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URANIUM DEPOSITS AT SHINARUMP MESA AID SOME ADJACENT AREAS 

IN THE TEMPLE MOUNTAIN DISTRICT, EMERT COUNTY, UTAH

By 

Donald G. Wyant

ABSTRACT

Deposits of uraniferous hydrocarbons are associated with carnotite 

in the Shinarump conglomerate of Trias sic age at Shinarump Mesa and ad 

jacent areas of the Temple Mountain district in th© San Rafael Swell of 

Emery County 9 Utah. .The irregular ore todies of carnotite-tearing sand 

stone are genetically related to lenticular uraniferous ore "bodies con 

taining disseminated asphaltitie and humic hydrocarbon in permeable sand 

stones and were localized indirectly "by sedimentary controls. .Nearly 

non-uraniferous "bitumen commonly permeates the sandstones in the Shinarump 

conglomerate and the underlying Moenkopi formation in the area. The ore 

deposits at Temple Mountain have teen altered locally "by hydrothermal 

solutions, and in other deposits throughout the area carnotite has "been 

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 metals concentrated in the asphaltite as the oil was 

devolatilizad and polymerized. Carnotite is thought to have formed from 

the asphaltite "by ground water leaching.

It is concluded that additional study of the genesis of the



asphalt it ic uranium 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.

INTRODUCTION

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 with 

additional prospecting and the further increase and application of 

factual geologic data. Prom these data, interpretation may lead to 

additional discoveries of ore in the San Rafael Swellj and would prob 

ably aid in the "better understanding of the genesis of other uranium 

deposits elsewhere in the Colorado Plateau.

The Temple Mountain district (fig. l) is within the boundaries of 

the San Eafael Swell in unsurveyed T. 24 and 25 S., R. 11 E., Salt Lake 

"base and meridian,, The South Temple workings are about ? 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 249 36 miles southwest of 

Green River 9 Utah. Shinarump Mesa is 6 miles northwest of the South
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Temple workings. The relative locations of the other deposits described 

in this report are given in figores 1 8 3-5 0

Several geologists have studied this district and siarrmanding areas, 

The most detailed investigations of th© San Rafael Swell have "been mad® 

by GUlltily and Reesid® (1928) and Toy Gilluly (1929). Reports describing 

areas in the San Rafael Swell outside of the Temple Mountain district 

have teen written "by Boutwell (l905) 9 H©ss (1911, 1912), and Baker (1947). 

The Temple Mountain district has "been studied "by H@ss (l922 9 1933 ) 9 

Murphy (19^0, 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 th© 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. Morphy (1944) 

studied the Temple Mountain district in 1943 and 19449 and Chesterman and 

Main (1947) reexamined the North and South Temple workings in 1945*

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

Shinarump conglomerates at approximately I 9 000r=foot intervals 9 in an



area"that expends k miles northeast and 5 miles southwest'of Temple'Moun 

tain. This work was for the purpose-of determining the limits of min 

eralisation and some of the factors that localised uranium and. vanadium 

minerals in the Temple Mountain district, -

- Subsequent to the stratigraphi© work of Stokers, the writer in 

vestigated Shinaruaap Mesa and some adjacent .areas to determine th©   ' 

average uranium' content of .the Shinarump conglomerates that cap® Shiaa- 

rump Mesa and t© determine whether the deposits ©a Shinarump Mesa are 

large "bodies of low~grade uranium ore 9 ©r small lenses of high-grad© 

ore. Upon completion of the sampling program required to .fulfill these 

objectives j, selected., small uraniferous areas were mapped and. studied 

"in detail in an attempt' to find guides to or© and the control of ore

ly applied to the entire Temple Mountain district 9 should ft© consider 

ed as preliminary,

Between January and April 19^7 the writer,- assisted TQT 2. V. 

Stratton, measured metrically and radi©metrically 11 sections spaced at 

approximately equal intervals around th'e periphery of Shinarump Mesa. 

All or parts of these sections were sampled fay 33. B. Dingl©,

Between June and August 19^7 the writ©r.9 assisted "by G-. V.. Carroll, 

mapped Shinarump Mesa "by means of plane table and teles@opi<s alidade,, 

made vertical sketch sections of .its scarp., and examined the area 

V A small area



workings was also mapped and reconnaissance made of part of the North 

Temple workings to check some of the geologic conclusions reached at 

Shinarump Mesa.

Laboratory work consisted of preliminary petrographic and miner 

al ogi© study 9 and the chemical analysis of samples.

The writer is indebted to W.. P. Huleatt, under whose immediate 

supervision the work was carried out 9 for many helpful suggestions. 

W. Lee Stokes greatly aided the writer through conferences in the field 

and discussions of some of the writer 9 s geologic conclusions. Garland 

B. Grott assisted "by discussing many of the problems related to origin 

of thes© deposits. R* P. Fischer assisted "by outlining the problems 

involved in making reserve estimates in this type of ore and "by sum- 

marizing for the writer much of the available information about 

carnotite deposits, Petrographic and mineralogie studies were made 

by Joseph Berman,

G2N3RAL GEOLOGY

One of the more conspicuous structural and topographic features of 

the Colorado Plateau province is the San Eafael 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 Eafael Swell is, in general, an 

area of moderately low relief and badland topography that has been



named Siabad. Surrounding Sinbad is the ME®©f l)l! a wall ©f resistant 

Jurassi© sandst©nes-«»through which two perennial rivers and many inter 

mittent streams ha^@ ©arved deep ©any©as and other ©rosional forms 

characteristio ©f the Colorado Plateau*

.Although the rocks in the San Bafael Swell rang© from Permian t© 

Resent in age (fig* 2) 9 the formations that crop out in the Tempi© 

Mountain district are of Triassic and Jurassic age, and are e from 

oldest to youngestg Moenkopi 9 Shinaruxnp 9 Ghinl© 9 Wingate^, Ksyenta, 

and Ha-mj©* The Moenkopi formation ©f Triassic ag© 9 including th© 

Sinbad limestone member, crops out oTer most ©f the Sinbad area "but the 

Coeonino and Kaihat) formations ©f Permian ag© are exposed in the deeper 

gullies 1 t© 5 miles west of Shinarump M©sa (Bafc©r9 1946, 19^7, pi. l). 

Th© Moenkopi f©rmati©n is typically a succession ©f maroonj, ripple- 

marked shales and silt stones, and "buff sandstones. The formation is 

topographically expressed "by smooth slopes ©r intricately fretted "bad 

lands 0 Th© Shinarump conglomerate ©f Triassic ag© overlies the Moen 

kopi formation, forms a light~e©l©red "bench around th© inner side of 

the nReefw D and constitutes the ©aprock ©f Shinarump Mesa and of other 

©rosional remnants» The Chinl© formation also ©f Triassic age over 

lies the Shinarump conglomerate and forms a prominent maroon t© choco 

late l)and between the Shinarump "bench and the cliffs ©f younger rocks 

that compos© th© MEe©f ra « The ""Reef 80 is composed of th© massive, white 

t© pink resistant sandstones of the Wingate 9 Kayenta, and Uairaj© forma 

tions of the Glen Canyon group ©f Jurassic age.

Th© structure of the San Rafael anticline is aptly described "by
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System

Quaternary.

Cretaceous.

Cretaceous (?).

Jurassic.

Jurassic (?).

Triassic.

Carboniferous.

Series

Upper Cretaceous.

Lower Cretaceous (?).

Upper Jurassic.

Upper Triassic.

Upper (?) Triassic.

Lower Triassic.

Permian.

Group and formation

Al 
-Ui

M

uvium and terrace gravel.

incos sliale.

Dakota (?) sandstone.

M

-Ur

5 
&

~o
OS

1
1

TT,

-< Glen Canyon group c

jrrison formation.

Sumincrville formation.

Curtis formation.

Entrada sandstone.

Carmel formation.

Xavajo sandstone.

Todilto (?) formation.

Wingate sandstone.

Chinle formation.

Sh 

-Ui

M

inarump conglomerate.

oenkopi formation.

Kaibab limestone.

Coconino sandstone.

Thickness 
(feet)

' 4, 000 ±

' 0-55

415-S47

125-331

76-252

265-S44

170-050

440-540

44-240

360-400

141-225

70-178

. 735-850

0-S5

715

Character

Sandy clay, sand, and gravel in alluvial fans; terrace 
gravels on benches along streams.

Gray marine shale, sandy beds in lower part, rather 
persistent sandstone members about 200 feet abovo 
the base and 600 feet above the base.

Conglomerate; coarse and fine sandstone, in places 
quartzitic; gray and greenish clay.

Clay and shale, variegated, dominantly green-gray, 
maroon, and -mauve; gray sandstone and conglomer 
ate, very lenticular, massive, and cross-bedded; such 
louses especially numerous toward the base, where 
they form the Salt Wash sandstone member; subor 
dinate thin lenticular limestones; a rather persistent 
conglomerate 250 to 350 feet below the top.

Thin-bedded chocolate-colored sandstone; earthy red- 
brown sandstone and shale; some gypsum, and a 
little limestone in some sections.

Green-gray conglomerate and shale, and gray heavy- 
bedded sandstone.

Thin-bedded red shale and sandstone at the base; heavy, 
massive red-brown earthy sandstone above; weath 
ers into rounded forms and steep cliffs.

Dense limestone and- buff and red sandstone at the 
base; toward the top dominantly red and green shale 
with thin sandstones and heavy beds of gypsum.

Tan to light-gray massive cross-bedded calcareous 
sandstone, with a few thin local limestones.

Red-brown sandstones, green and red shale, and shale 
conglomerate, irregularly interfingering and chan 
neled.

BufT to tan, pink, and dark-gray massive cross-bedded 
limy sandstone, with a few thin lenses of limestone. 
In most places stained red by wash.

Green and red micaceous sandstone and thin red-brown 
shales; limestone conglomerate; variegated marl; all 
lenticular, channeled, and interfingering.

. Cross-bedded lenticular conglomerate, sandstone, clay, 
and shale; interfingering. Much silicified wood. 
Quartz and chert pebbles predominate in the con 
glomeratic portions.

Green-gray pyritic shale; gypsiferous green and red 
shale; red micaceous ripple-marked sandstone; gray 
to buff sandstone; red sandstone. Very limy 
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.

Light-gray to cream-colored cherty limestone; some 
oolite; somewhat sandy in places.

White to buff sugary, friable to hard massive cross- 
bedded quartz sandstone of uneven grain. Some 
grit toward the base, and the lowest 40 feet largely 
limestone. Base not exposed.

Remarks

McElmo, except basal part, of Cross; ° McElmo of 
Emery; 6 Upper McElmo of Lupton c d and Dake.' 
At base is Salt Wash sandstone member of Lupton,* 
Emery, 1' and Dake.'

According to W. T. Lee,' probably basal McElroo at 
type locality; basal part of McElmo of Cross 0 and 
middle part of McElmo of Lupton ; e<* part of lower 
McElmo of Dake' included in Navajo by Emery. 6

Included in Navajo by Emery; * Salt Wash of Lupton.  *

Upper La Plata sandstone of Cross; ° included in Navajo 
sandstone by Emery; 6 "varicolored sandstone and 
shales" of Longwell and others; " included in McElmo 
of Lupton, "* in lower McElmo (Sundancc?) of Dake.'

Base of McElmo of Lupton; d included in "marine 
Jurassic" of Dake   and Lee; * Todilto (?) formation 
of Emery; 11 "gypsiferous shales and sandstones" of 
Longwell and others; « middle La Plata of Cross " 
and Paige.'

Gregory's usage;' lower La Plata of Cross;" included 
in Wingate sandstone by Emery.*

Included in Wingate sandstone by Emery.*

Gregory's usage; ' lower part of Wingate sandstone of 
Emery; * Upper Dolores sandstone of Cross."

Lower Dolores of Cross."

Present only in patches in San Rafael Swell; only 
uppermost part of typical Kaibab. .

May include chronologic equivalents of part of typical 
Kaibab limestone, typical Coconino sandstone, Her 
mit shale, and part of Supai formation.

  Cross, Whitman, Stratigraphic results of a reconnaissance in western Colorado and eastern Utah: Jour. Geology, vol. 15, p. 641, 1907. 
» Emery, W. B., The Oreen River Desert section. Utah: Am. Jour. Sci.. 4th ?er. r vol. 46, pp. 551-577, !»I8. 
' Lupton, C. T., Oil and gas near Green River, Grand County, Utah: U. S. Geol. Survey Bull. 541, pp. 1 1.1-133, 1914. 
4 Lupton. C. T.. Geology and coal resources of Castle Valley in Carbon. Emery, and Sevier Count es, L'tah: U. S. Geol. Purvey Bull. G2S, pp. 19-20, 1910. 
  OBKP, C. L... The 1 orizon of the marine Jurassic of Utah: Jour. Geology, vol. 27, pp. 034-646, 1U19. 
' I-oe, \V. T., personal communication. 
  Longwell, C. R., and others, Rock formations of the Colorado Plateau in southern Utah and northern Arizona: U. S. Geol. Survey Prof. Paper 132, pp. 1-23, 1923.   : 
4 I/ec, W. T., Early Mesozoic physiography of the southern Rocky Mountains: Smithsoniau Misc. Coll., vol. 69. No. 4, 1U1S. 
  Paige, Sidney, The La Plata group in the plateau country (unpublished), read before the Am. Assoc. Adv. Sci., December, Id24, Washington, D. C. 
> Gregory, 11. E., The geology of the Navajo country: U. S. Geol. Survey Prof. Paper 93, 1917.

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

Figure 2. - General section of rock formations in the San Rafael Swell, Utah



the nautical term "swell"* In ©ross section from southeast t© northwest 

the flat-lying rocks of the Green River desert are "bent upward abruptly . 

to form the steep southeast flank of the structwe? farther to the north 

west they arch over the axis and dip gently t© the northwest* This 

major structure is modified locally- by minor structural terraces, such 

as those of Temple Mountain and Shinaromp Mesa,, and by subsidiary folds 

such as the Woodside Dome near the northeast end of the San Bafael Swell. 

Other minor structural elements are faults and fractures.

taerous faults have "been mapped "by Baker (194-6» 194?) in the San 

Eafael 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 

©r 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 

als© northwest and northeast strik©s9 shows clearly ©n aerial photographs 

of the Temple Mountain district and may "be related to the conjugate set 

of faults. Both faults and, fractures are probably younger than the 

major folding,

There are several small masses of altered rods in the district, 

th© largest,, at Temple Mountain9 where an approximately circular or 

elliptical area of the Shinarump, Chinle, and Wingate formations has 

been sheared, in part reconstituted^ and bleached. Around the periphery 

of this altered zone the apparently unaltered Moenkopi formation has been



warped downward to form a saucer-shaped depression about 1,000 yards in 

diameter8 The altered rock9 according to Marphy (1944) 9 is white, red, 

mottled "brown,, huff9 green, or gray 9 commonly light to dark gray on fresh 

surfaces5 local areas are highly siliceousj much of the compact and 

granular rock is composed of fine- t© medium-grained qoartss in clear 

angular to rounded grains with scattered flakes of a serieite-like

mineral and more or less "bitumen. Calcareous "beds of shale, marl, and
#. 

mudstone traced "by him into the alteration &one are there noncalcareousi

Jtaphy characterised the altered rock as highly faulted and fractured and 

resistant to erosion. A mass of gossan or iron oxid® at the upper edge 

of the Chinle formation shows, according to Hass (1922, p. 27*0, the 

nodular structure characteristic of pyrite concretions and contains 

vertical cracks filled with globular masses of hydrocarbon^ according 

t© Murphy (1944), the intensely fractured gossan contains hematite, 

goethite 9 siderite 9 magnetite, and j°arosite» Webber (in Murphy 9 1944) 

found crystal-lined vugs 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 Loeke 8* (1926).

Another such area is about 1 9 000 feet west of Shinarump Mesa where 

the rock of the Moenkopi and Shinarump formations has been altered 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 9 composed of dark gray, white-weathering,
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fine-grained,, calcareous, silty sandstone that is slightly "bituminous, and 

of "brown, sand chert-p©b"ble conglomerate let down about 100 feet from 

the overlying Shinarump conglomerate. Th© most intensely altered rock 

is a relative jumble of highly-fractured^ steeply dipping, iron-stained   

sandstone 9 in part siliceous.. A "body of "bl®"b~13k© 9 uranif erous 

asphalt it e about 1,5 feet thick and 4 feet long in Moenkopl 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 

roek§ this fault dips steeply southwestward and its trace to the south 

east disappears "beneath talus "but trends toward the fault zone at the 

edge of Shinarump M©sa (fig. 3 9 south of Sb-8); northwestward,, the fault

A third area of "bleached9 "breeeiated, and partly silicified rock 

was observed in the Moenkopi formation near the old road (194?) "be 

tween the South Temple workings and Shinarump Mesa, and there may "be 

other similar sones in the district. The distribution of uranium and 

vanadium minerals is, in part» related to alteration zones.

Although no igneous rocks are exposed in the Temple Mountain dis 

trict, the bleaching9 shearing, sili@ificati©n, addition of significant
K<&_

quantities, of metals, and partial reconst.itution 'of rocks and minerals 9 

haye "been attributed "by Webber (in Murphy, 1944) t© alteration "by rela 

tively deep-seated hydrothermal solutions. It should "b© 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 rook west of Shinarump M©sa show 

that some of the rock is radioactive* The res-alts 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 radioactive.

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* Th© Shinarump 

conglomerate extends over nearly 100 9 000 square miles in the Colorado 

Plateau province,, an unusually 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 carbonized wood fragments are locally abun 

dant (Baker, A. A., 19^-6 (194?), p. 6o) e

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 uneonforma'bly on 

the Moenkopi formation, and grades upward into the Chinle formation. 

The significant© 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.



St©k©s (1950) 9 however, points out that th© characteristic lensing 

and interf ingering sandstones and conglomerate® of th© Shinarump show 

curr©nt~b©dding of th© typ© generally associated with fast-running

served as the cutting agent during th© formation of a pediment by 

lateral ©orrasion of streams. The conglomerate and the surface of 

planation ar© 9 therefore, contemporaneous.

Th© Shinarump conglomerate, resistant to weathering relative to 

th© underlying and overlying formations, forms cliffs and tenches and

The Shinarump conglomerate in th© Temple Mountain district  ranges 

in thickness from 10 to 129 feet; the average thickness in the 43 sec 

tions measured "by Stokes is 6l feet* At Shinarump Mesa 11 measured 

sections gave an average thickness of 5^ feet for th© Shinarump al 

though an undetermined thickness of th© formation has been eroded from 

the top of th© mesa. However, the uppermost "beds present are probably 

very close to the base of the Chinl© formation* The contact at the top 

of th© Shinarump conglomerate is gradations!, whereas the base of th© 

formation is marked by an unconf©rmity*   At Shinarump Mesa this surfac© 

of unconformity has an average relief of three ©r four feet, although 

local channels as much as 17 feet d©ep have been eut into th© shales 

of th© underlying Moenkopi formation*

Th© Shinarump conglomerat© at Shinarump Mesa is divisible into 

four principal rock units. In order of decreasing age, they are (l) 

the ch©rt-p©bbl© conglomerate unit 9 (2) th© sandstone-mudstone unit*
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(3) the lime-pellet conglomerate unit 9 and (4) the upper white sandstone 

 unit, ©ach of which is composed of several subunits or faeies. The dis 

tribution of these -units and subunits is shown on figures 3 and ̂  which 

also show the extreme lenticularity of the rocks and the prevailing 

northwest direction of current flow*

The division of the Shinarump conglomerate into four principal 

rock units is bas@d on dominant ©r characteristic lith©logi© component, 

"but 9 as shown on figure 4, this division is also 9 in general 9 strati- 

graphic* Bach main unit is composed predominantly @r characteristically 

©f that component subunit or facies for which it is named9 "but each 

main unit als© contains lenses and intergradations of other subunits or 

facies that were differentiated to show the geology more clearly. The 

"boundaries "between all units are, therefor®, arbitrary and cannot "b© 

considered strict lithologi© or time "boundaries. The fact that mudstone B 

for ©SEample,, is a minor constituent in the lime-pellet conglomerate 

unit between SH-3 and SH-5 (fig» 3)» and in. the chert-pehhl© conglomer 

ate unit below the Uortheast adit (fig. 4), but is a characteristic 

component ©f the sandstone-mudstone unit 9 is interpreted to mean that 

slack-water conditions allowed the deposition ©f mudston© at times 

dufing the deposition of both the lime-pellet conglomerate unit and the

more widespread during the deposition of the sandstone-mudstone unit. 

Similarly, the inclusion of lenses of chert-pebbl© conglomerate in the 

sandstone-mudstone unit (fig. ^, section D-E 9 below West adit) means 

that a source of chert pebbles was available for the streams during th©



19

deposition of the sands tone-muds tone unit, "but the "bulk of the chert- 

pebble conglomerate is confined to the main chert-pebble conglomerate 

unit at the "base of the Shinarump 9 and was apparently laid down during a 

definite period of time early in the deposition of the formation*

That these principal rock units are only approximate time units,, 

on the other hand,, is shown by the lateral inter gradation of the sand- 

stoneHffludstone unit with the chert-pebble conglomerate unit "between 

SH-11 and P 9 section 0-P (fig. 4), and also northeast of the North adits 

(fig. ^5 section .&-B) 9 as well as "by lateral inter gradations of the 

sandstone-mudstone unit with the lime~pell©t conglomerate unit in sec 

tion M-N (fig. 4). '

This four-fold division of 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 9 commonly the basal lithologic 

and stratigraphie unit of the Shinarump conglomerates, 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 hard8 

blocky sandstone. Much less abundant are small lenses of mudstone, 

massive sandstone, some of which is bituminous 9 friable sandstone 9 or 

intergmdational lime-pellet conglomerate*



The "brown chert-pebble conglomerate sub-unit or facias is composed 

of approximately equal amounts of rnedium~grained sand grains of quartz 

and chert, and of siliceous pebbles. The subrounded to well-rounded 

siliceous pebbles are predominantly chert 9 but are subordinately 

qoartzite, quart2* jasper 0 petrified wood, and bone? they average about 

one inch in diameter*,. The subunit generally occurs at the bas© of the 

unit» and is commonly loosely cemented with silica and stained by iron 

oxides* Topographically, the rock is a cliff-former*

The hard8 blocky sandstone is medium-grained, hard9 blocky, buff 

to brown. The grains, most of which are qaartE 9 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, bloclqr 

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 jame 08 , or concentrations of logs, were found (fig. 4 9 section I-J, 

near the Southeast adit; and section £-L 9 n@ar K)* The abundance of 

logs at irregularities of the Moenkopi-Shinarump contact indicate that 

th© "'log jams 80 formed at the edges of local Triassic ©treaa channels.



Sandstone-mudston© "unit

(She sands tone-muds tone 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. ^9 section C~D) permitting the sandst©ne~mudston© unit to rest 

direetly on the Moenkopi formation* The unit ranges in thickness from 

a few inches to 37 feet. The predominant component by "bulk is massive 

light-colored sandstone j, commonly "bituminous, "but an abundant and 

characteristic component is mudstone. Less abundant components are . 

siltstone 9 mudston©=»gravel 9 friable sandstone, platy sandstone, chert- 

pebbl© conglomerates hard9 blooky sandstone, and intergradations of

The massive.) light~@e>lored sandstone is typically Tjoff to white 

and composed mainly of medium- to coarse-grained quarts grains with 

subordinate muscovite loosely cemented with calcite and some clay- 

Ilk© material. It ranges in thickness from a knife edge.to 30 feet 

and in general forms Iong 9 more- or less~continuous lenses. The 

sandstone is eross-bedded with the individual beds ranging in thick 

ness from 6 inches t© 2 feet* It is commonly impregnated with white- 

weathering brown t© black bitumen. The bituminous sandstone weathers 

to rounded exfoliated forms  whereas the non-bituminous sandstone is 

expressed topographically by cliffs that in many places overhang.

and siltstone is a characteristic component of the sandstone-mudstone



unit, ai-though It d©@s occur 9 locally, in "both the underlying chert- 

pebble conglomerate unit 9 and the overlying lime-pellet congl@merate 

unit (fig. 3, "between SH-3 and SH-5."). The. mudstone is typically gray- 

g]p©en9 fractured, soft» non-calcareous, and occurs in lenses as much as 

1? feet thick and 160 feet long (fig. 4, .section C-D9 SE-8)', although 

most lenses are only from a fraction of a foot to 4 feet thick and from 

60 t© 100 feet long. 'Greenish or "brown,, thinly laminated siltstone 

©eeurs typically in deltaic "bodies adjacent to mudstone and "both mud- 

ston® and siltstone were pro"ba"bly deposited in shallow, quiet water. 

The inclusion of peT^les and galls of mudstone and siltstone in -other 

clastic rocks indicates that thes© deposits were later torn up. In 

places the peVbles and galls were redeposited with chert pelTbles to form 

a mudst©ne gravel mixture. These fine-grained rocks weather commonly

Priable sandst®n© 9 although not abundant 9 is an important component 

of the sandstone-loadstone rock unit inasmuch as it is commonly the host 

rock of ore deposits. It forms lenses as much as 100 feet long and 15 

feet thick (fig. 4--, North adit), although most lenses are smaller and 

some are so.small that they cannot "be shown on the section (fig, 4)» 

Most of this sandstone is'confined t© the sandstone-muds tone unit, al<= 

though some lenses ©f ©re~"bearing friable sandstone were found in the 

underlying chert-pe'b'ble conglomerate unit as well as in the overlying

The friable sandstone subunit or facies resembles the massive., 

light-colored sandstone in color and general'composition, "bat differs-.in
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its general lack of cement 9 more closely spaced current beds 9 and the 

common abundance of uranif erous hydrocarbon grains and irregularly- 

shaped!, interstitial fillings. Because of its friability the roek 

¥©athers to indented shelves or caves. The current "beds commonly range 

in thickness from only one-sixteenth of an inch to on© 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 

©f Shinarump Mesa (fig. 3)« 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- 

stonee Minor components are hard, bloclqy sandstone 9 mudstone, and friable 

sandstones, In thickness, the unit ranges from 6 to 53 feet. It inter- 

lenses with the underlying sandstone-muds tone unit in sections M-H and

The light gray to buff lime-pellet conglomerate sub-unit ©r facies 

is s© named from the small- t© medium-sized calcareous silt stone pellets 

that are an abundant constituent. Lime-pellet conglomerate forms lenses 

as mueh as 400 feet long and 20 feet thick in the lime-pellet conglomerate 

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 e Cal 

careous silt stone pellets, sandstone and mudstone fragments predominate*



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 (19^7* 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 underlie 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 light-colored, buff to white. The numerous, 

closely spaced current beds are accentuated by weathering and' this 

characteristic together with a commonly finer grained texture, differ-



entiate platy from massive sandstone sub-units or facies.

Because 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)» Wher© 

clearly exposed,, the festoon-type current "beds are in the form of 

plunging synclines or "canoes 1111 9 the open ends of which presumably faced 

downstream. Thus t the direction of the axis of .the n canoeM indicates 

the direction in which the water was flowing when the unit was de- 

posited. Th© largest '"canoe 5", southeast of triangulation station 10 

(fig. 3) 9 is about 100 feet across and 200 feet Bxag; it probably in 

dicates the site of an old channel,, persistent throughout much of the 

time of deposition of the lime-pellet conglomerate unit*

IJpper whit© sandstone unit

Th© upper white sandstone unit is s© 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 9 elosely~spaced current beds which weather to uneven 

slopes or rough cliffs. The rock is typically fine-grained, white, and 

poorly cementede The cementing material is calcite 9 iron oxide, or a 

claylike material. Near the top of section SH-8 (fig0 3) the rock con 

tains thin 9 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 ealcite and was mapped as a sub-unit or faeies.

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 ar® commonly confined to the sandstone-mudston© lithologic unit, 

it is felt, warrants the semi-detailed description.

EAEXQACTXYITT -AID SAMPLING

During this investigation, a field counter of the UMDC type equipped 

with an impulse register was used to detect gamma radiation. The instru 

ment was equipped with two interchangeable gamma probes; one with a 

normal background counting rate of 13 counts per minute and the other 

with a noraaj. counting rate of 55 counts per minute. The probe with
v<-.-^

the low counting rat«L.was used to determine the radioactivity of the 

units traversed in the sections measured (figs. 6 to 16) as well as of 

the crushed channel samples. It was also used in five 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 m©sa.

Eadiometrie examination of individual rock units was made by 

placing th© 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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Radiometrie analyses of crashed channel samples were made in the field* 

Figure 4- shows the radiometrio measurements of the rocks that crop 

out around the scarp of the Mesa. All rocks stained by carnotite or 

that contain "black hydro-carbon grains were abnormally radioactive0

The radioactivity of the rocks and the location of channel samples 

in 11 measured sections is illustrated in figures 6 to 16 inclusive. 

(These 11 sections are located at approximately equal intervals around 

th© cliff faee 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 cut only of the radioactive units 0 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 I/b 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 radiometrie and chemical analyses of the samples from these 

sections tabulated in table 1 show that most of the rocks are essentially 

barren of radioactivity or uranium.
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DESCRIPTION

w

Sandstone, dark gray to buff,
massive

^Conglomerate, lime oellet _^,
\ Mudatone, green, friable, one inch / 
\bed wood fragments at top /

Conglomerate, lime-pellet, and 
chert pebble; platy, current bedded

hard.blocky, 
Sands tone , ma ss Ive ,/ meclum-gra ined ,
some pebbles, both lime-pellet and 
chert ^t base, considerable muscoTite 
flakes, two 2 inch mudstone beds

Conglomerate, chert-pebble, sub-to 
well-rounded; some logs, both silicified 
and carbonized. Ore zone, north and south 

8; section _ 
Unconformity    -^ 
Mudstone, gray-green, fractured, 
gypaiferoua

'

v r 5 Feet
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expressed in thousandths of percent e.U.(X,IO-3%} . w 

Uranium content (chemical analysis) . ' ^wsured ^ D.G.Wyar^t, E:V. Strat

expressed in thousandths of percHiit(XiQ-3<7°) Sampled by .£,8, Dingle 
from January to March, 1947
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by testing crushed rock (in field) 
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DESCRIPTION

Conglomerate, lime-pellet, platy, and 
well -cemented sandstone. Top of sec 
tion in sandstone.  

Conglomerate, liae-pellet, well- 
inducated, some shale pebbles, cob^Te'sT 
Grades smoothly upward into white, 
friable sandstone in top 2 feet.

Sandstone, with numerous small cHert ^> 
and clear quartz pebbles. Ferruginous

Sandstone, gray-green mudstone, and 
chert-pebble conglomerate in 2 inch

Sandstone, bituminous, fine-grained, 
friable, current-bedded.

Sandstone, bituminous, weathers white, 
coarse grains of quartz cemented by 
«j l.icsfc and if pa oxides .

Conglomerate, predominantly (#5$) 
bleached chert-pebble, some lime- 
pellet and clesr quartz; rests on 2- 
inch brown-stained loggy base. Grades
upward to ^jpdstone* 

TJnconf ormi ty  >,
Mudstone, blue-gray, fractured. 

 ^ftSPitc*! confcgMBt blue^gray color 
extends downward 5 to 6 feet, below 
which J^sock is red- maroon.
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Moenkopi 1 Shinarump conglomerate  
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Meosured by DG.Wyant, E.V. Stratton

nt(XIO- 3<7°) Sampled by E.B. Dingle 
from January to March, 1947
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FIGURE 7. Section SH-2.
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RADIOACTIVITY 
Rodiooctivity at outcrop expressed

" ne 1 counts per minute, U/rr.)

Approximate radioactivity determined 
by testing crushed rock (in field)

DESCRIPTION

Conglomerate, lime-pellet, platy

Sandstone, white, coarae grained, 
current bedded.

Conglomerate, lime-pellet, and some , 
lenses of well cemented, fine-grained
sandstone.

*

Mudetone, greenish, 3 inches; 
conglomerate, lime-pellet; 
Sandstone, f erruginotia, dense, 
micaceous.

Send stone, "bitiiminotts, current-bedded; 
some chert oebble conglomerq te at 
base.

Conglomerate, gravelly, friable, 
and ^reen mudstone.

Sandstone, dense1 , ferruginous, 
current bedded. Some 6-inch layers 
of widstcne cobbles,, 
Some bitumen

/Conglomerate, chert-pebble, and \ 
/ sandstone, nradstone cobbles; \ 

' Sparse plant reaains,, >

^\/ Unconformity
Mudstone, typically shattered, 
gray-green,- weather ing, dark gray 
when fresh.

V

r  5 Feet<a
0 4
o«> _ 3

"5 r> 
0   ii

5 ' >

o 
i~

5
or 
o u.

Ti 

Shinarump conglomerate

 H

o

.'

expressed in thousandths of percent e.U.(XIO-3%) ^ 

Uranium content (chemical analysis) Measured by D G.Wyant, E.V. Stratfon 

expressed in thousandths of percent (XIQ- 3 0̂ ) Sampled by E B. Dingle 
.from January toMarch, 1947

O
C

FIGURE 8. Section SH-3.
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SECTION SH-4 
Shinarump Mesa, Temple Mountain District 

go Emery County, Utah

RADIO- ^ 
ACTIVITY x

/ / / x / /

-r^..

0

^

1

o 

c

c

O^
,\^
^^

:*

Tr-
\ N

\ X
X "

^ X

o

f

c

X X
X >

,A
X X

^

(

o

( 

(

re 
\ 
\ 
\

\s,

<

V \
X " 

w
X X

\^
v/// ///////.

~r ^
h-

8

> 3

' 3.8

" 

3.2

74

3.0

3.0

1.5

60 5.3 

07

2.3
>

"i 
i

COLUMNAR SECTION

.    ' o     °. -r--   '   '    . 
  . t> _- o _ Q ^
'.» .''. i,'' ''? ;

^O ' %' ~^r- " . O  

\-'-°". ' '.'   ' '

O ' - O ' '.   ~f~~f ~f.'. .'. '^Jr:-. :'  .

-'. '^.-  '   9- . 

UJ

|i
«

43

42

.41

40

39

38

37

36

35

33

RADIOACTIVITY

Podioactivity at outcrop expressed 
in net counts" per mmute.(c/m) 

Approximate radioactivity determined 
by testing crushed rock (infield) 
expressed in thousandths of percent

Uranium content (chemical analysi 
expressed in thousandths of perce

DESCRIPTION

Sandstone (uoper white unit), current- 
bedded, upper 5 feet more massive 
than lower, platy 3 feet. Approxi 
mately 5$ of rock is arctecovlte flakes.

Conglomerate, lime-pellet, platy;
typical.

.Sandstone, bituminous, blocky 
exfoliated.

One inch bed of chert pebbles.
Sand 

stone and conglomerate, inter leneed, 
grain size decreases toward top,

T-rVi 4 f*^ % O "H (SW (-*T 1 Afl

Ore zone in friable sandstone, 
V and U stains, detrital 

black grains.
Conglomerate,* mixture of chert pebbles,

Sandstone, ferruginous, current bedded, 
and chsrt-pebble conglomerate in 
lenses, each 6 inches to 12 inches 
thick; deltaic, many Tilant remains.

       *"*^»% * 1 44*  w"*""'-^Conglo-nerate, chert-pebble, and sand-^ 
stone lensee, coalified wood fragments. 

f    Unconformity

Mudgtone, typical dark-gray, greenish- 
weathering, fractured. - "*

- 

w i  5 Feet 
"5   4
0

o   2i-^

FORMATION

"& 

Shinarump conglomerate

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

r\\(X\Cr^y°) Sampled by E.B. Dingle 
from January to March, 1947

V

\N 
N

FIGURE 9. Section SH-4.



DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

'TRACE ELEMENTS INVESTIGATIONS 
REPORT 51 : -,

'

to 
O
X
k_o

1^

SECTION SH-5
Shinarump Mesa, Temple Mountain District 

fcp Emery County, Utah
RADIO- 

ACTIVIT

0

N \ \

\V\
\.\ X

   

s.

Y

!

o

0

J /

C

(

C

V

1< 
c

< <

< 
(

< 
<

i

< 

(

i

THICKNESS 
IN FEET

23,5

1.6

3.4 
3.4

0.8

8.3

3.0

4.0

1.0

2.3

6.9

4.6

2.6

cc
2§
15
_l LU
o «n
0

^^^^ 
servations

' ' .'   - / '-. '|V>''

p.': ]    f.'f  '
o   «>'.   '- -~V.

 G:^-£»
 :':-- ':' :''  .' ' : .." ' -' .

^%'^-S.*:
  -^ ̂ rr^ rrv-T^

'%.'-> v':' : ';\'' : ;-;

 ." ": '.    :--V-i:.:

!^Kz~^F~::
~-«-=  -^n
3-E7"^zrfl

^%"?r-
-r-o o   O   o
  . p   -J 1 ' 'n

  _r-n   zr^,
     _  
     -  

~~=~-~-=~

SAMPLE NO.

48

47

46

45

44

RADIOACTIVITY 
Radioactivity at outcrop expressed

in net counts per minute (c/m)

Approximate radioactivity determined 
by testing crushed rock (in field) 
expressed in thousandths of percenl

Uranium content (chemical analysi 
expressed in thousandths of perce

DESCRIPTION

Sandstone, (upper white unit) 
current-bedded; predominately medium- 
grained, with local gravel lense?.

Columnar section broken for ease of 
drafting; rock is uniform in type.

Conglomerate, lime-pellet; lenses 
laterally into underlying mud stone.

:-bdstone, green, containing sparse 
^^wood fragments. /^

Sandstone, ferruginous, blocky- 
weatheriag, thin-bedded, current- 
bedded; and 0.^ foot of silt and 
mud stone containing rounded sandstone 
cobbles. Rock is in part bituminous.

Siltstone, greenish, with local 
lenses (up to 1 ft. long by 6 Inches 
wide) of limy sandstone} lenticular.

Sandstone, ferruginous, with numerous 
muscovlte (?) flakes, blockybittndnous. 
Grades upward to platy, friable 
sandstone.

Conglomerate, chert -pebble, and green 
\^ mnd stone, all reworked. ^X

and chert pebble, 
Conglomerate, lime-pellet /and 
coarse-grained sandstone.

^-Unconformity

Mudstone, contact is irregular.

r  5 Feet
o>
"5   4 o
t/> ~3  o

~0 r,o   c.
Q) '

> Q

o 
i-

5 
cc 
o

o\
H
8Po
0

(£C

cfl- 1
CO

a 
o

e.U.(XIO- 3<7°) 

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

nt(XIO- 3<7°) -Sampled by E.B. Dingle 
from January to March, 1947

FIGURE 10. Section SH-5.
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I SECTION SHf-6 
Shinarump Mesa, Tempfe Mountain District- 

6s Emery County. Utah
* . Tl ..:.    ._ -     i_7. ..         ~1 ___________ :         ,           ,               1        :                 :    .       

RADIO- 2 
AQTIVlfY 5

 - ' '  '.. E

f^f^^Arr

0 

vp

  
£___.

A

V 
v  

C

c

(

t - 
(

c

<

V 

O;;

c

  t

C

< 

O

'/SSS/////////S

THICKNESS 
IN FEET

47.4

A' ; ' 5

X

.16.6

i

3.0

1

>

12.2

)

2.3
>

6.0

COLUMNAR SECTION.
. .

'.'.' '  . . .     '     '     
  -. -. .

..... , .   -, 
-;.'     '.'    --'   

 '"

'V*''''-*-^c

°o-* °. ' °'~' 

.0 . '°'. -°. - <y .

  J^O 0

- :- _:   :    :    _

^=--~ -^  n
1
.;.;,;;..-:'/  .

.   ' ' ^'  ' 6 .'  

«-.'Vvv.'
'" '>--VV-
jj~^_:"  "* ~ ±~"" ~~

-      _    .

UJ

M</*

 51

*

50

49

RADIOACTIVITY 
Radioactivity at outcrop expressed 

in net counts per minute (c/m)
Approximate radioact vity determined 

by testing crushed rock (in field) 
expressed in thousandths of percent

Uranium content (chemical analysi 
expressed in thousandths of perce

DESCRIPTION

.Sandstone (tapper white unit) , current- 
bedded, thick-bedded at- base, platy 
in upper 10 feet.

Columnar section broken for ease of 
drafting. 
Hock is uniform in type.

Sandstone and conglomerate; alter 
nating beds, 6 inches to 2 feet 
thick, of blocky-weathering, 
ferruginous sandstone and lime-pellet 
conglomerate containing some chert 
pebbles.

Contact projected across small fault.

Mud 9 tone, gray-green; gypsiferous; 
some sandstone lenses.

Sandstone, ferruginous/ similar to 
unit 2.3 below, some bitumen; 
^numerous fragments of coalified logs.

Sandstone, and grave-1-conflemerate; 
thoroughly bituminized. 
Unit is friable; in places cute 
markedly across next lower sandstone 
unit.

Sandstone, ferruginous, brown; 
numerous aniacovite flakes.

Conglomerate, chert-pebble, some 
sandstone; 
crudely sorted.

.f^Unc o nf or m i ty

Miidetone, typically gray-green, 
fractured.

^ r  5 Feet

o 
u> _ -3

S -2 
5 - 1

FORMATION

ft 

C P Shinarump conglomerate

£
00,oo

e.U.(XIO-3% ) ° '- : 

Measured by D.G.Wyant, E.V. Stratton-

nt(XIO-3<^>) Sampled by E.B.DijigU 
irom January to March, 1947 "

FIGURE 11. Section SH-6,
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SECTION SH-7
Shinarump Mesa, Temple Mountain District 

g° Emery County, Utah         ̂ ..
RADIO- 2 

ACTIVITY ?

VVrvVr
.

O

o

^

'  r    

o

!

c

 

0

o

\

V

 

$$

Q

( 

<

\
s
\ 
\

\i
V///A

0

c

0

en H
^ UJ

o
E?

to

12.2

1.4

.5

3.8

2.0

2.5

3.8

1.7

>3.8

' .3

ro.sz!

3.5

33
12.6

5.8

1.6

COLUMNAR SECTION

f.-' .;. :»:«>  

  o- -_'d : o'.   

 ' 'ff.'^r-. °

' -J- / . _1_
O .' ' .   0

'    *  p' v * .

  _ TT^*'-.~~J-rTL _

   '   '"" '" " ^

'^^^^^

?M£-

n
TT 0   . J_- o

'0J^§:
'-i-'.   ', o ' '«.
' '.0  '£».' ' . -1-

SIS
Iflppl
^ppf%
lift
^V ~^0 -^i" ̂ L

SSppft
^si^i^

i^W

ZrEZ-^rEl-

-

SAMPLE 
NO.

65

64

63

62

61

60

59

58^

57
_56

55

54

53

52

RADIOACTIVITY

Radioactivity of oufcfbp expressed 
n net counts per minute'.'fc/nrvT.' 

Approximate radioactivity determined 
.by testing crushed rock (in field) 

expressed in thousandths of percent

Uranium content (chemical onalysi 
.-expressed in thousandths of perce

DESCRIPTION

\ Sandstone, £$rrugindus, fine-grained./ 
\quartzose, blocky-weathering. /

Conglomerate*- lime-pellet, with some 
ferr-uginous "blocky-weathering 
sandstone beds.

Sandstone, coarse-grained, some chert 
\pebbles; ore zone, carnotite stains; / 

numerous plant fragments; zone lenses/ 
into cgl, 15' N. , 20 « S of section. /

Conglomerate, T.iaae-pellet ,
"\ sandy at top of unit. ^x"

Mudstone, greenish, similar to saa^ple
x\5^ below. Float of ore zone. /

N^Siltstone similar to sample ^S below./
>. Conglomerate, lime-pellet, and sub- / 

N^angular sandstone fragments. /.

Sandstone, coarse grained, bituminous, 
grades laterally into lime-pellet

^ v^ conglomerate. /"
Conglomerate, lime-pellet.

Si Its tone, laminated tb plal^r, 
deltaform, greenish; weathering buff.

 """ Conglomerate, lime-pellet type, con-^^ 
tains appreciable chert.

\JMudetone, greenish, highly fractured./

SaBdatone» bituminous , current-bedded .

Conglomerate, chert-pebble; unit 
thickens to the Horth. 

^s^ y   "Unconformity /
Contact pert.ially covered. 
Mods tone, greenish, fractured, 
typical.

* 

r- 5 Feet <>>
. Q __ A

V"> _ 3 

8 -2

FORMATION

a> 4J 
rt J-,

io o

a,

5eo

 H

1
a

f=-

,e.U.(XIO- 3%) ° 

.< Measured, b.y D.G.Wyont, E.V. Strotton

nt(X10-3% ) Sampted by £.B.,Oi'ngle' 
from January to March, IsN?*

FIGURE 12. Section SR-7.
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SECTION; SH- 8
Shinorump Mesa, Temple Mountain District 

6? Emery County, Utah

RADIO- ^ 
ACTIVITY- £
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9.4

1

4.3
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77

76

74

73

72

71

70

69..

68

67

66

RADIOACT VITY 
Radioactivity at outcrop expressed

in net count j per minute.(cAn)

Approximate radioactivity determined 
by testing crushed rock (in field)

DESCRIPTION

Conglomerate, lime-pellet; contains 
considerable chert-pebbles. Unit 
grades laterally into upper white 
sandstone.

Sand nt one ,$nassive white) , here 
partially bitnra^'nized; contains numer 
ous ferruginous concretions, ranging 
up to ^ inches in diameter.

Columnar section broken for ease of
drafting..

Bock is uniform.

Conglomerate extends higher, but orer- 
laps sandstone, arbitrarily broken 
here.

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

Siltstcne, greenish, laminated.

Sandstone, micaceous, auartzose, ferru 
ginous, siliceous bituminous.
Conglomerate, lime-pellet; mud stone, 
similar to sanroles 69, 71 and silt- . 

>^ stone, similar to sample 5^» SR-7- /

54adsitone., similar to rnudatona in saatple 
69, but grayer, with yellow-brown 
(jarosite?) stains.

Conglomerate, lime-pellet, and 
ferruginous sand«t one .
Mudstone, similar to unit below.

-^^ Conglomerate, sandy lime pellet. ^^

v ^ud a tone, grayj greenish-weathering. 
Bituminous sandstone similar to unit 

-below lenses into unit U feet North 
of section.

Sand u ton« . . c .i.\ ta :Dn -  jo rae che rt peb - 
blys; ' r-irrent-befldad, >j44- v .,-t-^-,^ 
friable,

There is no basal conglomerate, but 
approximately 1/2 inch of stained 
sandstone containing small, silici- 
fied u'ood fragments.

^- Unconformity

Mudstone, gray-green, fractured.

X

^ r  5 Feet 
o   4
o

1 - 2

expressed in thousandths, of percent e.U.(XIOo "/0) u 

Uranium content (chem.cal analysis) Measured by O.G.Wyant, E,V. Strat

FORMATION

CD 

O

C
 H

CO

O

U

ton

expressed in thousandths of percent (X 10'^°) Sampled by E.B. Dingle 

from January toMarch, 1947
FIGURE 13. Section SH-8.
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SECTION SH-9
Shinarump Mesa, Temple Mountain District 

g? Emery County, Utah
10  

g 
x

RADIO 
ACTIVITY

"rO~ 

O 
X
o
6

en
if) H 
UJ LJ

*E 
O

K.

-J UJ
o 1/1
o

UJ

is DESCRIPTION
o

tr 
o

s

o
o

3.0

2.6

5.0 

19.5

2.0

2.8

2.1

2.0

96

-1Z. i

<3>
95

Conglomerate, lime-pellet, and sand 
stone. Contains much carbonaceous 
plant remains.

Unit is mostly covered by thin mantle 
of eo11 and debris. Samples taken 
in a series of shallow pits, stepped 
one above th* other.

94

93

.
J-

-' 92

91

90

2.3 89
Sandatone, ore sone, carnotite (?) 
stains, "black, detrital (?) grains.

o °. Conglomerate, lime-pellet.
3.0 88

Q) P
(D 
t,

 a
g
o

O!

O i

1.7 87
Sandstone, platy, current-bedded, 
blocky, lenticular.

5.0 86

Conglomerate, lime-pellet, and sparge, 
thin, very lenticular sandstone beds.

,2.6

2.8

5.2

±

9.4

4.2

I

1.9-

4.6 
2.7

1.8

2.0
: v.   -; k;,

_L

85
Conglofherate, lime-pellet, and 
lenticular mad stone.

84

83

Sandstone, hlocky, ferrv^inous, and 
lime-pellet conglomerate; Containing 
eonsiderahle chert. 10 feet south 
sandatone is friable, carnotlferoue.

Mudstone, greenish-gray, fractured, 
gypsiferous, jarositic (?). 
Unit lenses within 30 feet to the 
north into bituminous sandstone. Unit 
lenses within 5 feet to the south into 
silt-stone delta.

82

79

Sandstone, , 
bituminous, contains some greenish 
bands (l/U n to 1" thick)

''Conglomerate, about equal amounts of 
liaie-pellets, end "bleached chert 
pt'b'blcs. TJalt leases within 10 feet 
gravelly, tituainoup j..sandstone.

78
t«, chert-pe'b'ble, 

tlock."-weatheriag,
some 

sand-

^- Unconformity 

Mi-^-* (-e -, greenish, fractured, 
y«llow-stained.

  5 Feet
<a
a 4 
o

<u

RADIOACTIVITY 
o Rodioactivity at outcrop expressed

IT net counfb per :r>inute. (c.-n)

Approximate radioactivity determined 
by testing crushed rock (in field) 
expressed in thousandths of percent e.U.{XIO-3%)

Uranium content (chem.cal analysis) ' Measured by D.G.Wyant, E.V. Stratton 

expressed in thousandths of percent (XIO-37°) Sampled by E.B-. Dingle

________________f rpm January to March, I 947
FIGURE 14.--Section SH-9.
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SECTION SH- 10
Shinarump Mesa, Temple Mountain

B? Emery County, Utah

RADIO- §
ACTIVITY £

P

CO , 
CO ,_
y uj
^ UJ
"<- LL

CE
< z
z o
2 f=

UJ
_l
^9

District

DESCRIPTION

o

lo

0

3.0

84

2.4

1.4

>8.2
5.7

2.5

7.0

F"

4.6

9.3

4.7

\\XV\\\ XX \\X\\;

3.5

COLU SEC

illiS

SA N

Conglomerate, lime-pellet. Some 
sandstone lenses.

110

109

108

107

106

105

Mudetone, greenish, poorly exposed.

Conglomerate, lime-pellet, and 
sandstone.

Sandstone, current-bedded, 
platy.

o

a: 
0 
u.

Conglomerate, lima-pellet, contain 
ing up to 30$ chert-peTi'blea.

104

Sandstone, blocky, ferruginous, 
"bituminous; with 3" to b" of lime- 
pellet conglomerate at "base, and U" 
of gray mudstone it top. v

^i

Sandstone, "bituminous, contains thick 
ore zone, one edge of which was cut 
in Sample 101.
Sandstone is current-"bedded; 

contains numerous mudstone galls.

102

101

i
Sh

100

99

5 - 5
97

Ore zone, "bituminous sandstone; 
stained "by TJ, V minerals, with "black i 
detrital grains._______________/\-
Conglomerate, chert-pe"b"ble, and I
"blocky, dense sandstone. Both con- |
glomerate Rnr? aandntone "bituminous.

Conglomerate, chert-pe"b"ble, and 
"blocky, siliceous sandstone.

Conglomerate, chert-pe"b"ble, "but 
contains some lime-pellets.

^2^ Unc o nf oroi i ty

Contact looted within 2 f»et, '
covered "by talus.
wdstone, gray-green, fractured.

N)

o
RADIOACTIVITY

Radioactivity at outcrop expressed
m net cot-nts per minute.(c/m)

Approximate radioactivity determined 
by testing crushed rock (infield) 
expressed in thousandths of percent

Uranium content (chemical "analysis) 
expressed in thousandths of percent(XIO

o 
o 
tn

o 
o

a> 
>

- 5 Feet
- 4
- 3
- 2
-. I
- 0

-37o

FIGURE ]_5._J3ection SH-X07

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

Sonpled by E . B. Dingle

trom January to March, 1947 _
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SECTION SH-II
Shinarurrvp Mesa, Temple Mountain District 

6? Emery County, Utah

RADIO- 5 
ACTIVITY fc

^VrVYYY...,., . .

i
i    j
t
i i
i 
i *

\

\
/

/

<

c

CO

   UJ 

O

)    

8.

4.

0.8

COLUMNAR 
SECTION

is@8

Wfji$j;::

 . '  '.  ' ' '^'f "'^ri

' '&&
^^^^ -=~=^~-

SAMPLE 

NO

114

113

DESCRIPTION

Sands to ne.platy white unit, current - 
bedded; contains some interfingering 
tongues of lime-pellet conglpmorate.

Conglomerate, lime-pellet, with some 
interfingering lenses of upper white .
sandstone. -;

\

Mud stone, greenish.

j FORMATION!

o 4.9

2.5 

,40.

»

o

°5.7

1 c>

7.5

8.7   '«

11.2

« *

Conglomerate, lime-pellet, with some 
interfingering lensee of tnaaaive 
sandstone in upper 1$ feet. 
Conglomerate in sample lacontalne aome 
carbonized wood fragments and gypsum.

Columnar section "broken for ease of
drafting.
Rock is uniform in ty^e.

o

Sandstone, mostly blocky, some friable, 
forming rounded surfaces, Mtumlnoufl.

Conglomerate, chert-pe'b'ble> sandy, 
"blocky.

» '»  ;»>'

J_

bituminous 
Sandstone, blooky, ferruginous A and
chert-pebble conglomerate. Some pf
chert pebbles are bleached.
Sandstone «md conglomerate Inter grade

/-Unconformity

gray-green, fractured.

O

RADIOACTIVITY 
Radioactivity at outcrop expressed

m net counts per minute.(c/m.

Approximate radjoactivity determined 
by testing crushed rock (in field) 
expressed in thousandths of percent e.U.

Uranium content (chemical analysis)

o 
o 
u>

o
CJ

a>

- 5 Feet
- 4

_ 2

- 0

Measured by D G.Wyan t, E.V . Strctto,

expressed in thousandths of percent (XlO-3%) Sampled by E.Q. Dingle

f rom Jonuory to March , 19 47
FIGURE 16.- Section SH-11.
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Commercial production of radium from uranium-bearing ore of the 

Temple Mountain district began in 1914 (Hess, 1914, p. 944) and continued 

daring the first world war. Daring the war years 9 according to Hess 

(Hess 9 1922 0 PO 457) 9 a considerable tonnage of ore was shipped that 

averaged about 1«75 percent U^GS and 4 percent V20^« Prom about 1919 

t© 1950 the district has been essentially idle. Total production up 

t© 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 rained from the d&~ 

posits at the north end of Shinarump Mesa» In the earlier period of 

activity an attempt was apparently made to mine selectively only the 

carnotifercms rock leaving the uranifer©us hydroearbon9 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 districts one typ© in which the uranium is in hydrocarbon grains, 

pellets, blebs, or vein-like masses and a second typ® in which the 

principal uranium mineral is carnotite; the earnotite is commonly 

associated with dark vanadium minerals; the hydrocarbons may be sub 

divided into humic and asphalt ic (petrolific) hydrocarbons _/  The

_/ The term hydrocarbon is used for all dark brown or black or 
ganic material; it includes solid asphaltite 9 liquid bitumen   and 
carbonized or coalified plant fragments.



distinction of these two types of deposits probably has little economic ' 

significance at Shinarump Mesa where,, except for two ore bodies in 

which the only ore mineraloid is hydrocarbon grains or blebs 8 the or© 

contains both uraniferous hydrocarbon and carnotite* At the South 

and Uorth Temple workings, however9 the distinction between the two ore 

types is economi©ally significant beeaus® they differ in mode of occur- 

r©nce 9 grade, and mill treatment methods*

Asphalt-ie hydrocarbon was observed in all ©re.bodies ©mmined, 

although in some it is sparsely disseminated as grains or irregularly-- 

shaped blebs that are only from 0.1 to 0,5  i in diameter.

The term ^or©00 is used in this report to -denote' all mineralised 

rock containing more than 0»005 percent uranium; ore is commonly easily 

recognizable by the presence of black hydrocarbon or of yellow, black, 

green9 -or-red stains on the rock*

Mineralogy

Hess (l925 9 pp. 63-78) identified as uranium or vanadium-bearing 

minerals in the Temple Mountain-district rau^ite (Ca0 9 2UO <» e 6Y20-.20H20), 

metatorbernite (Ou (U02 ) 2 (PO^Jg, 8 H20), uvanite (2 U03 .3?20^.15 J^O), 

hewettite (Ca0.3Y20^« 9 H20) 9 ©arnotite (K (U02 ) (720j^) .1/2- Ij H20).f 

and the mineraloid, uraniferous asphaltite. Murphy (19^4), tentatively, 

identified five more ore minerals, pintadoite (2Ga0.720£.9H2o), zeun- 

erite (?)' (Oa. (U02 5 2 (AsO^) 2 .8H20).9 pascoite (gCaOOVgO^.llHgO), vanox-
~* at

ite (?) (2V204.'V205.8H20) 9 and, schroeckingerite (Ca^aU02 ( GO^)j(SQ^) 

From samples collected by the writer, Mary E. Thompson,



mineralogist, identified zippeite (3003. 803. 5-6H20), and tentatively 

identified tyuyamanite (Ca (U02 ) 2 (VO^) 2 «nH20) !> thuchollte (Th 9 U 9 

hydrocarbon! and vanadiferous hydromiea or "roscoelit©00 ('^H^O.
, £»

Th® principal ore minerals observed "by the writer were ©arnotite 

and associated "black vanadiferous minerals (uvanitea rauvit@9 mao3d.te) 9 

and the mineraloids, "black uraniferous hgrdroc'ar'bons,, Th© other min 

erals listed a"b©Y© ar© much less alnmdant and some of them (igeianerite,, 

g©hroeekingerit® 9 meta-tort exult e) r occiar only in specimen quantities*

Oarnotit© is commonly associated with uranifero-us hydrocarbons 9 

"black vanadium minerals or in some places with the orange 9 green , or 

red vanadium minerals pintadoite, pascoite, and hevettlte* Carnotite 

c@ats many of the galls of nrodstone, the fracture -and joint surfaces 

of some rocks 8 and in some places fills interstices in sands t one 0 In 

hand specimens of ore from the lorth adits ore "body on Shinarump M©sa9 

Joseph Berman9 mineralogists, noted that, the subrounded quarts grains 9 

som© of which show secondary growth, clastic hydrocarbon particles, 

and sparse feldspar grains are "bonded "by "bitumen and eamotit© (?), 

H© deserihed the carnotite (?) as a yellow uranium«-TD©aring 9 anisotropic 

crystalline powd©r 9 having indices of refraction that average approxi 

mately 1.67e In specimen Kb. UTJ^6-47 from the Through adit 9 South 

Temple workings^ Berman observed soft, fitrous, fluorescent tscher- 

migite (?), (KH^JJU'-tSO^). 12 H20 9 and yellow fibrous halotrichite (?),

» on a thin layer of carnotite (?), that also is 

disseminated throughout the friahle asphaltic sandstone* The vanadate



minerals eommonly are in irregular "bands adjacent to, and more or less 

parallel to hydrocarbon "bodies*

TJraniferous hydrocarbons are of two types 9 asphaltic hydrocarbon, 

and humic hydrocarbon,, Asphaltic hydrocarbon9 the more abundant type9 

commonly occurs as clastic grains or as irregoLar~shaped bl©bs filling 

interstices; less commonly it occurs as veinlike s massive layers con 

taining a small "but variable amount of admixed sand grains? rarely the 

asphaltic hydrocarbon occurs as "botryoidal pellets. The asphaltie 

hydrocarbon is typically jet "black, of vitreous lustre, and relatively 

hard$ it "breaks with a conchoidaT fracture. The humic type of uranifer- 

ous hydrocarbon occurs as clastic 9 typically well-rounded grains with a 

dull to vitreous lustre; the humic grains may show cell structure, and 

may "be traversed "by minut© cracks (presumably owing to slaking upon 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 represent asphaltiz©d humic grains.

Prom the hand specimens of friable asphaltic sandstone previously 

described from the North adits ore body in Shinarump Mesa5 the granular 

hydrocarbon was separated mechanically by Berman from the bituminous 

cement. Eadiometri© analysis of the two resulting fractions shows the 

radioactivity to be concentrated in the granular fraction* The uranifer- 

ous hydrocarbon grains are indistinguishable from asphaltite 0 They are 

the same size as the quartz grains and are concentrated in the rock in



thin "beds with other detrital components in the closely-spaced "beds of 

the. cross-bedded sandstone. In many ore "bodies these asphaltite grains, 

together with rounded grains of uraniferous heroic hydrocarbon, occur in 

friable sandstone that is commonly pitted "by the removal of some of the 

hydrocarbon grains 0 The asphaltie grains ar© probably identical with 

the material des@rib@d as detrital by Hess (Hess 9 1933, p* ^58). 

Uraniferous botryoidal pellets of asphaltite are uncommon in the de 

posits examined in the Temple Mountain district and were not studied in   

detail. They stud fraeture 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 asphaltie hydro 

carbons in relative hardness, and in color and lustre of broken surfaces, 

but differ in their botryoidal surfaces and mode of occurrence. Pellets, 

identical in appearance, associated with carnotite and copper carbonates 

on fracture surfaces of the Shinarump conglomerate, were collected by 

33. P. Beroni .and H, C. Granger, U. S«> Geological Survey, from Prey Point, 

White Canyon, Utahc Similar pellets were seen by the writer at the Lone 

Tree and Desdber deposits on the west side of the San Eafael Swell, where 

they occur in sandstone and mudstone beds of both Shinaromp and Moen- 

kopi formations. At the Lucky Strike deposit on the west side of the 

San Bafael Swell pellets are sparse, but the section of one was surround 

ed by an annular ring of hydrocarbon. They resemble in appearance and 

uranium content the mineraloid thucholite (31-lsworth, 1928, Spence, 1930).

In many of the hand specimens studied the uraniferous hydrocarbon 

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



stices of the sandstone and resemble "dead oil" 9 the oxidized9 non 

volatile residue left after the removal of liquid hydrocarbons. A 

specimen, No e UTM 39-4? 9 of uraniferous sandstone from the North Temple 

workings is composed of quartz sand and hydrocarbon. As seen under a 

"binocular microscop©9 approximately 60 percent of the material consists 

of transparent, subangular 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 "blehs of hydro 

carbon, and the thin coatings of hydrocarbon around the quartz grains. 

Th© hydrocarbon is apparently asphaltite for it shows no cell structure,

; Some of the asphaltite grains show indentations pro"bably caused "by"^^-. 

forcefulSaontaet with the quartz grains but many are irregular in shape
""^--~. 

and merely fill i^t-erstices. The asphaltite is jet "black, vitreous and

"breaks with a conchoidal fracture,, When magnified *K) diameters, some of 

the dark "brown, irregular "blebs appear to "be minutely "botryoidal,, contain 

exceedingly small white inclusions and proba"bly are Mtuminized inter 

stitial clay* On heating, the powdered sample lost approximately 35 

percent of its weight and left an ash consisting of quartz grains and 

of grains and "ble"bs of a spongy yellowish-gray substance. When treated 

with Isl nitric acid and filtered, the residue "became a mixture of clean 

quartz grains 9 spongy white to buff hle"bs, and a yellow powder thought 

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

yellow uraniferous precipitate.



In some of the ore deposits in the North and South Temple work 

ings the uraniferous hydrocarbon forms continuous "beds or fracture 

fillings that range from one-fourth of an inch to two inches in 

thickness* This material resembles coa! 9 gives a distinctly tarry 

odor when "broken or heatedp and is highly radioactive* Surfaces of 

specimens are glo"bular or spheroidal. Two specimens of this material 

from the Main adit 9 South Temple workings, were studied petrographical- 

ly "by Mary 2, Thompson, mineralogist. Sample No. 103 contains only a 

small amount of sand grains and is composed largely of a uranium- 

"bearing typ© of hydrocarbon, possihly thucholite 9 that is coated with 

gypsum; this sample contains 8 percent equivalent uranium* Sample 

Ho. 106 is composed of ahout equal amounts of quarts sand grains and 

89 o e amorphous, ID lack 9 pitchy material that is pro"ba"bly thueholite" and 

which is coated with "brilliant yellow~green 9 "brightly-fluorescent 

ssippeitej the specimen contains 10*5 percent equivalent uranium,,

Another sample of this more massive type of uraniferous hydro 

carbon from a fracture along the Through adit in the South Temple work 

ings was examined. The sample, No.,UTM 6-4? r "before grinding, was jet 

"black with a vitreous lustre and contained a lower proportion of quartz 

grains than did sample Ho* IJTM 39-^7« When powdered and heated the 

material lost ^5 percent of its weight and the resulting ash'was similar 

to that produced from sample 39-^7. 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 minutely crystalline substance contains uranium, 

considerable iron, and vanadium. The components of the gray-buff 

residue from heating could not b© determined "by petrographic methods; 

the minute grains show anomalous "birefringence or none at all, and 

appear to consist partly of stained quarts and partly of aggregates 

of other minerals too small to identify that may "be glass formed 

during the heating.

the other of granules of hydrocarbon, 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 viscous, 

brown, and for conveniences, may b© termed bitumen,, Sixteen channel 

samples of massive sandstone or conglomerate impregnated with bitumen 

were taken at various localities around Shinarump Mesa* With th© 

exception of the samples taken from the North adit none contained 

more than 0 0 002 percent equivalent uranium by field test (table 1)5 

of three representative samples analysed none contained more than 0.001 

percent uranium (table 2) in the laboratory* Specimen No* UTM 29-4? 

(table 3) from the base of-section SH-7 (figs. 3=4, 11) is a non- 

uraniferous,, bitiaminous sandy conglomerate composed of quartz grains 

and clay galls bonded with bitumen,. The quarts grains are for the most 

part clear and euhedral. The galls are flakes and irregular-shaped 

masses of quartz silt and clay. The bitumen fills interstices and in a 

few places has impregnated clay-silt galls| it is dull brown on stained



surfaces "but jet hlack where it is as much as a millimeter in thickness*

Table 2 <( ~~.Analyses of bituminous sandstone and conglomerates 
Temple Mountain districts Utah,

Equivalent
Sample uranium Uranium 
number Description and Remarks_______(-percent) (percent)

UTM~29-47 Hand specimen of bituminous con- 0 0 001 0<,001 
glomerate with sparse asphaltite (?) 
grains from "base of section SH-7» 
Shinarump Mesa0

SH-2-12 Bituminous sandstone from base of 0 0 000 0.000 
section SH~>2 8 Shinarump Mesa*

SH«8-66 Bituminous sandstone from section 0*001 0.001 
SH-8, Shinarump Mesa,

Recent work by Ralph Srickson of the Ue S. Geological Survey ̂ J has

^J Ralph 3ricks©n9 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 9 and wherever samples 

were taken and analysed by Sricks@n9 the ashed bitumen contains trace 

amounts of uranium and other metals.

Murphy (19*^0 tentatively identified several secondary minerals more 

or less associated with the ore minerals and mineraloids in the altered 

rock at Temple Mountains pyrite, realgar, galena, magnetite^ hematite, 

goethite 9 siderite, jarosite^ chamosite 8 azurite, malachite^ carnotite, 

celadonite, turgite, seorodite, caleite 9 and dolomite* From the same
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rock Hess (1922) identified9 in addition,, copiapit©.

Ore bodies at Shinaranrp Mesa

With the exception of a few, small podlike ore bodies the Shinaranrp 

conglomerate at Shinaromp Mesa is almost entirely barren of uranium. 

For the most part the rock either contains more than 0.01 percent uranium 

or less than 0.002 percent* (See figs. 3» 4» and table l.) t

Th© 21 ore bodies observed are apparently confined to sandstone 

lenses within three main rock units, the chert-pebble conglomerate unit 

at the base of the Shinarump 9 the sandstone~mudstone unit 9 and the lime- 

pellet conglomerate unit. Other rock units appear to be barren. 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 9 at the West adit, and in sections 

(XD and I~J (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 the ore is exposed on the scarp 

of the mesa, for on the upper surface of the mesa9 ore bodias were dis 

covered only near the tops of measured sections SH-7» SH-8, and SH-9

Uraniferous, black9 hard hydrocarbon, the dominant ore mineraloid, 

is common to all ore bodies, and carnotit® to most of them* The



51

uraniferous hydrocarbon appears to "be predominantly asphaltite and 

subordinately carbonized plant material. The asphaltite is for the 

most part in the form of fillings or irregularly shaped blebs "between 

sand grains, although surrounded grains of asphaltite are common. 

Grains of carbonized plant material are less-abundant, "but, together 

with the granular asphaltite (that may "be in part asphaltized humic 

hydrocarbon)» are prevalent in the richer ore "bodies and near carbon-   

i^ed Iogs 0 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 the chert-pebble con 

glomerate rock unit are disseminated in lenses of friable sandstone 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 8 On the other hand, in the discontinuous ore zone in 

and north of the Southeast adit (fig, 4, section X-J) only a few hydro 

carbon grains were seen, most of which were humic hydrocarbon,. 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-



taining grains and blebs of hydrocarbon and some carnotite. Sample No. 

37 9 cut from this ore body, was 3 feet long and contained 0.01? 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 

Oo92 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 

sarnotite 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 

cf friable sandstone within the sandstone-mudstone rock unit. Uranifer- 

ous hydrocarbon is the dominant mineraloid, although the dark vanadate 

minerals are relatively abundant in the ore body at the North adits, and 

the yellow vanadate, carnotite, is common. Of the uraniferous hydro 

carbons , the irregularly shaped blebs of asphaltite are generally most 

abundant, although granular asphalt ite and granular carbonized plant 

fragments in about equal proportions predominate in the richest parts of 

some ore bodies. These granular hydrocarbons appear to be clastic com 

ponents of the friable sandstone, for the subangular to subrounded grains 

are the same size, or slightly larger than the other clastic part ides B 

and are concentrated in thin, mutually-truncating 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 "bitumen5 in eight ore 

"bodies the friable sandstone is not "bituminous although "bituminous rock 

is within a few feet 5 in three ore "bodies there is no "bituminous rock 

exposed in the immediate vicinity.

The deposits range in grade from less than 0.01 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 Shinarurap conglomerate at Shinarump Mesa is the ore "body at the 

North adits. (See fig. 4 9 section A-B.) The cross-section of the ore 

body exposed on the cliff face is in the shape of an irregular, flat- 

bottomed l@n@ 9 convex upward9 the maximum base length of which is 50 feet 

and the maximum thickness, 10 feet5 a thin lens of ore at the base of 

the ©re body that 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 proportion of clay 

galls. The ©re body is at the lower, southwestern edge of a larger 

lens-shaped body of barren, gray-green, slightly bituminous, friable 

sandstone and bituminous massive sandstone. Current beds within the ore 

body rang© in thickness 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.



Grains of uraniferous hydrocarbon, most of which appear to be 

asphalt it e, are concentrated along individual current "beds, and blebs 

of uraniferous asphaltite are disseminated throughout the ore, Th© 

quantity of the uraniferous, granular asphaltite increases as one 

approaches the central part of the lens, and in this richer part 9 brown 

to black vanadate minerals coat the grains of the rocke Carnotite is 

not abundant, but stains quartz grains 9 penetrates clay galls 9 and 

forms hazy, surficial bands that parallel the current beds* The amount 

of bitumen gradually decreases upward but overlaps the ore 0 A hand 

specimen9 No 0 UTM 3-4?   representative of this material is a coarse- 

grained9 friable current-bedded sandstone composed largely of quarts 

grains 9 some of which are black, and of varying amounts of hydrocarbon 

grains and blebs 9 poorly bonded by clay that is stained brown by bitumen 

and vanadium compounds,, Carnotite stains are sparse. The quartz grains 

are subrounded t© subangular and the clastic hydrocarbon grains are 

rounded to subroundede The hydrocarbon grains and blebs comprise at 

least 40 percent of the specimen,, and in places as much as 60 percent 5 

where this hydrocarbon is most abundant the roek is most uraniferous, 

most friable 9 and the rock is pitted by removal of the solid hydrocarbon. 

It is estimated that about 10 percent of the solid9 uraniferous hydro 

carbon is clastic, humic grains (carbonized'plant fragments), about 50 

percent is clastic asphaltite grains, and about 40 percent is asphaltite 

bl©bs$ 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 proportion of uraniferous hydro-
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carbon decreases away from the uraniferous parts and the proportion of 

bonding bitumen rises.

Another specimen, No, UTM 40-4?, from the margin of this ore "body- 

is a sandstone containing clay galls and a few asphaltite grains and 

blebs e Carnotite (?) has impregnated most of the clay and coats some 

of the 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 0 

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 percent vanadium. Eadiometric 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

The ?! fine-grained" current "bedding and the general relation of the 

ore-bearing friable sandstone to the surrounding units suggest that the 

or© 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. Grains 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 asphalti^ed carbonized 

wood (?) 

Ore "bodies in the lime-pellet conglomerate unit

Three uranium-ID earing lenses of fine- to medium-grained friable 

sandstone were found in the lime«pellet conglomerate rock unit, one n©ar 

the top of measured section SE-9 (fig. 4» and also fig. 1^) 9 one at the 

fracture "between measured sections SH-8 and SH-9 (fig. *0, and the other 

at the West adit (fig. 4, and fig. 12). The ore "bodies range from 8 to 

about 50 feet in length and from 1 to about 14 feet in thickness e 

Principal ore minerals are camotite (?) and uraniferous hydrocarbon;, 

with carnotite predominating? granules of the hydrocarbon are asphaltic 

or humic*

The dimensions of the ore body near 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 th© 

uraniferous area is about 50 feet long and 2 feet thick9 ©f which about 

25 linear feet with a thickness of 1 foot are ore~bearing<, Samples Wos c 

88 to 93, inclusive (fig. 14, table l), cut in pits on the surface of 

the mesa, cover a vertical interval of 14 feet, and possibly represent 

several ore=lenses s or a surface incrustation of carnotite over the 

sampled area. The samples contain from 0,00? to 0 0 015 percent equivalent 

uranium, from 0.00? to 0.015 percent uranium, and from 0.03 t© 0.11 

percent vanadium. Carnotite in thin films predominates,, although



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 Marphye s sample of this "body (Murphy, 194*0, TM~3 9 which is 

2.6 feet long, contained 0.38 percent uranium,, radiometric observations 

suggest that most of the ore is much less uraniferous. The ore consists 

of black hydrocarbon grains in friable sandstone, with sparse earnotite 

(?) stains* A hand specimen, No, UTM 14-4?» from near triangulation 7 

(fig. 3) is ©f sandy lime~pellet conglomerate with fracture surfaces 

coated with earnotite (?). Major constituents are. predominantly 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 percent are "smoky". Minor constituents ar© mus- 

covite (or bleached biotite) flakes, clastic asphaltite and carbonised 

plant grains, nodules of limonite and manganese oxide, and earnotite (?). 

The earnotite (?) 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 uraniumi the sample contained 1,29 percent vanadium, The ore 

minerals and mineraloid are about equal proportions of hydrocarbons and 

©arnotit© (?); many of the granules are of humic hydrocarbon. A con 

siderable amount of carbonized9 macerated plant fragments covers the roof 

of the adit and together with asphaltite grains that may be in part



asphaltized carbonized plant material, darken the rock; no comparable,, 

amount of such material was observed in the other ore "bodies in the 

lime-pellet conglomerate.

The paragenesis of the ores at Shinarump MesaHs not exactly 

know 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

Ore "bodies at the South Temple workings

Part 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 continu 

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 minerals, and mineraloids in two stratigraphic 

11 zones ts 9 one above, and one 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 4-0 feet long and 

from a knife edge to ^ 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 19^7» has enlarged considerably some of the 

surface openings and generally altered the appearance of the cliff face. 

Since some ore is currently(1952) being produced, the grade of the shipped 

ore is presumably greater than 0.1 percent U^OQ, the lowest grade per 

missible at the buying stations. The uranium content of Murphy's samples 

(Murphy, 19^4) ranged between 0.01? and 1.7 percent; the V2°5 content, 

between 0.0^- 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 as 2 inches thick that fill



60

porous sandstone "beds or bedding plan© fractures.

The vanadat© minerals, principally carnotite (f), are more abun 

dant than they are at Shinarump Mesa. Most of the carnotite is in sur- 

ficial films that commonly form wavy and indistinct 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 ©f diffusion hands may "be as much as 3 feet wide0 Some of the 

@a*notit© 0 however 9 in the Main adit (fig. 5) fills interstices "between 

the quartz grains in sufficient amount to constitute a oarnotite ore 

"body or roll.

The ore "body at the Main adit is a lens 18 feet long and k feet 

thick within the lower "zone" of ore lenses* This lens, which is pale 

"buff, massive "bituminous sandstone, is composed of porous, and only 

slightly bituminized sandstone. The rock is colored light yellow "by 

interstitial carnotite 8 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 20-4?, 

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 eohedral, although some are subrounded, 

Interstitial ©arnotit© (?) 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 9 is the un-
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mined p@rt.ion of what according t© Fischer _/ was a roll of earaotite 

_/ Fiseher9 K. P., informal communication.

ore* A-roll of caraotite ore is an irregular lens-shaped concretionary 

pod the "boundaries of which generally conform to "bedding surfaces "but in . 

detail transeet the "bedding; they are commonly sharply delimited from 

"barren rods and are most common in the Salt Wash sandstone member of the 

Morrison formation. The roll in the Main adit was at least 30 feet 

long, a 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

The ore "body in part explored "by the Through adit (fig. 5» under 

ground map of Throu^i adit) is the large ore lens in the upper M zonel! of

or© lenses above the massive, "bituminous sandstone,. This ore "body is
  

260 feet long and as much as 12 feet thick as exposed in cross-section

on the cliff face. The surface of the rock shows it to "be a lens of 

slightly bitumini^ed, white-weathering, gray sandstone containing a con 

siderable proportion of gray-green clay galls. Within it uraniferous 

hydrocarbons, largely grains and "blebs of asphaltite, "bat also clastic, 

rounded grains ©f 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 along 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 northernmost and 

southernmost cross-cuts (samples FM-508? and 5081, respectively). The 

ore°~bearing friable sandstone is sharply limited to the northwest by an 

overlying "bed of massive, bituminous sandstone that truncates the ore 

bed9 and has cut down through it into an underlying imidst©ne e The ore=» 

"bearing lens, therefore,, extends southeastward into the cliff at least 

260 feet 9 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 

ly northeastward in the districts 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 8 ). In the approximate center of the 

ore body at sample FM-5082 (fig. 5) the ore is at least 6 feet thicke 

At the face of the northernmost cross-cut at sample FM-508? 9 the ore 

is only 5 inches thicks at the face of the southernmost crosscut at 

sampl© FM-5081 there are at least 4 feet of ore 0 According to the anal 

yses of Murphy8 s samples (Murphy 9 19^4) shown on table 3 9 the ore 

ranges in grad© between 0 0 02 and 0.51 percent uraniums and between 

0*0? and 1.7 percent VgO*. T3ie safflPles are from 1*5 to 5.0 feet long, 

biit it should be noted that some of the samples include much sandstone 

that is only weakly mineralised with vanadates adjacent to thinner beds 

of hydrocarbon ore*

Most of the ore underground consists of uraniferous hydrocarbon 

grains and blebs in the sandstone, with only a small amount of .carnotite. 

From n©ar sample PM=>5080, southeastward for 25 feet down the short



drift 9 the ©re "becomes progressively richer and the hydrocarbon grains 

increase in number. From the intersection of this drift and the 

eastern eross~cut southward to the face of the southernmost cross-cut 

at sample 3PM-5081, the proportion of uraniferous hydrocarbon to sand 

stone increases still more; the eastern wall of this section of the 

cross-cut contains beds.or tabular, veinlike masses of nearly pure 

asphaltite that fill bedding plane fractures and are as much as 2 inches 

thick* Specimen UTM 6-4? of this massive asphaltic material has been 

described in the section on mineralogy.

At the South Temple workings some, and perhaps all, the carno- 

tite and related vanadate minerals were clearly formed later than the 

uraniferous hydrocarbon, and it is probable that uranium and vanadium 

were leached from the hydrocarbons and redeposited as carnotite in 

film© on the rock surface, or-as rolls within the rock, pitted by the 

removal of hydrocarbons. The veinlike type of massive 9 uraniferous 

asphaltite was apparently emplaced when viscous and under pressure, 

:and therefore, presumably hot. Regardless of the time and method of 

metallization of the hydrocarbon grains and blebs, the position and 

continuity of the ore bodies are apparently controlled by rock type, 

which was established during the deposition of the Shinarump con 

glomerate. Note that the ore bodies extend no farther to the north 

west (fig.- 5» section C-C J ) than does mudstone.
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Table 3.- Analyses of samples 9 Through. adit 9 South Tempi© workings
(after Murphy, 1944)

no eet) (percent )]J (percent)

5079 5.0 0.04

5080 4.2 0,02

5081 4*0 0.34

5082 3.2 0.24

5083 2.0 0,32

5084 3.0 0.41

5085 4.4 0.28

5086 4.4 0.05

508? 1,5 0.51

0,10

0.03

1.23

0.52
0,46

1.70

0.67

0.07

1.24

Includes 3 inches 
ore at floor e

Very sparse hydros

Little carnotite, 
hydrocarbon grai]

Many hydrocarbon i

W ft

Hydrocarbon ore.

Includes 1*5 £e®t 
ore 9 some carnot;

Includes about 6 : 
hydrocarbon ore.

Includes 5 inches 
carbon ore but e< 
carnotite is in 5 
sampled rods*

hydrocarbon

3arbon® 0

many large
as.

grains .

n

hydrocarbon
ite.

inches of

of hydro- 
msiderabl© 
remainder of

jj Analyses in percent U^Os recalculated to percent uranium.



deposits at the Horth Temple workings, Grains of asphaltic. hydro 

carbon from one-sixteenth of an inch to 1 inch in diameter ar© 

incorporated in friable sandstone0 A few of th©s® large grains oi

asphalt it© is irregular-shaped blebs. The grains have the vitreous 

Iust3?6 and the oonchoidal fracture-of coal 9 occur in lent ides in the 

eurrent«b©dd©d friable sandstones, and, although a detailed examination 

was not made 9 they appear to lie in the sandstone-mdstone rock unit. 

They probably constitute the lenticular, ellipsoidal ore "bodies that* 

according to Hess (H©ss 9 19339 P» ^56) a?e as much as 100 feet Iong9 

20 feet broad9 and 8 feet thick and which h© characterised as erratic 

In natw© and variable in> si&ee The shape seems to be the result of 

weathering, which proceeding from the outside inward9 leases cores of 

comparatively unchanged material in rounded form®.

Since the completion of field work in 194? the writer examined 

briefly other uranium deposits associated with hydrocarbons on the 

western side of the San Eafael Swell* In the deposits visited on the 

Lone Tree,-Dalton, Dexter, and Lucky Strike groups of claims, uranium 

©re deposits were seen in cross-bedded sandston©s 9 or conglomeratic 

sandstones n<sar the base of the Shinarump conglomerate. At the Lona
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Tree and Dexter deposits 9 the dominant ore mineraloids are-,carbonized 

wood, and hard, lustrous, botryoidal pellets of hydrocarbon. Second 

ary uranium minerals resembling meta-torbernite and paraschoepite 

are sparse on the rock surfaces; earnotite is not abundant. The ore 

bodies are relatively small pods from a few feet to about 50 feet 

long and no more than 5 fee$ thick. .The containing rock is not notably 

bituminous, although nearby sandstones in the underlying Moenkopi forma 

tion were in places impregnated with bitumen, nor is the rock friable 

as is the host sandstone in the Temple Mountain-district* -The highly 

radioactive pellets commonly, but not invariably, occur near carbon 

ized plant debris in cross-bedded, bituminous, or non-bituminous sand 

stone, at or near the base of the Shinarump conglomerate, although they 

were also observed in gray-green mudstone of the uppermost Moenkopi 

formation sparsely coated with secondary uranium minerals.

The deposit examined on the Lucky Strike gr©up of claims resembles 

the Lone Tree and Dexter deposits except that, (l) the ore is in a 

cross-bedded sandstone that is stained gray by impregnating bitumen, 

and (2), the highly radioactive pellets are sparse, although irregular- 

shaped blebs'of asphaltite are common. At all of these deposits, 

chert pebbles were noticed that illustrated various stages of replace 

ment by highly uraniferous, massive asphaltit©.

Deposits of uraniferous hydrocarbons and earnotite have been found 

by 3. P. Ber©ni and Frank McKeown of the Ue S. Geological Survey in the. 

Chinle formation at the south-end of the South Eafael- Swell (Wyant, 

Beroni, and Granger,, 1952). Highly uraniferous, "botryoidal pellets 9
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secondary uranium hydrates 9 sulfates, and carbonised plant 

were seea by the writer in basal sandstones of. the Shiaarump 

ate at the Oyler mine 9 Capital Reef 9 Utah, and at the Oak Creek

deposits described by Boutwell-(l90^9 1905) and Hess (1913) in the 

canyon of the San Rafael river on the east sid© of the San Rafael 

Swell are in the Morrison .formation associated with carbonised plant 

fragment, sg H©gg observed some quarts veins and small joints in the de-

According to- Heaton (193?) helium constitutes l ?31 percent of the 

natural, gas in the Woods idfl dome at the northeast end of the San Rafael 

Swell (Oilluly, 1929, pp« 128-130). The helium, according to Rogers 

(1921) and Gott and Hill (1950), is probably of radiogenic origin al 

though the source and mode of occurrence of the parent radioactive

Summary of the characteristics and interrelationships of th©

The relationship among the uraniferous, solid hydrocarbons and be 

tween them and the nearly non=°uranif erous impregnating bitumen,, and the 

relationship between the uraniferous hydrocarbons and ©arnotite 9 as well 

as the mode of occurrence of these'ore minerals and mineraloids are of 

fundamental importance in understanding thes® deposits. In the follow 

ing section th© observations pertinent t© these problems are summarised,,
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  The nearly non-uranif erous character of the impregnating., viscous 

"bitumen is illustrated "by the analyses previously tabulated (table 2). 

The negligible uranium content of the bituminous rock is in striking 

contrast to the uranium content of the hydrocarbon ore (tables 1 and 3)« 

The bitumen itself contains small amounts of uranium and other metals 

as shown by the recent work of Ralph Erickson. It probably migrated 

as a fluid into the more porous beds as indicated by its widespread 

occurrence© in the more porous sandstones in the Temple Mountain district 

and throughout the San Bafael Swell in the Moenkopi, SMnaruunp, and 

Ofainle formations* The bitumen, widespread though it is, does not 

occur in all ore bodies, and, therefore, is not an essential component 

of ore bodies? of the 21 ore bodies at Shinarump Mesa, eighteen are in 

non-bituminous rock, although' in about naif of these deposits bituminous 

rock Is exposed nearby9 Thin films of secondary, uranium minerals do 

not stain the surface of bituminous rock unless the roek also contains 

some uranif erous 9 solid hydroqarbon.

The solid uraniferous hydrocarbons comprise grains, interstitial 

blebs, botryoidal pellets, and veinlik© masses of asphaltite^ and grains 

of carbonized vegetal matter. So far as known they ar© confined to 

the Shinarump conglomerate in the Temple Mountain district except in 

or near zones of altered rock,

Concentrations of the uraniferous asphalt it e grains with associated 

irregular-shaped blebs of asphaltit© conform to the bedding planes of 

closely-spaced current beds that may be truncated by beds lithological- 

ly similar except for the sparseness of asphalt it e. The grains of
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asphaltite conform in degree of sphericity and, generally, in si^e to 

the accompanying quarts grains, although at the North Temple workings 

some grains as much as 1 inch in diameter were seen in a medium- 

grained sandstone? some are indented "by quarts grains; their removal 

leaves a void in the rode* .Thes© grains ar© most abundant within the 

more friable 9 richer or© beds g or associated with humie grains near 

carbonized logs or large fragments of carbonized plant debris*

The isregular<~shaped blebs of uraniferous asphalt it® resemble the 

grains of asphaltite in their black color,, relative hardn,ess 9 opaque 

ness, vitreous lustre, and conchoidal fracture. So far as known, they 

differ physically from the granular asphaltite only in shape which is 

determined by the space "between quartz grains.. Inasmuch as the two 

types of asphaltite were not analysed separately  their relative metal 

contents and chemical composition are not known. The irregular "blebs 

are more abundant and widespread than the other types of uraniferous 

hydrocarbons they occur in all hydrocarbon ore bodies in interstices 

between clastic grains* They appear to conform to the bedding of

The botryoidal pellets of uraniferous hydrocarbon observed in the 

roof of the adit examined in the North Temple workings stud fracture 

surfaces. When broken they resembl© in appearan©® the granular or 

bleblike asphaltite9 and are distinguishable only by their botryoidal 

surface* Botryoidal pellets of asphaltite are not common-or© mineraloids 

in the Temple Mountain district, although more may be found with addi 

tional study e Similar highly radioactive pellets were observed in
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three uranium deposits on the-west side of the San Bafael Swell 9 com 

monly but-not invariably associated with carbonised plant fragments in   

well-cemented conglomerati© sandstone near the base of the Shinarump 

conglomerate, but also in mudstones in the uppermost part of the 

Moenkopi formations these mudstones were coated with secondary uranium 

minerals resembling metatoroernite and paraechoeplte. Similar pellets 

stud fractures that are also coated with copper carbonates at Prey 

Points White Canyon. The mod© of occurrence of these pellets on frac- 

surfaees 9 in sandstone, and in mudston© 9 with or without close

the mode ©f occurrence of the granular and bleblik© uraniferotis hydro 

carbons. They resemble the characteristie shape of thucholite (Sllsworth, 

1928s Spence, 1930)*  

filling bedding plane fractures and porous beds; according t 

(1922 9 p. 2?4) nearly vertical fractures of iron oxid© 9 at the upper 

edge of the Chinle formation in the &one of. altered rock at Tempi© 

Mountain^ are filled with globular and ellipsoidal masses of asphal- 

tite. This description could relate the botryoidal blebs to the massive 

asphaltite. Webber (Murphy, 19^4) observed crystal-lined vugs filled 

with asphaltite in the alteration son©. In the Through adit, South 

Temple workings, the massive hydrocarbon is closely associated with 

large granules of asphaltite,- and .in places-is coated with ^ippeite* 

Specimens show a distinctly globular or ellipsoidal surface. It should 

b© noted here that massive asphaltite replaced chert pebtles in de-
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posits on the west side of the San Rafael Swell.

Grains of uraniferous 9 carbonized vegetal matter (humie hydrocarbon) 

occur as rounded, clastic fragments of the ore beds, and are commonly 

associated with asphaltite grains and blebs, with which they may easily 

be confused.

That carnotite and related vanadates are closely related to 

uraniferous hydrocarbon is clearly indicated. Wavy bands of ca,rnotite- 

rich rock commonly border hydrocarbon ore bodies; thin films of carno 

tite were observed coating asphaltite grains and blebs; wherever 

carnotite was found, beds of uraniferous hydrocarbon were discovered 

nearby 0 Sparse uraniferous grains and blebs of hydrocarbon were ob 

served in the pits of porous, carnotite-bearing sandstone in the roll 

at the South Temple workings, Carnotite and related vanadates are 

secondary minerals as indicated by their presence as thin films that 

stain rocks and coat fracture surfaces. Prom hand specimens selected 

to represent different types of ore, six mineralogically clean separ 

ates were prepared and together with two ore samples were analyzed. 

According to I. P. Eader, Jr., Trace Elements Section Denver Labora 

tory of the U. S. Geological Survey, the analyses (table 4) show in 

general that carnotite is deficient in uranium decay products whereas 

the uranium in the hydrocarbons is essentially in equilibrium. This re 

lationship between radioactivity and uranium content suggests that the 

carnotite is relatively younger than the uraniferous hydrocarbon.

These characteristics and relationships among the ore minerals and 

mineraloids must be accounted for in any theory of origin of the Temple 

Mountain ores.
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Table /* .  Eadiometri® and ehemieal 
Temple

analyses of sele©ted 
trict, Emery County, Utah

number
Id

percent eU/IT).

(JTM-20-47 0.95

23454

23453

ttTM-40~4? 13.0

Garnotite (?) sc 
froffl fracture BI 
lime-pellet conglomerate

0.5
quarts and penetrating

0

2345°
grains picked f ̂o>m vein o:

23461 CJTM

2.5

0.56 2/

0.3

jMassive asphaltite and 
|quartz grains fr©m seam a 
west point Temple Mountain

3-6

2.01

0.43

2.24

X/ Samples
2/ Reanalygis shows eqrdiral 

and  uranium essentially in e
J/ Reanalysis shows ©qpi 

and uranitm essentially in e

0.4?

0.38

0.88

1.3

1.6

content less than that 

content greater than that
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ORIGIN OP THE DEPOSITS

The genesis of the uranium ores in the Temple Mountain district is 

a complex problem and still subject to controversy. The relationships 

between the several types of hydrocarbon are particularly complicated 

by the lack of useful criteria to use in distinguishing among them; 

their composition and exact physical nature are but poorly known, and 

they apparently change physically under different environments*, Th© 

conclusions regarding these controversial matters are drawn from the 

study of three local areas, supplemented by some additional study of 

areas outside the district, but are tentatively applied to the entire 

Temple Mountain districts they should, therefore,, be regarded as pre 

liminary and subject to change as new data are discovered. An under 

standing of the genesis of the Temple Mountain ores undoubtedly would 

be important in determining the genesis of other, allied ore deposits 

both in the San Rafael Swell and, perhaps, also elsewhere in the Colo 

rado Plateau, Accordingly, the problems of genesis are treated fully, 

perhaps more fully than the data justify.

Hess (1922, 1933) observed the difference between the detrital 

asphaltite grains and the impregnating bitumen but believed they had a 

common origin? he also noted that the asphaltite is richer in uranium 

and vanadium than the bitumen* He believed that the hydrocarbons were 

derived from older deposits 9 such as tar seeps, and were deposited while 

soft (bituminous, according to the writer8 s usage) with other detrital 

material,. Hess thought that the uranium and vanadium had been leached



from older rocks, such as weathered uraniferous veins, carried in solu 

tions and precipitated by bitumen in a transitory sea or lake. By ab 

sorbing metals some of the bitumen was thereby transformed to hard, 

uraniferous asphaltIte* He noted the effects of hydrothermal activity 

at TempM Mountain but relegated to it the minor role of altering the
v,

previously formed deposits and transporting or© minerals upward and out 

ward; he first tlib^ght the ore was pitted by the weathering of the"\.

asphaltite 0 but later ̂ 933) attributed the pits to the leaching of the
V

asphalt it e lay hot water. \ 5v <-'

Morphy (1944, P« 5) did not distinguish "between the two types of 

hydrocarbon "but noted as follows*

places, there can "be littl© doubt as to the original sedimentary 
of the "bitumen^ in other places, ..... ^jbnere has "been/* a

selective impregnation of the sandstone "by asphalt!tic material.....*1

Webber (in Murphy, 1944) ascribed a major role to hydrothermal solu 

tions which he thought introduced the hydrocarbons, uranium, vanadium, 

and other metals with sulfur and sulfates. He "believed that the most 

strongly bituminized areas contain the most uranium and vanadium, and 

that the hydrocarbons were the last materials introduced into the rocks. 

He "believed that the rock was altered "by solutions of epithermal type 

and probably close to the telethermal end of the epithermal temperature 

and pressure range. The rock was reconstituted by the recombination of 

iron, silica and calcite, with some added sulfates and other material, 

that were dissolved by the solutions.

Stokes (1947) ably summarised the problems and concluded that the 

field evidence indicates that the uranium and vanadium minerals in the



Temple Mountain district may have "been precipitated by bitumen or asphal- 

tit© from ground water that circulated through porous channel sandstones 

in the Shinarump conglomerate,, He was undecided as t© whether the hydro 

carbons are eyngenetic or epigenetic "but noted that petroleum source "beds

and bitumen may imply that th® hydrocarbons are residues from migrating 

crude o>il@ Stokes agreed with Hess that the role of the hydrothermal 

activity was minor ft in that previouily-formed deposits were altered; the 

LS probably transported pre-existing uranium and vanadium minerals

metals we^@ found in other araa§ of altered rocks in the district* th© 

possibility of an igneous source for the ore metals would have to "be 

<3onsid@xv©do In this connection it should "be noted that Hess reported no 

radioactivity in the warm springe at the north end of the San Eafael 

Swell; springs that are now depositing sulfur*

At the conclusion of the field work in 194? 5 the writer thought 

that the iiraniferous hydrocarbon was mostly carbonized wood fragment© 

and asphaltite which were introduced as uranif erous detrital constituents 

of the Shinaromp sands5 the viscous impregnating "bitumen wae thought to 

"be non-radioactive, and to have been introduced,, by migrating crude oi! 9 

into the por©us rocks after the development of the San Eafael anticline,, 

The urani\an and other metals were thought to have concentrated residually 

"by oxidation and devolatllization of the original petroleum that fed th© 

tar seeps» The uranium in the carbonized wood was thought to have "been 

introduced by uraniferous ground waters which also leached the ore metals
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from asphaltite and redeposited some of them as carnotite.

Since 19^7 the laboratory study of specimens demonstrated the 

presence of several types of uraniferous asphaltite 9 necessitating a 

re-evaluation of original field notes. Also new discoveries were made 

of uranium associated with hydrocarbons. Some of these in the Capital 

Reef and Circle Cliff areas southwest of the San Rafael Swell were 

studied by the writer in 1950. Others were examined briefly in 1952   

when Shinarump Mesa and Temple Mountain were also revisited. lew data 

were also contributed by Garland B. G-ott and Ralph L. Srickson who 

have continued actively investigating the uraniferous hydrocarbons. 

Finally, a period of reflection, and the stimulating and crystallizing 

conversations with G-ott have changed some of the writer's ideas concern 

ing the genesis of the Temple Mountain ores.

The data obtained by the earlier workers,, by the writer, and by 

mor© recent investigators indicate that the genesis of th© uranium ores 

of the Temple Mountain district is complex. The most important factors 

to be considered in understanding the genesis of the ores are, in the 

writers present opinion, (l) the distinction between,, interrelation 

ships of, mod© of introduction of 0 and localization of the hydrocarbons, 

(2) the relationship ©f carnotite and related vanadates to uraniferous 

hydrocarbons, (3) the source and time of introduction of the uranium and 

vanadium, (4) the nature and role of hydrothermal processes, and (5) the 

relationship of the Temple Mountain deposits to other uranium deposits 

of the region and to helium-rich natural gas.



The rounded grains and macerated fragments of carbonized wood 

(humic hydrocarbon) are clearly original clastic components of the 

rock5 inasmuch as some fragments are not now uraniferous, probably 

none were uraniferous when deposited*

The physical characteristics, difference in metal content, spatial 

relationships of the deposits 9 and mode of occurrence of the solid 

uranif erous asphalt ites and of the viscous impregnating "bitumen suggest 

that there is a valid distinction "between them. That the distinction 

implies a different origin is questionable. The "bitumen undoubtedly 

migrated into the porous sandstones as a liquid hydrocarbon,, and was 

probably localized after regional deformation, "but "before the local 

deformation and rock alteration, "by impervious rock dams and structural 

terraces. Because the bitumen impregnates porous sandstones in several 

formations throughout the San Rafael Swell and "because wherever sampled 

and analyzed the ash contains -uranium and other metals in about the same 

relative proportions as do unashed samples of solid uraniferous asphal- 

tites J v a bitumen probably is genetically related to the solid hydr©-

^J Srickson 9 Ralph L., Informal communication.

carbons^ as discussed below., bitumen probably represents an intermediate 

stage in the process of transformation of crude oil into asphaltite.

All types of the solid 9 uraniferous asphaltite resemble each other 

in physical appearance on broken surfaces and in their radioactivity,, 

but the chemical characteristics are yet incompletely known* The blebs 

and grains differ in mode of occurrence from the pellets and massive^



veinlike types. .Almost all characteristics of the grains of solid, 

uraniferous asphaltite^ including physical nature^ metal contents, close 

associations and concentration in "beds showing stratigraphie control 

are also common to the "blebs of solid 9 uraniferous asphaltite° their 

only differenee is shape c These common characteristics suggest that the 

grains and "blebs shared a common origin. The most obvious explanation 

is that asphaltic hydrocarbon was deposited, as Hess suggested (l922 9 

1933) 9 as detrital grains contemporaneously \4th the aecumulating sands5 

the grains were localized in relatively slow-moving water with quartz 

grains in or on the margins of the Trias sic stream channels. Under this 

interpretation of the data a slight difference in hardness would allow 

the softer fragments to f^.ow on compaction and fill granular inter 

stices 9 or ©Ten to coalesce around quartz grains as tar does on modern 

beaches on the California coast 8

Both the botryoidal pellet and the massive, veinlike-type of 

solid, uraniferous asphaltite have similar surface shapes and, in places, 

line or fill fractures$ therefore s they could hardly be detrital in 

origin. They probably were formed much later than the asphalti© grains 

and blebs, from which they may have been derived9 although they eould 

also be derived from the viscous bitumen* They do not necessarily show 

close affinity for either other types of asphaltie hydrocarbon or for 

bitumen, and the process of pellet growth in solid rock is unknown.

The equilibrium ratio of samples of carnotit© and asphaltite 

(table 4) suggest strongly that the carnotite is younger than and, there- 

fore 9 may have been derived from 9 the uraaifer©us asphaltite« This



genetic relati@a is supported by the field evident© and the p©tr@- 

graphie study of ore specimens; some of the carnotite, related vanadates, 

and uranium salts appear definitely to "be secondary minerals derived 

from asphaltiteo Whether the carnotite in the "roll 50 of earnotite- 

bearing9 porous, pitted sandstone at the Main adit,, South Temple work 

ings, is derived from asphaltite is open to query although the equi 

librium ratio of sample UTM 20-4? (table b) and the presence of thin 

films of asphaltite in pits in the pitted sandstone strongly support 

the genetic relation It is 9 of course, possible that c.arnotite may 

have "been the first uranium-vanadium mineral deposited9 and that it was 

localized "by the asphaltite« If such were the case, however,, the 

asphaltite might "be expected to show peripheral rings of greater radio- 

aetivity, or at least a gradual decrease in uranium content inward 

from the surface of the impervious asphaltite. Autoradiographs of two 

asphaltite specimens show that the radioactivity is evenly distributed 

throughout the asphaltite.

Data are meagre concerning the source and time of introduction 

of uranium 9 vanadium, and other metals into the hydrocarbons, and th© 

answers are 9 therefore,, speculative* The transformation of liquid 

"bitumen into asphaltite in Shinarump time "by adsorption ©r absorption 

of metals held in solution in transitory Iakes 9 as postulated "by Hess 

(1933 9 p. 276) 0 might account for the even distribution of radioactivity 

in asphaltite, and would also explain the relative scarcity if metals 

in what is now "bitumen. Preliminary investigation "by G-ott _/ suggests

/ Informal communication.
OR2?
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that metals concentrate in the residual or heavier fraction of frac 

tionating crude oi! 9 whereas no data known to the writer suggest that 

"bitumen is transformed into asphaltite "by absorbing or adsorbing metals. 

What is now known of the conditions prevailing during Shinarump time, 

or for that matter, during Triassic and Jurassic time, however 9 suggests 

that lakes were not characteristic; moreover, the theory would not ex 

plain the metal content nor the widespread distribution of the impreg 

nating "bitumen.

Neither the magmatic source of the metal-bearing hydrocarbons in 

"mineralization stoping pipes" (Webber, in Murphy, 19^4)   nor the gradual 

adsorption or absorption by hydrocarbons of metals in ground water mov 

ing through porous sandstone channels (Stokes, 19^7) are, in the light 

of current knowledge, adequate explanations; under the magmatic theory 

neither the metal content nor distribution of impregnating "bitumens are 

accounted for; furthermore, the alteration appears to have taken place 

in the present erosion cyclee Neither the widespread impregnating 

"bitumens, nor the uniform distribution of radioactivity in asphaltite 

and of metals in "bitumen is explained satisfactorily by the ground water 

theory.

The writer agrees with Hess and Stokes that the role of hydro- 

thermal activity was probably a minor one; the hydrothermal activity 

and consequent rock alteration took place after nmch of the erosion 

of the San Eafael Swell 9 perhaps in the present erosion cycle, and prob-
 s

ably much later than the introduction of the solid and fluid hydro 

carbons. The hot solutions, commonly believed to be a late stage of



deep-seated igneous intrusion, probably leached carnotite, bitumen, 

asphaltite, and other metals from their original positions and carried 

them outward and upward into the rocks in and adjacent to fault and 

fracture ^ones. The massive,, veinlike type of asphalt ite and, possibly, 

some of the "botryoidal pellets derived from pre-existing hydrocarbon® 

were forced into fractures when the temperature dropped or the solutions 

lost force or stagnated (Webber, in Murphy, 1944). As the temperature 

lowered, bitumen permeated the altered rock. If the hydrothermal solu 

tions traversed rock containing uranium and vanadium minerals, or if 

the magmatic solutions themselves contained uranium and vanadium, the 

solutions might have added, of course, to the metal content of the 

bitumen and asphaltite already present in the Shinarump conglomerate.

The effects of such hydrothermal action might extend much farther 

from the source of heat than do the obvious faults, and the bleached 

and reconstituted rocks. Heated ground water would accelerate chemical- 

physical reactions at a considerable distance from the locus of heat, 

and might have leached some of the asphalt ite and bitumen from the ore 

bodies at Shinarump Mesa and Temple Mountain resulting in the friable 9 

or pitted sandstone,, now characteristic of these ore bodies, but not 9 so 

far as known, characteristic of ore bodies in other deposits in the San 

Eafael Swell. It is also possible that these reactions would result in 

the formation of ore bodies. Certainly the volatile portion of hydro 

carbons would be more readily affected than would ground water or rocks.

The apparent lack of zones of structurally and chemically altered 

rook in or near other deposits of uraniferous hydrocarbon in the San



Eafael Swell seem to indicate that the "botryoidal pellets are formed 

in other ways than "under hydrothermal conditions5 they also seem to 

indicate 9 for that matter 9 that hydrothermal activity is not essential 

to the formation of a deposit of uraniferous hydrocarbon. Similarly, 

the occurrence of what may "be asphaltized wood at several localities 

in the Colorado Plateau, with or without other petrolific hydrocarbons, 

seems to indicate another non-hydrothermal process the exact nature of 

which is unknown. Both the growth of pellets and the asphaltising of 

wood may "be part of the interaction of the processes of polymerization, 

hydrogenation, volatilization, and oxidation of both humic and petro 

lific hydrocarbons under the influence of alpha-ray "bombardment, and 

perhaps influenced also "by heat; much more study is clearly neededo

The occurrence of helium-hear ing gas and of the uraniferous 

asphaltite deposits in the San Rafael Swell suggests that they may "be 

related in origin. Their common demoninator is uraniferous crude oil.

If carnotite is derived from uraniferous asphalt it e 9 as is strong 

ly suspected, there may "be a genetic relationship "between ©arnotite ore 

bodies in the Morrison formation in the San Rafael Swell and uraniferous 

crude oil. Their common denominators are ground water or gaseous hydro 

carbons   or "both.

The foregoing interpretation of the known data, and th© presence 

of uraniferous petrolific hydrocarbons, helium 9 and secondary carnotite 

in the same anticlinal structure suggests strongly that a metalliferous 

petroleum was the source of "both ore metals and hydrocarbons. This 

means that very weakly uraniferous petroleum migrated into the rock
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under conditions normal to the accumulation of oil (Stokes, 19^7 

Wyant, and Beroni, 1952). With the loss of volatile^ through oxidation 

or polymerization, "bitumen and, ultimately, asphaltite would form. 

The uranirai 9 vanadium,, and other metals may have remained with the 

heavier fraction and thereby teen concentrated residually.

If the granular and "ble"blike uraniferous asphaltite are syngenetic 

and their localization controlled "by sedimentary processes, then th© 

crude oil was formed at least "by Shinarump (Middle or Late Triassic) 

time in order to feed Shinarump tar seepsj a new period of oil migration 

after the arehing of the San Eafael anticline would haTe to "be postulated 

in order to furnish the impregnating "bitumen.

If the detrital characteristics of the granular and "bleftllke 

asphaltite, their sedimentary control, and their common spatial dis 

sociation with "bitumen can "be explained otherwise,, then the uraniferous 

crud© oil would need to "be introduced only once after the formation of 

the anticlinal structure. The "blelDlik© asphaltite,, according to all 

observers, closely resembles "dead oil", or the oxidized residue of 

liquid "bitumen. Its localization and control could "be due simply to 

greater original porosity of the containing sandstones which was con 

trolled "by sedimentary process at the site. The granular asphaltite 

may represent the replacement or reconstitution of other clastic com 

ponents of the rockg such as open-lattice clays ^J , or carbonized plant

_7 Stokes, W. L., Informal communication, 

fragments 9 or may represent the growth in place of asphaltite grains



resembling the b©tryoidal pellets* The common lack ©f close spatial 

association between "bitumen and asphaltit© is not as easily explained, 

The more volatile bitumen may have moved on after emplacement in 

response to increase ©f impelling pressure owing t© the heating and 

fractionating effects of nearby hydrothermal activity 9 ©r the release 

of restraining pressure, or flushing by ground wat@r» Th© lack of 

more obvious surficial effects of hydrothermal activity in deposits in 

other areas than the Temple Mountain district need not necessarily 

preclude th© presence of concealed sources of heat. Th© pr©©f ©r dis 

proof of thes© suppositions is lacking, "but the possibilities ar© 

sufficiently attractive to warrant more study.

If the detrital nature and sedimentary control of the ores in the 

Shinarmnp conglomerate are thus 63cplained9 the transformation of very 

weakly uraniferous crude oil to highly uraniferous asphaltit® mist pass 

through intervening stages depending upon the co'ntent of volatile®, thus 

accounting for the nearly non-uraniferousj viscous 9 impregnating bitumen. 

This relation of metal content to volatile content would also seem t© 

warrant more study 9 in the course of which an explanation might be sought 

for the apparent Iaek 9 in or near the bituminous sandstones of the Moen- 

kopi formation, ©f solid9 highly uraniferous asphaltites, ©r ©f modemte- 

ly uraniferous petrolific hydrocarbons intermediate between bitumen and

The history of the development of the uraniwi deposits in the 

Temple Mountain district probably has been as follows?



Regional uplift or \estward withdrawal of the lower Triassic 

sea$ during middle (?) Triassic time the Shinaramp conglomerate grad 

ually accumulated, from southeast to northwest, as a gravel "blanket 

that bevelled the underlying rocks. During most of the process of 

pedimentation the water in the changing stream channels moved swiftly 

over the area9 "but locally slowed, permitting the deposition of fine 

grained sediments and of clean, porous sandstones along the margins of 

the major stream channels or where tributary streams -flowed into rela 

tively quiet water.

(2) Cementation and induration of the sediments and the deposition 

and induration of Jurassic and Cretaceous sediments*

(3) Eegional uplift followed by doming,, resulting in the formation 

of the San Rafael anticline, accompanied by the development of faults 

trending northwestward, of local structural terraces at Shinarump 

Mesa and Temple Mountain, and of the Woodside dome0

(4) Migration of liquid, weakly metalliferous crude oils from 

Paleozoic and Mesosoic (?) source rocks and their entrapment in the 

permeable channel sandstones by terraces, domes, or impervious rock 

dams? possibly accompanied by replacement of grains of humic hydrocarbon 

and of clay. At this time helium started to accumulate in the Woodside 

dome, and the hydrocarbons to fractionate and polymerizes at this time 

also the circulation of ground water in porous channels was intensified 

and some ore metals may have been extracted from hydrocarbons.

(5) Erosion of the Swell, allowing oxidation, devolatilization, 

and continued polymerization of hydrocarbons.
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Local hydrothermal activity at Temple Mountain and ©Isewher© 

in the Swell accompanied, and probably preceded,, "by faulting and frac 

turing,, and the slumping of overlying rocks into underlying solution 

cavities. The asphaltite, "bitumen, arid eamotit e w@s>© removed from the 

invaded rocks and redeposited nearby in permeable host rocks? closely 

adjacent and peripheral to the heat source hot waters leached asphaltit® 

from the ore "bodies, and some of the contained ore metals were rede 

posited as carnotite rollsg at great distances from the h©at some 

asphaltit© was not leached,, "but more volatile "bitumen moved in response 

to the pressure of heating,'

(.7) Continued erosion of the Swell and the continued modification 

"by meteoric water .of previously formed uranium deposits»

OUTLOOK MD SUGGESTIONS FOE PROSPECTING-

In 1947 tb© Temple Mountain district was inactive becaus© existing 

mills were unable to treat asphaltite ores. Since 19^ methods of treat 

ment have "been developed and the district is now (1952) a steady producer, 

Uranium-vanadium ore will probably continue to "be mined from the district 

for some time. Probably most of the ore will "be mined from Temple Moun 

tain proper and the North and South Temple workings, although a small 

amount of shipping-grade ore could be mined from Shinarump Mesa.

The application of the following characteristics of ore "bodies 

would aid mining,, exploration, and prospecting in the districts (l) The 

asphaltite ore, except at Temple Mountain proper where it has "been modi 

fied,, occurs in friable. sandstone lenses within the sandstone-mads'ton©



8?

rock unit of the Shinarump conglomerate; (2) asphaltite is highly 

uraniferous whereas "bituminous sandstone is not5 (3) carnotite is 

generally closely associated with asphaltite; (4) "both carnotite and 

asphaltite ore "bodies in the Shinarump are in friable sandstone in 

channels which9 in general, trend northwestward; (j?) the earnotite9 

associated with carbonised logs in the chert-pelTbl© conglomerate''at 

the "base of the Shinarump is probably of less importance than or© 

stratigraphically higher in the formation,

In minisg, the recognition of the Trias sic channels in which the 

deposits are localized,, should "be of use. Such channels are "best recog 

nized if seen in a plane perpendicular to their trende Th© thicker 

Shinarump sandstone channels should "be traced and examined. The thick 

sandstone channel that underlies Temple Mountain probably extends 

farther t© the southeast under the Reef and can only "be prospected "by 

drill holes.

In prospecting for uranium-vanadium deposits 9 porous sandstone 

lenses in the Chinle and Moenkopi formations, as well as those in the 

Shinarump conglomerate should "be searched for carnotite and uraniferous 

asphalt it eg in the search full use should "be made of the Geiger counter. 

Zones of hydrothermal alteration that can "be recognized "by the "bleaching, 

fracturing, silicification, and local downwarping of the rocks should "be

Gilluly and Eeesid© (l928 9 pp. 84, 85, 90, 91, 93, 94 8 96) hair© 

described detrital asphalt in and near the Sinbad limestone member of 

the Moenkopi formation, as well as in the Shinarump conglomerate; '(l)
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SIribad limestone north from,the head of Black Box Canyon^ (2) in sand*° 

stone overlying 'the Sinbad limestone,, at the mouth of Red Canyon9 (3) 

in sandstone "below the.Sinbad limestone on the cliff® south of the 

Muddy River 9 (4) in Shinarump conglomerate on the south sid@ of - .   

Sawtooth Butte, and (5) with carnotite in Saddle Horse Canyon on the . 

.western edge of the Swell 

SUMMARY MD CONCLUSIONS

Deposits of uraniferous hydrocarbons of asphalti© and humie typ© 

and carnotite depiosits occur in the Shinarump conglomerate at Shinarump 

Mesa and adjacent areas in the Temple Mountain district. It is now 

thought that the uranif erous .asphalt ite -is the. residue of weakly metal 

liferous crude oil introduced into the more permeable sandstones after 

the formation of the San Rafael anticline and that the ore metals con 

centrated residually -in the residual fractions. The carnotite was 

probably derived from the asphaltite "by ground-water leaching. Both 

types of ore deposits have "been locally altered at Temple Mountain "by 

later hydrothermal solutions and are now "being modified "by meteoric 

water. The ore- "bodies at- Shinarurap Mesa and the South and North Temple 

workings are localized in the more porous sandstone ©f the sandstone- 

mudstone rock unit in the lower par_t .of the Shinarump conglomerate and 

thus controlled indirectly "by sedimentary processes,. Ore "bodies at 

Shinarump Mesa are relatively small and pod-like, "but the "better one® 

contain more than 0*1 percent uranium. Ore "bodies.elsewhere .in the dis- 

trict are larger-,, and contain more ore metals.
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Bit-omen, containing a small amount of uranium and other metals, 

impregnate® permeable "beds throughout the San Bafael Swell and repre 

sents a fraction of the original crude oi! 0

It is concluded that a study of the San Eafael Swell, of the 

petroleum source "beds, of the processes effecting change in naturally- 

occurring hydrocarbons, and of the effects of Tertiary intrusiTSS in 

the broad region surrounding the Colorado Plateau might contribute data 

pertinent to the relations "between carnotite ores and asphaltic ores c
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