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URANTUM RESQURCES OF THE GREEN RIVER
AND HENRY MOUNTAINS DISTRICTS, UTAH; A REGIONAL SYNTHESIS

By Henry S, Johmson, Jr.

ABSTRACT

This report presents the results of a study of the uranium resources

of the Green River and Henry Mountains districts, Utah;, and is part
of & series of similar reports synthesizing the geologic relations of
uranium deposite in gll formations on the Colorado Plabesu.

Uranium deposits or weakly mineralized ursnium-besring roek oceur
in the Hermosa, Cutler, Moenkopi, Chinle, Carmel, Entrsda, Curtis,
Summerville, Morrison, and Mancos formations in the Green River and
Henry Mountains districts; but the Chinle and Morrison formations
are the only uvnits conteining importent ore deposits and baving large
potential reserves. Through 1955 about 24 percent of the total
uranium ore mined in the two districts had come from the Chinle
formation and sbout 76 percent from the Morrison formation. About
22 percent of the two distriets' indicated plus inferred reserves is
thought to be in the Chinle formation and about T8 percent im the
Morrison formation.

Potential reserves for the Green River and Henry Mountains dis-
triets are thought to be many times the combined production and
indicaeted plus inferred reserves. Primary sedimentary features such

a8 regional pinchouts, trunk channel systems, individual chennels,



and thicker-than-average sandstone lenses are thought to be the
principal ore controls; and significant uranium deposits are most
likely to be found in the following places:

1) In the Shinarump member of the Chinle formation on the flanks
of channels in the Circle Cliffs and Capitel Reef areas and in a 10-
to 20-mile wide belt of relatively favorable ground related to and
paralleling the northwesterly trending line of regional pinchout
of this member in the Henry Mountains district.

2) In the Monitor Butte member of the Chinle formation in
sandstone lenses having a thickness of 30 feet or more in a 25-mile
wide belt of relatively favorsble ground parallel to and bounded by
the northeastern line of pinchout of the menmber,

3) 1In the Moss Back member of the Chinle formation along the
inferred southeastern extension of the Temple Mountain channel gystem
and in a 10-mile wide belt of relatively favorable ground bounded by
and paralleling the northeastern pinchout of this member in the area
between the Green and Colorado Rivers.

b) 1In an inferred narrow belt of more sandy sediments in the
basal Chinle on the southwest flank of the Moab anticline.

5) Along the northerly extensions of two favorable belts or
channel systems in the Salt Wash member of the Morrison formation in
T, 21, 22, and 23 8., R. 14 B. (Salt Lake meridian) in the Green

River district.




6) In the Salt Wash member of the Morrison formation slong the
northwesterly extension of & nearrow favorsble belt or channel system
trending about N. 60° W. through Fermer's Knob in ¥. 32 8., R. 11 E.,
(Salt Lake meridian) in the Henry Mountains distriect.

The Brushy Basin member of the Morrison formation contains very
low grade uranium-bearing carbonaseous siltstone in the northern part
of the Green River distriet and may have large potential reserves of
this rock averaging sbout 0.02 pereent ‘3308 in the Green River distriet

and in the Uinta Basin.

INTRODUCTION

Purpose of report

This report presents the preliminary results of geologic recon-
naissance and office compilation leading to an appraisal of the
geologic relations of the uranium resources of the Green River
and Henry Mountaing distrists in parts of Grand, Emery, Wayne, San
Juan, Garfield, and Kene Counties, Utah (fig. 1). The report is pa;rt
of a series of similar reports synthesizing the geologiec relations of
uranium deposits in all formations on the Colorado Plateaw. The his-
tory, general geology, and uranium occurrences of the Green River and
Henry Mounteins districts are térieﬂy reviewed, and an attempt is made
to eppraise the relative favorability of potentially ore-bearing geologic
formaticons for significent uranium deposits. Expected deposit size,
depth to ore, ore controls, and major controls of favorable ground are

also discussed.
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PField work was cerried on during the summers of 1954 and 1955 by
the U. 8. Geolegical Survey on behalf of the Division of Raw Materials

of the U. S. Atomic Energy Commission.
Geograp

The Green River and Henry Mounteins distriets include parts of
Grand; Emery, Wayne, San Juan, Gerfield, and Kame Counties, Utah, and
are in the west-central part of the Colorado Plateau . The Green River
district is bounded on the north by U. S. Highwey 50, on the east and
southeast by U. 8. Highway 160 and the Colorado Rive'r, on the southwest
by the Dirty Devil and Muddy Rivers, and on the west by the reef formed
by the steeply dipping Navajo sendstone on the east side of the San
Rafael Swell. The Henry Mountains district is contiguous to the Green
River district and is bounded on the northeast by the San Rafael Swell
and the Muddy and Dirty Devil Rivers, on the southeast by the Colorado
River, on the southwest by the Escalante River and Boulder Creek; on
the west by & 1111@ from the headwaters of Boulder Creek through
Bicknell to Utah Highway 72, and on the north by Utah Highwey 72 and
an east-west line between Highway 72 and the junction of the Muddy
River with the west side of the San Rafael Swell. Poor to fairly
good graded dirt roads provide access to most parts of the two dise-
tricts. The total permsnent population of the two districts, mostly

in small towns or communities, is probably less then 1,500.
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The Green River and Henry Mountains districts are in the Canyon
Lands section of the Colorsdo Plateau and are characterized by high
windswept plateaus and dféep intricately cut scanyons. BExcept for the
canyon bottoms, most of the country is from 4,000 to 10,000 feet above
sea level. The Colorado River and its tributaries drain the area; and
the Henry Mountains, Cirele Cliffs, and Capitol Reef are the principal
topographic features,

The climate of the two districts is semiarid to arid. The average
annual rainfall is about 6 inches and occurs mostly as local thunder-
showers in the late summer and light to medium snowfalls in the winter,
Vegetation is sparse over the whole area and consists largely of sage-
brush, juniper, and pinyon with very sparse yellow pine in the higher
parts of the Circle Cliffs and Henry Mountains.

Water in limited amounts is available in springs and rivers at many
places in the two districts. ILabor and mining supplies must, for the
most pa,r’s, be brought in from the town of Green River on the northern

edge of the ares or from Bicknell and Ioe on the western edge.

Data sources and methods of study

Date used in this study include production recorc'ls maintained by
the Grand Junction Operations Office of the H; S. Atomic Energy Commis-
sion; reserve estimates made by the U. 8. Atomic Energy Commission as
g result of exploratory drilling, reserve estimates and geologlic obsere
vations made by the writer, and the accumulated data contained in
numerous published reports and in U. S. Atomic Energy Commission and

U. 8. Geological Survey files.
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Field work consisted of reconnaissance visits to most of the known
uranium deposits in the two districts. At each deposit an attempt
was made to determine the stratigraphic position of the ore-bearing
unit; lithologic, stratigraphic, and structural controls affecting
the deposity indicated and inferred reserves and the size range of
the deposit; ore and/or channel trends; ore potential in the immediate
deposit area; and the desirability of further exploration in the area
of the deposit.,

Office work consisted chiefly of compilation and synthesis of
available data in an attempt to appraise the uranium ore potential

of the Green River and Henry Mountains districts.

HISTORY OF THE DISTRICTS

’Major Jo Wo Powell in the course of his exploration of the Green
and Colorado Rivers by boat in 1869 and 1871, was probably the first
geologist to study the region. In 1875 and 1876, Gilbert (1877)
carried out his classic studies of the Henry Mountains. During thé
jpériod from 1915 through 1923, Gregory and Moore (1931) carried on
intermittent geologic investigations in the western parts of the
Henry Mountains district. In the summers of 1926 and 1927, McKnight
conducted a thorough investigation of the area between the Green and
Colorado Rivers (McKnight, 1940). In 1930 and 1931, Baker studied the
Green River Desert-Cataract Canyon region (Baker, 1946); and during
the summers of 1935 through 1939, Hunt (1953) remapped the Henry
Mountains, scene of Gilbert's earlier work.

Deposits of uranium and vanadium ores were reported by Boutwell

(1905) as being prospected and mined on a small scale in part of the
Green River district in 1904. These deposits were in the Salt Wash

member of the McElmo formation, now termed Morrison formation, about
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15 miles southwest of the town of Green River and contained carnotite
in association with carbonized vegetable matter and silicified logs.
Similar but less well developed deposits were also known in 190k in
the Salt Wash member on Little Wild Horse Mesa, about 10 miles north
of the town of Hanksville. Boutwell reports that as early as 1904

& shipment of 30,000 pounds of carnotite ore had been made to Germany.
The produscers had not received payment for this ore at the time of
Boutwell's report, however, and probably did not feel encouraged to
continue production.

Prior to 1948, there was only intermittent smilusca,le miziiﬁg
for vanadium and uranium ores in the Green River and Henry Mountains
distriets. During World War I there was increased prospecting and
mining aetivity in the Morrison formation southwest of Green River.
The ore deposits in the Salt Wash member on the east slopes of the
Henry Mountains were also prospected and mined to some extent during
this period, but the combined production for the Green River and Henry
Mountains distriets was prcbasbly not much over 100 tons of ore averaging
sbout 1 percent U308 and 3 percent Va05. There were several attempts
to mine vana,dium from these deposits in the late 1930's, and a small
mill was built in the Trachyte Creek area of the Henry Mountains
(Richard P. Fischer, oral communication). Production was negligible,
however. During World War II, a few hundred tons of vanadium ore
were produced from the Trachyte Creek area and from the deposits in
the Morrison formation southwest of Green River. In 1948 the U. S.
Atomic Energy Commission began to buy uranium ore; and prospecting,
mining, and production of uranium ore have increased steadily from

that time to the present.
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deologie investigations of the uranium deposits of the Green
River and Henry Mountains districts began when Boutwell (1905) visited
the deposits in the Morrison formstion southwest of Green River in
190k, Hess (1913) visited the same deposits in 1911, and Emery (1918)
&lso observed them a short time later. Butler and others (1920), in
the course of his investigations of the ore deposits of Utah, visited
the Trachyte Creek area of the Henry Mountains in 1913. These geolo-
gists all noted the intimate association of uranium and vanadium as
disseminations in fluvial sandstone and as replacements or cavity
fillings in carbonized plant remains.

During World War II,_the Union Mines Development Corp., on behalf
of the Msnhattan Engineer District, made thorcough investigations of
uranium deposits in the Greem River snd Henry Mountains districts as
part of & general evaluation of Colorado Plateau uranium resources.

As a result of this study, several detailed file reports were prepared
on the more promising mining arees; and it was concluded that small
amounts of relatively high-grade uranium and vanadium ore reserves

were aveilsble in many small deposits in the Morrison formation south-
west of Green River and on the east flank of the Henry Mountains. No
reserves were estimated in any formation other than the Salt Wash member
of the Morrison formation, although it was recognized that uranium 4id
oceur in rocks of Triasssic age in the Circle Cliffs and in the aresa

between the Green and Colorado Rivers.



Since 1948, the U. S. Atomic Energy Commission and the U. S.
Geological Survey have carried on extensive geological investigations
and exploration of the uranium-bearing formations in the Green River
and Henry Mountains districts as part of a general appraisal of the

uranium resources of the Colorado Plateau.
GEQIONGIC SETTING

Sedimentary rocks exposed in the Green River and Henry Mountains
districts have an aggregate thickness of about 8,000 to 9,000 feet and
range in age from Pennsylvanian through Tertiary (table 1). Exceptl fér
thick seguences of evaporites, black shale, and limestone of Pennsylvanian
age and dark-gray marine shale of Cretaceous age, most of these rocks
are of eontinental origin and comsist of interbedded sandstone, siltstone,
and mudstone. Over most of the two districts the rocks are nearly flat
lyimg or have gentle regional dips. In a few places asymmetrical anti-
clinal folds, sharp monoclines, or the forcible intrusion of salt or
igneous rocks cause dips up to 900. A few small normal faults cut the
rocks in the two districts. Igneous rocks form a few dikes, sills,
flows, stocks, and laccoliths in the western and central parts of the

Henry Mountains district.

Stratigraphy

In the following section, units that contain significant uranium
deposits in the Green River and Henry Mountains districts are discussed

in more detail than those which do not contain ore.

‘\




Hermosa formation

The Hermosa formation of Pennsylvanian age is the cldest strati-
graphic unit that crops out in the ares covered by this report. It is
exposed only in & narrow etrip along the easternmost edge of the Green
River district in the vieinity of Moab, Utah, and in the bottom of the
Colorado and Green River Canyons near and south of their jJunction.

The highly gypsiferous Paradox member is exposed only in small intru-
sive magses in Cataract Canyon & few miles below the Junction of the
Green and Colorado Rivers. Several oil wells drilled in the eastem
part of the Green River district have penetrated a considerable thick-
ness of the Paradox member, but the unit has not been fourd in the
western part of the district (Baker, 1946, p. 24-25). An oil well
drilled on the Circle Cliffs anticline is reported tc have cut 685
feet of limestone, dolomite, and siltsitone of the Hermosa formation
(Steed, 1954). The Hermosa formation is not known to contain economic
uranium d@osiﬁs in the Green River and Henry Mountains distriets, but
0il well gamms-ray logs suggest that some of the black shales of the

Paradox member are probably weakly uraniferous.
Rico formation

The Rico formation of Pennsylvanian and Permian(?) age conformablys#
overlies the Hermosa formation and probably wedges out or grades west-
ward into rocks exposed in the San mfael Swell that are tentatively
correlated with the Hermosa., In the eastern part of the Green River®

distriet the Rico is exposed in the upthrown block of the Moab fault
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and along the canyons of the Green and Colorsdo Rivers. Upper beds of
the Rico grade laterally from southwest teo northeast into the lower
beds of the Cutler formation (MeKnight, 1940, p. 36). No urenium
deposits are known in the Riso formation in the Green River and Henry

Mountains districts as of March 1956,
Cutler formation

The Cutler formation of Permian age conformably overlies the
Rico formation and is exposed in the upthrown block of the Mosb fault
and along the canyons of the Green and Colorado Rivers. It is thought
to gf&d@ westward into the Coconinc sandstone of the San Rafael Swell
and the western part of the Henry Mountains district (Baker, 19h6,
Po 37). South of the junction of the Green and Colorado Rivers, the
lower part of the Cutler formation is predominantly thick crossbedded
yellowish-white sandstone with thin bands of interbedded red beds.
Within & few miles northesstward the red beds become predominant and
the whole Cutler sequence is prinecipally arkosic red beds from there
eastward into Colorado. On the Moab and Cane Creek anticlines in the
eastern part of the %#Green River district the Cutler was anticlinally
folded and eroded prior to deposition of the overlying Moenkopi forma-
tion (McKnight, 1940, p. 51-52). Several small uranium deposits occur
in the Cutler in the transition zone from predominantly white sandstone

to predominantly arkosie red beds in the Green River district.




i8

Coconino(?) sandstone

A thick sequence of white to buff massive crossbedded sandstone
sropg out in the San Rafael Swell and the Circle Cliffs and Capitol
Reef areas of the Henry Mountains district and has been correlated
with the Coconino sandstone of Permian age (Baker, 1946, p. h9;

Hunt, 1953, p. 46). In the Circle Cliffs, Steed (1954) and Davidson
(1956) have suggested that this unit may be more correctly correlated
with the White Rim member of the Cutler formation. As of March ;.956,
no uranium deposits were known in this unit in the Green River or Henry

Mountains districts.
Kaibab limestone

Kaibab limestone of Permian age conformsbly overlies the
Coeonino sandstone and erops out in the Cirele Cliffs and Capitqﬁ‘
Reef areas of the Henry Mountains district. As of March 1956, the
Kaibab was not known to be uranium bearing in the area covered by

this report. '
Moenkopi formation

The Moenkopi formation of Early and Middle(?) Triassic age
unconformably overlies the Ksibab limestone in the westermn part of
the Green River and Henry Mountains districts and overlies the Cutler
formation where the Kaibab is absent in the eastern part of the two

districts. Over the crests of the Cane Oreek and Mosb anticlines in
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the area between the Green and Colorado Rivers the Moenkopi thins
markedly and in some places was completely cut out by erosion prior
to Chinle deposition (MaKnight, 1940, p. 62).

The Moenkopi is dominantly a red bed series of sandstone, silt-
stone, and mudstone and locally contains lenses of white to buff
sandstone. In parts of the Circle Cliffs and San Ra.faei Bwell
and along the Green and Colorado River Canyons, however, there
are large areas where the Moenkopi is greenish gray or buff rather
than the typikal red-brown color (MeKnight, 1940, p. 54-55; Baker,
1946, p. 55). In some places the boundary between gray and red
Moenkopi is very abrupt and erosses bedding planes (Baker, 1946,

P. 55). Gilluly and Reeside (1928, p. 65) and Gilluly (1929, p. 86)
bave postulated that the gray-green Moenkopi may have been deposited
under reducing conditions as opposed to oxidizing conditions for the
normsl red-brown parts of the formation. The apparent spatial rela-
tionship between gmy-gmeﬁ Moenkopi and collapse structures in the
San Rafael Swell and at Upheaval Dome (a probable cryptovolecanic
structure in the Green River district) have caused some speculation
as to the possible bleaching of large areas of normal red-brown
Moenkopi by hydrothermal solutions. The association of petroliferous
material, pyrite, and gypsum in the gray-green Moenkopi, however, |
suggests that the change in color was largely due to the reduction of
original ferriec iron and formation of pyrite in petroliferous parts
of the formetion. Several small uranium deposits are known in the

Moenkopi im southeastern Uteh.




Chinle formation

Unconformebly overlying the Moenkopi formation is the Chinle for-
mation of late Triassic age. This formation can be divided in ascending
order into the Shinarump, Monitor Butte, Moss Back, Petrified Forest,
Owl Rock, and Church Rock members in various parts of the Green River
and Henry Mountains disﬁri@ts. Locally in these twé districts the
basal beds of the Chinle formation are similar in litheology, strati-
graphic position, and probsbly origin to the unit named Temple Mountain
member of the Chinle formation by Robeck (1956) in the San Rafael Swell,
Utah. In this report these beds are referred to as "mottled siltstone
beds.” The "mottled siltstone beds" and the Shinarump, Monitor Butbe,
and Moss Back members were included in the Shinarump conglomerate of |
earlier ;méorts (McKnight, 1940; Baker, 1946; and Hunt, 1953). The
Chinle formation is of particular interest and 1s discussed in some
detail because it is one of the two principal uranium-bearing form;
tions in the Green River and Henry Mountains distriets. |

"Mottled siltstone beds".--"Mottled siltstone beds" as much as

50 feet thick are present locally in the Capitol Reef and Circle Cliffs
areas of ’cﬁs Henry Mountains district and in the eastern part of the
Green Rivei district. They oceur at the base of the Chinle formation
and consist of purplish-red to gray-white siltstone, sandstone, ancl
conglomeratic sandsteone similar lithologically and in stratigraphie
position to the Temple Mountain member (Robeck, 1956) of the Chinle
formation in the San Rafael Swell. These beds appear to have been
formed in §art from reworked sediments of the Moenkopl formation inter-

mixed with sands similar to those of the Shinarump member. Baker
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(1933, p. 37-38) and Dane (1935, p. 56 and 64) have described a
remarksble deposit of grit and conglomerate exposed in the canyon
of the Colorado River near the Big Bend about 6 miles north-
northeast of Moab. This deposit, though coarser; probably corre-
spords to "mottled siltstone beds" in the Green River and Henry

. Mountains districts. At many places "mottled siltstone beds"
contain red chert in the upper few feet of the unit. This chert
is in discontinuous layers up to 10 inches thick and commonly is
weakly redicasctive.

"Mottled siltstone beds" are frequently characterized by a
mottled purple, red, yellow, brown, and white appearance that has
been locally termed the "purpleuwhite" (Pinch, 1953) and which may
repregent an ancient soil or laterite zone., In his report on the
area between the Green and Colorado Rivers, McKnight (1940, p. 62)
describes this peculiar mottled coloration and relates it to an old
erosion surface,

Where present in the Green River and Henry Mountains districts
the "mottled siltstone beds" unconformably overlie the Moenkopi and
f£ill channels cut into its surface. These beds are in turn overlain
unconformebly by the Shinarump member of the Chinle formation in the
westermn part of the Henry Mountains district and by the Moss Back meémber
in the area between the Green and Colorado Rivers. Channel-fill de-
posits in the overlying unit temd to follow channel-fill "mottled
siltstone beds" in some places (e.g. in the "A" group mine area‘near
the junction of Mineral Canyon with the Green River). “"Mottled silt-
stone beds” are uranium bearing in some parts of the GresnRiver

distriet but are not known to contain significant ore deposits.
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Shinsrump member.--The Shinarump member of the Chinle formation

is composed principally of yellowish-gray to buff medium- to coarse-
grained sandstone and may be as much as 200 feet thick in the Green
River and Henry Mountains districts. The rock is largely made up

of elear subangqlar quartz grains; but lenses of conglomeratic sand-
stone and conglomerste containing rounded pebbles of -clea,r to milky
and pink quartz, quartzite, and chert are common. Interbedded mud-
stone lenses and carbonized plant remains are abundant in some places.
The Shinsarump member unconformsbly overlies the Moenkopi formation or,
in some places, the "mottled siltstone beds” and commonly is thickest
where it fills channels cut into the underlying unit.

The Shinarump member crops out in the Circle Cliffs and Capitol
Reef areas of the Henry Mountains district and is the principal ore-
bearing unit there. It underlies the southern part of the Henry
Mountains district but wedges out to the northeast along a line
extending northwesterly from near Hite, Utah, through the area between
Capitol Reef and the San Rafael Swell (fig. 4). Near this regional
pinchout the Shinarump becomes thin and discontinuous and is present
only in channels cut in the underlying unit.

Monitor Butte member.-~The Monitor Butte menber of the Chinle for-

mation (I. J. Witkind and R. E. Thaden, written conmuniéation) is

present throughout the Henry Mountains district and in the southern

part of the Green River district (Stewart and others, written communication).
It conformably overlies the Shinarump member where that unit is present.
Where the Shinarump is sbsent the Monitor Butte member lies unconform-

ably on the Moenkopi formation.
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The Monitor Butte member is composed principally of bentonitie
midstone or clayey sandstone that is chiefly greenish gray and reddish
browm. The member locally contains lenses of fine- to coarse-grained
grayish-white sandstone similsr lithologically to sandstones of the
Shinarump member. The unit ranges from a thickness of about 200 feet
in the southern part of the Henry Mountains district to a wedge edge
along a northwesterly trending line in the southern part of the Green
River distriet (fig. 4). The Monitor Butte is uranium bearing but
has not been found to contain large ore deposits in the Green River
and Henry Mountains distriets to date.

Moss Back member.--Except where locally absent, the Moss Back mem-

ber of the Chinle formation (Stewart, 1957) overlies the Monitor Butte f
member over most of the southern part of the Green River distriet and
the northern part of the Henry Mountains district. Northeast of the
regional pinchout of the Monitor Butte in the socuthern part of the -
Green River district, the Moss Back lies unconformably on the Moenkopi
formation or on "mottled siltstone beds." 1In the area between the
Green and Colorado Rivers the Moss Back wedges out along a north-
westerly trending line (fig. U4) approximately coextensive with the
crest of the Cane Creek anticline.

The Moss Back member is composed principally of yellowish-gray
to greenish-gray fine-grained to conglomeratic sandstone. In many
areas it contains thick beds of limy siltstone pebble conglomerate.

Green mudstone and carbonized plant remains are also abundant locally.

The Moss Back averages ebout 50 feet thick over most of its outcrop

in the Green River and Henry Mountains districts, but may attain



thicknesses of as much as 150 feet where it fills channels cut into the

. underlying unit (Stewart and others, written communication). Over large

areas the Moss Back i1s a thick, blanketlike cliff-forming unit of rela-
tively uniform lithology. Near its line of pinchout in the area between
the Green and Colorado Rivers it becomes thin and relatively discon-
tinuous. In the southern part of the Green River district and in the
southeastem part of the San Rafael Swell the Moss Back is thin and

in some places locally absent. Probably these areas were relatively
high during deposition of the Moss Back and caused diversion of streams
which deposited the Moss Back (Stewart and others, written communication).
The Moss Back contains significant uranium deposits in the San Rafael
Swell and near the line of pinchout of the member in the northeastern
part of the Green River district (fig. k).

Petrified Forest member.--Stewart and others, (written communication)

have correlated a reddish-orange facies of the Chinle formation in the
Circle Cliffs and Capitol Reef areas with the Petrified Forest member
named by Gregory (1950, p. 67) from exposures in the Zion Park region
of Utah. Typically this unit consists of variegated bentonitie clay-
stone and clayey sandstone, It is not known to contain significant
uranium deposits in the Green River or Henry Mountains districts.

Owl Rock member.--The Owl Rock member of the Chinle formation

(1. J. Witkind and R. E. Thaden, written communication) is present in
the southern part of the Green River and Henry Mountains districts
and grades laterally to the north into the Church Rock membeér near the

Junction of the Green and Colorado Rivers and also between Capitol Reef
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and the San Rafael Swell (Stewart and others, written communication).
Typically the Owl Rock is composed prineipally of reddish-brown struc-
tureless siltstone and thin interbedded limestones. 8ignificant
uraniwe depoeits are not knowm in the Owl Rock member in the Green
River and Henry Mountains districts, ‘

Church Roek member.--The Church Rock member of the Chinle forma-

tion (I. J. Witkind and R. E. Thaden, written communication) is present
at the top of the Chinle over most of southeastern Utah except for the
Capitol Reef ares snd large parts of the Circle Cliffs area in the
western part of the Henry Mountains district (Stewart and others,
written communication). Typieally the Church Rock member is composed
of reddish-brown to light-brown sandy siltstone. In some places it
gontains fine-grained sandstone beds that can be correlated over wide
areas. Carbonized plant remains and interbedded green mudstone are
sgbundant locally in sandstone beds of the Church Rock member in the
area between the Green and Colorado Rivers. Several small uranium
deposits are known in the northeastern part of the Green River district

in a sandstone bed that is informally called the "Black Ledge."
Wingate sandstone

Overlying the Chinle formation is the Wingate sandstone of late
Triassic age. The Wingate is composed principally of red to buff massive
crossbedded fine-grained well-sorted sandstone. The unit is & thick
blanketlike deposit of very uniform lithology that averages about 300
feet thick over most of southeastern Utah and characteristically forms
a shear cliff on weathering. No uranium deposits are known in the

Wingate in the Green River and Henry Mountains distriets,
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Kayenta formation

The Kayentas formastion of Jurassic(?) age overlies the Wingate
sandstone throughout the Green River and Henry Mountains districts
except where removed by erosion. The Kayente is principally composed
of reddish fine-grained ssndstone, shaly sandstone, and minor red and
green shale. No uranium deposits are known in the Kayenta in the

Green River and Henry Mountains districts.

Navajo sandstone

The Navajo sandstone of Jurassic and Jurassic(?) age overlies the
Kayenta formation and is present everywhere in the Green River and
Henry Mountaine districts except whers removed by erosion. The Navsjo

is principally composed of buff to light-gray massive crussbedded sand-

stone and is a blanketlike cliff-forming unit several bundred feet thick

and of very uniform lithology. No uranium depesits are known in the

Navaejo in the Green River and Henry Mountains distriets.
Carmel formation

Overlying the Navajo sandstone is the Carmel formation of Middle
and Late Jurassic age. The Carmel is partly marine in origin (Baker,
1946, p. T75) and is composed of reddish-brown sandstone and shale,
gray fossiliferous sandy limestone, and gypsum beds. Near its upper
contact, the Carmel commonly contains contorted beds and local angu-
lar unconformities which are probably due to plastic defom;,tion that
took place prior to consolidation of the rock. Only minor uranium
occurrences are known in the Carmel in the Green River and the

Henry Mountains districts,



Entrads sandstone

The Entrada sandstone of Late Jurassic age overlies the Carmel
formation and is composed principally of red to grayish-white massive
crossbedded sandstone. The Entrada is a thick blanketlike deposit of
relatively uniform lithology and is present everywhere in the Green
River and Henry Mountains districts except where it bas been removed
by erosion. Only minor uranium occurrences are known in the Entrada

in these two districts.
Curtis formation

The Curtis formation of Late Jurassic age unconformably overlles
the Entrads sandstone in most of the Green River distriet and pinches
out southward near the central part of the Henry Mountains distriet.
The Curtis 1s composed principally of greenish-gray sandstone and
shale and is probsbly marine in origin. Only minor uranium occurrences

are known in the Curtis in the Green River and Henry Mountains distriets.
Summerville formation

Conformably overlying the Curtis formation is the Summerville
formation of Late Jurassic age. The Summerville is composed princi-
pally of thin-bedded reddish-brown shale and sandstone and is present
in the central and northwestern parts of the Henry Mountains district
and in the northern part of the Green River district. Elsewhere it has
been removed bgr erosion. No significant uranium deposits are known in

the Summerville in the Green River and Henry Mountains districts.
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Morrison formation

Unconformably overlying the Summerville formation is the Morrison
formation of late Jurassic age. The Morrison, in the area covered by
this report; may be divided in ascending order into the Salt Weeh and
Brushy Besin members and is present in the central and northwestern
parts of the Henry Mountains district and in the northern part of the
Green River district. The Morrison formation is one of the two
prineipal uranium-bearing formations in southeasterm Utah. Figure 5
shows the location of known ore deposits in the Morrison formation
in the Green River and Henry Mountains districts.

Salt Wash member.--The Salt Wash member of the Morrison formation

mé.y be as much as 600 feet thick and is composed prinecipally of yellowish-
brown to grayish-white fluvial sandstones and interbedded red and green
mudstones. Aceording to Craig and others (1955, p. 125), it was formed
as & large alluvial plain or fan by a system of aggrading braided

streams that diverged to the north and east from an apex in scuth-central
Utah (fig. 2). Near the apex of the fan the Salt Wash member is com-
posed principally of thick blanketlike layers of coarse sandstone

and conglomerate with a minimum of interbedded mudstone. Near the

outer edges of the fan the Salt Wash is dominantly mudstone with minor
amounts of sandstone in relatively discontinuous lenses. Between the
inner coarse sandstone and conglomerate facies and the outer mudstone
facies is an intermediste facies in which the Salt Wash is composed

of interbedded sandstone and mudstone, either of which may constitute

up to 75 percent of the unit. The approximate position and trend of
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sncient trunk channel systems on the fan formed by the Salt Wash may
be inferred from the thicker lobes shown on an isopach map of the
member (fig. 2). In the field the trace of these trunk channel
systems is indicated in some places by a greater total thickness
of the member, a greaster percentage of sandstone in the memﬁer, and
a greater-than-normal thickness of the thickest uninterrupted
sequence of sandstone present in the member (fig. 5). The term
trunk chennel system is not meant to imply a well-defined river
channel which maintained its position throughout deposition of the
Salt Wash, rather it is intended to represent the trace of one or
more lsrge braided streams which meandered baeck and forth within
certain poorly defined limits on the fan formed by the Salt Wash.
Significant deposits of uranium ore ocecur in the Salt Wash m@mbér
&t many places in the Green River and Henry Mountains districts.

Bmshy Basin member.--The Brushy Basin member of the Morrison

formation 1s principally composed of variegated green, gray, purple,
and red bentonitic mudstone and minor lenses of grayish-white sandstone
and conglomerate in the Green River and Henry Mountains districts. A%
& few localities thin beds of ecarbonaceous shale or siltstone oceur.

In the northwest part of the Green River district, Stokes (1952) has
separated the upper third of the Brushy Bassin member and named it

the Cedar Mountain formation. For simplieity the Cedar Mountain for-
mation of Stokes is included in the Brushy Basin member in this report.
low-grade uranium deposits are known at several places in the Brushy

Bagin in the Green River distriet.




Dakota sandstone

The Dakots sandstone of late (retaceous age unconformably over-
lies th§ Brushy Basin member of the Morrison formation aund crope out
intermittently arcund the Henry Mountains and in the northern part of
the Green River distrist. Where best developed it attains & meximum
thiekness of about 50 feet and is composed principally of yellowish-
brown to gray conglomeratic sandstones. Iccally, carbonacecus shale
and thin coal beds are present. No significant uranium deposits are

known in the Dakots in the Green River and Henry Mounteins districts.
Mancos shale

Overlying the Dakota sandstone is the Mancos shale of late
Cretaceous age. The Mancos is 3,000 to 4,000 feet thick and is com-
posed predominantly of dark-gray marine shale. About 500 feet above
the base of the Mancos is the Ferron sandstone member. The Ferron is
as much as 300 feet thick in the western part of the Henry Mountains
district and is composed of yellowish-brown sandstone, carbonaseous
shale, and coal beds. To the east it thins to & thickness of about
10 feet in the northeastern part of the Green River district. About
2,500 feet above the base of the Mancos shale another sandstone |
member, the Emery sandstong, is present in the ceniral part of the
Henry Mountains distriet. The Emery sandstone 1s composed principally
of gray massive to lenticular sandstone, shale, carbonaceous shale,
and thin coal beds and is as mﬁ@h as 250 feet in thickness. The Ferron

and Emery sandstone members had their souree to the west and southwest
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in western Utah and Nevada and represent shoreline and coastal-plain
deposits laid down during temporary retrests of the Mancos sea. Only
minor uranivm occurrences are known in the Mancos shale in the Green
River and Henry Mountains d.istri@ts , and these are in the Ferron and

and Emery sandstone members.
Mesaverde formation

The Mesaverde formation of lLate (Cretaceous age conformably over-
lies the Mancos shale in the central part of the Henry Mountains dis~
trict. The Mesaverde is composed principally of thick massive blanket-
like sandstone beds separated by thin shaly partings. Presumably an
upper carbonaceous and coal-bearing sandstone and shale facies of
the Mesaverde was originaelly present in the Henry Mountains distriet
but has been removed by erosion {Hunt, 1953). No significant ursnium
deposite are known in the Mesaverde formestlon in the Green River and

Henry Mountein districts.
Wasatech(?) formation

Other than Quatermary gravel deposits, the Wasatch(?) formation
of Tertiary age is the only sedimentary rock unit younger than late
Cretaceous age that ocecurs in the (reen River and Henry Mountains
districts. These Tertiary rocks crop out in poor exposures on the
upper slopes of Boulder Mountain (fig. 5) in the extreme western part
of the Henry Mountains district and are composed of pink and white

limestones and tuffaceous shales, sandstones, and conglomerates
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(Lued.ke, 1954)., The total thickness of the Wasatch(?) formation in
the western part of the Henry Mountains district is several hundred
feet; but outerops are obscured by lava flows, landslides, glacial
deposits, and vegetation. No significant uranium deposits were known

in this formation as of March 1956.
Structure

The regional structure of the Green River and Henry Mountains
districts is charseterized for the most part by gentle dips on the
flanks of major upwarps or synclinal basins. These gentle dips are
gbruptly steepened in a few places by sbarp monoclinal folds,
asymmetrical anmticlines, and local anticlinal or domal struectures
related to the flowage of salt or the intrusion of igneous bodies
(fig. 3). Faults are mainly high-angle normal faults and steep
faults that bound grabens.

In the southern part of the Green River district, regional
structure is controlled by the northerly plunging Monument upwarp.
To the west the district is bounded by the steep eastern limb of
the San Rafael Swell. Beds in the northern part of the district
dip gently northward toward the Uinta Basin, and the eastern part
of the distriet is characterized by local anticlines and synclines
related to salt flowage (e.g. Cane Creek anticline and ﬁoa.b anticline).
Barliest movement on the salt structures probably began during late
Permmian time as is indicated by an angular unconformity between the
Cutler and Moenkopi formations over the crest of the Cane Creek and

Moab enticlines. Thinning of the Moenkopi formation on the crests
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of these stm@tures and, in some places, a slight angular uncon-
formity between the Moenkopi and Chinle formations indicate that
mmént continved intermittently during Triassic time. Meander
a.nt‘iéline, a narrow northeasterly trending arch essentielly
coextensive with the inner canyon of the Colorado River near its
junction with the Green River, is probably related to salt flovage
after ea.nyon‘cutting\ caused releasse of load in geol;agieally recent
time (MocKnight, 1940, ‘p. 130).

An@’chei local feature of considerable interest, but uncertain
origin, in fhe Green River district is Upheaval Dome in the ares
between the Green and Colorado Rivers. This small circular dome
has been interpreted as being related to a salt intrusion (McKhight,
1940, p. 128) and also as due to igneous forces (Bucher, 193-6-, p. 1066).
Results of recent g;eophysiaal work indicate & strong magnetic a,noma.ly
end a small positive gravity anomaly under Upheavael Dome and ‘suggest |
that the structure may be related to an igneous plug (Joesting,
Byerly, and Plouff, 1955, p. 95). Another magnetic anomaly of
similar magnitude, the Grays Pasture anomaly, §cmrs about 8.5 miles
southeast of Upheaval Dome (Henry R. Joesting. and ﬁonald. '!‘. Plouff,
oral.communication, March 1956) and a line through Upheaval Dome and
the Grays Pasture anomaly intersects Lockhart syncline, a circular
collapse structure, about 8.5 miles southeast of the Grays Pa.sﬁure
anomaly. Althougﬁ there seems to be no magnetic anomaly associated
vith Lockhard syncline (James W. Aubrey and Donald F. Plouff, oral

communication, March 1956), one cannot help considering the
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possibility that it tco may be related to igneous activity (possibly
hydrothermal solution of underlying’ limestones or gaseous explosion
and collapse) if the Grays Pasture anomsly and Upheaval Dome structure
are so.related. “

Regional structure in the Henry Mountains distriet is dominated
by the Henry Mountains structural basin in the eastem and central
parts of the district and by the Circle Cliffs and Capitol Reef
upwarps in the western part of the district. Separsting the strqe-
tural basin from the two upwarps is the sharp monocline called the
Waterpocket fold. The Henry Mountains structural basin is one of
the major structural lows of the Colorado Plateau and is probably
the counterpart of the Cirecle Cliffs and San Rafeel Swell upwarps
(Bunt, 1953, p. 88). The basin is sharply asymmetric and has its
principal trough crowded against the steeply dipping west flank.
The Circle Cliffs and Capitol Reef upwarps are as much as 8,500 feet
strueturally higher than the trough of the Henry Mountains basin
(Hunt, 1953, p. 88) but contain in their breached interiors
extensive exposures of rocks of Triassic age that show little
effect of the anticlinal folding. According to Hunt (1953, p. 90),
the Circle Cliffs upwarp, Waterpocket fold monocline, and Henry
Mountains structural basin were formed during lLate Cretaceous or
early Eocene time.

Faults in the Green River and Henry Mountains distriets are
mainly normel faults of relatively small displacement. The largest

faults are in the northern part of the Green River district where




displacements as great as 1,000 and 2,500 feet oeccur along Salt
Wash graben and the Moab fault respectively. Elsewhere in the two
distriets; faults rarely have displacements greater than a few

hundred feet.
Igneous rocks

. The stocks and laccolithic intrusives of the Henry Mountains
constitute the pringipal igneous rocks of the Green River and Henry
Mountains districts (fig. 3). These intrusives are composed mainly
of diorite porphyry aﬁd monzonite porphyry and are probably late
Miocene or early Pliocene in age {Hunt, £L953, p. 212; and Hunt, 1956).
Gilbert (1877) and BHunt (1953) have given detailed descriptions of
the petrography, form, and mode of emplacement of these rocks.

In the northwestern part of the Henry Mountains district; -
swarms of analcite-biotite diabase and syenite dikes and sills have
been deseribed by Gilluly (1929, p. 120). The dikes cut rocks of
the Morrison formation and were probably intruded during the Tertiary
period. Flows of andesitic and basaltic lava of Tertiary age top
Thousand Lake and Boulder Mountains in the extreme western part of
the Henry Mountains district.

The only igneous rock eropping out in the Green River district is
& northwesterly trending dike in the vieinity of the Flattops in the
west-central part of the district. According to Eugene M. Shoemsker
(oral communication, March 1956) this is a highly potassic altered
alkaline basalt. In the area between the (Green and Colorado Rivers,
geophysical data suggest that Upheaval dome may be underlain at shallow

depth by an igneous plug.



The only ore deposits directly associated with igneous rocks in
the Green River and Henry Mountains districts are small fissure deposits
of gold, silver, and copper in stocks on Mount Ellen and Mount Pennell

in the Henry Mountains.
ORE DEPOSITS

Uranium occurs with vanadium and/or copper in deposits of economic
size and grade in the Chinle and Morriscn formations in the Green River
and Henry Mountains districts. Minor uranium deposits or occurrences
are also known in the Hermosa, Cutler, Moenkopi, Carmel, Entrada,
Curtis, and Mancos formations in the two districts. Figures 4 and 5
show the location and relative size of known ore deposits. The ore
deposits are principally bedded deposits in fluvial sandstone lenses
and are commonly associated with carbonaceous or petroliferous
material. Several minor uranium occurrences, however, are known

in silicified or calcified fracture zones and faults.

Mode of occurrence

Bedded uranium deposits in the Green River and Henry Mountains
districts are similar to those elsewhere on the Colorado Plateau.
Fischer (1942) and Finch (1955) have given good general descriptions
of these deposits. Uranium, usually accompanied by vanadium and/or
copper, occurs in fairly well defined tabular elongate deposits which
are, for the most part, oriented parallel to bedding and sedimentary
trends in the host rock. Carbonaceous material is usually present and
in many uranium deposits appears to have played an importent part in

the precipitation of the ore minerals.




Ore deposits in the Chinle and Morrison formations in the .Green
River and Henry Mountains districts range from about 1 to 3 feet in
thickness, and most of the ore is in deposits from 1,000 to about 25,000
tons in size. A cluster of closely spaced ore bodies joined by
weakly mineralized ground is considered to be one deposit. No
deposits larger than asbout 25,000 tons in size are known as of .

March 1956.

Except for minor occurrences of uranium associated with copper
in fracture zones in the Entrads sandstone about 3 miles east of the
town of Hanksville and along a fault separating the Carmel and Entrada
formations in sec. 24, T. 24 S., R. 13 E. Salt Lake meridian, no vein-
type or fracture-controlled uranium deposits are known in the Green

River and Henry Mountains districts.

Mineralog

Uranium deposits in the Green River and Henry Mountains districts
may be classed according to metal content as vanadium-uranium deposits
(vanadium content greater than uranium) or as uranium deposits with
lesser amounts of copper and/or vanadium. Ore deposits in the Morrison
formation are commonly vanadium-uranium deposits in which the average
V205:U308 ratio is about 2:1 in the Green River district and 5:1 in the
Henry Mountains district. Ore deposits in the Chinle formation in the
two districts are, with a few exceptions, classed as uranium deposits
with minor amounts of vanadium and/or copper. The principal exceptions
to this rule are represented by several ore deposits in the Church Rock .

member of the Chinle fomation in the area between the Green and Colorado



Rivers. These deposits have Vé@5:U308 ratios of about 5:1. Also, the
Temple Mountain deposits in the Chinle formation just west of the
Green River district contain asbout twice as much vanadiumvas uranium,
and similar ore deposits may be present at depth along the western
edge of the Green River district.

Most of the known vansdium-uranium deposits in the Morrison for-
mation in the Green River and Henry Mountains districts are on or
eclose to the oubtcrop and are relatively oxidized. Carnotite-type
secondary uranium minerals and high-valent vanadium minerals are the
principal constituents of these deposits. Weeks and Thompson (1954,
pP- 19) have given a general description of this oxidized vanadium-
uranium ore. Recently, exploration and mining at greater depth have
found relatively unoxidized deposits that are composed principally of
uraninite, coffinite, and low-valent vanadium minerals.

Most of the uranium deposits in the Chinle formation in the Green
River and Henry Mountains districts contain minor amounts of copper
and vanadium and oxidize to form & wide variety of yellow, orange,
green, and blue carbonates, sulfaﬁas, phosphates, arsenates, sili-
cates, and hydrated oxides. Weeks and Thompson (1954, p. 21) have
described these oxidized relatively nonvanadiferous ores. Commonly
these deposits are oxidized only within 100 feet or so of the outecrop.
Where unoxidized, the uranium occurs as uraninite and coffinite and
is associated with minor amounts of pyrite, chalcopyrite, bornite,
chalcocite, galena, and sphalerite. Traces of cobalt, nickel,

molybdenum, and silver are present in these deposits.
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Subore grade (contains< 0.10 percent U308) uranium-bearing car-
bonageous siltstones of the Brushy Basin menmber of the Morrison forma~
tion in the northern part of the Green River district contain uranium
disseminated through the rock probably in the form of uraninite.

Trace amounts of molybdenum are also present.
Controls

In the Green River and Henry Mountains districts uranium deposits
and/or ground relatively favorable for their occurrence seem to be
controlled to scme extent by a favorable sandstone-mudstone litho-
facies, trunk channel systems, stratigraphic pinchouts,  individual
channels, thick sandstone lenses, carbonaceous material, favorable
host-rock lithology, and, in a few places, by local fractures.
Tectenic struetures do not appear to exert any direect control over
the localization of the great majority of uranium deposits but may
indirectly eontrol the pésition of relatively favorable ground
inasmuch as some structures influenced sedimentation during depo-
sition of the ore-bearing units.

Lithofacies studies of the Salt Wash member of the Morrison
formation by Craig and others (1955, p. 137) have shown that the
fan formed by the Salt Wash may be divided into a conglomeratic sand-
stone facies near its apex; an intermediate sandstone and mudstone
facies, and a claystone and lenticular sandstone facies near its
outer margin (fig. 2). Uranium deposits occur principally in the
intemediate sandstone and mudstone facies. Possibly the thick

blanketlike beds of relatively clean sandstone in the conglomeratic
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sandstone facies allowed the lé,terally moving ore-bearing solutions
to bé :Elushed easily through them and dispersed instead of concentrated.
The claystone and lenticular sandstone facies is, on the other hand,
relatively impermeable, and ore-bearing solutions probably could not
pass through these rocks in appreciable quantities. The intermediate
sandstone and mudstone facies may have provided optimum conditions
for the localization of ore deposits in thet the sandstone lenses

are sufficiently continuous to allow passage of large quantities of
the ore-bearing solutions while, at the same time, less permeeble
interbedded mudstones would tend to cause concentration of the solu-
tions in the sandstones and might also trap the passing solutions
where sandstone layers lens out into mudstones. At any rate, the
sandstone and mudstone facies of the Salt Wash member seems to be

one of the major controls of ground favorable for significant uranium
deposits in the Green River and Henry Mountains districts.

At some places in the Green River and Henry Mountains distriets,
the approximate position of ancient trunk channel systems in the Salt
Wash member of the Morrison formetion may be inferred from & greater
total thickness of the member, a greater percentage of sandstone in
the member, and a greater-than-normal thickness of the thickest
uninterrupted sandstone sequence present. These inferred trunk
channel systems are essentially coextensive with clusters of known
ore deposits, and it is probable that trunk channel systems are one
of the major controls of ground favorable for significant uranium
deposits in the Morrison formation in the Green River and Henry

Mountains districts. The principal factor in this control may be
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that sandstone lenses within the trunk channel system tend to be
appreciably thicker than sandstone lenses outside it. Thicker-than-
gverage sandstone lenses hsve long been recognized as an apparent

ore control in the Salt Wash member of the Morrison formation (Coffin,
1921, p. 18%4; and Weir, 1952, p. 26).

Regional pinchouts of ore-bearing units seem to be & major con-
trol of ground favorable to significant uranium deposits in the -
Chinle formation in the Gresen River and Henry Mountains districts.

In theory, any feature of the ore-bearing units which would tend
to restrict or concentrate the flow of the laterally moving ore-
bearing solutions might well be expected to influence the localiza-
tion of ore. Regional pinchouts of these ore-bearing units could
restrict or concentrate laterally moving solutions in two ways. First
there might be a damming of the solutions where the aquifer feathers
out into less permesble rocks. Then too, near a regional pinchout,.
blanketlike formations tend to become relatively discontinuous: and
lsterally moving solutions probably tend to concentrate in the few
remaining thick sandstone lenses (i.e. in channel-~f11l deposits).
The significant ore deposits in the Chinle formation in the Green
River and Henry Mounteins districts ‘a.ppea,r to be grouped within a
few miles of the northeastemrn regional pinchouts of the Shinerump,
Monitor Butte, and Moss Back members.

- Individual channels cut into an underlying less permesble unit
and filled with fluvial sediments sre common loci for uranium deposits
in rocks of Triassic age (Wright, 1955, p. 140-1k2; Miller, 1955,

p. 16k; and Witkind, 1956). This relation of uranium deposits to
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channels is so well established in the Shinsrump member of the Chinle
formation as to constitute an almost unquestioned law. Possibly in
some places the thicker and more permeable channel-fill unit provided
a better passageway for laterally moving ore solutions than did less
permeable rocks surrounding it. The tendency for uranium deposits
to ogcur near the base of channels suggests that the ore-bearing
solutions may have gravitated into these structures and then traveled
along them. This idea might be informally termed "the gutter theory."
Thicker-than-average sandstone lenses have long been noted as an
apparent ore control in uranium deposits in sandstone of the Colorado
Plateau (Coffin, 1921, p. 184; and Weir, 1952, p. 26). Probably the
presence of thicker sandstone lenses is an important factor in the
controls exerted by trunk channel systems and individual channels in
the Green River and Henry Mounteins distriets. Possibly the greater
transmissivity of these thicker-than-average units is one of the more
important controlling factors. In the Morriscn formation of the Green
River and Henry Mountains districts individual sandstone lenses less
than about 35 to 4O feet thick seldom contain ore deposits of any
appreciable size. Significant ore deposits are not uncommon in the
Morrison, however, where the sandstone lenses are 40 feet or more thick.
o Carbonaceous m’cemi in the form of carbonized wood fragments,
leaves, or stems has long been‘recognized to be intimately associated
with uranium minerals on the Colorado Plateau (Boutwell, 1905, p. 209;

Hess, 1914, p. 680; Weir, 1952, p. 22-23). Apparently carbonaceous




material in the host rock helped provide a reducing environment
conducive to the preciplitation of uranium and other metals. Car-
bonaceous material alone may not have been a strong ore control,
however, ag it is alsc common in nonmineralized roek.

In the Shinarump member of the Chinle formation in the Circle
Cliffs, uranium deposits commonly are confined to remnant patches
of siltstone cobble conglomerate on the flanks of channels. This
siitstone cobble conglomerate consists of fragments of Moenkopi,
probably from caving stream banks, in s matrix of typical sands of
the Shinarump member. It seems to be a preferred host rock for
uranium in channel-fill units that are otherwise dominantly clean
sandstone. Possibly fragments of the Moenkopi, being chemically
different from the normal Shinarump, helped cause precipitation of
the ore minerals.

As a general rule, local fractures do not control unoxidized
uranium deposits in the Green River and Henry Mountaims districts
but may localize small bodies of secondary minerals which have formed
and migrated short distances upon oxidation of the primary deposits.
In the Cirecle Cliffs, however, unoxidized uranium deposits commonly
are confined to the flanks of channels and, in some places, seem to
be coextensive with local fracture zones in the top 2 or 3 feet of
the Moenkopi formation at the breakoff point in the channel bank.
Possibly these local fracture zones are related to ancient slumps on
the channel bank or were formed because of differential compaction
between the thicker, sandier channel-fill unit and muddier nonchannel

sediments.



Tectonic structures do not sppear to have had any direct control
on the great msjority of uranium deposits in the Green River and Henry
Mountains districts. Trace amounts of uranium do oceur; however, in
association with weakly mineralized copper-bearing rock in fracture
zones or faults of minor displacément in the Entrada sandstone about
3 miles east of the town of Hanksville and along & fault sepe,%;ﬁing
the Carmel and Entrads formations in sec. 2k, T. 24 S., R. 13 E.,

Balt Lake meridian, in the Green River district. Also, salt anti-
clines in the eastern part of the Green River district were rising
during the Trisssic period and may have deflected streams depositing
the Chinle formation so as to cause & concentration of stream deposits
(and, therefore, relatively favorsble ground) on and parallel to the

flznks of the structures.

Guides to ore

The features that have been described as ore contwlse-favorable:
sandstone-mudstone lithofacies, trunk chsnnel systems, st‘.“;'*a.‘big}a;phic
pinehouts, individval chennels or scours, thick sandstone lenses,
carbonaceous material, and favorable host rock lithologies--may also
be used to some extent as guides to ore. Also, limonite stain, green
and blue secondary copper minerals, & gray-green color alteration at
the base of the ore-bearing unit and in mudstone seams in the ore-
bearing unit;, gray to buff as opposed to reddish sandstone, and the
presence of iron and/or copper sulfides may be used as guides to ore.
On or near mineralized outcrops where oxidation has taken place,

limonite and/or, in the case of ore deposits in the Chinle formation,
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green and blue secondary copper minerals are fraquently useful as
guides to ore. A gray-green color alterstion in the top few feet of
a normally brown or reddish unit immediately beneath the ore-bearing .
unit is also useful, but the thickness of this alteration zone does
not seem to be in direct proportion to the intensity of mineralization
in the ore-bearing unit. Normally brown or reddish mudstone seams
or lenses are usually altered gray-green in the vicinity of ore de-
posits. Ore-bearing units are commonly & bleached out light-gray
to buff color in the vicinity of ore deposits as opposed to being
tinged with red or brown away from ore. Where the ore-bearing unit
is uwnoxidized, pyrite emd/or, in the Chinle formation; copper 51}1-

fides are useful as an ore guids.
Origin

The source of the metals in uranium deposits of the Colorado
Platesu is as yet not agreed upon. The metals may havé been derived
from detritel material, chemicel precipitates, volcanic ash within
the sediments, uraniferous petroleum, or hypogene solutions.

Blmer V. Reinhardt (written communication, 1952) bas suggested that
the igneous stocks and laceoliths of the Henry Mountains may be the
source of vanedium and uranium in that distriect. However; the occur-
rence of typical bedded vanadium-uranium deposits and the absence of
fracture-controlled deposits in the Morrison formation on the south
flank of Mount Hillers, where the beds dip 850 and are strongly
fractured owinjé;)the forcible intrusion of the igneous rocks, are

evidence that the ore deposits were in place prior to the intrusion



of the ignecus masses. This agrees with Hunt's opinion (Hunt, 1953,

P- 212; and 1956) that the intrusive bodies are late Miocene or early
Pliocene in age, and, therefore, younger than the vanadium-uranium
deposits which have been dated by lead-uranium ratios (Stieff, Stemn,
and Milkey, 1953, p. 15) as about 65 million years old or Late Cre-
taceous or early ‘Terbia.ry in age. Regardless of the source of the
metals, however, 1t is probable that they were transported by solutions
which were similar to ground water and which moved for the most part
laterally through the rocks until a trap or favorsble host rock caused

precipitation of the ore minersls.
RELATIVE FAVORABILITY OF GROUND

The following is & brief discussion of the relative favorability
of each potentially ore-bearing unit within the Green River and Henry
Mountains distriets. Geology and ore potential of unexposed units are
of necessity extrapolated from adjacent areas where these units crop
out. This discussion is based on the premise that primary sedimentary
features are the major controls of ore deposits and favorable ground.
If tectonic structures should be the major control, the urenium ore
potential of the Green River and Henry Mountains districts may be con-
siderably different from that suggested in this report.

Assuming, as is generally agreed, that the uranium-bearing solu-
tions traveled for the most part laterally through the beds, blanket-

like sandstones are inferred to be unfavorable for ore deposits because

the solutions would tend to be dispersed through them instead of con-

centrated. Relatively lenticular and discontinuous sands would tend
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to cause concentration of the ore-besring solutions in the thicker,

more permeable parts of sandstone lenses. Interfingering sendstones
and mudstones provide permesbility treps, and carbonaceous material

causes chemical enviromments conducive to the precipitatien of

ore minerals.

Pre-Hermosa formations

Formetions @ld.er‘ then the Hewrmoss formation of Pennsylvenian
age are not exposed in the Green River and Henry Mountains districts.
Aseordingly, there is little evidence on which to base an appraisal
of the uranium potential of these rocka. No sendstones similar to
the Shinsrump and Moss Back members of the Chinle formation and the
Salt Wash member of the Morrison formation (the prineipal known ore-
bearing units on the Colorado Plateau) are known in the pre-Hermosa
rocks; but limestones of Mississippian age may possibly be favorable
hosts for uranium deposits, especially if hypogene solutions should "
be the source of the ors. As of March 1956, thers was no evidence of

significant uranium deposits in these rocks.

Hermosa formation

The Hermosa formation is not known to contain signifiecant uranium
deposits in the Green River and Henry Mounteins districts. Trace
amounts of uranium are present, however, in what is thought to be
Hermosa at the Big Chance glaim sbout 2 miles west~northwest of Moab
(fig. k). Also, oil wells in the area between the Green and Colorado

Rivers have penetrated weakly anomelous radiocactivity in shales and
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limestones of the upper Hermosa and in black shales of the Paradox
meniber. If the uranium deposits of the Colorado Plateau were formed
from hypogene solutions, the limestones of the Hermosa formation might
conceivebly provide a good host rock for ore, especially where fractured
or brecciated in the vicinity of faults and sharp folds. BExposures and
at least one drill hole in the Hermosa close to the Moab fault, how-
ever, show no mineralized rock or recrystallized limestone. Largely
because of the lack of ore deposits on outecrops, the Hermosa is thought
to have little potential for significant uranium deposits in the Green

River and Henry Mountains districts.

Rico formation

Ne ursnium deposits are known in the Rico formation in the Green
River and Henry Mountains districts, and it does not contain carbon-
acecus sandstone lenses such as sare generally most favorable for ore.
Acecordingly, it is considered to have little potential for ore in -
appreciable amounts. The brown, red, and purple colors of this for-
mation and the lack of ore deposits where it is exposed suggest that
ore-bearing solutions have either not passed through it or have not

reacted with the roek in any vay e

Cutler formation

The Cutler formation is not ore-bemsring in the Green River and
Henry Mountains districts except for several small uranium-copper
deposits (commonly less than 100 tons in size) that average about

0.15 percent U393 and less than 1.00 percent copper and ceeur in




the northeast corner of T. 28 8., R. 19 E., Salt Lake meridian, in
the Green River district (fig. 4). These deposits are in small lenses
of bleached, white arkosic sandstone and, together with similar de-
posits across the Colorado River to the southeast, are in the transition
zone where the Cutler changes from predominantly white sandstone to
the southwest to predominantly arkosic red beds to the northeast.
Possibly the interfingering of the two different facies in this - -
transition zone has formed a stratigraphic trap which slowed down
or dammed laterally moving uranium-bearing solutions and promoted
the precipitation of the ore minerals. At any rate the northwest-
trending transition zone appears to be relatively favorable for

low-grade uranium-copper deposits up to about 500 tons in size.

Coconino(?) sandstone

The Coconino(?) sandstone is not known to be ore-bearing in the
Green River and Henry Mountains districts and consequently is thought
to have little or no poetential for significant uranium deposits there.
Probably the massive clean sandstone of this unit does not provide
permeability traps or favorable host rocks necessary for uranium

deposits.

Kaibab limestons

The Kaibab limestone is not known to contain uranium deposits in

the area covered by this report. Small copper and lead deposits are

present in this unit on Miner's Mountain in the Capitol Reef area (fig. 4);
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but uranium has not been found in these deposits. The absence of
exposures containing uranium suggests that the Kaibab has little or

no potential for significant uranium deposits in this area.

Bhenkog_i formation

Several small urenium deposits are known in the Moenkopi formation
in the Green River and Henry Mounteins districts (fig. 4). At Fort
Bottom about 4.5 miles west of Upheaval dome in the Green River dis-
trict, a small bedded uranium deposit containing up to 0.74% percent
3308 occours in asphaltic sandstone about 200 feet below the contact
of the Chinle and Moenkopi formations. 1In the Circle Cliffs area, a
l-foot thick asphaltic sandstone layer about 40 feet below the top of
the Moenkopl contains a small ureanium deposit averaging 0.15 percent
U3°8 or less. About 1.5 miles west of Torrey in the Capitol Reef
area a small bedded uranium deposit occurs in assoclation with a
l-inch thick seam of carbonaceous or asphaltic materisl about 40O feet
below the top of the Moenkopi. Here the normally reddish-brown
Moenkopi is bleached white near the ore. Each of these small deposits
is associated with asphaltic or carbonaceous material, and it is pos-
sible that the presence of this organic material makes the Moenkopi
a favorable host rock for uranium in some places. Uranium ore in
the top few feet of the Moenkopi, in deposits similar to those at
the Rainy Day and Hope mines in the Circle Cliffs ares, is so
definitely related to a channel filled with Shinarump that this type
of ore deposit is best considered as oecmrring in the Shinarump

member of the Chinle rather than in the Moenkopi. Small copper and
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lead deposits occur in the Sinbad limestone member of the Moenkopi on
Minerfs Mountain in the Cspitol Reef area, but no uranium has been
found in these deposits. The genersl sbsence of uranium on widespread
Moenkopl outcrops throughout the Green River and Henry Mountains dis-
triets suggests that this formation has no appreciable potential for

significant uranium deposits.

Chinle formation

Through 1955, about 24 percent of the total uranium ore production
from the Green River and Henry Mountaing districts came from the Chinle
formation, and the Chinle is thought to contain about 22 percent of the
total indicated and inferred reserves estimated for the two districts.
In terms of potentiel reserves the Chinle may be more important than
any of the other ore-bearing formations in the two districts. Accord-

ingly, the uranium-bearing menbers of the Chinle are discussed in some

detail below.
"Mottled siltstone beds”

"Mottled siltstone beds,"” occurring intermittently at the base
of the Chinle formation, are not uranium-bearing in the Circle Cliffs
area (Davidson, 1954, p. 37), but do contain minor amounts of uranium
in red chert layers near the top of the unit in the southern part of
the Green River district and the area between the Green and Colorado
Rivers. Uraninite(?), pyrite, chalcopyrite, chalcocite, covellite,
galens, sphalerite, tetrahedrite(?) or tennantite(?), caleite, and

yellow secondary uranium minerals have been identified in this
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radioactive red chert (Charles €. Hawley, oral commmnicetion, March 1956).
In the ares between the Green end Colorado Rivers, "mottled siltstone
beds” commonly contain disseminated secondary uranium and copper
minersls in the upper few feet of the unit. These minerals probably
have been formed from uranium and copper leached from the overlying
ore-bearing member of the Chinle. Possibly the lack of carbonaceous
material in the "mottled siltstone beds" is responsible for the poor
showing of this unit as a host for uranium ores. At any rate, the
lack of significant uranium deposits throughout the fairly extensive
outerops of the "mottled siltstone beds" in the Green River and Henry
Mountsins districts strongly suggests that this unit has little poten-

tial for uranium ores.
Shinarump menber

The Shinarump member of the Chinle formation is the principal
uranium-bearing unit in the Circle Cliffs and Capitol Reef areas of
the Henry Mountaine district and is potentially ore-bearing at depth
elsevhere in the district (fig. k).

In the Circle Cliffs areas, significant uranium deposits in the-
Shinarump member are confined to channels and commonly oceur only on
channel flanks. The preferred host rock for ore is 1) a siltstone
cobble conglomerate composed of fragments of siltstone from the
Moenkopi in a matrix of typical sandstone of the Shinarump, or
2) the top 2 to 3 feet of the Moenkopi formation in what appears to
be & slumped or fractured zone at the breakoff point on the channel

bank. The siltstone ecbble conglomeraste oceurs principelly in
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rempant patehes on the chawmmel flanks. Possibly the cobbles were swept
away by fast currents in the cenbral parts oz" ‘the chamnels or were
originally deposited only near caving chamnel banks. The ore in the
Moenkopl on the chammel bsmks may be controlled by a locel. fracture
zone related to slumping on thg bank of the ancient stream or to
differenmtial compaction bebween the chennel-fill and nonéh,mmel sediments.
« The relatively small size and the gparseness of knowm ore-deposits
ia the Cirele Cliffs area may be in part due to the lack of favorable
host roek in the Shivarump. Most of the sands of the Shinsrump which
£211 cheanels are relatively clean, Mud and carbonaceous maberial are
20t ebwadant. Ore~beasring solubions moving laterally thmugh these
passagavays probably passed through for the most part without l.css of
uranivm. In @m_,few places whe;:-e ore deposits do occur, it may be
because the uranium-besring solutions penetrated remtans patches of
the fawvorsble silistone ecbble comglomerste or secped out into and
regebed with siltetones of the Moenkbpi formation in the fracture zone
along the chammel bank. At emy rate, the occurrence of ore deposits
larger than about 10,000 tons in size does nﬁot’seem likely; and the
association of the ore with chamnel flanks results in ore bodies that
may be hundreds of feet long but which have an average width of less
then 30 feet,  Exploration for ore bodies of this type may best be carried
on b};r dﬁfting along the chennel bank in aress where depth of cover pro=-
hibits él@selyr-mea drilling. Of the many large channels filled with
Shinaramp in the Circle Cliffs area, only a few have been well explored

in the narrow favorable zone along the chamnel flank,
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Ursnium deposits in the Capitol Reef ares of the Henry Moumbains

district are simllar to those of the Circle CLiffs in that they also

are commonly locallzed along the flanks of chammels £illed with Shinarump.
Through March 1956, however, no deposits larger than a few humdred tons
in size had been foumd. West of the Oyler mine in the Capitol Reef area
(fig. %) the Shinarump member is a thick, blanketlike sandstone unit of
umifbm lithology and 1s cousldered relatively ux;favomble for significant
uranivm deposits. East of the Oyler mine, the Shinarump is thin and
d.;ﬁ.acomtimous and is thought to be relatively favorsble for urenivm de-
posits along the flanks of channels. Possibly the thin discontinvous
Shinarump east of the Oyler mine is related to the reglonzal pinchout of
the Shinarump member a few miles northeast of the Cgpitol Reef area.

The spparent tendency for ore deposits in the Shinarump member

on the CQJ.m'm Platean to be grouped within a few miles of the reglonal
Pinchout of the mewber, and the theoretical favorsbleness of the less
blanketlike Shinarump near the p;!.nchcut suggest that there is a 10~ to
-mile wide belt of relatively favorsble ground roughly paralleling
the northwesterly trending regional pinchout of the Shinarump across
. the Henry Mowntains district (fige. 4). Ore deposits that contain
100,000 or more tons of ore are probably present in this belt, but
exploration for these ore deposits may be discouraged by their depth

of burial (greater than 1,000 feet).
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Monitor Butte member

- The Monitor Butte member of the Chinle formation contains several
small uvranium deposits in the Polson Spirings, Happy Canyon, and Hatch
Canyon greas sbout 15 miles morth of the Junction of the Dirty Devil and
Colorado Rivers:; These deposits ars in sandstone umits that i}l ehannels
cut in the surface of the Moankopi. As of March 1956, the ore deposits -
known in the Monitor Buthe member in the Greesn River and Henry Mountains
dilstricts were too small and too low grade %o be oz apprecisble importance.
Posslbly Monitor Butte vsandstM@ lenses were ton small and dlscomtinuous
%o hare allowed the free passage of large amunfss o2 vrapim-bearing
solubtlons through the otherwise relatively mpex;meable mudstones of the
meuber, However, the luarge ore deposit at the Delta mine in the San Rafael
Swell I8 in a sandstone lens of the Monifor Butte member; and it is
possible that similar thicker-thsne-sverage (30 feet or more thick) -
saadstone lenses may be present in the Monitor Butte and may contain
slgnllicant wranium deposits in the Henry Mountalins and Green River
districts south and southeast of the Delta mine. ' Also, the apparent
grouping of the few knowr ore deposits in the Momitor Butte in relation
to the regionsl pinchout of the member suggests that a belt up to 25
miles wide and parallel to the regional pinchout may be relatively -
favorsble for uranium deposits (fig. 4). Even if this is so, deposits
over & few hundred tons in size do not seem likely except where relatively
thick continuous sandstone lemses similar in thickness to the one at the
Delta mine may occurs Depth of burial (greater than 1,000 feet) of the
Monitor Butte throughout much of this postulated relatively favorable
belt may hamper exploration for such ore deposits es msy be present,
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Moss Back member and basal Chinle beds

The Moss Back member of the Chinle formation commonly comtains traces
to small emounts of wranium and/or copper near its base wherever the unit
is present in the Green River and Henry Mountains districts. Significant
ore deposits, however, are known only in areas where the Moss Back is
variable in thickness and lithology. Blanketlike Moss Back of uniform
thickness and lithology ls apparently unfavoreble for uranium deposits
of any appreciable size.

Where the Moss Back member crops oub in the eastern part of the
Henry Mountalns dlstrict and the southern half of the Green River
district, it is predominantly blanketlike and contains only a few occur=
rences of weakly mimeralized uranium-bearing rock. The sparseness and
mmall size of Mmown ore deposits and the blanketlike character of the
Moss Back in this area indicate that it is relatively unfavorable for
signlficant wranium deposits.

In the San Rafael Swell, Just west of the Green River district, the
Moss Back member contains several significent uranium deposits. Especilally
important is the large cluster of ore bodies in the vicinity of Temple
Mowntain, Previous work by the aathor (Johnson, 1957) in the San Rafael
Swell indicates that 1) the Moss Back is blanketlike and relatively
unfavoreble northeast of Temple Mountain; 2) the Temple Mountain deposits
(totaling over 100,000 tons in size) are clustered in and probsbly cone
trolled by a broad, shallow northwesterly trending channel or chamnele
system; and 3) the Moss Back southwest of Temple Mountain is gemerally
favorsble for uranium deposits up to 10,000 to 20,000 toms or so in size
vherever there are chammels scouring sherply into the underlying Monitor
Butte member or Mpenkopi formatiom.
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Projection fonu the San Refael Swell into the western edge of the
Green River district suggests that there may be a southeastern extension
of the Temple Mountaln cheamnel system in which clusters of signifleant
wrendim . deposits are likely to ozcur (fig. 4). Potential reserves in
this fevorable belt may well be large enough to Justify exploration of
this ground in spite of the 1,500 feet or so of depth to the ore horizon,
In the Green River dlstilict southwest of the Temple Moumtalm chanuele-
systan the smaller size of ore bodles expected, *&he lack of knowledge
regarding extensions of favorsble ground, and the 1,500 feet or so of
depth to the ore horizon will probably hamper exploration for uranium
deposits, even though the ground msy be relatively favorzble.

In the area between the Green and Colorado Rivers the Moss Back -
menber is relatively dlscontinuous and conbains significant uranium
deposlits in a northwesterly trending belt that is ebout 9 miles wide
apd parallels the regilomel pinchout of the member (£ig. 4). The
souvthwestern boundary of this relatively favorable belt is a rather
sharp line between the blanketlike Moss Back menber to the southwest
and the discontinuous Moss Back to the northeast. The northeastemn
boundary of the belt coincides with the regional pinchout of the member.
This line of pinchout is approximately coexistent with the cregt of the
Cane Creek anticline, and it eppears as though streams which deposited
the Moss Back may have been umable to cross over the rising structure.
Uranium deposits in the Moss Back member in this relatively favorable
belt are confined to channel-fill gediments., These sediments may £ill
chanmnels cub in the surface of the Moenkopi ag in the "C" gwup chamel
(fig. 4) or they may have been built up in a sandplling process along
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the trend of pre-Moss Back streams as in the "A" groupicharmel {(fig. ).
The size of known ore deposits in this relatively favorable belt ranges
from 100 to 1,000 tons wlth occasional deposite im the 1,000~ to 10,000=-
ton size range. Hidden deposits may be expected to be in these same
size ranges. Depths of 1,000 feet or more to the ore horizon may hamper
exploration in the relatively favorsble belt except where the Greem and
Colorado Rivers and their tributaries have removed most of the overlying
rocks.

Northeast bf the reglomal pinchout of the Moss Back member in the
area between the Green and Colorado Rivers (£ig. %), several emall,
scattered uranium deposits are known aloang the oubecrop of the basal beds
of the Chinle formation between the Cane Creek and Moeb anticlines
(‘ﬁg; 3)s The lack of sandstore channel-Pill units.in this area suggests
the sparseness and small size of the deposits may be due to the absence
of favorsble sandstone host rocks and aguifers which could have acted
as passageways for the laterally moving ore solutions.

In the Seven Mile area in the eastermmost part of the Green River
district, small uranium deposits occur in mudstones, limy siltstones,
and lime pebble conglomerates in the lower part of the Chinle formation
vhere this unit is exposed high on the southwest flank of the Moab
anticline. Ore deposits are in the form of small pods of uraninite and
minor amounts of copper sulfides scattered through otherwise barren rocke
The sbsence of large well-defined ore bodies may be due to the lack of
good sandstone host rocks and good aquifers in the Chinle at this point.
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Because the Moab anticline rose just prior to deposition of the
Chinle formation, rose again after Chinle time, and may well have been
slowly rising during deposition of the Chinle, it seems likely that
Chinle drainage was influenced by the structure and that there may be
a concentration of sandy stream deposits paralleling the axis of the
anticline somewhere down the southwest flank, These more sandy sediments -
could provide more favorable host rocks for large uranium deposits than -
the mudstones, siltstones, and lime pebble conglomerates higher up on
the anticline. Analogy to an area of similar geology on the southwest
flank of the Lisbon Valley anticline in southeastern Utah suggests that
ore deposits larger than lOé,OOO tons in size may well be present in the
postulated sandy belt, and potential reserves may be large. As of
March 1956, the concept of a favorable belt on the southwest flank of

the Moab anticiine had not been thoroughly tested.
Petrified Forest, Owl Rock, and Church Rock members

The mudstones, siltstones, and fine-grained sandstones of the
Petrified Forest, Owl Rock, and Church Rock members of the Chinle forma-
tion contain only a few small uranium deposits in the Green River and
Henry Mountains districts (fig. 4). A 15-foot thick lens of sandstone
and limestone pebble conglomerate about 150 to 200 feet above the base
of the Chinle, is weakly mineralized in the western part of the Circle
Cliffs area.. Anomalous radioactivity about 10 times normal background
occurs in the Chinle formation in Long Canyon about 15 miles east of
Boulder, Utah, and is confined to purplish chert pebble ~conglomeréte

and crossbedded sandstone about 150 feet below the top of the Chinle.
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In the area between the Green and Colorado Rivers several small vanadium-
uranium deposits occur in the so-called "Black Ledge" unit of the Church
Rock member, The ore bodies are apparently controlled in detail by the
junction of crossbedding in the sandstone. The small size and sparseness
of uranium deposits on widespread outcrops and the lack of favorable
carbonaceous sandstone host rocks and good aquifers (to serve as
passageways for ore-bearing solutions) indicate potential ore reserves
are very small in the upper part of the Chinle formation in the Green

River and Henry Mountains districts.

Wingate, Kayenta, and Navajo formations

The Wingate, Kayenta, and Navajo formations are primarily clean
massive sandstones and are not known to contain uranium deposits in
the Green River and Henry Mountains districts. The absence of favorable
host rocks (chanmel-fill units containing interfingering mudstone and
sandstones and carbonaceous material) and the lack of mineralized rock
on extensive outcrops indicate that these formations camtain little or

no potential uranium reserves.
Carmel formation

The Carmel formation is weakly mineralized at several places in the
Green River district. Minor amounts of uranium occur with copper along
a fault separating the Carmel and Entrada formations in sec. 24,

T. 24 S., R, 13 E., Salt Lake meridian. In the Saucer Basin area, 22
miles south of the town of Green River (fig. 5), small irregular pods

of vanadium-uranium ore occur sparsely scattered through a 15-foot zone
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of gray limy siltstone about 25 feet below the top of the Carmel forma-
tion, The normally reddish-brown Carmel is altered to greenish-gray to
white in the vicinity of the mineralized rock., The small size and
sparseness of uranium-bearing outcrops and the lack of favorable car-
bonaceous sandstone host rocks in the Carmel formation indicate it has
little or no potential uranium reserves in the Green River and Henry

Mountains districts,

Fntrada sandstone

The Entrada sandstone contains no known bedded uranium deposits
in the Green River and Henry Mountains districts, but minor amounts of
uranium do occur with copper in a northwesterly trending fracture zone
about L miles east of the town of Hanksville. Silver ard gold are also
reported from this ore deposit (Swanson, 1951, written connnunic;ation).
If the uranium in this fracture-controlled ore deposit was deposited by
ascending solutions the uranium content could possibly increase with
depth. Exploration below the present surface workings might also
provide further information regarding the origin of the uranium in
this deposit. The general lack of uranium-bearing rock in outcrops
and the abseﬁce of favorable carbonsceous host rocks strongly suggest
that the Entrada contains little or no potential uranium ore reserves

in the Green River and Henry Mountains districts.
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Curtis formation

The Curtis formation contains no known significant uranium deposits
in the Green River and Henry Mountains districts, but in the area north-
east of the Capitol Reef scattered carbonized wood fragments in this
unit are weakly radioactive and contain secondary copper minerals. The
lack of favorable carbonaceous sandstone host rocks and the absence of
ore deposits on the widespread outerop of the Curtis formation indicate
that this unit contains no appreciable potential uranium reserves in

the Green River and Henry Mountains districts,

Summerville formation

No significant uranium deposits are known in the Summerville
formation in the Green River and Henry Mountains districts though a
weak radioactivity anomaly is present in the Summerville on the east
side of Hall Mesa about 10 miles south of Shootaring Point in the
southern part of the Henry Mountains district. The absence of ore
deposits in the extensive outcrop and the lack of favorable carbonacecus
sandstone host rocks in the Summerville indicate that it contains no
potential uranium reserves in the Green River and Henry Mountains

districts.
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Morrison formation

Through 1955, about 76 percent of the total production of uranium
ore from the combined Green River and Henry Mountains districts came
from the Salt Wash member of the Morrison formation, and this unit is
thought to contain about 78 percent of the two districts' indicated plus
inferred reserves, Because the Morrison formation is the most important
ore~bearing formation in the two districts to date, it is discussed in

some detail below,
Salt Wash member

The Salt Wash member in the northern part of the Green River
district is within the sandstone-mudstone facies of the fan forme;d by '
the Salt Wash (fig. 2) and, therefore, is at least partly favorablt—; for
vanadium-uranjum deposits. The important ore deposits, however, are
clustered in certain northerly trending favorable belts which are thought
to be controlled by trunk channel systems, Between the Green River and
the district's eastern margin the Salt Wash is characterized by thin
(usually less than 4O feet thick) blanketlike sandstone beds and the
absence of significant ore deposits. West of the Green River the
Salt Wash member becomes thicker, and sandstone lenses in it increase
in thickness and in uranium content until a maximum favorability for
significant vanadium-uranium deposits is reached in two north-trending
belts or chanmnel systems in Tps. 21, 22, and 23 S., and R. 14 E.,

Salt Lake meridian (fig. 5). Within these favorable channel systems,

the ore-bearing sandstone lenses in the upper part of the Salt Wash



65

commonly are 4O feet or more in thickness and there is a clustering of
ore deposits. These ore deposits may be as large as about 20,000 tons
and have an average grade of about 0.50 percent V205 and 0.25 to 0.30
percent 0308. Outside the favorable channel systems, sandstone lenses
in the ore-bearing part of the Salt Wash are commonly less than 40 feet
thick and ore deposits are rarely over 100 tons in size. Extensions of
these two favorable channel systems to the north under Mancos shale
cover may contain fairly large potential ore reserves; but the thin
spotty nature of the ore bodies, the tendency for the ore to occur on
different horizons throughout a 50-foot or greater vertical range in
the ore~bearing unit, and the 500 to 1,500 feet of depth of burial
of the ore-bearing unit may hamper exploration and mining.

West of the two favorable belts mentioned above, the Salt Wash
member contains thin blanketlike sandstone lenses and no significant

ore deposits,

On Little and on Big Flattop in the central part of the Green River

district the upper ore-bearing part of the Salt Wash member has been
removed by erosion. The remaining sandstones of the Salt Wash are
thin and blanketlike and do not contain significant ore deposits.

In the Henry Mountains district and the westernmost part of the
Green River district the Salt Wash crops out in a continuous band arocund
the Henry Mountains structural basin. The northern half of this outcrop
is characterized by thin (rarely over 4O feet thick) sandstone lenses
that contain no vanadium-uranium deposits larger than about 100 tons in
size. The thin sandstones are relatively free of carbonaceous material
and mudstone and consequently do not appear to be good host rocks for

significant ore deposits.
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Along the western edge of the Henry Mountains structural basin the
Salt Wash member changes rather abruptly from a 200-foot thick unit con-
taining thin lenses of clean sandstone in the north to thick massive
blanketlike sandstone beds totaling 400 to 500 feet in thickness to
the south. Only a few small ore deposits are known along this lengthy
outcrop and these are north of the rather abrupt change to thick
massive sandstone. The sparseness and small size of ore deposits on
the outerop and the lack of thick lenticular sandstones strongly
suggest that the Salt Wash is unfavorable for significant uranium
deposits on the western edge of the Henry Mountains structural basin.

The southernmost quarter of the outcrop of the Salt Wash member
in the Henry Mountains district is characterized by thick massive
blanketlike sandstones of the conglomeratic sandstone facies of the fan
formed by the Salt Wash (fig. 2). These rocks contain only sparse
amounts of interbedded mudstone and carbonaceous material, and urahium
deposits larger than a few tons in size do not seem to be present.

Practically all the significant uranium deposits in the Salt Wash
member in the Henry Mountains district are confined to the eastern edge
of the Henry Mountains structural basin and are in the transition zone
from thick massive blanketlike sandstone beds in the south to thin beds
of clean sandstone north of North Wash (fig. 5). Clusters of small
podlike ore bodies containing a few tons each are the common occurrence

in the thick massive sandstones of the Shootaring Canyon and Delmonte

areas., Production from these deposits has come from small highly selective

mining operations. Farther north in the Woodruff Springs area sandstones

are less massive and blanketlike, and ore bodies up to 100 tons or so
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in size are present. In the Trachyte Creek area thick lenticular sand-

stones contain thin podlike ore bodies clustered into deposits aggregating
from 1,000 to 5,000 tons in size; and sedimentary trend indicators such

as crossbedding, stream lineation, and the orientation of fossil logs
indicate that the most favorable ground is in a narrow chamel system
trending about N. 60° W, through Farmers Knob (fig. 5). The north-
westerly extension of this channel system may contain potential ore
reserves equal to production through 1955 from the Trachyte Creek area,

or possibly several times this figure. Ore deposits in the North Wash
area north of Trachyte Creek are confined to many small deposits

commonly less than 100 tons in size. Apparently the blanketlike lenses

of rather clean sandstone are not favorable for larger ore deposits.
Brushy Basin member

The Brushy Basin member of the Morrison formation contains no known
significant uranium deposits by present economic standards., It may,
however, have fairly large potential reserves of very low grade uranium-
bearing rock in the northern part of the Green River district.

In T, 22 S., R. 14 E., Salt Lake meridian, a 1l-foot thick carbona-
ceous siltstone layer about midway in the Brushy Basin member, is
uranium-bearing over about 3,000 feet of outcrop. The uranium appears
to be rather evenly disseminated through the carbonaceous siltstone
layer. The average grade of the rock is estimated to be about 0.02
percent UBOS; but small areas may average 0.05 to 0,10 percent U308’
and select specimens assay as high as 0.30 percent U308. Trace to

minor amounts of molybdenum and rare earths accompany the uranium,




68

Barite seams and blebs are also common in the rock., Weathered specimens
of the siltstone contain about 30 percent more uranium than indicated
by the radiocactivity of the rock, and possibly radiocactive daughter
products have been selectively leached near'the outcrop. The relatively
even distribution of uranium through the carbonaceous siltstone suggests
a possible syngenetic origin for the uranium deposit, and the presence
of similar uranium-bearing carbonaceous shales and siltstones near
Vernal, Utah, encourages speculation that large bodies of uraniferous
carbonaceous shale and siltstone may exist in the Brushy Basin member
in the Uinta Basin,

Minor uranium deposits are also known in association with dinosaur
bones in carbonaceous mudstone in the Brushy Basin a few miles south-

southeast of Green River, Utah,
Dakota sandstone

The lack of uranium deposits on the extensive outcrop of the
Dakota sandstone in the Green River and Henry Mountains districts
indicates that this unit contains no appreciable potential ore reserves.

although weakly uraniferous carbonaceous shale may be present.

Mancos shale

The extensive dark-gray marine shales of the Mancos shale are
not known to be uranium-bearing in the Green River and Henry Mountains
districts and because of their relative impermeability and uniform
lithology are not thought to be favorable for uranium deposits. The

Ferron and Emery sandstone members, however, do contain minor uranium
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ocecurrences such as the one in the Ferron member on the south side of
Mt. Hillers in the Henry Mountains district (fig. 5). This deposit

is reported by W. D, Grun@y‘(wyitten communication, 1954) to consist

of uranium (grade = 0.02 percent UBOS) associated with hematite(?) in
a 2-foot thick layer of carbonized wood and sandstone at the top of the
Ferron member along about 1,500 feet of outcrop. Similar uranium
occurrences mgy be expected elsewhere in the Ferron and Emery members,
but because of the relatively massive blanketlike character of these
units of clean sandstone they are not thought favorable for significant

uranium deposits.

Mesaverde formation

The Mesaverde formation is not known to contain significant uranium
deposits in the Green River and Henry Mountains districts although minor
occurrences similar to those in the Ferron sandstone member of the Mancos
shale may be present in carbonaceous shale layers, The lack of uranium-
bearing rock on the outcrop and the relatively clean, massive blanket-
like character of the Mesaverde indicate it is unfavorable for significant

ore deposits and has no appreciable potential reserves of uranium ore.

Wasatch(?) formation

Minor carnotite staining on joint surfaces in claystone is known to
oceur in the Wasatch(?) about 2 miles north of Loa, Utah, just west of
the Henry Mountains district. The lack of good exposures of this

formation have precluded thorough prospecting for uranium and also make
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it difficult to judge the ore potential of the unit. The sparseness and

small size of known ore deposits on the outcrop and the lack of lenticular

sandstones containing carbonaceous material suggest that this unit has

little or no potential reserves.
CONCLUSIONS

The Chinle formation of Triassic age and the Morrison formation of
Jurassic age are the two important uranium-bearing formations in the
Green River and Henry Mountains districts.

Through 1955 the Chinle formation was the source of 24 percent of
the uranium ore mined in the two districts. About 22 percent of the
districts! indicated plus inferred reserves is thought to be in this
formation. Ore deposits over 10,000 tons in size have not yet been
found; but potential reserves may be large, and analogy to the ore-
bearing units in adjacent districts suggests that ore deposits 100,000
tons or more in size may be present at depth within the Green River and
Henry Mountains districts. Primary sedimentary features, especially
channels and the relative discontinuity of beds near regional pinchouts,
are thought to be the principal ore controls; and significant uranium
deposits are thought more likely to be found in the following places:

1) In the Shinarump member on the flanks of channels in the
Circle Cliffs and Capitol Reef areas and in a 10~ to 20-mile wide belt
of relatively favorable ground related to and paralleling the north-
westerly trending line of regional pinchout of the member in the

Henry Mountains district (fig. 4).
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2) In the Monitor. Butte member in sandstone lenses having a
thickness of 30 feet or more in a 25-mile wide belt of relatively
favorable ground parallel to and bounded by the northeastern line of
pinchout of the member (fig. 4).

3) In the Moss Back member along the inferred southeastern
extension of the Temple Mountain channel system and in a 10-mile wide
belt of relatively favorable ground bounded by and paralleling the
northeastern pinchout of the member in the area between the Green
and Colorado Rivers (fig. L).

4) In an inferred narrow belt of coarser-grained rocks in the
basal Chinle on the southwest flank of the Moab anticline (fig. 4).

Through 1955 the Salt Wash member of the Morrison formation was
the source of 76 percent of uranium ore mined in the Green River and
Henry Mountains districts, and about 78 percent of the total indicated
plus inferred reserves for the two districts is thought to be contained
in this unit., Ore deposits larger than about 20,000 tons in size have
not been found and are not expected. Primary sedimentary features,
especially trunk channel systems and thicker-than-average sandstone
lenses, are thought to be the principal ore controls; and significant
uranium deposits are thought more likely to be found in the following
places.

1) 1In the Salt Wash member along the northerly extensions of two
favorable belts or channel systems in Tps., 21, 22, and 23 8., R. 14 E,,

Salt Lake meridian, in the Green River district (fig. 5)..
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2) In the Salt Wash member along the northwesterly extension of
a narrow favorable belt or channel system trending about N, 60° W,
through Farmer!s Knob in T. 32 S,, R. 11 E., Salt Lake meridian in the
Henry Mountains district (fig. 5).

The Brushy Basin member of the Morrison formation contains fairly
large amounts of very low grade uranium-bearing carbonaceous siltstone
(averaging about 0.02 percent U308) in T. 22 S., R. 14 E., Salt Lake
meridian, in the Green River district. Similar uraniferous siltstone
and shale are known in the Brushy Basin near Vernal, Utah, and the
Brushy Basin may contain appreciable potential reserves of this type
of uranium deposit in the northern Green River district and Uinta Basin,

Potential ore reserves of the Green River and Henry Mountains
districts are thought to be many times the combined production and
indicated plus inferred reserves, but depths of 1,000 feet or more
to the ore-bearing unit in many of the more favorable areas may hamper

exploration for these potential ore deposits.,
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