engineering and Mining
Journal, 1976, v. 177, no. 6, p. 316).

Granite rocks from Granite Mountains, Wyoming are
proposed as the source of wuranium deposits in the Shirley
Basin, Crooks Gap, and Gas Hills uranium districts, Wyoming
(Stuckless and others, 1977).

References: Buzzalini and Gloyn, 1972; Coleman and Appleman,

1957, Dooley and others, 1974; £Engineering and Mining
Journal, 1976, v. 177, no. 4, p. 148; Engineering and Mining
Journal, 1976, v. 177, no. 6, p. 316; Finch, 1967; Fischer,
1974b; Gruner and Smith, 1955; Grutt, 1956; Harshman, 1968b,
1968c, 1972a, 1972b, 1974a, 1974b;, Ludwig, 1975; Melin, 1964;
Sharp and White, 1957, Stephens, 1964; Stuckless and others,
1976, 1977; Warren, 1972; Zeller, 1957; Zeller, Soister, and
Hyden, 1956.
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Symbol: 13DSS
Name : Poison Basin district, about 10 kilometers west of
Baggs, Carbon County, Wyoming, U.S.A.

Location: 41° 03' 00" N; 107° 47' 00" W

Description: The district is on the southeast flank of the
Washakie Basin. The Browns Park Formation, of Miocene age, is
the host rock for the uranium deposits. The formation, which
generally is gray to buff, is of continental origin and is at
least partly aeolian; it comprises a thick series of fine- to
medium-grained, crossbedded, tuffaceous sandstone, tuff, and
thin quartzite. Vine and Prichard, 1954, reported the
formation to be about 90 meters thick in the Poison Basin
area. The low-valent or reduced gray ore consists of
uraninite and coffinite that coat sand grains and fill
interstices between grains. Considerable pyrite is associated
with the ore minerals. Selenium and molybdenum, elements
characteristic of many of the Wyoming deposits, are present in
appreciable amounts. The upper parts o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>