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Dr. Phillip L. Merritt, Assistant Director
Division of Raw Materials

.U, S. Atomic Energy Commission

- P. 0. Box 30, Ansonia Station

New York 23, New York

Dear Phil:

~ Transmitted herewith are six copies of Trace Elements Investi-
gations Report 51, "Uranium deposits at Shinarump Mesa and some adjacent
areas in the Temple Mountain district, Emery County, Utah," by Donald G.
Wyant, January 1953. , '

- The investigation upon which this report is based was conducted
in 1947. The report has been delayed due to the pressure of other work,
but is being transmitted at this time for its possible value in future
- studies that might be undertaken in the area.

As a result of the 1947 work, 950 tons of asphaltite- and
‘carnotite-bearing sandstone are estimated to contain from 0.0l to 0.2 per-
: $8nts uranium-of ‘which-about half ‘may contain from 0.1 to 0.2 percent, and
90 tons are estimated to contain 0.005 to 0.0l percent uranium. An addi-
tional 1,000 tons of potential ore containing more than 0.0l percent
uranium may also be present. However, inasmuch as the main purpose of the
1947 sampling program was to determine the general uranium content of all
of the Shinarump conglomerate at Shinarump Mesa and not to determine re-
serves of minable ore, individual ore bodies were not sampled completely.

"The Survey plans‘no additional investigation of the Temple
Mountain district at this time.

We plan to publish Part I of this report as a Geological Survey
bulletin, and are asking Mr. Hosted to approve this plan.

Sincerely yours,

Feeons

Chief Geologist
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URANIUM DEPOSITS AT SHINARUMP MESA AND SOME ADJACENT AREAS

IN THE TEMPLE MOUNTAIN DISTRICT, EMERY COUNTY, UTAH

By
Donald G. Wyant

ABSTRACT

Deposits of uraniferous hydrocarbons are a§soci;§ed ﬁith carnotite
in the Shinarump conglomerate of Triassic age at Shinarump Mesa and ad-
Jjacent areas of the Temple Mountain district in the San Rafael Swell of
Emery County, Utah. .The irregular ore bodies of carnotite-bearing sand;
stone are genetically reiéted to lenticular uraniferous ore bodies con-
taining disseminated asphaltitic and humic hydrocarbon in permeable sand-
stones and were localized indirectly by sedimeﬁtary controls. Nearly
non-uranifercus bitumen commonly permeates the‘sandstones in the Shinarump
conglomerate and the underlying Moenkopi formation in the area. The ore
deposits at Temple Mountain have been altered locally by hydrothermal
solutions, and in other deposits throughuﬁt the area carnotite has 5een
transported by ground and surface water.

Uraniferous asphaltite is thought to be the non-volatile residue of
an original weakly uraniferous crude oil that migrated into the San Rafael
anticline; the ore mebals concentrated in the asphaltite as the oil was
devolatilized and polymerized, Carnotite is thoﬁght to have formed from
the asphaltite by ground water ieaching. |

It is concluded that additional study of the genesis of the



asphaltitic uraniwﬁ ores in the San Rafael Swell, of the processes by
which the hydrocarbons interact and are modified (such as heat, poly-
merization, and hydrogenation under the influence of alpha~ray bombard-
ment), of petroleum source beds, and of volcanic intrusive rocks of
Tertiary age are of fundamental importance in the continuing study of

the uranium deposits on the Colorado Plateau.

INTRODUGTION

The asphaltic ores of uranium and vanadium in the Temple Mountain
district, Emery County, Utah have long been of interest to geologists and,
occasionally, to miners. The ore can now be treated successfully com=
mercially and the importance of the district will probably increase wit.h
additional prospecting and the further increase and application of
faectual geologic data., From these data, interpretation may lead to
additional discoveries of ore in the San Rafael Swell,; and would prob-
ably aid in the better understanding of the genesis of other uranium

deposits elsewhere in the Colorado Plateau.
Location

The Temple Mountain district (fig. 1) is within the boundaries of
the Sanl Rafael Swell in unsurveyed T. 24 and 25 S., R. 11 E., Salt Lake
base and meridian, The South Temple workings are about 7 miles north-
west of the Garvin ranch, now the A. J. Denny ranch, which is about 2
miles west of a point on Utah State Highway 24, 36 miles southwest of

Green River, Utah. Shimirump Mesa is 6 miles northwest of the South
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Temple workings. The relativé locations of the other deposits described

in this report are given in figures 1, 3-5.

Previcus Work

Several geologists have studied this district and surrounding areas,
The most detalled investigations of the San Rafael Swell have been made
by Gilluly and Reeside (1928) and by Gilluly (1929). Reports describding
areas in the San Rafael Swell outside of the Temple Mountain district
have been written by Boutwell (1905), Hess (1911, 1912), and Baker (1947).
The Temple Mountain district has been studied by Hess (1922, 1933),
Murphy (1944), Chesterman and Main (1947), and Stokes (1947).

" Occurrences of uranium and vanadium in the San Rafael Swell have
been known since 1904 when Boutwell (1905) described the deposits that
are about 15 miles southwest of Green River. Boutwell observed the
association of the ore minerals with plant remains and concluded that the
deposits may have been formed by precipitation of uranium and vanadium
by the organic matter.

The first report concerning the uranium-vanadium deposits at Temple
Mountain was written in 1922 by Hess (1922) who suggested that uranium
and vanadium may have been leached from other rocks and subsequently
precipitated by asphalt in an ephemeral sea or lake. Murphy (1944)
studied the Temple Mountain district in 1943 and 1944, and Chesterman and
Main (1947) reexamined the North and South Temple working§ in 1945,

In 1946 Stokes (1947) measured 43 stratigraphic sections of the

Shinarump conglomerate, at approximateiy 1,000~foot intervals, in an



97 |
area that extends 4 miles northeast and § miles é@u‘bhwe@t' of Temple Moun-
4tai,n. This work was for the purpose of determining the limits of min- '
eralization and some of the factors that leocalized uranium and vanadin

minerals in the Temple Mountain district.
v Present Work

: Subsequent to the stratigraphic work of Stokes, the writer in-
‘vestigated Shinarump Mesa and some adjacent areas to determine the -
a;%re‘rage ‘uraniwn‘ content of .the Shinarump conglomerate that caps Shina-
rump Mesa and to determine whether the deposits on Shinarump Mesa are
large bodies of low-grade uranium ore, or smali lenses of highégrade
ore. Upon completion of fcfhe_ sampling program required o fulfiﬂ thesé | -
objectives, sele@téd, small uraniferous areas were mapped and studied ‘
in detail in an attempt to find guid@s.‘éo ore and the control of ore
deﬁositiono The conclusions drawn from this work, although tentative-
1ly appliéd to the entire Temple Mountain district, should be consider-
ed as preliminary. | .

Between «Tézmam* and April 1947 .t'she writer, assisted hy E. V.
Stratton, measured me‘b}rically and radiometrically 11 sections épaced at
approximately equal intervals aroﬁnd the periphery of Shinarump Mesa. |
All or parts of these sect-i‘ons were sampled by E; B. Dingle.

Between June and August 1947 the writer, assisted by G. V. Carroll,
mapped Shinarump Mesa by means of plg;ne table and telesecopic alidads,
made vertical sketch sectioﬁs of its scarp, and examined the area

radiometrically. A small area that includes some of the South Temple
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~ workings was also mapped and reconnaissance made of part of the North
Templé workings to check som‘e'of the geologic conclusions reached ad
Shinarump Mesa.

iaboratory work coinsistejd of preliminary .petrographie and miner-

alogic study, and the chemical analysis of samples.

Acknowledsments
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and discussions of some of the writer's geologic conclusions, Garland
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marizing for the writer much of the awailable informatiion about
carnotite deposits., Petrographic and mineralogic studies were made

by Joseph Berman.
GENERAL GEOLOGY

One of the more conspicuous structural and topographic features of
the Colorado Plateau province is the San Rafael Swell, an anticline
that extends from the Water Pocket fold approximately 70 miles northeast
to the Book Cliffs. .The structure is 30 miles across at its widest
point. The central part of the San Rafael Swell is, in general, an

area of moderately low relief and badland topography that has been
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named Sinbad, Surrounding Sinbad is the "ReefV—a wall of resistant |
Jurassic sandstones—~through which two perennial rivers and many inter-
mittent streams have car%ed deep canyons and other erosional forms
characteristic of the Colorado Plateau.

Although the rocks in the San Rafael Swell range from Permian.t@
Recent in age (fiz. 2), ﬁhe formations that crop out in the Temple
Mountain district are of Triassic and Jurassic age, and are, from
oldest tb youngest, Moenkopi, Shinarump, Chinle, Wingate, Ksyenta,
and Navajo. The Moenkopi formation of Triassic age, including the
Sinbad limestone member, crops out over most of the Sinbad area but the
Coconine and Kaibab formations of Permian age are expesed in the deeper
gullies 1 to 5 miles west of Shinarump Mesa (Baker, 1946, 1947, pl. 1).
The Moenkopi formation is typically a succession of marcon, ripple-
marked shales and siltstones, and buff sandstones, The formation is
topographically expressed by smooth slopes or intricately fretted bad-
la_nd.so The Shinarump conglomerate of Triassic age overlies the Moen-
kopi f@rmaﬁion, forms a light-colored bench around the inner side of
the "Reef", and constitutes the caprock of Shinarump Mesa and of other
erosional remnants. The Chinle formation also of Triassic age over-
lies the Shinarump conglemerate and forms a prominent maroon t6 choco=-
late band between the Shinarump bench and the cliffs of younger rocks
that compose the "Reef", The "Reef" is composed of the massive, white
to pink resistant sandstones of the Wingate, Kayenta, and Navajo forma-
tions of the Glen Canyon group of Jufassic age.

The structure of the San Rafael anticline is aptly described by
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System Series Group and formation ’I‘h(i&;gess Character Remarks
. Sandy clay, sand, and gravel in alluvial fans; terrace
Quaternary. Alluvium and terracc gravel. gravels on benches along streams. '
~Unconformity - - -
Gray marine shale, sandy beds in lower part, rather
Mancos shale. 4,000+ | persistent sandstone members about 200 feet above
. the base and 600 feet above the base.
Cretaceous. Upper Cretaceous. ——— e —
i 9 : e = | Conglomerate; coarse and fine sandstone, in places
Dakota (?) sandstone. 0-55 quartzitic; gray and greenish clay.
........................ Unconformity - -
Clay and shale, varicgated, dominantly green-gray,
) ) 4 ’ y 8T gra)
maroon, and ‘manve; gray sandstone and conglomer-
ate, very lenticular, massive, and cross-bedded; such | McElmo, except basal part, of Cross; © McEImo of
Cretaceous (7). Lower Cretaceous (?). Morrison formation. 415-847 lenses especially numerous toward the base, where Emery;® Upper McElmo of Lupton ¢ ¢ and Dake.
they form the Salt Wash sandstone member; subor- At basc is Salt Wash sandstone member of Lupton,¢
dinate thin lenticular limestones; a rather persistent Emery,* and Dake.°
conglomerate 250 to 350 fect below the top.
Unconformity N - v ahle bacal Mol
. ' 1 sal McE
Thin-bedded chocolate-colored sandstone; earthy red- ¢ cchdmg to \ I‘ Lee,s probably base cklmo at
| . . - type locality; basal part of McEImo of Cross e and
Summerville formation. 125-331 brown sandstone and shale; some gypsum, and a middle part of McElmo of Lupton; 4 part of lower
i i i 3 3 i g N . . v !, ~
little limestone in some sections. McEImo of Dake « included in Navajo by Emery.?
g Curtis formation 76-252 Green-gray couglomerate and shale, and gray heavy- Included in Navajo by Emery;® Salt Wash of Lupton.d
4 : bedded sandstone, . Jo by CA pton.
&1 Unconformity
. . K} : . Ji E 4 Jross; @ in Navaj
Jurassic. Upper Jurassic. . § ’ Thin-bedded red shale and sandstone at the base; heavy, Uggﬁfl:-‘tz&)el ‘}tf‘ S}:’[::ztr?"% O{(%‘:‘;; gélmfggll:ﬂﬁ%;;'oﬁg ‘:rig
3 Entrada sandstone. 265-844 massive red-brown earthy sandstone above; weath- shales” of Lfmg\\'clyl ‘and others: ¢ included in McElmo
> g h ; ‘ D
e e crs into rounded forms and steep cliffs. of Lupton,<4 in lower McElmo (Sundance?) of Dake.*
=
@® Base of McElmo of Lupton;¢ included in ‘‘marine
Dense limestone and: buff and red sandstone at the Jurassic' of Dake ¢ and Lee; » Todilto (?) formation
Carmel formation. 170-650 base; toward the top dominantly red and green shale of Emery;® “gvpsiferous shales and sandstones’’ of
with thin sandstones and heavy beds of gypsum. Longwell and others; ¢ middle La Plata of Cross ®
and Paige.?
Unconformity (7) T 1 i bedded cal G ’ ' La Plata of C included
al smons . - Tan to light-gray massive cross-bedded caleareous regory’s usage;? lower La Plata of Cross;e include:
3 Navajo sandstone. 440-540 sandstone, with a few thin local limestones. in Wingate sandstone by Emery.®
[
&0
o 1 Red-brown sandstones, green and red shale, and shale : ]
. o | Todilto (?) formation. 44-240 conglomerate, irrcgularly interfingering and chan- | Included in Wingate sandstone by Emery.?
Jurassic (7). 3 neled :
H .
2 N Buff to tan, pink, and dark-gray massive cross-bedded Gregory's usage: 7 lower part of Wingate sandstone of
2 | Wingate sandstone. 360-400 limy sandstone, with a few thin lenses of limestone. BOTY § 1ISNgC; p . & ¢
[&] In most places stained red by wash. Emery; ® Upper Dolores sandstone of Cross.e
------------ Unconformity -
. Green and red micaceous sandstone and thin red-brown
Upper Triassic. Chinle formation. 141-225 shales; limestone conglomerate; variegated marl; all | Lower Dolores of Cross.e
pp es; glomel g
lenticular, channeled, and interfingering.
. Cross-bedded lenticular cqnglomemte, sandstone, clay,
. o . . - and shale; interfingering. Much silicified wood.
Upper (?) Triassic. Shinarump conglomerate. 70-178 Quartz and chqrt pebbles predominate in the con-
N glomeratic portions.
Trinssic. Unconformity — -
Green-gray pyritic shale; gvpsiferous green and red
shale; red micaceous ripple-marked sandstone; gray
X to buff sandstone; red sandstone. Very limy
Lower Triassic. Moenkopi formation. . 735-850 throughout. A massive, persistent light-gray
) marine limestone and sandstone member 140 to 200
feet above the base and 40 to 150 feet thick—the
. Sinbad limestone member.
Unconformity
Cai 1 Light-gray to cream-colored cherty limestone; some | Present only in patches in San Rafacl Swell; only
Kaibab limestonc. 0-85 | odlite; somewhat sandy in places. uppermost part of typical Kaibab. .
Carbouiferous. Permian. N \:;":trfdgg ](’!‘"grts;'g:;{“aS{gggl%ft"\ll]\?\fg‘ m‘:i?[:’.c goosfc May }lncllurllc chronologic cqulé'alent.s of part of tys)lcal
Coconino sandstone. 715 grit toward the base, and the lowest 40 feet largely Kaibab limestone, typical Goconino sandstone, Her-
Timestone. Base not exposed K mit shale, and part of Supai formation.
!
* Cross, Whitman, Stratigraphic resuits of s reconnaissance in western Colorado and eastern Utah: Jour. Geology, vol. 15, p. 641, 1907,
s Emery, W. B., The Green River Desert section, Utah: Am. Jour. Sci., 4th ser., vol. 46, pp. 551-577, 1918,
¢ Lupton, C. T., Oil and gas near Green River, Grand County, Utah: U. 8. Geol. Survey Bull. 341, pp. 115-133, 1914,
4 Lupton, T.. Geology and coal resources of Castle Valley in Carbon, Emery, and Sevier Counties, Utah: U. S. Geol. Survey Bull. 628, pp. 19-26, 1916.
* Dake, C The horizon of the marine Jurassic of Utah: Jour. Geology, vol. 27, pp. 634-646, 1919.
S lee, W. T rsonal communication.
¢ Longwell, C. R., and others, Rock formations of the Colorado Platean in southern Utah and northern Arizona: U. 8. Geol. Survey Prof. Paper 132, pp. 1-23, 1923,
A Lee, W. T., Early Mesozoic physiography of the southern Rocky Mountains: Smithsonian Mise. Coll., vol. 69, No. 4, 1918, N
¢ Paige, Sidney, The La Plata group in the plateau country (unpublished), read hefore the Am. Assoc. Adv. Sci., December, 1924, Washington, D. C.
i Gregory, L. E., The geology of the Navajo country: U. S. Geol. Survey Prof. Paper 93, 1917, ‘ .

(1) Now Kayenta formation. After J. Gilluly ond J.B.Reeside, Jr.

Figure 2. - General section of rock formations in the San Rafael Swell, Utah
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the nautical term "swell", In cross section from southeast to northwest
the flat-lying rocks of the Green River des'ert are bent upward abruptly .
to form the steep southeast flank of the structure; farther to the north-
west they arch over the axis and dip gently to the northwest., This
major structure is modified locally by minor structural terraces, such
as those of Temple Mountain and Shinarump Mesa, and by subsidiary folds
such as the Woodside Dome near the northeast end of the San Rafael Swell.
Other minor structural elements are faults and fracﬁures.

Numerous faults have been mapped by Baker (1946, 194?) in the San
Rafael Swell, Most of them are steeply dipping, northwestward trending,
normal faults that have apparent displacements ranging from 20 to 300
feet, Other faults with smaller displacement trend dominantly eastward
or northeastward in the Temple Mountain district. These faults, to-
gether with those trending northwestward, form a conjugate system al=
though their relative ages are unknown., A conjugate joint system, with '
also northwest and northeast strikes, shows clearly on aerial phofographs
of the Temple Mo*tmtaiﬁ district and may be'related to the conjugate set
of faults. Both faults and fractures are probably youngez;’ than the
major folding.

There are several small masses of altered rock in the district,
the largest, at Temple Mountain, where an approximately circular or
elliptical area of the Shinarump, Chinle, and Wingate formations has
been sheared, in .parb reconstituted, and bleached., Around the I;eriphery

of this altered zone the apparently unaltered Moenkopli formation has ‘beexi
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warped downward to form a saucer-shaped depression about 1,000 yards in
diameter, The altered rock, according to Murphy (1944), is white, red,
mottled brown, buff, gréen, or gray, commonly iight to dark gray on fresh
surfaces; local areas are highly siliceous; much of the compact and
granular rock is composed of fine-~ to medium-grained quartz in clear
angular to rounded grains with scattered flakes of a sericite~like
mineral and more or less bitumen, Calcareous beds of shale, marl, and'
mudstone traced by him into the alteration zone are there noncalcareousf :
Murphy cha_ra@terized the altered rock as highly faulted and fractured and
resistant to erosion, A mass of gossan or irox;, oxide at the upper edge |
of the Chinle formation shows, according to Hess (1922, p. 274), the
nodular structure characteristic of pyrite con@re‘b.ions and contains
vertical cracks filled with glebular masses of hydrocarbon: according

to Murphy (1944), the intensely fractured gossan contains hematite,
goethite, siderite, magnetite, and jarosite. Web'ﬁer (in Murphy, 1944)
found crystalmlined Yugs 'filled with asphaltite in the altered rock,

and notes that the North Temple alteration zone is marked and partly
bounded by a subsided block "strongly suggestive of the mineralization
stoping pipe type of deposit of Locke" (1926).

Another such area is about 1,000 feet west of Shinarump Mesa where
the rock of the Moenkopi and Shinarump formations has been altersd and
eroded, leaving a hill of resistant, altered rock surrounded by a saucer-
shaped depression about 400 feet in diameter of inward dipping, un-
altered red Moenkopi shales, silts and silty sandstones, The altered

rock is, for the most part, composed of dark gray, white-weathering,
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© fine-grained, calcareous, silty sandstone that is slightly bituminous, and

of brown, sand chert-pebble conglomerate let down about 100 feet from
vthejoverlying Shinarump conglomerate. The mdst intensely altered roék

is a relative jumble of highly=fractured, steeply dipping, iron-stained -
sandstone, in part siliceous. A body of bleb-like, uraniferous | |
asphaltite about 1.5 feet thick and 4 feet long in Moenkopi sandstone

at the western edge of the alteration zone is alined parallel to, and
limited on the southwest by, the fault bounding the area of altered

rocks this fault dips steeply southwestward and its trace to the south-—

' sast disappears beneath talus but trends toward the fault zone at the

edge of Shinarump Mesa (fig. 3, south of Sh-8); northwestward, the fault
dies out.

A third area of bleached, brecciated, and partly silicified rock
was observed in the Moenkopi formation near the o0ld road (1947) be-
tween the South Temple workings and Shinaruﬁzp Mesa, and there may be
other similar zones in the district, The distribution of wranium and
vanadium minerals is, in part, related to alte;ra‘t‘ion zZones,

Although no igneous rocks are exposed in the Temple Meuntaiix dig=
t'rict‘, the bleaching, shearing, silicification, addition of significant
quantiti:g{ of metals, and partial reconstitution of rocks‘ and minerals,
have ‘been' attributed by Webber (in Murphy, 1944) to alteration by rela~-
tively deep~§éat@a hydrothermal solutions. It should be noted that |
the Sinbad limestone member of the Moenkopi formation is only a few

hundred feet stratigraphically beneath the Shinarump conglomerate and

its removal by these solutions may have formed a slump block, Radio-
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metric traverses across the altered rock west of Shinarump Mesa show
that some of the rock is radioactive. The results of Murphy's work in
the district indicate that some of the altered rock at Temple Mountain
and near the road between the South Temple workings and Shinarump Mesa
is also radioasctive.

The uranium-vanadium deposits at Shinarump Mesa and at the North
and South Temple workings are in the Shinarump conglomerate of Triassic
age and consequently the writer's investigations were largely confined
to a detailed study of this formation in the district., The Shinarump
'congl@merate extends over nearly 100,000 square miles in the Colorado
Platean province, an umusually large area for a formation that averages‘
less than 75 feet in thickness, It consists predominantly of conglom-
erate and sandstone lenses with subordinate lenses of mudstone and
. siltstone, Silicified and cafbonized wood fragments are locally abun-
dant (Baker, A, A., 1946 (1947), p. 60).

The continental origin of the Shinarump conglomerate is well
established, but inasmuch as few fossils have been found in the forma-
tion, its age is variously designated as lower, upper, or undiffer-
entiated Triassic, The Shinarump conglomerate lies unconformably on
the Moenkopi formation, and grades upward into the Chinle formation.
The significance of the unconformity between the Shinarump conglomerate
and the underlying Moenkopi formation is controversial, but the un-
conformity is most commonly believed to represent a long period of
erosion after which the Shinarump was deposited as the basal conglom-

erate of the overlying Chinle formation.



Stokes (1950), however, points out that the characteristic lensing
and interfingering sandstones and conglomerates of the Shinarump show
current=bedding of the type generally assoclated with fast-running
water. He believes thab the conglomerate represents the gravel that
served as the cutting agent during the formation of & pediment by
lateral corrasion of streams. The conglomerate and the surface of
planation are, therefore, contemporaneous.

The Shinarump conglomerate, resistant to weathering relative teo
the underlying and overlying formations, forms cliffs and benches and
is the protective caprock of mesas., .

The Shinarump conglomerate in the Temple Mountain district, ranges
in thickness from 10 to 129 feet; the average thickness in the 43 Sec=
tions measured by Stokes is 61 feet. At Shinarump Mesa 11 measured
sections gave an average thickness of 54 feet for the Shinarump al-
though an undetermined thickness of the formation has been eroded from
the top of the mesa, However, the uppermost beds present are probably
very close to the bagse of the Chinle formation. The contact at the top
of the Shinarump congleomerate is gradational, whereas the base.of the
formation is marked by an unconformity.- At Shinarump Mesa this surface
of unconformity has an average relief of three or four feet, although
local channels as much as 17 feet deep hawve been cut into the shales
of the underlying Moenkopi formation.

The Shinarump conglomerate at Shinarump Mesa is divisible into
four principal rock units. In order of decreasing age, they are (1)

the chert-pebble conglomerate unit, (2) the sandstone-mudstone unit,
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(3) the lime-pellet conglomerate unit, and (4) the vpper white sandstone
unit, each of which is composed of several subunits or facies, The dis-
tribution of these‘ units and subunits is shown on figures 3 and 4 which
also show the extreme lenticularity of the rocks and the prevailing
northwest direstion of current flow,

The division of the Shinarump conglomerate into four principal
rock units is based on dominant or characteristic lithelogic component,
but, as shown on figure 4, this division is also, in general, strati-
graphic, BEach main unit is composed predominantly or characteristically
of that component subunit or facies for which it is named, but each
main unit alse contains lenses and intergradations of other subunits or
facies that were differentiated to show the geology more clearly. The
boundaries between all units are, therefore, arbitrary and cannot be
consldered strict lithblogi@ or time boundaries., The fact that rudstone,
for example, is a minof constituent in the 1imempellet conglomerate
unit between SH-3 and SH-5 (fig., 3), and in the chert-pebble conglomer-
ate unit below the Northeast adit (fig. 4), but is a characteristic
component of the sandstone-mudstone unit, is interpreted to mean that
slack-water conditions allowed the deposition of mudstone at times
during the deposition of both the lime~pellet conglomerate unit and the
ch@rtnpeb‘bie conglomerate unrit, but that slack-water conditions were
more widespread during the deposition of the sandstone~mudstone unit.
Similarly, the inclusion of lenses of chert-pebble conglomerate in the
sandstone-midstone unit (fig. 4, section D-E, below West adit)'mea.ns

that a source of chert pebbles was available for the sireams during the



19

deposition of the sandstone-mudstone unit, but the bulk of the chert-
pebble conglomerate is confined to the main chert-pebble conglomerate
~ unit at the base of the Shinarump, and was apparently laid down during a
definite ?eriodiof time early in the deposition of the‘forma;i;ion°
That.these principal rock units are only approximate time units,
on the other hand, is shown by the lateral intergradation of the sand-
stone-mudstone unit with the chert-pebble conglomerate unit between
SH-11 and P, section O-=P (fig. 4), and also northeast of the North adits
(fig. 4, section A-B), as well as by lateral intergradations of the
sandstone-mudstone unit with the lime-pellet conglomerate unit in sec~
tion M-N (fig. 4).
This four-fold division §f the Shinarump seems justifiable at
Shinarump Mesa and near Temple Mountain, but its validity in surround=-

ing areas remains to be proved.
Chert-pebble conglomerate unit

The chert-pebble conglomerate unit, commonly the basal lithologic
and stratigraphic unit of‘thé Shinarump conglomerate, except locally
where absent because of channeling, rests directly on the Moenkopi
formation, The unit ranges in thickness from a few tenths of a foot
to about 40 feet, It is composed predominantly of about equal amounts
of interlensed and inter-graded chert-pebble conglomerate and hard,
blocky sandstone., Much less abundant are small lenses of mudstone,
massive sandstone, some of which is bituminous, friable sandstone, or

intergradational lime-pellet conglomerate.



The brown chert-pebble conglomerate subunit or facies is composed
of approximately equal amounts of medium-grained sand grains of quartz
and chert, and of siliceous pebbles. The subrounded to well-rounded
siliceous pebbles are predominantly chert, but are subordiﬁaﬁely
quartzite, quartz, jasper, petrified wood, and bone; they average about
one inch in disméter, The subunit generally occurs at the base of the
unit, and is commonly loosely cemented with silica and stained by iron
oxides., Topographically, the rock is a cliff-former,

The hard, blocky sandstone is medium~grained, hard, blocky, buff
to brown, The grains, most of which aré quartz, are tightly cemented ,
with iron oxide, calcite, or silica and the rock therefore is resistant
and weathers into blocks., The rock is cross~bedded with individual
beds ranging in thickness from a few inches to one foot., Hard, blocky
sandstone occurs throughout the Shinarump in lenses ranging up to 380
feet long and 14 feet thick, but is most abundant in the main chert-
pebble conglomerate unit and the lime-pellet conglomerate unit.

Silicified and/or carbonized logs are relatively abundant in the
chert-pebble conglomerate unit but only some of those that have been
carbonized contain uranium and vanadium minerals. At several places
"log jams", or concentrations of logs, were found (fig. 4, section I-J,
near the Southeast adit; and section K-L, near K), The abundance of
logs at irregularities of the Moenkopi-Shinarump contact indicate that

the "log jams" formed at the edges of local Triassic stream channels,



21

Sandstone-mudstone unit

The sandstone-mudstone unit is commonly in the lower third of the
Shinarump conglomerate overlying the chert-pebble conglomerate unit,
but in places local channels have cut through the underlying unit
(fig. 4, section C-D) permitting the sandstone-mdstone unit to rest
direstly on the Moenkopi formation. The unit ranges in thickness from
a fow inches to 37 fest, The predominant component by bulk is massive
light—colored sandstone, commonly bituminous, but an abundant and
characteristic compénent is mudstone. Less abundant components are
giltstone, mudstone~gravel, friable sandstone, platy sandstone, chert=
pebble conglomerate, hard, blocky sandstone, and intergradations of
thess components,

The massive, light-colored sandstone is typically buff to white
and composed mainly of medium- to coarse-grained quartz grains with
subordinate muscovite loosely cemented with calcite and some clay-
l.ike material, It ranges in thickness from a knife edge to 30 feet
and in general forms :Lo:hg9 more~ 0r less—continuous lenses, The
sandstone is ecross—bedded with the individual beds ranging in ‘éhick:-
ness from 6 inches to 2 feet. It is commonly impregnated with white-
weathering brown toe black bitumen. The bituminous sendstone weathers
to rounded exfoliated forms, whereas the non-bituminous sandstone is
_expressed topographically by cliffs that in many places overhang,

Mudstone, commonly closely associated with mudstone—grawvel mixture

and siltstone is a characteristic component of the sandstone-mudstone
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ﬁﬁits al:though it does occur, ldcally, in both the underlying chert—
pebble conglomerate unit, and the overlying lime~pellet conglomerate
unit (fig. 3, between SH-3 and SH=5). The mudstone is typlcally gray-
green, fra@tured, sofb, n@ﬁ;@aleare@usQ and occurs in lenseg as much as
17 feet thick and 160 fest lonz (fiz. U, section C-D, SH-8), although
most lenseé are only from a fraction of a foot to 4 fest $hick and from '
60 to 100 feet long., Greenish or brown, thinly laminated siltstone
6e@urs typically in deltaic bodies adjacent to mudstone and both mud—
stone and siltsténe.wer@ probably deposited in shallow, quiet water. |
‘The inclusion of pebbles and galls of mudstone and siltstone in»qther
clastic rocks indicates ﬁhat these deposits were later'torn u@. Iﬁ
places the pebbles and galls were redeposited with chert pebbles to form
a mudstone gravel mixture. These fine-grained rocks weather commonly

~ to indented shelves. '

Friable sandstone, although not abundant, is an important component
of the sandstone-mudstone rock unit inasmuch as it is commonly the host
.r0@k @f ore deposits, It forms lenses as much as 100 feet long aﬁd 15
. feet thick (fig. 4, North adit), although most lenses areé smaller and
some are so.small tﬁa& they cannot be shown on the section (fig. 4).
Most 6f this sandstone iélconfined to the sendstone-mudstone unit, al-
th@ugh some lenses of ore-bearing friable sandstone were found in the
underlying chert-pebble conglomerate unit as well as in the overlying
lime-pellet cbnglcmerateAunit. | -

The friable sandstone subunit or facies resémbles the massive,

light-colored sandstone in color and general composition, tut differs in
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its gensral lack of cement, more closely spaced current beds, and the
common abundance of uraniferous hydrocarbon grains and irregularly-
shaped, interstitial filiings. Because of its friability the rock
weathers ts indented shelves or caves., The current beds commonly range

in thickness from only one-sixteenth of an inch to one inch.
.Lime-pellet conglomerate unit

The lime-pellet conglomerate lithologic unit is in the upper part
of the Shinarump conglomerate and constitutes the surface rock over most
of Shinarump Mesa (fig. 3)s The unit is composed predominantly of lime=-
pellet conglomerate and closely associated sandy lime-pellet conglomerate,
but also contains abundant inter-lensed massive sandstone and platy sand-
stone, Minor components are hard, blocky sandstone, mudstone, and friable
sandsi‘;_pn.es In thickness, the unit ranges from 6 to 53 feet., It inter—
lenses with the underlying sandstone-mudstone unit in sections M-N and
K-L (fig. &).

The light gray to buff lime=pellet conglomerate subunit or facies
is so named from the small- to medium~-sized calcareous siltstone pellets
that are an abundant constituent. Lime-pellet conglomerate forms lenses
as mich as 400 feet long and 20 feet thick in the lime-pellet donglomerate
unit; lenses of smaller dimensions are more abundant in this main unit
and are less abundant components of both underlying rock units. The
rock is characterized by crudely sorted or unsorted materials of many
different sizes and compositions all well cemented with calcite., Cal=

careous siltstone pellets, sandstone and mudstone fragments predominate.

-
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Some of the marly pellets show concentric structure and resemble similar
pellets in the conglomerates of the Chinle formation, Next in order of
abundance are chert pebbles apparently identical to those in the chert—
pebble conglomerate facies, Clear, unfrosted quartz grains, some of
which are the smoky or morion variety of quartz, are conspicuous., Other
minor constituents are silicified or carbonized logs, fossil plant frag-
ments, and fragmented fossil bones. By admixtures of quartz sand, the
lime-pellet conglomerate facies or subunit grades laterally into sandy
lime=pellet conglomerate. With the loss of larger pebbles and fragments
the gradation is, in places, complete from sandy lime~pellet conglomer-
ate to massive, platy, or hard, blocky sandstone, The unit is expressed
topographically by vertical cliffs divided into rough imbricated plates
by differential erosion of the long foreset beds.

Stokes (1947, p. 12) thought that the large, gently inclined,
and imbricated current beds, as well as the crude sorting, indicate
deltaic deposits that were formed at those places where the streams
flowed into relatively quiet water and dumped their load of coarse
clastic material, The fact that mudstone and siltstone, which were de~
posited in relatively quiet water, generally undérlie the lime~pellet
conglomerate facies may support this theory.

Lenses of platy sandstone are distributed throughout the Shinarump
conglomerate but are perhaps most abundant in the lime-pellet conglomer-
ate unit., The rock is lighi;--calored9 buff to white., The numerous,
closely spaced current beds are accqntuated by weathering and this

characteristic together with & commonly finer grained texture, differ-
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entiate platy from massive sandstone subunits or facies.

Be@ause the lime-pellet conglomerate lithclogic unit constitutes
the surface rock of most of Shinarump Mesa, the northwest pitch of the
current beds in the unit was observed in many places (fig. 3). Where
clearly exposed, the festoon-type current beds are in the form of
plunging synclines or %canoes®, the open ends of which presumably faced
downstream. Thus, the direction of the axis of the "canoe" indicates
the direction in which the water was flowing when the unit was de-
posited, The largest Ycanoe®, southeast of triangulation station 10
(fig. 3), is about 100 feet across and 200 feet Tong; it probadbly in-
dicates the site of an 0ld chammel, persistent throughout much of the

time of deposition of the lime-pellet conglomerate unit.
Upper white sandstone unit

The upper white sandstone unit is so termed to distinguish the
sandstone that lies immediately below the basal Chinle formation and
above the lime-pellet conglomerate unit from other light-colored sand-
stones stratigraphically lower in the Shinarump., The unit forms the
topographic high points on Shinarump Mesa and is characterized by its
thin, irregular, closely-spaced current beds which weather to uneven
slopes or rough cliffs, The rock is typically fine-grained, ﬁhite, and
poorly cementeds The cementing material is calcite, iron oxide, or a
claylike material. Near the top of section SH-8 (fig. 3) the rock con~
tains thin, irregular patches of bitumen that are uncommon elsewhere in

the unit, Between SH-6 and SH-8 (fig. 3) the rock is loosely cemented
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with calcite and was mapped as a subunit or facies.,

Generally speaking, the foregoing description of the lithology and
stratigraphy of the Shinarump conglomerate is applicable to the formation
where examined elsewhere in the Temple Mountain district. The general
association of ore bodies with friable cross-bedded sandstone lenses
that are commonly confined to the sandstone«-mdstohe lithologic unit,

it is felt, warrants the semi~detailed description.
RADICACTIVITY AND SAMPLING

During this investigation, a field counter of the UMDC type' equipped
with an im@vlse register was used to detect gamma radiation., The instru-~
ment was equipped with two interchangeable gamma probes; one with a

normal bé.cktgr@und counting rate of 13 counts per minute a.nd the other

~
S
~¥

with a M\funting rate of 55 counts per minute. The probe with
the low counting\\?a;‘be\__yas used to determine the radiocactivity of the
units traversed in the séggions measured (figs, 6 to 16) as well as of
the crushed channel samples., I% was also used in fi%re radiometric
traverses across the top of Shinarump Mesa. The gamma probe with the
higher counting rate was used during the mapping program to check the top
of the Mesa for concealed ore bodies, to delimit visible ore zones, and
to make a radiometric reconnaissance of the scarp of the mesa. |
Radiometric examination of individual rock units was made by
placing the probe in contact with the rock for an interval of five
minutes and recording the counts per minute. Where the rock unit was

thicker than 3 feet observations were taken at about 3-foot intervals.
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Radiometric analyses of crushed channel samples were made in the field.

Figure 4 shows the radiometric measurements of the rocks that crop
out around the scarp of the Mesa, All rocks stalned by carnotite or
that contain black hydrocarbon grains were abnormally radioactive.

The radicactivity of the rocks and the location of channel samples
in 11 measured sections is illustrated in figures 6 %o 16 inclusive.
These 11 sections are located at approximately equal intervals around
the cliff face of Shinarump Mesa and were measured metrically and
radiometrically from the base of the Shinarump. At five of the 11
localities, samples were cut across all exposed parts of the Shinarump.
At three of the localities samples were cut across all units below the
upper white sandstone, and at the three remaining localities samples
were cub only of the radicactive units., The samples consisted of the
fragments removed from 2- by 5-inch channels cut in cleaned faces of
the rock and the length was determined by stratigraphy. Individual
samples weighed about 12 pounds per linear foot. All samples were
crushed to minus 1/4 inch in a portable crusher and reduced in an auto-
matic splitter coupled to the crusher to two duplicates weighing 3 to
5 pounds each.

The radiometric and chemical analyses of the samples from these
sectlons tabulated in table 1 show that most of the rocks are essentially

barren of radicactivity or uranium,
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GEOLOGIGAL SURVEY -

g ‘ @ Em'ery' County, Utah il Lt
0 gL e ¥ A & : 2 a4 s
3 RADJO*'-W:—? B Lo b B s T L e L e 8

&5 CACTIVLIY: L T w1k DESCRIPT!‘,ON RRUL e
> el2d EE |28 PTG iy N =
< s n,°°\°° EERS IR % Zifor 2 LT =
HE A WE A g
C eJi LE o .\ ~ ; e . . ‘ .
A.?a]y:és | .box § ,,_«’-:‘7_" e Conglomerate, lime-pellet, y}éty
Sandstone, uhite, ‘eoarse grained
current bedéed. 3
4q \_;
Chemic.hl :' :
Apalysis| < .P0O1
i | :.'
5 | et * Gonglomerate, lime-pellet, and some .
i 3'. 52 g:"; : lenses of we‘Il cemented, finwgmined
e R i sandstone.
. —-‘.:;:J—D B L 1 *
| §D|O.7 ol L)
¢h 1?1 155 v ¥
Analyais| = .POY | 1%
: Etw] e S v §
| Chemical| | ° \\\ Madstone, greenish, 3 inches; B
| Aalvdtsl = b0l |N _.conglomerate, lime~pellet; 5
‘ 0 \ . Sandstone, ferruginous, dense, ';.__"}, A
: , § S e micaceous. ; '3
i ot e e
s Sandstone, bitnminoue, current-bedded; g
some chert vebble conglomerate at d H
basge, s
i
0
( -
Chemicgal B B - Conglomerate, grével‘ly. friable,
Analysis| = 00} and green mudstone..
Chemical . Sandstone; dénse, ferru‘ginous; v
Analydis| — <001 current bedded. Some 6-inch layers
: of wmudstone cobbles.
S Some bitumen
| Conglomerate, chert-pebble, and
sandstone, mudstone cobdbles;
Sparse plant remaing.
i
of I 1 Unconformity
of-' Mudstone. typically shattered,
gray—green-weathering, dark gray
when fresh. 2
O
i
3
=
(&
~ G
RADIOACTIVITY ;- 5
O Radioactivity at outcrop expressed @
in net counts per minute. (c/m) B
NN Approximate radioactivity defermined &
o by testing crushed rock (in.field) >
& expressed in thousandths of percent e.U.(XIO'?’%‘)
Uranium content (chemical analysis) Mea»suned b vanl, BV Slrgtien
expressed In thousandths of percent (x10-3%)  Sampled by E . B.Dingle
' < from January to March, 1947

FIGURE 8.-‘Secti°n SH-B.



Shmrn;rump HM3~Mple Mountam-'ﬂvlsmcf
R Et;ﬁ'y';;:county,-&lt, £

g

nig.uive ,

'Approxi-
- z ,'»w,, f
Genglomer&&e i 1 ime—psll %t plaiy.

s DTSRG 1L TR

S&ndstone, bitnthinous, blocky
exfoliated.- :

_PdﬁMAHONiM

Shinarump conglomerate

/2

expres§ed i

\*‘». 4

Ufamum confent (chemlcol ‘analysis)

expressed ln 1housond1hs .of perceni(XlO‘ %)

'~thousond?hs of percent e. U (XIO"37°)

TPk Y __One inch bed of chert pebbles. '
&1 S D o= ; Sand-
IS 5 . stone and conglomerate, inter lensed,
. Tdd T ~ grain size decreases toward top,
o] N e s which is bevelled. o A
: —— S e Ore zone in friable sandstone,
5 NESNEORSN30 ot F-2ve) 37 "V and v stains, detrital
o NESSISES - black grains.
e %& 15 Conglomerateamixture of chert oebblea.
i N N — ~lime-pellets, sandstone, wocd,unsorted.
0.‘ % : . Sandstcne, fefruginoua. current bedded,
§ o "and chsrt-pebble conglomerate in
: \6' 5.3 lenses, each 6 iaches to 12 inches
§ thick; deltaic, many plant remins,
LR Lo
Conglomerate, chert-pebble, and sand-"
L 23 stone lenses, coalified wood fragments.
£ ¥, Unconformity ; g5,
'Hu,ds,tpne, typical dark-gray, green-iqh- "&
® weathering, fractured. & _g
Hr
: 3
=
i
; S 5 Feet
RADIOAGTIVITY § HERaIT
O Radioactivity at outcrop expressed ; s ol
innet counts per minute(c/m) Q2
, Approximate radioactivity determined ol
&ig by testing crushed rock (in field) =

0
Measured by D.G.Wyont,‘é.v. Stratton
Sampled by E.B.Dingle

FIGURE

9.—Section SH-h.

from January to March, 1947




UN!'STATES DEPARTMENT OF THE INTERIOR

.TRACE ELEMENTS INVESTIGATIONS

GEOLOGICAL SURVEY' g e . REPORT 5! o
SECTION SH= b
: Shnnorump Mesa, Temple Mountain D:stnci
8 0 Emery County, Utah
| o 3 % y!
o e : '
3 "RADIO- oo o R ' 3
g RCHMITY S IERT] 2 S DESCRIPTION o
£ S| = = o) . <
8\0 o o ué b i Gy 3 s 4 E
RS R T N B NS T a
A G - o &
\ g -
1 Sandstone, (upper white unit)
; : . eurrent-bedded; predominately medium-
1 grained, with local gravel lenses.
‘ 2351 e g
?’:5 obsefvo‘nons Columnar section broken for ease of
(o) e LT drafting; rock is uniform in type.
§ Conglomerate, lime-pellet; lenses
\ : laterally into underlying mudstone.
% :
¢0. Mdstone, green, containing sparse
. wood fragments. ool
! Sandstone, ferruginous, blocky- °
e weathering, thin-bedded, current- -
| bedded; and O.4 foot of silt and | &
l mudstone containing rounded sandstone 3
cobbles. Rock is in part bituminous. 'E-‘? ,
g
(3]
| « g
! Siltstqne, greenish, with local
| < lenses (up to 1 ft. long by 6 inches
; 4 wide) of limy sandstonej lenticular.
| o Sandstone, ferruginous, with numerous
! ' muscovite (?) flakes, blockypituminous.
| ‘ e ; R e Grades upward to platy, fria le =
a 1 ¢ Kighie Il ST sandstone. -
ook oo S-E ~ - &
f [ | 10 |Ze. = 2o 47 Conglomerate, chert-pebdle, and green
‘ 1 bl R madstone, all reworked.
| | £ ol U R and chert pebble,
‘ | ___-.::,;;«5;3_.’.: - Gonglomarate, lime-pellet /and
1 I ° A coarse-grained sandstone.
| 6.2 P e ek
{2 N N W
e R |
| ‘ { _ /Unconformity
| "1’\\ s Mudstone, contact is irregular.
| NiEs Sl -
| IN o i omam o
B3 s
| | 3
|
FoE %
|
|
4 i@
| L]
i s
ol
% )
| ..
l I
|
| W
N
o7 — 5 Feet
= [}
RADIOACTIVITY ‘ E oerg
o Radioactivity at outcrop expressed wl g
in net counts per minute. (c/m) 8l o
Approximate radioactivity determined E [t
&3 by testing crushed rock (in field) 3 S
expressed in thousondths of percent -.U.(X10-3%) |
: : : Measured by D.G.Wyant, E.V. Stratton
—— Uranium content (chemical onolvysls) j
expressed in thousandths of percent(XlO’s%) - Sampled by E.B.Dingle
> ! from January to March, 1947

FIGURE 1Qe.~=Section SH-5.

A



Oolpmnu, sqction brokea fcr faase?fbf :
drafting, A i,

"-Matonh and conglomemtv alter-:: .
nating beds, 6 inches to 2 feet 2ok
‘thick, of 'bl:ooky-mthering.
ferruginous sandstone and lime—pellnt
conglomerate containing somée chert

pe’b'ble S,

matono. fer:uginons, sTnilar o
upit 2.3 below, some dituymen;
erons fragmants of coalified logs.

ndptone and gravoa——cong&nmerate. &)

thhr&ughly bitumini zed.
it f .fm’ble, 4n plauea cuts
r moss next Iower sandstono

IR

Sandstone. forrugin¢u§, brown;

| __mumerous migcovite flakes. i c‘-j
, conglourate, chert-peb‘blo, soneb 3
sl ~sandstone; - ;
erndely scrtcd
o >"Encanformt il
: : mdstone, typiee.nv gray-green. ;!::
fmctnred o8
& o =N
" o) Feet
RADIOACTAVITY, ! B :
(o] Radioactivity at outerop:expressed @ | o )
. in net counts per minate {¢/m) : : gl
W Approximate radioactivity defermined 3 4 ;E, i
& . by testing crushed rock (in field) 307 > 0 , .
.& wexpressed ‘in Yhousondths of percent e.U. (XIO‘ P A ' ' : %

Uramum content (chemlcal cnolys:s)

expressed_.-[n 1housondths of percent()(IO"?’%) Sompled by £ B Dml_& «w*"“““

MeUSured by DGWycnt £V Stroﬂon

FIGURE n.-—Sectieu 85-6

ry : 3




L”ED STATES DEPARTMENT OF THE mtﬁa:on A Al g TRACE ELEMENT INVESTIGATIONS

taoLomcm_ swwsv ; £ LR A . /" REPORT 5| % %
s R R SECTlON SH- 7 s D
N Shinorump Mesa Temple Mountam stmﬂ
B R “Emery County, Utah :
' [he] -
o o x
S ? P : ;
$o ElSul B2 lag DE_SCRIPTION >
R e &
B Tz o o 0 %
8 A o b © e
3 <|-Q N 3 .’: it ) ~\\'
e e \eanduone. ferrhginous, fine-grained,/
. R quartzose, ‘bibeky—wéathering. '
f e e
e g cdiaglomemte,.ltme-pellet with some
4 R L ferruginous b’iocky-weathering
S Wstane beds. Sl S

ne, ca. otite sﬁlns. Aot
r'}‘m&h ‘gone lenses o

“20‘ 8 of sactioh.

B YIY, //7/‘/; :

2 4 lnwyenet. a.ng,-‘wb—
, sand«tene fr!gments. K

N

S

conglomem te.”
conglonerata, nm-peIIet

'Mimted tb phw. A
5, greenicls,_ mtheting ‘bnff

o

RADIOA CT!VITY

»'{?odloochwty at ouicrop expre§sedvv'
in net.counts. per mmut'e'(c;fm’f‘




: UNITE’TATES &LRTMENT OF THE mTER!oa ¢ Aot

GEOLO

CAL SURVEY 35 AR R

%

/ : R e

ﬁ'\f o SECT!ON “SH- 8

Shmorump Mesa Temple Mountain District.

Emery County, ‘Utah

Cf/m orx10-3%

o

Q
Q'O

ACTIVITY:

z :
O o qf’/ﬂ? © 9

RADIO-

$Ym or X10-> 70
THICKNESS].
N FEET
COLUMNAR
SECTION
SAMPL‘E;
NO.

*DESCRIPTION 3~

FORMATION{ -

YRR ‘
‘a
Rl R :
B8 4

F Eoeh

- Conglomerate, lime-pellet; contains

considerable chert-pebbles. Unit
grades laterally into upper white
sandstone.

ko)

26,5 oA

g

Rock is uniform.

Sandstone,fnassive white) =, here
vartially bituminized; contzains numer-
ous ferruginous concretions, ranging
up to 4 inches in diameter.

Columnar section bdroken for ease of
drafting..

Conglomerate extends higher, but over-
laps sandstone, arbitrarily broken
‘here,

76

VAT WP

//A'7777m
‘ﬁl

b OBles o e [ 757

Conglomerate, lime-pellet wifh som
bleached chert pebbles;
several logs at base of unit.

Q
B A

Biltestone, greenigh, laminated.

_ Sandstone, micaceous, aquartzose,ferru-|
-ginous, siliceous = bituminous.

71

n Gong‘lomeran, lime-pellet; mudstone,

stone, &imilar to sample 5%, SH-7.

similar to samples 69, 71 and silt- /

Mudgtone,similar to mudstone in szmple
69, but grayer, with vellow—brown
(jarosite?) stains.

S ISP AN,

-
s ¢
.

23

PRI
L)
{

70

o

ferniginous sandstone. -

Oonglomerate, lime-pellet, and

i

B 2]
o
fe

i
il
|
i

‘Madstone, similar to unit below.

Ik
ie
;.

If:
|

il

Hil
iy
ihihje

7.4

|
|
I
8

I
:!i!‘

|
!

i

|
|

}\mstone. gray greenish-weathering.

. Bituminous sandstone similar to unit
"~ -below lenses into unit 4 feet North
" 'of section.

"\Gonglomrato, nandy lime vellet. / ﬁ

E o
| o 7 s 5 o VOGS L T G b
l,]
I
|
!
it

0
>

4.3

" aporoximately 1/2 inch of stained

fied wood fragments.

tainssgome-chert pebdb-
—beddad, bituminous,

There is no basal conglomerate, but

gandstone containing small, silici-~

- —Unconformity

R

|
i!l
l

1)
Il
1
1

T
i
il

f
|

)
1
|

i
i
I

|
|

Mudstone; gray-green, fractured.

Moenkopi

v

A\

RADIOQACTIVITY
Radioactivity at outcrop expressed
in net counts per minute.(¢c/m)
Approximate radioactivity determined
by testing crushed rock (in field)
expressed in thousandths of percent e.U.

Uranium content (chemical onalysis)
* expressed in fhousandths of percent (X

5 Feet
@
E 4
_‘f 3
Sip-2
&,

0

(X lo—3 o]o)

Measured by D.G.Wyant, E.V. Strdtton

10-3%)  Sampled by E.B.Dingle
from January to March, 1947

‘congl omerate

Shinarump

ge

FIGURE 13.——Section SH-8.
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~.m:o STATES DEPARTMENT OF THE mremgg : R Sk TRACE ELEMENTS INVESTIGATIONS " - -
. GEOLOGICAL SURVEY REPORT S o
: W ST SHAD
. Shinarump Mesa, Temple Mountain District
K3 Widie Emery Gounty, Utah |
a2 T 75 x =
2 RADIO- 2ot g2 w =
5 ACTIVITY bl Sl XA 2 DESCRIPTION . i
£ o - El SR 55 |=2 e s
PP @ e o o % 2l ) S 5
4 _/ 3 r{ & ¢ b S ) X : X I,
\ Y Y Conglomerate, lime—polilet. and eand-
VR 96 stone. . (Contains much earbonaceous
A et gU plant rémains.
C) ] : % i 5 . 3
gl &% 98 Unit is mostly covered by thin mantle
e T of soil and debris. Samples taken
P in e series of shallow pits, stepped
one above the other. b
o 50| — 'a s 94
| | L1 % g G
: \\‘\\ Fote A ‘
Co el SRy 29 93 :
d> %\\\‘
' T R
X g
; N 2 s o2
A AR ;LDG
K ST
| ' EQ“\ 2l © Y
‘ ANNH <
[ \% R A 1
N 2.04 0" 90
{ 1 b& ity i s 3
v S Sandstone, ore zone, carnotite (?) p
1 . oy 2.3 €9 stains, dlack, detrital (?) grains. ?
i | | \\\: :—a__: Conglomerate, lime-pellet. 'g)
r i : ey 30 1Y) 2 3]
k ‘ f e : g
! f N 1.7 Sandstone, platy, current-bedded,
1 ; i o \ ) : ‘dlocky, lenticular. s
‘, ‘1 E \ o el Conglomerate, lime-pellet, and sparse,
! 3 | thin, very lenticular sandstone beds.
Ll ; ; lo e R g
| : | £ N R ::4{" 5
s | [ ; 2 a. H
| f \ J'{;E’“'J_f:‘ Congloherate, lime-pellet, and 0
= ! $2.6 | <o +<o| 85 | 1lenticular mdstone.
I; S TR el 7, .
o ! 0\‘ ; _L _ Sandstone, dlocky,- ferﬂ_:é_in@ua, and
i ' \2.8 il o s el B lime-pellet conglomsrate; Containing
| N BRI consideradle chert. 10 feet south
; o ¥ S TLIR sandstone is friable, carnotiferous.
[ , § T e Madstone, greenish-gray, fractured,
’ | 1 § s | g3 gypesiferous, jarositic (7). :
N N = Unit lenses within 30 feet to the
N - == north into bituminous sandstone. Unit
j o \9,4 e alaliany lenses within 5 feet to the south into
| : % B Sk B sil¥istone delta.
k _ o Pl S ik i 3
i i N B Aty S
! | N ;
| ¢ B
@ N
| ; ' Sandstone, R e e oo
! | bituminous, contains some greenish :
! ; bands (1/4" to 1" thick)
Conglomerate, about egual amounts of
lime-pellets, 2nd bleached chert
‘ Pl pebbles. Unit lenses within 10 feet
¢ gravelly, bituminous s.8andstones
‘Qs RS E Conglonarate, chert-pebble, aud some
\\o\ . RN block;-weathering, farruginous sand..
Bouk s b R rcontorntty ;]
| l S e Muc ~teore’, greenish, fractured, "’"g
1 i B yellow-stained, °
‘ ' e ol ; : =
| " st S s
I 2
i ] )
|
|
| ?
|
O
w op)
r
i i
% 5 Feet
RADIOACTIVITY Sohld
0 Radioactivity at outcrop expressed b 3
in net counts per minute.(c/m) © o
(]
Approximate radioactivity determined g e
\ Si by testing crushed rock (in field) > 0
expressed in thousandths of percent e.U.(XIO‘3°7°) : :
G iBani s ¢ onten) (Ehbmiahisianalbeis Fill Measured by D.G.Wyant, E.V. Stratton
expressed in thousandths of percgnt(XIO'Z’%) Sampled by E.B. Dingle

_ ; : ‘ s : from Jvonuery to March, 1947
" FIGURE 14,--Section SH-9. ! f : R s
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e R

iy 'gc STATES DEPARTMENT oF THE !NTERIOR 5 e TRA(;E ELEMENTS INVES_I'G“T'ONS g
" [ IGEOLOBICAL sunvsv g i 5 pL g ~ REPORT. 5| , b
- T SECTION Sk 0. :
S S Shmorump Meso Temple Moumam District
8 2 Emery County, Utah
i ;
' 238 * v Jas e
48 “RADIO-  2|® i‘z z |u ‘ , =
5 ACTIVITY 0 Rt LA s s DESCRIPTION 2
£ El2u | SE'Hs2h =
X0 O . © SO oy - o
WO PR eV ez 55 |0 S
Y r( l( ’( Tf ]( [f r ~ O w
‘ s b
Eellen mea
. l i 15 & Rt Conglomerzte, lime-pellet. Some
ol : | q G —'?_,,-r— : z2ndztone lenses.
g I i I | f ! ; 16 ’: .LT o)
RN B i R o T O R B s \
! | ' e o | ' 2 AT CRl Mudestone, greenish, poorly exposed.
i!;‘:![i2-4——109' .
S i i
P e 4 ; o) et o ‘
Bl o f IR AT jog | Conglomerate, lime-pellet, and
Pt Fl S R et .sandstone. ]
3 : : e ' ' § Sandstone, current-bedded,
SR R platy.
i ST PN | g |Q 107
SR e 1S PR
£ RRRR U
: ? Py
e 7o)
et s B 106
g | ; i’ o i Gonglo"aerate, lims-pellet, contain-
il f e , ing up to 30% chert-pebbles.
i | ! o i 1 (0%
| i e '
L
} ‘ ,
o ) | it L o Sandstone, blocky, fe nous, o~
ke A T, bituminous; with 3" to 6" of lime-
Lot oo [ R \ ‘pellet conglomerate at dase, and Lt
af f | S 04|  of gray mdstone =t top. 2
s R g
i W N i
l 1 ,'| | : ‘ % E
el 1 g
1 f o ‘ LN sSandstone, bituminous, contains thick | &
5 I A ore zone, one edge of which was cut o
Pkt s Faloar g 4 103 | in sample 101,
Sy S i Y Sandstone is current-bedded;
| It SE K | ~ contains numerous mudstone galls. a,
? | A it S R , g
s feeir e N '
s BN 4
5 | 1 2
P 1 N 102 :
| o TN &
| rap BN
. QS&\N&Q\\\@\\‘ N 0] Ore zone, bituminous sandstone;
° ESSSSSSSSSSESSN K stained by U, V minerals, with black
R PR ol Gl e O S o, Q e detrital grains. /
I S RS I N T oL
i PG, 1 ot & PN NN 100 Conglomerate, chert-pebrle, and
e e s SRR R AN blocky, dense saandstone. Both con-
faxg L3 el l A R glomersté and sandstone bituminous.
L ! : . ‘
FE Farpid I L i ' .
e A Pk e AR Conglomerate, chert-pebble, and .
RN §4'O i . 99 blocky, siliceous sandstone.
- g AR ' ;
2 oo a0 ~ Conglomerate, chert-pebble, but |
3 {3 ; Q 18z s - 98 contzins some lime-pellets.
e vl 1> o SO -'? B : [
| ( SR R
o LR el tal 0 ) o
: o ’ I | ; \ o i Unconformity
il e | e Seoas 2
Rl g 14 e ey Contact logated within 2 foet :
R o po s B e covered by talus. i
i! | ' —:—.33—_;: Mudstone, gray-green, fractured. '.m—g
9 ek e e iy
{ ! } { y
| ! ; Uy
et S TR, DL S
SR
s B
b ol 40
R e } ' foeto ]
R e ; #
o £ BNERE S |
G W
Dtdoid o o N
e o
Lt
b
s fi S ;
® A Sl
ol Vg B, A P« el 6
i i AT B L § Al o
7 RADIOACTIVITY e
o Radioactivity at outcrop expressed i
in net counts per munute.tc/m) —8
~x% Approximate radioactivity determined ;E
‘Q; N by testing crushed rock (in field) 2
: expressed in thousondths of percent e. U(XIO'3%) :
4 e f .
—— Uranium content (chemtcul ‘analysis) Meqsuren by BGWgant £V, Stroties
O expressed in Ihousondths of percent(XlO 3%) . Sompled. by E.B:Dingle »
* { . from. Japudry to March, (947 !
22 "FIGURE 15,.._Seciion SH-—IO’- S o R X :
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I . . : *
w»,.ur‘ STATES DEPARTMENT OfF . THE INIERIOR ' TRACE ELEMENTS INVESTIGATIONS :

‘ " GEQLOGIGAL ‘SURVEY 7/t : B REPORT Bl '
SECTION SR g
T el e S thnarump Mesu Temple Mountain Disfrict
N ey 8o Emery County, Utah’ : '~ o Vg 2
= 0 7 3
o il ] (9p) ) cx .Z ]
% RADIO- glogel o by i (S
s NOTIVETY, P s e 0 i) o "DESCRIPTION rod
E ST S = ot = Q e 6
0. .0 A 3 N O 30 g & =
S G L SRR R o B oY, o
ol (oY = O o
? 1 ‘1 \ T YT ¢
o | | N
! | | * Sandstone.platy white unit. curront-
| | bedded; contsins some interfingering
3 | ! (0] tcngues of 1ltme-pellet cone;&qmnratu. .
|
| i 8
AsiiiilEary
' I o A q’ _
e e :
e S ;
; ! M| .0 ¢ Conglomerate, lime-pellet, with some
& | i 1nterﬁn¢erin3 lenses of upner whito :
¥ ! B 4
} | S sandstone, : # i
]‘ ) e : } : HoeRSk.
iz .‘EL;I — : 0 ; - = %
; | 08 Ea= =] I3 Hud!touh gréeyimh. 4 ;
| i N i ol IR | ]
; : .A-"F'a e Conglomaram. llme—pellet. with some
: NN i R 1id interfingering lenses of massive
(| o N S S sandetone im upper 15 feet. b
i : N i @ S Cbn.glomera.te in gample nzﬁontains some o
| N .0_—_L_a 74 ®
: : E) e e carbonized wood fmgmonts and gypsum. b5
f i g T To A . W
R e <
| -46-—_.009":" ¥ Y. / ?
; W e gl e g ol R 1 1
~ : PR .~:"".~‘o'.:n,, { X
| & 0y e Columnar section broken for ense of
&% i 00 drafting. AR e
1 | ' o /:_/:V'JET* ; Rock is uniform in. t'rne. e B
(> S AL 2 4
‘ i ' ',°. ; - RISV AL X g
il |55 g pe
il S [t P _ Z)
| | | ‘ Sandstone, mostly bloecky, some friadhle,
| ; 1 o forming rounded surfaces, bituminous.
{ { ; § ! 75 LS
{ ; )
%\;v (0]} N
; ' i
i ! B A
i 1 : q) ¥ 3 n" L B i & ¥
b ! ; §loie Conglomerate, chert—pebb!e, sandy._
ik Lt B e blocky, . . I
i i
g o .4 "'J
n 3
‘ - ‘x. :
R
{Ban i
Sandstone, bloaky. ferruginoug /. and
chert-pebble con‘lamerat 8. . Some 1_? AP e
_chert pebdles are bleached. =~ Eog
Sandn%one and eansiaméh@ é. mhr grado e
v"i‘;;;“" P[r !
=S
B B g{{ !
¥ I \ * 2 & / ‘
g I : L )
L
| i i el &
ohiby j i ! " & + s 2 50
{ _‘A & e
; ! : ; 5 g 3 ¢ u
| | 4
i | | 5 oq
| |
kot :
o ot
R R '
b ¥}
T i |
Fornd iad AR : A i Rl
. v ] . b e 5 Feet
RADIGACTIVITY ~ sS4 4
(@) Radioacitivity at outcrop expressed @ 1h 3
i net counts per minute. (c/m) gilios
‘ QX =
s Approxumote rodjonctavnty determined b <0, i
&:\ by testing crushed rock (in field) g__;_ 0 '
expressed m tfwu:ondrhs of percem‘ e. u. (XIO‘3%) e el ol - Lo
¥ Measured by D.G. Wyunt BV Stg.pt}on*'f

Uranium content (chemical’ cnalysxs)

qxprcssed in thousondms ot perceM (Xl0'3°7°) Somp!ed by E.B. Dmgle e
o g from Januory toMarch, 1947
'FIGURE 16.-Section SR g Lot M gl 3 3
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URANIUM ORE DEPOSITS

Commercial production of radium from uranium-bearing ore of the
Temple Mountain distriet began in 1914 (Hess, 1914, p. 944) and continued
during the first world war. During the war years, according to Hess
(Hess, 1922, p. 457), a considerable tonnage of ore was shipped that
averaged about 1,75 percent Us0g and 4 percent V205. From about 1919
te 1950 the district has been essentially idle., Total production up
to 1950 is unknown but to judge from the amount of dump material and
underground workings is probably less than 500 tons., Since 1950 a
small but steadily increasing amount of uranium and vanadium=bearing
ore has been produced. Most of this ore has come from the deposits on
Temple Mountain although a small quantity has been mined from the de-
posits at the north end of Shinarump Mesa. In the earlier period of
activity an attempt was apparently made to mine selectively only the
carnotiferous rock leaving the uraniferous hydrocarbon, hot because
it is not of ore grade, but because it was milled with difficulty.

There are two main types of uranium deposits in the Temple Moun=
tain district, one type in which the uranium is in hydrocarbon grains,
pellets, blebs, or vein-like masses and a second type in which the
principal uranium mineral is carnotite; the carnotite is commonly
associated with dark vanadium minerals; the hydrocarbons may be sub=

divided into humic and asphaltic (petrolific) hydrocarbons _/. The

_/ The term hydrocarbon is used for all dark brown or black or-
ganic material: it includes solid asphaltite, liquid bitumen, and
carbonized or coalified plant fragments,
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distincfi@n of these two types of deposits probably has little economic -
‘significance at Shinarump Mesa where, except for two ore bodies in

which the only orevmineraloid is hydrocarbon grains or blebs, the ore
contains both uraniferous hydrocarbon and carnotiteg At the South

and North Temple workings, however, tﬁe distinction between the two ore
types is economi@ally significant because they differ in mode of occur=
rence, grade, and mill treatment methods.

Asphalii@ hydrocarbon was observed in all ore bodies éxaminedi
although in some it is sparsely disseminated as grains or.irregularly;.
shaped blebs that are only from O.l.to 0.5 mm in @iameter.

The term "ore" is used in this report to~denote‘alllmineralized.
rock containing more than 0,005 percent uranium; ore is commonly easily
recognizable by the presence of black hydrocarbon or of yellow, black,

green, or -red stains on the rock.

Mineralogy

Hess (1925, pp. 63-78) identified as uranium or vanadiun-bearing
: minerals in the Teﬁple Mountain -district rauvitei(03002U03Q6V205.20H20),:
metatorbernite (Cu (U0,), (PO,),, 8 H;0), uyénite (2 Up3.3V205.15 Hy0),
hewettite (080.3V,05. 9 Hy0), carnotite (K (U0,) (V,0,) .1/2- 1} Ey0),
and the mineraloid, uraniferous asphaltite. Murphy (1944), tentatively,
identified five more ore minefals, pintadoiter(20&0;V205.9H20), Zeun—
erite (1) (Cu (U0>2)2(AS'04)2,8H20)_, pascoite (20a0,3V,05.11H0), vanox-
ite (1) (21,0,,.7505.8,0), and, schroeckingerite (CagNali0n(C05)3(S0y)

F.10Hz0). TFrom samples collected by the writer, Mary E. Thompson,
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mineralogist, identified zippeite (2U03.SO3.5=6H20), and tentatively
identified tyuyamunite (Ca (U05)5(V0,)5.nH50), thucholite (Th, U,

hydrocarbor), and vanadiferous hydromica or "roscoelite® (’LPHZO.ZKQO.‘.?

(Mg, Fe)o.2A1203.37203,108102).

The principal ore minerals observed by the writer were carnotite
and associated blaék: vanadiferous minerals (uvanite, rauvite, vanoxite),
and the mineraloids, black uraniferous hydrocdarbons., The other min-
erals listed above are much less abundant and some of them (ze‘tmerite,'
schroeckingerite, meta~torbernite), occur only in speéime;z, quantities.

Carnotite is commonly associated with uraﬁiferous hydrocarbons,
black vanadium minerals or in some places with the orange, green, or
red vanadium minerals pintadoite, pascoite, and hewettite, Carnotite '
coats many of the galls of mudstone, the fracture -and joint surfaces
of some rocks, and in soms places fills interstices in sandstonée In

hand specimens of ore from the North adits ore body on Shinarump Mesa,

Jogeph Berman, mineralogist, noted that the subrounded quartz grains,

some of which show Secondary growth, clastic hydrocarbon particles,

. and sparse feldspar grains are bonded by bitumen and carnotite (?),

He described the carnotite (?) as a yellow uranium-bearing, anisotropic
crystalline powder, having indices of refraction that average approxi~
mately 1.67. In specimen No, UTM36-47 from the Throuéh adit, South
Temple workings, Berman observed soft, fibrous, fluorescent tscher-
migite (), (NHL)AL (SOy). 12 Hz0, and yellow fibrous halotrichite (%),
FeSOu.Alg(SOL,,)}ZZHZO, on a thin layer of carnotite (?), that also is

disseminated throughout the friable asphaltic sandstone., The vanadate
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minerals commonly ére in irregular bands adjacent to, and more or less
parallel to hydrocarbon bo&ies.

Uraniferous hydrocarbons are of two types, asphaltie hydrocarbon,
and humic hydrocarbon., Asphaltic hydrocarbon, the more abundant type,
commonly occurs as clastic grains or as irregular-~shaped blebs filling
interstices; less commonly it occurs as veinliks, maésive ;ayers con=—-
taining a small but variable amount of admixzed sand grains; rarely the
asphaltic hydrocarbon occurs as botryoidal pellets. The asphaltic
hydrocarbon is typically jet black, of vitreous lustre, and relatively
hard; it breaks with a conchoidal fracture, The humic type of uranifer-
ous hydrocarbon occurs as clastic, typically well-rounded grains with a
dull to vitreous lustre; the humic grains may show cell structure, and
may be traversed by minute cracks (presﬁmably owing to slaking';pon loss
of volatiles); the grains are fragments of coalified or carbonized wood
or other large plants, Granules of hard, vitreous asphaltic hydrocarbon
without either minute cracks or distinguishable cell structure in places
occur in haloform concentrations near large fragments of carbonized wood;
these granules may vepresent asphaltized humic grains,

From the hand specimens of friable asphaltic sandstone previously
deseribed from the North adits ore body in Shinarump Mesa, the granular
hydrocarbon was separated mechanically by Berman from the bituminous
cemernt, Radiometric analysis of the two resulting fractions showsthe
radiocactivity to be concentrated in the gramular fraction, The uranifer-
ous hydrocarbon grains are indistinguishable from asphaltite. They are

the same size as the quartz grains and are concentrated in the rock in
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thin beds with other detrital components in the closely-spaced beds of
the. @foss&bed&ed sandstone, In many ore 'bodieé these asphaltite grains,
vtoge‘ther with rounded grains of uraniferous humic Iﬁyd’rocar’b@n, occur in
friable sandstone that is commonly pitted by the removal of some of the
hydrecarbon grains. The asphaltic grains are probably identical with
the material deseribed as detrital by Hess (Hess, 1933, p. 458).
Uranifercus botryoidal pellets of asphaltite are uncommon in the de-—
pésits examined in the Temple Mountain district and were not studied 'in :
detail. They stud fracture surfaces in an adit in the North Temple
workings; some of the large asphaltite grains in the Through adit may
be such pellets., Physically, they resemble the other esphaltic hydro- |
carbons in relative hardness, and in color and lusﬁre of broken surfaces,
but differ in their botryoidal surfaces and mode ef occurrence, Pellets,
jdentical in appearance, associated with carnotite and copper carbonates
on fracture surfaces of the Shinarump conglomerate, were collected by
E, P Beroni and H., C. Granger, U. S, Geolpgical Survey, from Frey Point,
‘ Wlﬁte Canyon, Utah. Similaf pellets were seen by the writer at the Lone
Tree and Dexter deposits on the west side of the San Rafael Swell, where
they occur in sandstone and mudstone beds of both Shinarump and Moen-
kopi formations. At the Lucky Striké deposit on the west side of the
San Rafael Swell pelleis are sparse, but the section of one was surround-
ed by an annular ring of bhydroca.r'bon. They resemble in appearance and
uranium conte;éﬁ the mineraloid thucholite (Zllsworth, 1928, Spence, 1930).
In many of the hand specimens studied the uraniferdus hydrocarbon

is in the form of irregular-shaped blebs that appear to £ill inter-



stices of the sandstone and resemble "dead oil", the oxidized, non-
volatile residue left after the removal of liquid hydrocarbons., 4
specimen, No. UTM 39-47, of uraniferous sandstone from the North Temple
workings is composed of quartz sand and hydrocarbon. As seen under a
binocular microscope, approximately 60 percent of the material consists
of transparent, su'bgngular to subrounded quartz grains averaging 0.2

to 0.5 mm in diameter., Many of the quartz grains have crystal faces
and some are coated with hydrocarbon., The remaining 40 percent of the
sample consists of black or dark brown opaque. grains or blebs of hydro- |
;39:%50;1, and the thin coatings of hydrocarbon around the quartz grainé.
The hydrocarbon is apparently asphaltite for it shows no cell structure,

Some of the asphaltite grains show indentations probably caused by

S

forcefxﬁi\czg@sact with the quartz grains but many are irregular in shape

U,
N

and merely £ill iiterstices. The asphaltite is jet black, vitreous and
breaks with a conchdidal fracture. When magﬁified LO diameters, some of
the dark brown, irregular blebs appear to be minutely botryoidal, contain
exceedingly small white inclusions and probably are bituminized inter—
stitial clay. On heating, the powdered sample lost approximately 35
percent of its weight and left an ash cdnsisting- of quartz grains and

of grains and blebs of a spongy yellowish-gray substance., When treated
with 1:¢1 nitric acid and filtered, the residue became a mixture of clean
martz grains, spongy white to buff blebs, and .a. yellow powder thought

to be a vanadium compound, The filtrate, on evaporation, produced a

yellow uraniferous precipitate.
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In some of the ore deposits in the North and Seuth Temple work-
ings the uraniferoué hydrocaibon forms cohtinuous beds or fracture
£illings that .ra.nge from one~fourth of an inch to two inche.s in
thickness. This material resembles coal, gives a distinctly tarry
odor when broken or heated, and is highly radiocactive, Surfaces of
specimens are globular or spheroidal. Two specimens of this material
from the Main adit, South Temple workings, were studied petrographical-
1y by Mary E. Thompson, mineralogist, Sample Fo., 103 contains only a
small amount of sand grains and is composed largely of a uranium-
bearing type of hydrocarbon, possibly thucholite, that is coated with
gypsumg this sample contains 8 percent equivalent uranium., Sample _
Yo, 106 is composed of about equal amévnts of quartz sand grains and
W, ,amorphous, black, pitchy material that is probably thuchelite® and
which is coated with brilliant ysellow—green, brightly-fluorescent
zippeite; the specimen contains 10.5 percent equivalent uranium.

Another sample of this more massive type of uraniferous hydro-
carben from a fracture along the Through aditkin the South Temple work-
ings was examined, The sample, No. UTM 6-_—4‘?, before grinding, was jet
black with a vitreous lustre and contained a lower proportion of maﬂz
grains than did sample No. UTM 39-47. When powdered and heated the
material lost 45 percent of its weight and the resulting ash was similar
to that produced from sample 39-47. A nitric acid treatment also. pro=-
duced similar results except that the precipitate formed by evaporating

the filtrate to dryness was yellowish-red instead of yellow. Analysis



showed that this mimutely crystalline substance contains uranium,
considerable iron, and vanadium. The components of the gray-buff
residue from heating could not be determined by petrographic methods;
the minute grains show anomalous birefringence or none at all, and
appear to consist partly of stained quartz and partly of aggregates
of other minerals too small to identify that may be glass formed
during the heating.

Two autoradiographs, one of this massive, veinlike, hydr@carbon;
the other of granules of hydrocarbom, show that the source of the alpha
radiation is evenly distributed through the mineraloid.

The uraniferous hydrocarbons are in some places associated with
another nearly non-uraniferous hydrocarbon that is generally wviscous,
brown, and for convenience, may be termed bitumen., Sixteen channel
samples of massive sandstone or conglomerate impregnated with bitumen
were taken at various localities around Shinarump Mesa, With the
exception of the samples taken from the North adit none contained
more than 0.002 percent equivalent uranium by field test (table 1);
of three representative samples analyzed none contained more than 0.001
percent uranium (table 2) in the laboratory. Specimen No. UTM 29-47
(table 3) from the base of section SH-7 (figs, 3-4, 11) is a non-
uraniferous, bituminous sandy conglome:rate composed of quartz grains
and clay galls bonded with bitumen., The quartz grains are for the most
part clear and euhedral. The galls are flakes and irregular-shaped
masses of quartz silt and clay. The bitumen £ills interstices and in a

few places has impregnated clay-silt gallsy it is dull brown on stained
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surfaces but jet black where it is as much as a millimeter in thickness,

Table 2,—Analyses of bituminous sandstone and conglomerate,
Temple Mountain district, Utah.

Equivalent
Sample uranivm Uranium
number Description and Remarks (percent) (percent)
UTM=29-47 Hand specimen of bituminous con- 0,001 0,001
glomerate with sparse asphaltite (?)
grains from base of section SH-7,
Shinarump Mesa.
SH=2-12 Bituminous sandstone from base of 0,000 0.000
section SH~-2, Shinarump Mesa.
SH-8=66 Bituminous sandstone from section 0,001 0,001

SH=8, Shinarump Mesa.

Recent work by Ralph Erickson of the U, S. Geological Survey _/ has

. _/ Ralph Erickson, informal communication.

shown that the viscous bituminous hydrocarbon from the Temple Mountain
district contains a small amount of uranium as well as other metals,
These metal components are detectable in the ash left after combustion of
the bitumen which was first extracted from the rock. Bituminous sand-
stones are widespread in the San Rafael Swell, and wherever samples

were taken and analyzed by Erickson, the ashed bitumen contains trace
amounts of uranium and other metals,

Murphy (1944) tentatively identified several secondary minerals more
or less associated with the ore minerals and mineraloids in the altered
rock at Temple Mountain: pyrite, realgar, galena, magnetite, hematite,
goethite, siderite, jarosite, chamosite, azurite, malachite, carnotite,

. _celadonite, ﬁjnjgite, scorodite, calciﬁe, and dolomite. ZFrom the same
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rock Hess (1922) identified, in additien, copiapite.

Ore bodies at Shinarump Mesa

With the exception of a few, small podlike ore bodies the Shinarump
conglomerate at Shinarump Mesa is almost entirely barren of uranium,

For the most part the rock either contains more tham 0,01 percent uranium
or less than 0,002 percent.(See figs. 3, 4, and table 1).

The 21 ore bodies observed are apparently confined to sandstone
lenses within three méin rock units, the chert-pebble conglomerate unit
at the base of the Shinarump, the sandstone~mdstone unit, and the lime-
pellet conglomerate unit. Other rock units eppear to be dbarren. The
two largest exposed bodies of ore, those at the North and at the
Northeast adits, are in the sandstone filling a Triassic stream channel
that trends northwestward. The body south of the Northeast adit is a
lens 120 feet long and a maximum of 6 feet thick. Other small bodies
- from 1 to 6 feet thick, and from 3 to 45 feet long, are exposed on the
cliff face east of the North adits, at the West adit, and in sections
C=D and I-F (fig. 4). The shapes of the ore bodies and their outcrop
size are determined by the shape and size of the friable sandstone
lenses in which the ore occurs. Most of thé ore is exposed on the scarp
of the mesa, for on the upper surface of the mesa, ore bbdies were dise-
covered only near the tops of measured sections SH~7, SH-8, and SH-9
(fig. 3).

Uraniferous, black, hard hydrocarbon, the dominant ore mineraloid,

is common to all ore bodies, and carnotite to most of them, The
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uraniferous hydrocarbon appears to be predominantly asphaltite and
subordinately carbonized plant materiai. The asphaltite is for the
most part in the form of fillings or irregularly shaped blebs between
sand grains, although subrounded grains of asphaltite are common,
Grains of carbonized plant material are less-azbundant, but, together
with the granular asphaltite (that may be in part asphaltized humic
hydrocarbon), are prevalent in the richer ore bodies and near carbon- -

ized logs., Large botryoidal pellets of hydrocarbon were not observed.
Ore bodies in the chert-pebble conglomerate unit

The ore minerals in most of the ore bodies in thehchertnpebble con-
glomerate rock unit are'disseminated in lenses of friable séndstone or
poorly consolidated conglomerate that are as much as 3 feet thick and
50 feet long. Four of these ore-bearing lenses were found, most of
them from 3 to 10 feet above the base of the Shinarump conglomerate.
The proportion of hydrocarbon to carnotite, as well as the type of
hydrocarbon, varies; for example, in the ore body at the base of the
Shinarump conglomerate about 100 feet east of the North adits (fig. 4,
section A=B), no carnotite was seen and all of the hydrocarbon is
asphaltite blebs, On the other hand, in the discontinuous ore zone in
and north of the Southeast adit (fig. 4, section I-J) only a few hydro-
carbon grains were seen, most of which were humic hydrocarben. The
ore body in measured section SH-4 (fig, 4, section I-J) is a flat lens

of friable sandstone 38 feet long and a maximum of 3 feet thick, con~
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taining grains and blebs of hydrocarbon and some carnotite, Sample No.
37, cut from this ore body, was 3 feet long and contained 0.017 percent
uranium, although according to radiometric observation, the sample
represents the leaner part of the ore body that may in richer parts
contain as much as 0,05 percent equivalent uranium; the sample contained
0.92 percent vanadium. At several places around the mesa scarp, thin
films of carnotite were seen in the basal few inches of the chert-pebble
conglomerate subunit or facies at the base of the formation. The
carnctite in this site commonly coats carbonized log fragments or chert

pebbles and forms ore zones too small to be delineated.
Ore bodies in the sandstone-mudstone unit

Of the 21 exposed ore bodies at Shinarump Mesa, 15 occur in lenses
of friable sandstone within the sandstone-mudstone rock unit., Uranifer-
ous hydrocarbon is the dominant mineraloid, although the dark wvanadate
minerals are relatively abundant irn the ore body at the North adits, and
the yellow vanadate, carnotite, ié common, Of the uraniferous hydro-
carbons, the irregularly shaped blebs of asphaltite are generally most
abundant, although granular asphaltite and granular carbonized plant
fragments in about equal proportions predominate in the richestAparts of
some ore bodies., These granular hydrocarbons appear to be clastic com-
poﬁents of the friable sandstone, for the subangular to subrounded grains
are the same size, or slightly larger than the other clastic particles,
and are concentrated in thin, muxuallyntruncaﬁing current beds that are

in places no thicker than the grains; such a sequence of beds somewhat
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resembles Recent black sand deposits. In four ore bodies the host rock
is friable sandstone more or less impregnated with bitumen; in eight ore
bodies the friable sandstone is not bituminous although bituminous rock
is within a few feet; in three ore bodies there is no bituminous rock
exposed in the immediate vicinity.

The deposits range in grade from less than 0.0l to 0.65 percent
uranium, Available analyses suggest that the vanadium content ranges
from five to ten times the uranium content.

Representative of the ore bodies in.the sandstone-mudstone rock unit
of the Shinarump conglomerate at Shinarump Mesa is the ore body ét the
North adits. (See fig. 4, section A=B,) The cross-section of the ore
body exposed on the ¢liff face is in the shape of an irregﬁlan,‘flat-
bottomed lens, convex upward, the maximum base length of which is 50 feet
and the maximum thickness, 10 feet; a thin lens of ore at the base of
the ore body thaﬁ is about 2 feet thick may extend an additional 40
feet westward under‘talus, The rock is a gray-green, friable, slight-
ly bituminous sandstone containing a considerable pr0p§rtion of clay
galls, The ore body is at the 10Wer; southwestern edge of a larger
‘lens—shaped body of barren, gray~gfeen, s8lightly bituminous, friable
sandstone and bituminous massive sandstone, Current beds within the ore
body range in thidkness from one-sixteenth -of an inch (beds one grain
thick) to one inch and rarely extend farther than 2 feet, whereas the
current bedding in the overlying and adjacent friable and massive sand-

stone lens is on a coarser scale.
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Grains of uraniferous hydrocarbon, ﬁost of wﬁich appear to be
asphaltite, are concentrated along individual current beds, and blebs
of uraniferous asphaltite are disseminated throughout the ore. The
quantity of the uraniferoué, granular asphaltite increases as one
approaches the central part of the lens, and in this richer part, brown
to black vanadate minerals coat the grains of the rock, Carnotite is
not abundant, but stains quarﬁz grains, penetrates clay galls, and
forms hazy, surficial bands that parallel the current beds, The amount
of bitumen gradually decreases upward but overlaps the ore, A hand
specimen, No, UTM 3-47, representative of this material is a coarse-
grained, friable current-bedded sandstone composed largely of quartz
grains, some of which are black, and of varying amounts of hydrocarbon
grains and blebs, poorly bonded by clay that is stained brown by bitumen
and vanadium compounds. Carnotite stains are sparse. The quartz grains
are subrounded to subangular and the clastic hydrocarbon grains are
rounded to subroundsd. The hydrocarbon grains and blebs comprise at
least 40 percent of the specimen, and in places as mach as 60 percent;
wvhere this hydrocarbon is mpst abundant the rock is most uraniferous,
most friable, and the rock is pitted by removal of the solid hydroecarbon.
It is estimated that about 10 percent of the solid, uraniferous hydro-
carbon is clastic, humic grains (carbonized plant fragments), about 50
percent is clastic asphaltite grains, and about 40 percent is asphaltite
blebs; in the absence of cell structure, humic grains were distinguished
under the microscope from asphaltite grains by cracks caused by slaking

of the carbonized vegetal material. The proportlon of uraniferous hydro=-
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carbon decreases away from the uraniferous parts and the proportion of
bénding bitumen rises.

Another specimen, No., UIM 40-47, from the margin of this ore body
‘is a sandstone containing clay galls and a few asphaltite grains and
blebs, Carnotité (?) has impregnated most of the clay and coats some
of tﬁe asphaltite grains. The edge of one asphaltite bleb feathers
into gypsum and halotrichite (?) which form fibrous veinlets throughout
the specimen. | |

The grade of the ore body varies with the amount of ore minerals.
Sample 101, 1.6 feet in length, was cut from the thin eastern end of
the ore body; it contains 0.11 percent equivalent uranium by field test,
0.15 percent uranium, 3 percént vanadium, Radiometric observations
.suggest that the richest part of the ore body may contain as much as 0.4
percent equivalent uranium over a width of 1 foot more and a length of
10 feet.

The "fine-grained" current bedding and the general relation of the
ore-bearing friable Sandstoné to the surrounding units suggest that the
ore body is at the southwest edge of a Triassic stream channel in which
the water flowed northwestward, This channel, or two similar ones,
projects southeastward to the vicinity of the Northeast adit where two
entire channels, as outlined by the channel fill of friable bituminous
sandstone, are ore-~bearing. At the adit carnotite stains and clastic
grains of asphaltite and carbonized wood (?) form a halo about 6 feet in
diameter around two large carbonized logs. drains of both humic and

petrolific hydrocarbon increase in number toward the logs, and it is
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likely that some of the asphaltite grains are asphaltized carbonized

wood (7).

Ore bodies in the lime=pellet conglomerate unit

Three uranium~bearing lenses of fine— to medium-grained friable
sandstone were found in the lime=pellet conglomerate rock unit, one near
the top of measured section SE~9 (fig. 4, and also fig. 14), one at the
fracture between measured sections SH-8 and SH-9 (fig. 4), and the other
at the West adit (fig. 4, and fig. 12). The ore bodies range from 8 to
aboux 50 feet in length and from 1 to about 14 feet in thickness.
Principal ore minerals are carnotite (?) and uraniferous hydrocarbon,
with carnotite predominating; granules of the hydrocarbon are asphaltic
or humic,

The dimensions of the ore body nsar the top of measured section
SH-9 are not exactly known because of lack of exposures; the lower part
of the ore body exposed on the cliff face is shown in figure 4 and the.
sampled section on figure 14, The sandstone lens at the base of the
uraniferous area is about 50 feet long and 2 feet thick, of which about
25 linear feet with a thickness of 1 foot are ore-bearing, Samples Nos.
88 to 93, inclusive (fig. 14, table 1), cut in pits on the surface of
the mesa, cover a vertical interval of 14 feet, and possibly represent
several ore-lenses, or a surface incrustation of carnctite over the
sampled area, The samples contain from 0.007 to 0,015 percent equivalent
uranium, from 0.007 to 0,015 percent uranium, aﬁd from 0,03 to 0,11

percent vanadium. Carnotite in thin films predominates, although
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granular asphaltite and humic hydrocarbon are locally abundant.

The uraniferous friable sandstone lens at the fracture between
measured sections SH~8 and SH-9, is 8 feet long and 1 foot thick, Al-
though Murphy®s sample of this body (Marphy, 1944), TM=3, which is
2.6 feet long, contained 0.38 percent uranium, radiometric observations
suggest that most of the ore is much less uranifefous. The ore consists
of black hydrocarbon grains in friable sandstone, with sparse carnotite
(7) éﬁain@. A hand specimen, No, UTM 14-47, from near triangulation 7
(fig. 3) is of sandy lime-pellet conglomerate with fracture surfaces
coated with carnotite (2). Major constituents are‘predomihantly quartz
grains and subordinately gray-green silt{ or clay, cemented by calcite,
Most of the subangular to subrounded quartz grains are clear but some
are frosted; about 10 peréent are "smoky", Minor constituents are mus-
covite (or bleached biotite) flakes, clastic asphaltite and carbonized
plant grains, nodules of limonite and manganese oxide, and carnotite (1),
The carnotite (2?) coats the other constituents and is concentrated in
small patches along fracture surfaces.

The uraniferous lens at the West adit is 2 feet thick at the thick-
est part and 40 feet long. Channel sample 64, cut across 1.5 feet, con=
tained 0.014 percent equivalent uranium by field test, but only 0.004
percent uranium; the sample contained 1.29 percent vanadium, The ore
minerals and mineraloid are about equal proportions of hydrocarbons and
carnotite (?);.many of the granules are of humic hydrocarbon. A con-
siderable amount of carbonized, macerated plant fragments covers the roof

of the adit and together with asphaltite grains that mey be in part
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asphaltized carbonized plant material, darken the rock; no comparable
amount of such material was observed in the other ore bodies in the
limerellet conglomerate.

The paragenesis of the ores at Shinarump Mesa’ls not exactly
known and will remain so until more exact methods have been devised
to distinguish between humic and asphaltic hydrocarbons and to deter-
mine the products of alpha-ray bombardment of each type. The hydro=-

carbon appears to be the primary ore and the carnotite definitely

secondary.

Ore bodies at the South Temple workings

Sart of the South Temple workings, shown on figure 5, was mapped
to show the presence of the ore types first distinguished at Shinarump
Mesa., The ore bodies at the South Temple workings (fig. 5) resemble
those at Shinarump Mesa in mineralogy, in their localization within
local sandstone channel fills, and in their stratigraphic position
within the Shinarump conglomerate, but they are thicker, more contima-
ous, and richer, and therefore, have been more extensively exploited,
The exposed cliff face in many places is coated by thin films of carno~
tite and related vanadates that form bands and patches extending for
several feet above and below ore bodies.

The ore bodies are of two general types, concentrations of
uraniferous hydrocarbons and concentrations of carnotite and related
vanadates, although the two types overlap in places. Exposed ore

bodies are confined to the main sandstone~mudstone rock unit in the
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middle or lower third of the Shinarump conglomerate., They are lenticu-
lar bodies of friable sandstone, containing differing amounts of gray-
green mudstone galls, ore minérals, and mineraloids in two stratigraphic
"zones", one above, and cne below a central lens of massive, bituminous
sandstone., In the upper "zone, the largest ore body exposed on the
cliff face is a lens 260 feet long and as much as 12 feet thick; another
smaller lens of ore is in the same stratigraphic "zone". The largest
ore body in the lower "zone" is a lens about 130 feet long and as much
as 7 feet thick: three smaller ore bodies from 23 to 40 feet long and
from a knife edge to 4 feet thick are in the same general stratigraphic
position,

These ore bodies were explored during the first world war by a
number of adits, drifts, and cross-cuts that in many places are inter-
connecting., Mining, since 1947, has enlarged considerably some of the
surface openings and generally altered the appearance of the cliff face,
Since some ore is currenfly(1952) being produced, the grade of the shipped
ore is presumably greater than 0.1 percent U308’ the lowest grade per-
missible at the buying stations. The uranium content of Murphy's samples
(Murphy, 1944) ranged between 0.017 and 1.7 percent; the V205 content,
between 0.04 and 5.10 percent.

The uraniferous hydrocarbons resemble those in the ore at Shinarump
Mesa, that is, there are clastic grains of humic and petrolific hydro-
carbon (plant and asphaltite grains), and there are also irregularly
shaped blebs of asphaltite. In addition, however, the asphaltic hydro-

carbon occurs as veinlike masses as much aé 2 inches thick that fill
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porous sandstone beds or bedding plans fractures,

The vanadate minerals, principally carnotite (?), are more abun-
dant than they are at Shinarump»Meéa.( Most of the carnotite is in sur-
ficial films that commonly form wavy and ihdistinct layers from 1 to
3 inches thick separated by alternating layers, equally thick of barren
sandstone; these layers are generally from a few tenths of a foot to 3
feet above concentrations of uraniferous hydrocarbons and the entire
zone of diffusion bands may be as much as 3 feet wide, Some of the
carnotite, however, in the Main adit (fig. 5) £ills interstices between
the quartz grains in sufficlent amount to constitute a carnotite ore
body er roll. |

The ore body at the Main aditvis a lens 18 feet long and L feet
thick within the lower "zone" of ore lenses. This lens, which is pale
buff, massive bituminous sandstone, is composed of pofwus, and only
slightly bituminized sandstone. The rock is colored light yellow by
interstitial carnotite, and contains a very few grains and blebs of
asphaltic hydrocarbon; the porosity may have been caused by the leaching
of the hydrocarbon because in two of the small pits, relict grains
or films of hydrocarbon were noticed. A hand specimen, No. UTM 20-47,
from the portal of this adit is a porous, well-sorted, medium-grained,

quartz sandstone with a minor amount of clay cement. The quartz grains

are clear and for the most part euhedral, although some are subrounded,

Interstitial carnotite (?) forms diffused bands through the otherwise
uniform rock, Two of the cavities contained granules or blebs of relict

hydrocarbon. Within the adit, and outlined by the workings, is the un-
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mined portion of what according to Fischer _J was a roll of carnotite

_/ Pischer, R. P., informal commmication.

ore. A Toll of carnotite ore is.an irregular lens—-shaped concretionary
pod the boundaries of which generally conform to bedding surfaces but in . '
detall transect the bedding; they are commonly sharply delimited from
barren rock and are most common in the Salt Wash sandstone'meMbef of the
Morrison formation. The roll in the Main adit was at least 30 feet

long, & maximum of 10 feet in height, and of undetermined width; the long
axis of the roll trends northeastward;_little ore is now left in the |
walls. .

The ore body in part explored by the Through adit (fig., 5, under-
ground map of Through adit) is the large ore lens in the upper “zone" of
ore lenses above the méssive, bituminous sandstone, This ore body is
260 feet long and as much as 12 feet thick as exposeé'in eross~section
on the cliff face. The surface of the rock shows it to be a lens of
élightly bituminized, white-weathering, gray sandstone containing a con~
siderable proportion of gray-green clgy galls. Within it uraniferous
hydrocarbons, largely grains and blebs of asphaltite, but also clastic,
rounded grains 6f carbonized wood (?), are concentrated in lenticles and
along mutually truncating beds of the current-bedded rock; current bed-
ding is "fine-grained" and resembles that at the North adits ore body
on Shinarump Mesa., Carnotite forms surficial layers and penetrates the
rock élong some of the current beds,

The ore body was intersected at the floor of the Through adit 100
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feet from the portal, and extends from there to the northermmost and
southernmost cross—cuts (samples FM-5087 and 5081, respectively). The
ore~bsaring friable sandstone is sharply limited to the northwest by an
overlying bed of massive, bituminous sandstone that truncates the ore
bed, and has.cut down through it into an underlying mudstone., The ore-
_ bearing lens, therefore, extends southeastward into the ¢liff at least
260 feet, the length of the exposure on the cliff face., Inasmuch as the
major control of the ore appears to be bedding, because the ore=bearing
bed is a channel filling, and because the Triassic channels trend general-
1y northeastward in the district, it is probable that the ore body ex~
tends considerably farther down the general dip of the beds to the
southeast (fig. 5, section B=B!'). In the approximate center of the
ore body at sample FM-5082 (fig. 5) the ore is at least 6 feet thick.
At the face of the northernmost cross—cubt at sample FM=-5087, the ore
is only 5 inches thick; at the face of the southernmest crosscut at
sample FM=5081 there are at least 4 feet of ore. According to the anal-
yses of Murphy's samples {Murphy, 1944) shown on table 3, the ore
ranges in grade between 0,02 and 0,51 percent uranium, and between
0.07 and 1.7 peréent V2050 The samples are from 1,5 to 5.0 feet long,
but it should be noted that some of the samples include much sandstone
that is only weakly mineralized wi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>