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CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

GEOLOGY AND URANIUM DEPOSITS AT CROOKS GAP,
FREMONT COUNTY, WYOMING

By JamEs G. STEPHENS

ABSTRACT

The Crooks Gap area includes about 200 square miles in Fremont County,
south-central Wyoming. In 1954, commercial uranium deposits were found in
the central part of the area; by 1955, three mines were producing uranium ore
and several uranium occurrences had been discovered by surface prospecting and
drilling.

Near-surface uranium deposits are of erratic distribution, generally less than
20 feet across, only a few feet thick, and generally concordant with bedding. The
deposits occur throughout a stratigraphic interval of about 1,500 feet.

Production from the area totaled about 4,200 tons to September 1957. How-
ever, drilling indicates the existence at depth of larger and more continuous
deposits, and ore reserves of more than a million tons have been reported in sec.
16, T. 28 N., R. 92 W. These deep deposits are not considered in this report.

Exposed rock containing uranium in commercial quantities is confined to the
lower folded member of the Battle Spring Formation of Eocene age and consists
either (1) of sandstone impregnated with uranophane and autunite having minor
amounts of uraninite, coffinite, and metatyuyamunite, or (2) of sandstone having
no visible uranium minerals. Uraninite has been identified from a few deep
samples.

Uranium also occurs in gouge along thrust faults at the northeast side of
Crooks Gap. Preliminary development of these deposits below the weakly
mineralized surface rock has failed to indicate an increase of uranium content
with depth.

Rocks exposed in the area range in age from Precambrian to Recent. The
Precambrian rocks, consisting predominantly of granite, crop out in a discon-
tinuous band trending eastward across the central part of the area. Paleozoic
rocks, which are about 2,065 feet thick, consist of limestone and sandstone con-
taining some shale and are exposed only adjacent to faults in the central and
east-central parts of the area. Rocks of Mesozoic age are also exposed in the
central and east-central parts of the area; they consist largely of shale and beds
of sandstone and are about 8,900 feet thick.

Rocks of Cenozoic age are present over most of the Crooks Gap area. The Fort
Union Formation of Paleocene age is 0 to 960 feet thick and consists mostly of
mudstone and some lenticular beds of conglomerate and sandstone in the lower
part. The formation unconformably overlies the Cody Shale of Late Cretaceous
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age and is unconformably overlain by the Battle Spring Formation of Eocene
age. The Battle Spring Formation is as much as 4,700 feet thick and is exposed
in most of the southern half of the area. It is made up of arkosic sandstone and
conglomerate and lenticular beds of sandy carbonaceous siltstone. At Crooks
Gap, an angular unconformity is believed to separate the formation into a lower
folded member (member A) and an upper unfolded member (member B). The
lower member is estimated to be 2,200 feet thick. Cobbles and pebbles of Paleo-
zoic rocks are mixed with Precambrian granite detritus locally at the base of the
member, but higher in the stratigraphic section cobbles and pebbles of granite
predominate. The upper member (member B) is at least 500 feet thick in the
gap but thickens southward to perhaps 2,500 feet within a few miles. The mem-
ber contains large boulders of granite, some as much as 40 feet across, in the
central part of Crooks Gap, but in the southern part of Crooks Gap both members
A and B are finer grained and are difficult to distinguish.

Deposits of tuffaceous clayey siltstone of Oligocene age (White River Forma-
tion) are exposed in an area of about half a square mile near the north end of
Crooks Gap. Although only 60 feet of these rocks are exposed, drilling north of
North Happy Springs oil field indicates a subsurface thickness of about 900 feet.

Miocene rocks (Split Rock Formation) consisting of at least 950 feet of poorly
consolidated tuffaceous sandstone and lenses of arkose in the lower part cover
most of the northern half of the area.

A history of complex geologic activity that produced a structural relief on the
Precambrian rocks of as much as 10,000 to 15,000 feet is recorded at Crooks Gap.
The several episodes of folding and faulting in the area may be summarized as
follows :

In Late Cretaceous time, folding of Mesozoic and Paleozoic rocks was followed
by erosion of the folds at least to the Cloverly Formation of Early Cretaceous
age. In Paleocene time, the Fort Union Formation was deposited on an irregular
surface carved on folded Mesozoic rocks.

In Eocene time, imbricate sheets were thrust south and southwestward.
Arkosic sediments derived from exposed granite areas were deposited as member
A of the Battle Spring Formation, and continued compression may have folded
the arkosic sediments. When compression relaxed, sediments of the upper
part of the Battle Spring Formation (member B) were deposited on the complex
structure. The Granite Mountaing block was eroded, pediments were formed,
and a gently sloping alluvial apron was extended southward to the Green River
Lakes. Northwest-trending oil-producing structures, the south Happy Springs,
Crooks Gap, and Sheep Creek anticlines, may have formed contemporaneously
with this thrusting or may have formed earlier in Late Cretaceous time.

In Oligocene, Miocene, and Pliocene time, the area was covered by 3,000 feet
or more of sediments rich in voleanic debris. Probably some of the higher peaks
of the Granite Mountains remained above this sedimentary blanket.

In post-middie Miocene to post-Pliocene time, subsidence of the Granite
Mountains block to the north of the Crooks Gap area produced large-scale normal
faulting.

Since Pliocene time, erosion has removed the upper Tertiary rocks from the
southern part of the area. Recent structural adjustment in the Crooks Gap
area is indicated by an offset pediment surface.

Two factors are suggested as controls that influenced uranium: deposition:
(1) carbonaceous siltstone beds provided a local reducing environment where
uranium might be precipitated from uranium-bearing ground water; (2) abrupt
changes in permeability (caused by impermeable gouge along fault zones or by
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facies changes from coarse-grained to finer grained material) effectively con-
trolled the pattern of circulation of uranium-bearing ground water.

Preliminary exploration of deep deposits suggests that buried uranium deposits
are concentrated in synclinal troughs of the lower folded member of the Battle
Spring Formation.

Analysis of ground-water samples for uranium is an inexpensive technique
of delimiting areas for intensive uranium prospecting. Analyses of four bulk
water samples from Tertiary rocks suggest that the geochemistry of the source
rock is related to the amounts of uranium, sodium, aluminum, phosphorus,
manganese, strontium, and lead contained in the water.

Gravity and seismic measurements were obtained at Crooks Gap to define
buried structure in this highly complex area. The gravity data are presented as
three maps—a complete Bouguer anomaly map and two grid-residual maps. The
gravity data exhibit numerous anomalies, most of which closely correlate with
known geologic structure. One significant anomaly in Crooks Mountain quad-
rangle is a northwest-trending gravity low that delimits the southwest boundary
of the Emigrant Trail thrust sheet penetrated by the Carter Oil Co. Immigrant
Trail 1 test. A tie is thus provided between the Laramide thrust faults, which
extend into the area from the northwest, and the faults exposed at the north
entrance to Crooks Gap.

Both the gravity data and the seismic data indicate that a thrust sheet of Pre-
cambrian granite underlies the area between Crooks Gap and the Granite
Mountains.

The combined reflection-refraction data define a rather smooth bedrock surface
that dips southward from the Granite Mountains and extends to the Kirk
normal fault. South of the Kirk normal fault, usable seismic data were not
obtained.

INTRODUCTION

Uranium was discovered in Crooks Gap in December 1958. The
discovery was made in the area of exposed reverse faults at the north-
-east side of Crooks Gap where uranium minerals were found coating
fracture planes in faulted shale of Cambrian age. Radioactivity
anomalies were detected in the southern part of the gap in February
1954 by prospectors using privately owned airborne scintillation equip-
ment. Ground checking of these anomalies led to the filing of mineral
claims and to the subsequent development of open-pit uranium
prospects and mines. Prospecting in Crooks Gap as well as along the
adjacent east-west mountainous belt has continued to the present time
(April 1963).

The Geological Survey’s work in the area, done on behalf of the
Division of Raw Materials of the U.S. Atomic Energy Commission,
had the following objectives: (1) to prepare a geologic map, (2) to
study the uranium occurrences, and (3) to determine, insofar as pos-
sible, the controls of uranium mineralization.

Fieldwork was conducted August through October 1954 and July
through October 1955. M. J. Bergin, in 1954, and James Knox, in
1955, gave valuable assistance in the field.

713-808 0—64——2
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Mapping was done on aerial photographs at a scale of approximately
1:27,700 for the northern two-thirds of the area and at a scale of
approximately 1: 38,400 for the southern third. Mapping outside the
gap area was by reconnaissance methods.

The base map of the northern two-thirds of the report area was
compiled from the Crooks Mountain, Crooks Creek NE (renamed
Jeffrey City quadrangle in 1957), and Split Rock NW 7%-minute top-
ographic quadrangle maps of the U.S. Geological Survey. The base
map for the southern third of the area was compiled from the Bureau
of Land Management’s township plats surveyed in 1882. The geology
of the report area is shown on plate 1 and a detailed map of the ura-
nium deposits is included as plate 2.

Don L. Healey of the U.S. Geological Survey made a gravimetric
survey in the area during September and October 1955. Additional
gravimetric work and limited seismic studies during May 1956 com-
pleted the geophysical field investigations. A report of Healey’s
work is presented as the last section of this paper, pages F65-F78.

Published geologic reports on the region include studies by Bauer
(1934), Blackstone (1951), Hares and others (1946), and Thomas
(1949; 1951). Detailed studies of nearby areas by Bell (1950; 1954),
Masursky (1962), Pipiringos (1955; 1961), Van Houten (1950; 1954;
1955), Van Houten and Weitz (1956), and Zeller, Soister, and Hyden
(1956) aid in understanding the regional geologic setting.

During the field investigation, claim owners and prospectors were
most helpful in making available mine maps and drill-hole informa-
tion. Robert Adams, Hepburn Armstrong, Kenneth Baker, Norman
Harrower, Raymond Thompson, and Jerry Whalen supplied useful
mining information. The writer expresses particular thanks for
stimulating field discussions to Eugene Grutt, Charles Bromley, Spen-
cer Shannon, and Leo Stone of the U.S. Atomic Energy Commission.
The Sinclair Oil and Gas Co. loaned well cuttings of Tertiary rocks.
Wayne Chisholm identified the heavy-mineral suites of the Oligocene
and Miocene rocks. F. B. Van Houten studied the cuttings of Terti-
ary rocks from Sinclair Oil Co. well 37 in the North Happy Springs
oil field and proposed a subdivision of these rock units. N. M. Denson
helped guide the fieldwork and contributed much to the preparation of
the report.

GEOGRAPHY

The Crooks Gap area includes 200 square miles in southeastern Fre-
mont County, south-central Wyoming (fig.1). The area is about half-
way between Rawlins, 56 miles to the southeast, and Lander, 58 miles
to the northwest.
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Access is gained from U.S. Highway 287, which crosses the north-
ern part of the area. A graded road extends southward from the
highway at Jeffrey City and leads to the uranium-producing area in
Crooks Gap. Dirt roads extend from Crooks Gap southward across
the Great Divide Basin (Red Desert) to Wamsutter, and southeast-
ward to Bairoil.

The northern half of the area is a youthfully dissected surface that
slopes from an elevation of about 7,000 feet northward for 7 miles
to the Sweetwater River at about 6,300 feet. This surface is bounded
on the south by the high north-facing -escarpment of flat-topped
erosional mountains (collectively called the Green Mountains) that
extends eastward across the south-central part of the area. From
west to east the mountains are Crooks Mountain (alt 8,310 ft), Crooks
Peak (alt 7,750 ft), Sheep Mountain (alt 7,900 ft), and Green

Mountain (alt 9,025 ft). Crooks Gap, at an altitude of approxi-
mately 6,600 feet, is a water gap about 214 miles wide that separates
‘Crooks Peak on the west from Sheep Mountain on the east. These
geomorphic features are erosional remnants separated by low saddles

111°
'\Anf\ 110 ° 108° o o
45 —-’:;1_ __107 _ 106 _ I
d"’_ ! r T T B ﬁ‘* S [
: YELLOWSTONE j 1,,. E h HERIDAN

N , NATIONAL ¢

PARK S - POW-I;ER RIVER z
BIG uoaN’ SRR "'5 B ”;IN " ovack LS |
H 3 FT
<" BIGHORN | BASIN E "5%1 : | . up _]
“ . CAMPBELL o \
~ $ %,
l] 6 SiomnsoN ,, |
- - 3 ‘0,
12 3 ' | westoN 7t
# it Z Z H
ul/.. Mo % 5 vz I 3
It T SPR GS' S T T
3 Q‘L\c_“‘“ Mouy 1§ &1 _ 3l
“png™y A e P —3%
W Gy N‘""‘h D ;: 3
Wing, J o v" U 5 | ‘
Rlyfk [} ‘
R 24 1 NIOBRARA
“¢_FREMONT W NATKONA | converse 1
;:. ande Casper,
4"‘4@ “nh, ", g war O”'! %\\ﬂ..um,,,_ Sreer, ,,’,,‘ | o
e 3N 3 s § ES 1 -1
EG 4o “"" el WS |
CRWK -5 MY EHARTVILLE
'3; 7 AR Y nms MTs g:j‘— e UPLIFT
& :AREA oty ", % gy
=] /l'uu I e 0 )
Bau-m Sm;z g X T |
Z" ey, "Ys“\ % % ZPLATIE | GOSHEN
GREAT DIVIDE BASIN ; ‘ so Y - \
3 /:i l’ ﬁ'f;,o HANNA BASIN 2 < i
$ m iy, | LakamE €
= ROCK 4 alnsutter J %, 2 2 H
3 serings zgv O, —— wling ?,: o BASIN % g— __L 1
;‘S: v g““?\s a CARBON ;»:: & H > LARAMIE ]
z >
T % 3 SaLBaNYS |3
R ;'msumls LR S‘Ne"l"/ 3 ‘ r } 3 ‘21 JULESBURG BASIN
;7,‘\-"“5 . g ‘-:"tn 4 RS & I $ gmevmwe
< %, , PRI H
S WY IR Wl PN S
10 010 40 MILES
ST - - |

Freurp 1.—Index map showing location of the Crooks Gap area, Fremont County, Wyo.



Fo6 CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

from Crooks Mountain to the west and from Green Mountain to the
east. On the south side of Crooks Mountain a dissected surface slopes
gently southward to merge with the surface of the Great Divide Basin.
In contrast, a prominent escarpment forms the south side of Green
Mountain, at the base of which is Crooks Creek.

Crooks Creek, a small spring-fed stream in its upper reaches, flows
westward along the base of Green Mountain, and thence northward
through Crooks Gap. After leaving the gap the stream is intermit-
tent and is Jost in sand before joining the Sweetwater River. Inter-
mittent streams along the south side of Crooks Mountain flow south-
ward into the Great Divide Basin, large topographic and structural
basin that has interior drainage.

Vegetation at lower altitudes consists mostly of brush and short
grasses. Cottonwood and aspen grow along the larger streams, and
pine forests cover the mountain tops.

Livestock, oil, and uranium are the principal products of the area.
Oil is produced from the Sheep Creek, Crooks Gap, and North and
South Happy Springs fields.

STRATIGRAPHY

Rocks exposed in the Crooks Gap area range in age from Precam-
brian to Recent; however, inasmuch as known commercial uranium
deposits are confined to rocks of Tertiary age, the stratigraphy of
these rocks only is discussed in detail in this report. Brief descrip-
tions and approximate thickness of all formations exposed in the area
are presented in table 1.

Precambrian rocks consist of coarse-grained granite cut locally by
basic dikes. The granite crops out discontinuously in an eastward-
trending belt north of Sheep and Green Mountains. The rock is simi-
lar to that in the Granite Mountains immediately north of the map
area, and is probably part of the same igneous mass.

Sedimentary rocks in the Crooks Gap area have a total thickness
of approximately 17,500 feet. Folded and faulted sedimentary rocks
of Paleozoic and Mesozoic age crop out in an area of about 16 square
miles in Crooks Gap and eastward in the area of the Sheep Creek anti-
cline. The Paleozoic formations consist mostly of limestone, sand-
stone, and some shale; they have a combined average thickness of
about 2,000 feet. Mesozoic formations consist largely of shale and
some sandstone; they have a combined average thickness of about
9,000 feet. Paleozoic and Mesozoic rocks in the Crooks Gap area are
mostly of marine origin.
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Mapped alluvial-fan deposits include arkosic material on the slopes
of Crooks Peak and along the east side of Crooks Gap. The sediment
derived from exposures of the Battle Spring Formation accumulated
in preexisting drainages where streams were incompetent to transport
the large amount of material. The area mapped as alluvial fan on the
east side of Crooks Gap in secs. 20 and 21, T. 28 N., R. 92 W, is about
half a square mile in extent.

PEDIMENT AND TERRACE GRAVELS, UNDIFFERENTIATED

Gravel-mantled dissected planar surfaces having gentle northward
slopes cover much of the southern part of the outcrop area of Miocene
rocks. Only the larger remnants are mapped. The gravel covering
is composed for the most part of granite cobbles and boulders, but in

.some areas concentrations of boulders of basic dike rock are present.
A decrease in size northward indicates that the boulders were derived
from the Battle Spring Formation to the south. Commonly the
boulders are faceted by windblown sand.

LANDSLIDE MATERIAL

Four landslides, all on the north slope of Green Mountain, have been
mapped in the area. The largest slide extends from the SE1/ sec.
24, T. 28 N., R. 92 W, northeastward 1.3 miles into sec. 18, T. 28 N.,
R. 91 W., and consists of arkosic debris and Mesozoic rock fragments
in an argillaceous matrix. The slide follows the course of a preexisting
valley. The smaller slides are in the SW1/, sec. 23 and the S15 sec.
24, T. 28 N., R. 92 W., and similarly follow the courses of earlier
valleys. Usually the slides occur at the contact of Eocene arkose on
folded Cody Shale, but a single slide in the N14 sec. 24, T. 28 N., R.
92 W., involves only the Cody Shale.

STRUCTURE
PREVIOUS WORK

The Crooks Gap area lies across the boundary separating the Granite
Mountains structural block on the north from the Great Divide Basin
on the south (pl. 3). The folds and faults affecting the Precambrian,
Paleozoic, and Mesozoic rocks along the boundary are exposed at
several places; but only in excavations for mining or oil development,
as at Crooks Gap, can much of the structural detail of the disturbed
Tertiary rocks be observed.

Complex folding and faulting in the region has been recognized
for many years. W. C. Knight (1900, p. 229-230) was one of the
first to suggest that the Granite Mountains block had been depressed
in post-Eocene time, that the block was bounded by parallel faults
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(the southern bounding fault passes through the Crooks Gap area),
and that the block was subsequently buried by Miocene sediments.

Bauer (1934) briefly discussed the geologic relations along the
southern boundary of the Wind River Basin and made a few specific
references to the Crooks Gap-Green Mountain area. He recognized a
regional uplift of central Wyoming subsequent to the deposition of
the Tertiary sedimentary blanket and consequent collapse of the Gran-
ite Mountain structural block (Sweetwater arch). He (p. 686, 688)
estimated the vertical displacement of the normal faulting near
Crooks Gap to be more than 2,500 feet, and also noted (p. 686) the
presence in the Crooks Gap area of an older thrust fault parallel
to the normal fault, which presumably resulted from compression
from the north. Bauer discussed (p. 680) the presence of two Ter-
tiary conglomerates on the east side of Crooks Gap; he described the
Sweetwater Member of the White River Formation (Oligocene) as
capping much of Green Mountain and as resting on the Eocene
Wasatch Formation (Battle Spring Formation of this report) in
Crooks Gap. Although the present author believes the upper con- .
glomerate to be Focene in age, fossils have not been found, and
Bauer’s Oligocene designation of the upper conglomerate may be
correct. Bauer (p. 680) also noted the inverted order of erosional
detritus that constitutes the lower part of his Sweetwater Member;
this inverted order indicates the progressive erosional stripping of
sedimentary rocks from the ancient Granite Mountains, which then
lay at a greater height to the north.

S. H. Knight (1937) interpreted the structural import of the
large granite boulders in the thick arkosic sequence at Crooks Gap
and suggested that the boulders, some of which are as much as 40
feet across, were shed from a southward-moving thrust sheet during
the time of thrusting. Knight recognized the progressive erosional
stripping of older beds, as shown by the succession of the debris
incorporated in the Fort Union and lower part of the Battle Spring
Formations at Crooks Gap.

Blackstone (1951) presented an excellent summary of the develop-
ment of ideas on the structural geology of central Wyoming.
Regional tectonic features are discussed and thrusting and normal
faulting at Crooks Gap are noted.

Van Houten (1950; 1954; 1955) and Van Houten and Weitz (1956)
presented the results of structural and stratigraphic studies of the
Beaver Divide-Sweetwater Plateau region northwest and north of
Crooks Gap.

Reports by Bradley (1926), Masursky (1962), and Pipiringos
(1955; 1961) discuss the structure and stratigraphy in the Great
Divide Basin south of Crooks Gap.
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In 1955, W. G. Bell * completed a study of an area extending from
just west of the Crooks Gap area to the south end of the Wind River
Mountains (fig. 9). In a second paper, Bell (1956) extended some
of ‘his' previous conclusions into the Crooks Gap area. He (p. 82)
explained the.previously called normal fault zone of the Crooks Gap
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F16URE 9.—Index map of south-central Wyoming showing relation of Crooks Gap area to
nearby areas where related geologic studies have been made.

Related geologic studies

1. Rich (1962) 7. Sheridan and others (1962)

2. Van Houten .(1955) 8. Wyant and others (1956)

3. Zeller and others (1956) 9. Pipiringos (1961)

4. Van Houten (1954) 10. Masursky (1962)

5. Van Houten (1950) 11. Vine and Prichard (1959)

6. Bell, W. G., 1955, Geology of the 12. Stephens and Bergin (1959)
southeastern flank of the Wind 13. Fath and Moulton (1924)
River Mountaing, Fremont 14. Vine and Prichard (1954)

County, Wyoming: Wyoming
Univ. Ph. D. thesis.

1Bell, W. G., 1955, The geology of the southeastern flank of the Wind River Mountains,
. Fremont County, Wyoming: Wyoming Univ. unpublished Ph. D. thesis, 204 p.
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area as a shear zone formed between two stable blocks reacting to
eastward-directed compressive forces. The “shear zones” and the
folds of the Crooks Gap area were thought by Bell to have formed
at the same time. Bell (p. 85) concluded: “It is apparent that there
is neither a low-angle thrust fault nor a large-throw normal fault
in this district, as has been reported by various writers.” Bell’s inter-
pretations do not agree with those presented in this report.

GENERAL FEATURES

The map area discussed in this report (fig. 10) may be subdivided
into three parts: a northern part largely blanketed by Miocene rocks;
a central part characterized by faulted and folded Mesozoic and Pa-
leozoic rocks partly covered by lower Tertiary rocks; and a southern
unit comprising the north edge of the Great Divide structural basin,
which is entirely concealed by Eocene rocks. An east-trending zone
of normal faults of large displacement separates the northern and
central tectonic units. North of this fault zone Eocene, Oligocene,
and Miocene rocks conceal what appears to be a granite thrust sheet
(part of the Granite Mountains structural block) displaced south-
ward and southwestward over Mesozoic and Paleozoic rocks. Late
Tertiary subsidence produced large-scale normal faults along the
southern boundary of this tectonic unit and imparted gentle south-
ward dips to the overlying Tertiary rocks.

The central tectonic zone is composed of Paleozoic and Mesozoic
rocks folded into a series of northwest-trending asymietrical anti-
clinal folds, some of which are broken on the southwest side by high-
angle reverse faults. These folds are partly concealed by Paleocene
and Eocene rocks.

The southern tectonic zone includes part of the northern flank of the
Great Divide Basin. The basin configuration is largely unknown
because of concealment by unconformable lower Tertiary rocks.

One of the major unanswered questions in the report area concerns
the nature of the concealed boundary between the belt of northwest-
trending folds that extend eastward through Crooks Gap and the
northern part of the Great Divide Basin. A concealed structural
break hidden by surface rocks is suggested by the northwest alinement
of the folds north of the general area of Crooks Peak in contrast to
an east-west trend in the surface structure of the northern Great
Divide Basin. Results of widely spaced deep drilling in the area
provide some data for consideration. The Continental Oil Co. East
Antelope 1 test (sec. 26, T. 27 N., R. 93 W.), drilled 3.1 miles south of
the map area, penetrated an almost complete section of Upper Creta-
ceous rock before reaching the Cody Shale at 6,532 feet. The Cody
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Shale is exposed at the south end of Crooks Gap (sec. 29, T. 28 N., R.
92 W.) and is overlain unconformably by Paleocene and Eocene rocks,
The hypothesis is here presented that the belt of northwest-trending
anticlines in Crooks Gap constitutes a thrust sheet moved sonthward
over the northern part of the Great Divide Basin. The sheet is
bounded on the south by a major thrust, which is believed to have an
eastward trend and to cross the area in the vicinity of the south side of
Crooks Peak. An alternate hypothesis postulates a monocline in the
same position and the folded Mesozoic rocks to the north being folded
downward under the Great Divide Basin ; thus the northwest-trending
folds in Crooks Gap might be considered part of the northern flank
of the Great Divide Basin.

Data for interpretation of the concealed structure in the area are
provided by logs of oil and gas tests and wells and by a gravity sur-
vey (p. F75). Because detailed data are still unavailable for
several critical areas, the interpretations of concealed structure as
herein outlined must be considered tentative.

Plates 1 and 2 and figure 10 illustrate the structural discussion that
follows.

FOLDS

Cretaceous rocks in the Crooks Gap area are tightly folded into a
series of four northwest-trending anticlines, some of which are broken
to the southwest by high-angle reverse faults. Although these folds
are separated from the overlying Tertiary rocks by an angular un-
conformity, some of the Tertiary rocks are folded in a pattern similar
to that of the Cretaceous fold system.

SHEEP CREEK ANTICLINE

Sheep Creek anticline (pl. 1, section D-D’; fig. 10) is a sharply
folded, doubly plunging structure about 1 mile wide and 3 miles long
that extends southeastward from the SW1; sec. 10. to sec. 24, T. 28 N.,
R. 92 W. To the southeast it is concealed by landslide deposits and
unconformably overlying Tertiary rocks, and to the northwest the
structure terminates abruptly against a small granite thrust mass.
The steeper limb of the southwest has dips as high as 75° overturned,
whereas the dips on the northeast side are no greater than 41°. On
the northeast side the fold is bordered by a narrow, tightly folded
syncline, which is broken to the southeast by a reverse fault. The
oldest rock exposed in the Sheep Creek anticline is the Chugwater
Formation of Triassic age.

Oil is produced on the Sheep Creek anticline from the Phosphoria
Formation at a depth of about 2,000 feet.
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SPRING CREEEK ANTICLINE

Spring Creek anticline (pl. 1, section B-B’; fig. 10) is a tightly
folded structure extending southeastward for about 3 miles from sec. 1,
T.28 N, R. 93 W, to sec. 17, T. 28 N., R. 92 W. Because surface ex-
posures are of nonresistant Cody Shale, surface mapping is difficult.
Subsurface data indicate that the fold is asymmetric to the southwest
and broken by a high-angle reverse fault on that side. The surface
trace of the reverse fault, if present, could not be mapped because of
poor exposures. To the southeast the fold plunges beneath Tertiary
rocks, but the relations of the fold to the large-scale faulting to the
northwest are unknown.

Oil has not been produced from the Spring Creek structure.

CROOKS GAP ANTICLINE

Crooks Gap anticline (pl. 1, section €-C”; fig. 10) is in the central
part of the area and extends southeastward for about 3 miles from
sec. 11, T. 28 N., R. 93 W., to sec. 19, T 28 N., R. 92 W. The fold is
similar to other folds in the area in that it is asymmetric to the south-
west where steep to overturned dips are characteristic. Dips on the
northeast flank range from 19° to 35°. The Cody Shale is the only
rock exposed in the structure. To the southeast the fold plunges be-
neath a cover of Eocene rocks, whereas to the northwest poor ex-
posures mask the relations of the fold to the zone of large-scale fault-
ing. Subsurface data indicate that the fold isbroken on the southwest
by a high-angle reverse fault.

Oil production from the Crooks Gap anticline is from the Frontier
Sandstone, the Muddy Sandstone Member of the Thermopolis Shale,
the Cloverly Formation, and the Nugget Sandstone at depths ranging
from 3,538 to 5,600 feet.

SOUTH HAPPY SPRINGS ANTICLINE

South Happy Spring anticline (fig. 10) is concealed by unconform-
able Tertiary rocks; it is approximately 2 miles long, extending south-
eastward from sec. 8 to sec. 21, T. 28 N., R. 93 W. The fold is
asymmetrical, and the steeper limb is to the southwest. Subsurface
information indicates possible rupture of the fold by a high-angle
reverse fault on the southwest side. The Cody Shale is believed to be
the oldest rock uncovered by erosion prior to deposition of the Tertiary
strata.

Oil is produced from the Frontier Formation and the Muddy Sand-
stone Member at depths ranging from 5,630 to 6,570 feet.
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NORTH HAPPY SPRINGS ANTICLINE

The North Happy Springs oil field (pl. 1, section 4-A4") is in the
north-central part of T. 28 N., R. 93 W. The structure, which is
concealed by Tertiary rocks, is about 1 mile wide and 214 miles long,
and it has an eastward elongation parallel to the Kirk normal fault.
Both reverse and normal faulting are present in the anticline. The
reverse fault cuts the north side of the anticline and duplicates part
of the Mesozoic section. Later normal faulting (Kirk normal fault)
appears to have occupied nearly the same zone of displacement. The
oil-producing anticline may have resulted from compression before
a southward-advancing thrust sheet. An alternate interpretation is
to attribute the origin of the anticline to drag produced by normal
faulting that modified a preexisting northwest-trending fold.

Oil is produced in the north Happy Springs field from the Frontier
Formation, the Muddy Sandstone Member of the Thermopolis Shale,
the Cloverly Formation, and the Phosphoria Formation at depths
ranging from 3,200 to 6,280 feet.

FOLDS IN MEMBER A OF THE BATTLE SPRING FORMATION

The northwest-trending asymmetrical fold system is reflected in
rocks of member A of the Battle Spring Formation. The system is
discernible in an area of about 5 square miles in secs. 16, 20, 21, 28,
and 29, T. 28 N, R. 92 W. (pl. 2). Two unnamed synclines are be-
lieved to be present. The larger one, in secs. 9, 16, and 21, T. 28 N,,
R. 92 W, is asymmetric; it has dips as high as 65° on the northeast
side and less than 20° on the southwest limb. The smaller syncline,
in sec. 20, T. 28 N, R. 92 W, is concealed for the most part by alluvial-
fan deposits. It is thought to be asymmetrical, the steeper limb on the
southwest side. To the southeast the anticlinal nose separating the
two southeastward-plunging synclines is thought to become less pro-
nounced and the two synclines to merge at depths into a single syn-
clinal structure. The structural relations of the lower Eocene rocks
in the rest of the gap are not clear. However, member A seems to
dip away from the Crooks Gap anticline, and another syncline paral-
leling those described above may be present under the east flank of
Crooks Mountain.

THRUST SHEETS

Two major thrust sheets are believed to have formed in Eocene time
in the Crooks Gap area. The sheets and the bounding thrust faults
are mostly concealed except in the northern part of T.28 N, R. 92 W,
where parts of the Emigrant Trail thrust and the Granite Mountains
in the Crooks Gap area. The sheets and the bounding thrust faults
that bound the two sheets are shown on plate 1 and figure 10.
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GRANITE MOUNTAINS THRUST SHEET

"The Granite Mountains thrust sheet (Van Houten, 1954), the north-
ernmost recognized, is considered to have been displaced southwest-
ward from the main mass of the Granite Mountains structural block.
Meager seismic and drill-hole data indicate that the concealed upper
surface of the thrust sheet is granite. A single north-south seismic
traverse, which extends from Crooks Gap northward to U.S. High-
way 287 (p. F76), indicates that the buried top of the thrust sheet has
little relief and dips gently southward.

The thickness of the sheet has been determined in sec. 32, T. 30 N.,
R. 93 W., 2.3 miles northwest of the mapped area. The Carter Oil
Co.s Immigrant Trail 1 test hole penetrated 1,230 feet of Tertiary
rocks and 1,800 feet of granite before passing through 900 feet of
overturned Paleozoic and Mesozoic rocks (fig. 11). Variation in
thickness of the sheet is suggested by a gravity anomaly 2 miles north
of the map area (secs. 25, 26, 34, 35, T. 30 N, R. 92 W.; pl. 9).
There, in the vicinity of exposed granite knobs, a low gravity anomaly
suggests that the concealed granite sheet may be very thin.

The Granite Mountains thrust sheet is bounded on the southwest
by the Emigrant Trail thrust (Blackstone, 1951, p. 25). This con-
cealed fault enters the mapped area in the northwest corner, 2 miles
frem.the Carter well, and is traceable by gravity measurement (pl. 10)
to the north entry of Crooks Gap (NW part of T. 28 N, R. 92 W.).
It is postulated that the thrust fault continues east-southeast beyond
this point at least 9 miles to the east edge of the map area and gen-
erally parallels the younger East Kirk normal fault (fig. 10). Sev-
eral small discontinuous thrust masses involving rocks of different
ages are exposed directly south of the East Kirk normal fault (fig. 12)
and are thought to have been emplaced by this thrusting.

Where exposed, the Granite Mountain thrust sheet or related slivers
rest on Cretaceous rocks, principally the Cody Shale, or on older
Mesozoic rocks. No data, other than those from the Carter test hole,
are available concerning the rocks below the thrust sheet in the area
blanketed by Miocene and earlier Tertiary rocks.

HAPPY SPRINGS THRUST SHEET

Mesozoic and Paleozoic rocks concealed by Miocene and earlier
Tertiary rocks in the North Happy Springs oil field and northward as
far as the Emigrant Trail thrust may constitute a second thrust sheet,
here named the Happy Springs thrust sheet. The sheet is bounded
on the south by the buried Happy Springs thrust, which extends east-
ward under the north slope of Crooks Mountain (fig. 10). The exist-
ence of this fault is known from drill-hole data in the North Happy
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Evidence for the East Kirk fault is primarily geomorphic. A
rectilinear topographic break along which are many springs, as well
as a few poorly developed hogback ridges eroded on upturned Miocene,
Oligocene( ?) and Eocene rocks (sec. 21, T. 28 N., R. 91 W.), provides
evidence of faulting. An alternate interpretation is that the Miocene
and Oligocene rocks are not downfaulted but were deposited in a low
area bounded on the south by an old fault scarp that produced the recti-
linear topographic break now seen in the field. If the latter hypothesis
is correct, erosional valleys should have been formed in the fault scarp,
and the Oligocene and Miocene deposits should have filled these valleys
and produced an irregular contact between the upper Tertiary beds to
the north and the rocks of the eroded fault scarp to the south. Because
this relation is not seen and because the Miocene and Oligocene rocks
are believed to have steep dips near the rectilinear break, the author
favors the fault hypothesis. Throughout the extent of the fault in
the Crooks Gap area, Miocene rocks form the downdropped northern
side.

Evidence indicating the amount of displacement along the East
Kirk normal fault is lacking. The amount of displacement is believed
to decrease toward the west end of the fault where it intersects the
Kirk normal fault. The age of faulting represented by the East Kirk
normal fault is believed to be the same as that of the Kirk normal
“fault.

NORMAL FAULTS IN MEMBER A OF THE BATTLE SPRING FORMATION

At the Sno-ball mines, sec. 29, T. 28 N., R. 92 W., member A of the
Battle Spring Formation is broken by a system of normal faults (pl.
6). Two well-exposed fault planes in mine workings are nearly
vertical, and strikes average N. 40° W.

Slickensides indicate that the last movement along the faults was
vertical. Displacements along the faults were not measured because
of the lack of identifiable offset beds. However, movement is thought
to be minor, that is, not more than 50 feet along a given fault surface.
The fact that fault planes are almost parallel with the axial trend of
the Crooks Gap anticline suggests that the faults are genetically
related to the folding of member A rocks in early Eocene time.

Faulting of Eocene rocks is not apparent at other uranium excava-
tions, nor is it evident in surface exposures.

STRUCTURAL HISTORY

Field data indicate several periods of structural activity: (1) fold-
ing during Late Cretaceous time, (2) possible folding in late Paleocene
time, (8) thrust faulting in Eocene time, and (4) tensional faulting
in post-middle Miocene to post-Pliocene time. The geologic history
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outlined in the following pages is summarized diagrammatically in
plate 4.
LATE CRETACEOUS FOLDING

During the Laramide Revolution the Mesozoic and Paleozoic rocks
in the area were compressed into a series of folds. Presumably the
structures were open, symmetrical folds and were not tightly com-
pressed at that time. Regional stratigraphic relations permit rather
precise dating of the period of folding. Although the Mesaverde
Formation, Lewis Shale, and Lance Formation of Late Cretaceous
age are not exposed in the Crooks Gap area, they are present in con-
tiguous areas to the south and southeast. Insec.26,T.27 N.,,R.93W.,
3 miles south of the map area, the Continental Oil Co.’s East Antelope
1 well penetrated both the Lewis Shale and Mesaverde Formation and
possibly part of the Lance Formation. In the Lost Soldier-Wetz
dome area 5 miles southeast of the Crooks Gap area, all of these Upper
Cretaceous formations are exposed (Love, Weitz and Hose, 1955).
This relation suggests that in the Crooks Gap area these formations
were involved in the folding, but were removed prior to the deposition
of the unconformably overlying Fort Union Formation, and indicates
a post-Late Cretaceous and pre-Paleocene age for the folding.

PALEOCENE (FORT UNION) DEPOSITION AND FOLDING

Breaching of the Upper Cretaceous folds at least to the Cloverly
Formation prior to Paleocene time is indicated by identifiable frag-
ments of the older rocks in the Fort Union Formation. Pebbles of
dark chert from the Cloverly Formation and chips of light-gray silici-
fied shale from the Mowry are common in the lower part of the Fort
Union. The fine-grained character of the clastics in the Fort Union,
together with the carbonaceous zones and impure coal beds, suggests
a depositional environment of aggrading streams having sluggish
drainage and covering a topography of low relief carved on the folded
Mesozoic rocks. Obscure structural relations with the overlying Bat-
tle Spring Formation indicate that the Fort Union Formation may
have been folded prior to Eocene time (pl. 4A). The hypothesis that
the Fort Union rocks were stripped from structurally high areas prior
to Eocene time is suggested by remnants of the formation apparently
being limited, for the most part, to present synclinal areas, as in sec.
16, T. 28 N, R. 92 W., and sec. 12, T. 28 N., R. 93 W. In the southern
part of the gap area, the Fort Union was completely removed from the
flanks of the Crooks Gap anticline, and the Battle Spring Formation
rests directly on the Cody Shale. An alternate hypothesis is that the
Fort Union Formation was eroded by the agents which later deposited
the lower member of the Battle Spring Formation.
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EARLY EOCENE THRUSTING AND FOLDING

Early in the Eocene Epoch, uplift in the Granite Mountains area
occurred and resulted in the development of large-scale imbricate
thrust sheets that moved southward and southwestward. Accelerated
progressive stripping of the sedimentary cover and deep erosion of
the granite core of the Granite Mountains sheet are recorded by the
composition of the sediments of the Battle Spring Formation, and
the very coarse texture of much of those sediments suggests great
relief in the uplifted area and vigorous erosion.

Little is known concerning the surface on which the Battle Spring
Formation was deposited in the area south of the thrust sheet. Relief
of as much as 600 feet on the surface is suggested by the difference
in elevation of the Battle Spring-Cody contact between sec. 23, T. 28
N, R. 92 W., and sec. 19, T. 28 N, R. 91 W. There is no evidence
of faulting between the two localities.

The structure, as well as the composition, of the beds of the Battle
Spring Formation sheds some light on the geologic history of the
epoch. Beds in the lower part of the Battle Spring (member A)
are strongly deformed, whereas the younger beds (member B) are
believed to be little disturbed, and thus the dying out of the com-
pressive forces is recorded.

The northwest trends of the synclinal folds in member A parallel to
those of the sharp anticlines in pre-Tertiary rocks indicate that they
are genetically related. Whether the present anticlines existed as
such before Battle Spring deposition began cannot be definitely deter-
mined from surface evidence, but the intensity of folding of mem-
ber A, as indicated by dips as high as 65° in the syncline between
the Sheep Creek and Spring Creek anticlines, shows that at least a
major part of the present structural relief of the anticlines was formed
after deposition of the lowest beds of the Battle Spring Formation.
Folding contemporaneous with the deposition of member A is indi-
cated at the southwest side of Crooks Gap where beds stratigraphi-
cally low in the member dip 50° to 60°, whereas beds higher in the
member have average dips of less than 20°.

Relaxation of the compressive forces that caused the thrusting and
intense folding is indicated by the relative lack of deformation of
the younger beds (member B) of the Battle Spring, which apparently
blanketed the structures formed earlier. Thus, the Happy Springs
anticline in the western part of the area is not reflected in the upper
Battle Spring rocks at the surface. Near the east edge of the area
these generally flat-lying rocks are believed to conceal the southeast-
ward extension of the Emigrant Trail thrust (fig. 10).
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The abrupt thinning of the Eocene rocks immediately north of
the north Happy Springs oil field and presumably over much of the
concealed northern area poses one of the major unanswered problems
in the-area. Three hypotheses are suggested as possible explanations:

1. The east-trending zone of large-scale late Tertiary normal faults
- occupies almost the same zone as that occupied by the Eocene
thrusts. North of this zone, pediment surfaces were carved on
the Eocene thrust mass; south of it, eroded debris was dumped
into the topographically lower area. Gravel deposited on the
pediment surface should be thinner than the equivalent deposits
to the south. This hypothesis is supported by a single seismic
traverse made along the main gap road from Jeffrey City south-
ward to the main entry of the gap (pl. 9). The reflections indi-
cate the top of the granite thrust to be a gently sloping surface
of little relief. The large granite block exposed in the northern
part of T. 28 N, R. 92 W., and generally concealed in the north-
ern part of T. 28 N., R. 91 W., may represent a “rock island”
left behind as the pediment was formed. The island protruded
above the Eocene pediment gravels and was not buried until
Miocene sediments covered it.

2. The Battle Spring Formation was deposited in the northern part of
the area, but was removed by erosion prior to deposition of Oligo-
cene rocks. Such a drainage system presumably would have had
‘am east-west trend in the area and would have been located bet ween

the Granite Mountains to the north and the Battle Springs escarp-
ment to the south. Two conditions oppose such a concept: (1)
Seismic reflections indicate no channeling or gorgelike features in
the traverse that presumably would cross the ancient drainage.
(2) If considerable thickness of Eocene rocks were eroded away
1in pre-Oligocene time, much of the relief of the area should have
been formed at that time—an east-trending eroded valley to the
north and an erosional escarpment of arkose to the south—and
tributary streams from the south should have cut deep gorges into
the Eocene escarpment. Oligocene and Miocene rocks should have
filled these gorges and made a sinuous contact between the Eo-
cene and younger Tertiary rocks. This sinuous pattern has not
been found in the area.

3. The third hypothesis, similar to that proposed by Bell (1956),
would postulate a large-scale lateral shifting of the northern part
of the area relative to the southern part. If such shifting oc-
curred, there should be little relation between the geologic
history -of the adjacent blocks. No evidence of large-scale lateral
shifting has been found in the area studied.
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Of the three hypotheses presented, the author favors the first, but
data are still insufficient to say which, if any, of the hypotheses is
correct.

MIDDLE AND LATE EOCENE GEOLOGIC HISTORY

No record of middle and late Eocene time is preserved in rocks of
the Crooks Gap area (pl. 4). About 12 miles to the north, however,
rocks as much as 550 feet thick were deposited at this time. These
rocks are mostly sandstones containing abundant voleanic debris
derived for the most part from the Rattlesnake volcanic field 35 miles
northwest of Crooks Gap. Rocks of middle and late Eocene age are
believed absent in the Crooks Gap area. These sediments may have
been restricted to the area north and northwest in the ancestral Wind
River Basin.

LATE TERTIARY AND QUATERNARY GEOLOGIC HISTORY

Information concerning the late Tertiary history of the region is
meager in the Crooks Gap area (pl. 4). However, Van Houten (1950;
1954; 1955), J. D. Love (written communication, 1952), Zeller (1956),
and Zeller and others (1956) presented data from adjacent areas that
are probably applicable, at least in part, to the Crooks Gap area. Van
Houten has shown that the White River Formation of Oligocene age
was deposited on a surface of considerable relief and that the aggraded
blanket was distributed widely on the eroded Granite Mountains sheet.
Silicic vitric tuff is an important constituent of the upper sediments of
the White River. Deposition of Oligocene sediments ended with
regional uplift sufficient only to result in local erosion but insufficient
to cause a regional unconformity with overlying rocks.

Miocene rocks, consisting mostly of well-rounded and well-sorted
tuffaceous sandstone and limestone, were deposited on slightly eroded
Oligocene rocks. Deposition on a wide plain, mainly by the wind, is
suggested. Vertebrate fossils from the Miocene deposits are types that
inhabited semiarid environments. Higher peaks of the Granite
Mountains projected above the aggrading Miocene strata.

Pliocene rocks indicate continued accumulation of tuffaceous sedi-
ments and, except for a few of the higher peaks, the Granite Mountains
sheet was almost completely buried. Pliocene rocks measured by
Love (1961, p. I125-129) in T. 30 N., R. 89 W., Natrona County, are
approximately 1,350 feet thick and rest unconformably on the under-
lying Miocene beds. Several beds of tuff as much as 40 feet thick
were measured by Love in the Pliocene rocks. Laminations and the
varvelike character of some of the rocks indicate deposition in bodies
of still water.
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Probably during the later stages of, and following, this extensive
period of aggradation there was extensive relative downfaulting of a
large crustal block that ‘included the Granite Mountains and the
northern part of the Crooks Gap area. The Kirk and East Kirk faults
were formed at thistime. The throw of the bounding faults was much
greater on the south side of the downthrown block; it presumably
tilted the block to the south and caused the regional southward dips
now observable in the upper Tertiary rocks (Van Houten, 1954). The
fact that Pliocene rocks dip southward at a lesser angle than the
underlying Miocene rocks (J. D. Love, written communication, 1952)
suggests that the faulting began before deposition of the Pliocene
‘rocks and continued through their period of deposition.

Zeller (1956) reported normal faulting of post-Miocene age and
movement continuing into Recent time in the Gas Hills area 15 miles
to the north. Recent adjustment is indicated also in the Crooks Gap
area by an offset pediment surface in secs. 20-21, T. 28 N,, R. 91 W.
However, in the Crooks Gap area, Pleistocene and Recent times have
primarily been epochs of erosion, during which great thicknesses of
Tertiary rocks were stripped.

Dissection of the present topographic surface by the superimposed
Sweetwater drainage system has taken place during late Tertiary and
Quaternary time. Superposition is indicated by the arbitrary man-
ner in which the river flows from nonresistant Miocene rocks through
deep gorges cut in granite, only to return to the nonresistant rocks.
The general course of the stream is believed to have been determined in
Miocene and Pliocene time during the formation of the large-scale
normal faulting. Several hundred feet of upper Tertiary rocks have
been stripped from the area and multiple, gently sloping erosional
surfaces, believed to be old pediment surfaces, were carved on the
Miocene and Eocene rocks north of the Green Mountain-Crooks
Mountain lineament.

It also seems likely that Crooks Gap was carved during this period,
perhaps as the result of superposition of Crooks Creek across the
Green Mountain-Crooks Mountain lineament. An alternate hypothe-
sis of simple headward erosion for the course of Crooks Creek is also
tenable. As erosion reduced the land surface after the large-scale
normal faulting, the structurally elevated Cretaceous Cody Shale at
Crooks Gap was exposed in fault contact with soft Miocene rocks. The
relatively resistant Eocene arkose, which -overlay the nonresistant
shale, was then subjected to sapping, and any stream that may have
developed at the northern entry of the gap could have made rapid
progress in headward erosion to the south. This structural situation
is not repeated for several miles on either side of Crooks Gap. As the
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stream worked headward into the Green Mountain-Crooks Mountain
lineament, it could have captured streams draining into the Great
Divide Basin (pl. 5). Capture of other parts of the Great Divide
drainage system by tributaries of the Sweetwater River is evident
around the southwestern flank of Crooks Mountain.

URANIUM DEPOSITS
HISTORY OF PROSPECTING AND DEVELOPMENT OF DEPOSITS

Uranium was discovered in Crooks Gap in December 1953. The
discovery was made in the area of exposed reverse faults at the north-
east entry of Crooks Gap where uranium minerals were found coating
fracture planes in faulted Cambrian shales.

Detection of radioactivity anomalies by prospectors using privately
owned airborne instruments followed in February 1954, and the Sno-
ball mines area was located as a result of this discovery. Until mid-
summer 1955, development of the area consisted primarily of surface
prospecting and mining of small bodies of ore. In July 1955, a core
hole drilled by the U.S. Atomic Energy Commission found ore-grade
rock in the area of the Sundog prospects at 470 feet, and private op-
erators subsequently reported similar discoveries in adjacent areas
at depths of more than 100 feet. The following discussion of uranium
deposits is limited to the surficial deposits known at the time of the
field investigation. Although important ore-deposits were reported
from deep drilling in the area, data available at the termination of
fieldwork in October 1955 were inadequate to assess the geologic re-
lations of the deposits.

As of September 1957, prior to the opening of the larger deposits at
depth, about 4,200 tons of ore had been produced from Crooks Gap.
Production from individual deposits has ranged from as much as
1,900 to 275 tons of ore which assayed from 0.18 to 0.23 percent U,Qs.

Since the completion of fieldwork, a few large concealed ore bodies
have been found. The Phelps-Dodge Corp. reportedly discovered a
large deposit by drilling in sec. 16, T. 28 N., R. 92 W. Additional
deposits are reported from the northern half of sec. 21 in the same
township.

GENERAL DESCRIPTION

Known uranium deposits in the area occur in a belt 2 miles wide
and 4 miles long in the east side of Crooks Gap (pl. 2). The deposits
are found in the lower member (member A) of the Battle Spring
Formation, where they occur through a stratigraphic range of as
much as 1,500 feet. Deposits at the Sno-ball mines and on the Sundog
prospects lie about 1,500 feet above the base of the member, whereas
those at the Helen May mine occur at or near the base.
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Near-surface deposits in the area are of small size and irregular
shape, and are erratically distributed. Individual occurrences have
produced only a few hundred tons of ore. Near-surface uranium ore
in the Crooks Gap area is varied in appearance. Generally the ore
is a coarse-grained medium- to light-gray arkose containing some
brown iron staining. Zones of carbonaceous siltstone and zones rich
in carbonaceous fragments are present in many places. Impregna-
tions of uranophane, autunite, and uraninite characterize some of the
ore, whereas other ore shows no visible uranium minerals. Uranium
minerals identified from the Crooks Gap area are listed in table 5.

TABLE 5.— Uranium minerals identified in the Crooks Gap area

[Mineral determinations by William Outerbridee, J. W, Adams, J. Stone, R, Wack, Daphne Risks, E. A.
Cisney, G. Ashby, K. E. Valentine, R. Smxth and Richard Marquiss (except where noted)]

Minerals Chemical composition

Oxides:

Becquerelite !_______________________ 700511 H,O

Uraninite_ _ . ____________________.___ (U4-,U0%,) 02,
Phaosphates:

Autunite___________________________ Ca(UQy) (PO,).-10-12 H,0

Meta-autunite. _____________________ Ca(UQ0,),(PO),-2%-6%% H,0

Phosphuranylite_ . __________________ Ca(U0,)4(P0,),(OH),.7 H,O
Silicates:

Coffinite_ __________________________ U(Si0y)1-,(OH),,

Uranophane. . ____._________________ Ca(UOz)g(Slos) (OH)z 5 H,0

Unidentified uranium silicate. . _______
Sulfates:

Schroec*ingerite_ _ __________________ NaCa3(UQ,) (CO;)3(SO,)F-10 H,O

Uranopilite ' ____ . ___________._._ (UQ0;3)6(S04) (OH)10-12 H,O
Vanadates:

Metatyuyamunite.__________________ Ca(UO0,) (VOy)--5-7 H,0

! Mineral identification by Gruner and Smith (1955).

Near-surface uranium deposits are found in various stratigraphic
environments at Crooks Gap. The Helen May deposit was found near
the base of the Battle Spring formation in what is believed to be a
channel deposit. The Sno-ball deposits seem to be near carbonaceous
siltstone beds of the Battle Spring Formation,-especially where faults
of minor displacement are sealed.by gouge. Ground water seems to
‘have been important in localizing.the deposits. The location of these
deposits seems to support the hypothesis that important uranium de-
posits at Crooks Gap occur in the troughs of synclines in member A
of the Battle Spring Formation. Small amounts of uranium also are
found in Paleozoic and Mesozoic rocks near some of the major faults.

However, lack of subsurface information has prohibited evaluation
of these occurrences.
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INDIVIDUAL DEPOSITS
SNO-BALL MINES

The Sno-ball mines are on a low spur that extends westward from
Sheep Mountain in sec. 29, T. 28 N., R. 92 W, near the south entrance
to Crooks Gap. Extensive drilling and exploration have made these
mines geologically the best known in the area.

The deposits occur in arkose in the lower folded sequence of the
Battle Spring Formation (member A). A series of northwest-
trending faults, generally less than 40 feet apart, cut the host rocks
into a series of variously tilted blocks (pl. 6). The displacements
along the faults appear to be minor, although the absence of key beds
makes accurate measurement impossible. Many of the faults parallel
the fold axis in the lower member of the Battle Spring Formation and
presumably were formed at the time of the folding.

Four types of ore bodies are present at the Sno-ball mines: (1) a
tabular type in which a mineralized zone a few feet thick parallels
beds of carbonaceous siltstone, (2) an oblate concretionary type in
which the mineralized zones and zones of iron-oxide staining alternate
in irregular concentric bands, (3) irregularly shaped bodies associated
with thin impermeable gouge zones provided by faults of small dis-
placement, and (4) uranium occurrences of small size found at a few
places where coarse-grained sandstone grades abruptly to finer
grained sandstone and siltstone.

A tabular ore body consists of uranium-impregnated arkose directly
below a carbonaceous siltstone. One ore body of this type, now mined
out, was 2 feet thick and 12 feet wide., Strip mining exposed about
10 feet of the body before thick overburden halted the operations.
The total length of the body is not known. The ore was richest
adjacent to the carbonaceous siltstone bed and the grade diminished
downward.

Oblate concretionary bodies are characterized by concentric bands
of alternating iron staining and visible uranium minerals. At a few
places a boulder of carbonaceous siltstone forms a nucleus for the
concentric bands. Mineral bands surrounding some of the nuclei are
symmetrically arranged, but those around other nuclei may be dis-
placed toward one side of the ore body. This type of ore body is gen-
erally less than 10 feet across and produces less than 200 tons of ore.

Ore bodies are associated with minor faults and are near the inter-
sections of dipping carbonaceous siltsone beds and fault zones made
impermeable by argillaceous gouge. This type of ore body generally
produces only a few tons of ore and is erratic in distribution.

Subsurface deposits have been outlined by private drilling a quarter
of a mile north of the mine, but none were exposed by mine workings
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at the time of the field study. Reported depths to the ore range from
60 to 120 feet.

The most abundant uranium mineral in the Sno-ball mines is urano-
phane, although much ore has no visible uranium minerals. Small
specks in some of the impermeable carbonaceous siltstone beds and
small nodules in the adjacent sandstone have been identified as uranin-
ite and coffinite. Phosphuranylite and uranopilite also have been
identified. The uranium minerals in the deeper deposits are mostly
unknown, although uraninite has been identified in a few samples.

At least three factors seem to control uranium deposition at the
Sno-ball mines: (1) The carbonaceous siltstone beds provided a local
reducing environment where uranium might be precipitated from
uranium-bearing ground water; (2) solution dams formed by imper-
meable gouge along fault zones effectively controlled the rate of cir-
culation of uranium-bearing ground water and permitted mineraliza-
tion in some favorable environments; (3) uranium enrichment is found
at a few places where coarse-grained sandstone grades to finer grained
sandstone and siltstone. The uranium minerals impregnate the coarser
grained beds, and the deposits are believed to have resulted from
changes in rate of circulation of the ground water as indicated by
variation in porosity.

- SUNDOG PROSPECTS

The discovery pit of the Sundog prospects is in the SW1,NW1/ sec.
28, T. 28 N, R. 92 W, on the west flank of Sheep Mountain (pl. 7).
The uranium occurs in a sequence of hematite-stained arkose inter-
bedded with carbonaceous siltstone beds in. member A of the Battle
Spring Formation. The beds strike northwestward and dip 25° to 30°
NE along the east flank of the Crooks Gap anticline. No faults were
observed in the discovery pits. However, variable dip and strike read-
ings and close spacing of joints to the north of the pits suggest the
possibility of unobserved faulting.

Uraninite and coffinite make up specks and small nodules in car-
bonaceous siltstone beds, and uranophane impregnates the adjacent
arkosic sandstone. Concretionary masses less than a foot in diameter
and consisting of concentric halos of rich uranophane and uraninite
impregnations are present in-some of the sandstone beds. Metatyu-
vamunite encrusts fossll plants and coaly streaks in the carbonaceous
siltstone beds.

Drilling 500 feet east of the discovery pit is reported to have pene-

- trated ore-grade sandstone at a depth of 470 feet.

- HELEN MAY MINE

“The Helen May mine is in the NW14,NE1, sec. 20, T.28 N, R. 92 W,
on the north face of a low east-trending ridge (fig. 14). The mine is
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mation and, in reaching reducing environments created by the carbona-
ceous beds, deposited uranium. The second hypothesis, leaching of the
arkosic sediments of the Battle Spring Formation, is supported mainly
by a few relatively high uranium analyses (0.002 to 0.003 percent
uranium, Masursky, 1962) of granite of the Granite Mountains, the
source of the Battle Spring sediments. Leaching of fragments of
granite in the Battle Spring may have provided uranium for the
ground water that was moving southward down the dip. The granite
samples analyzed, however, are from the outer surface of large granite
boulders, and the uranium content may reflect surficial enrichment of
the granite by ground water that derived uranium from the mildly
radioactive overlying tuffaceous rocks. The third hypothesis is sup-
ported by occurrences of a few small uranium deposits along faults;
these deposits suggest that the fault zones may have acted as conduits
for rising mineralizing solutions. If so, these solutions must have
entered permeable beds of the Battle Spring Formation where the
uranium was introduced into the ground-water system and carried to
its site of deposition.

RELATION TO SURROUNDING URANIUM DEPOSITS

Uranium occurrences have been studied in several areas surrounding
Crooks Gap. The locations of these areas are shown on figure 9, and
the uranium occurrences are compared in table 6.

URANIUM CONTENT IN NATURAL WATER

The Crooks Gap area contains abundant seeps and springs so that
an opportunity was afforded to test the method of prospecting for
uranium by water sample analyses (Denson, Zeller, and Stephens,
1956, p. 673). The sampling had two purposes: (1) to delimit areas
suitable for intensive prospecting by noting samples of anomalously
high uranium content, and (2) to obtain data concerning the possible
source of the uranium deposits.

One hundred twenty-six water samples were collected from the
region surrounding Crooks Gap. The location and uranium contents
of selected samples are shown on plate 8, and data for all samples are
presented in table 7. The results of analyses for selected trace elements
of residues from four bulk water samples are shown in table 8.

Average uranium contents of water samples varied. Samples from
Pliocene, Miocene, and Oligocene rocks averaged 14 ppb (parts per
billion) and had an average pH of 7.5. Water from the Battle Spring
arkose averaged 4.8 ppb uranium and had an average pH of 7.4
Samples from pre-Eocene rocks averaged 9.1 ppb uranium and had
an average pH of 7.7.
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TABLE T7.—Location and wuranium content of water samples collected im the
Crooks Gap area
{Locations and geologic unit designations of samples not shown on plate 1 are uncertain. Analyses made

by the following: H. E. Bivens, G. T. Burrow, R. Daywitt, R. Deming, J. MeClure, J. P. Schuch,
J. E. Wilson]

Location Geologic unit
Laboratory Ura-
analysis Town- Source | pH | nium
Section ship R%Vnge Name Age (ppb)
217607 ... SWi4 1 27 90 | Battle Sprinz.| Eocene.._____ Spring .- -
gl;ggg ___________ NE14 2 27 90 | Fort Union. .. Pale&)eene_--_ .-do._.
17606 _______

et

~

—

-

D
DO v W D W SO W B et D 00 1t O b 1t QO D ot et QY et bt et DD D et et = 00 DD O W QO = QO

09

Precambrian._|-__do.....
Cretaceous..|...do._.__

NGO NI N 0N NN N GO N QO N NN N N N N NI 00N M N NN NI 0000 NN Q0N NN N N N NN NN NN NN N0 NN
W J D~ —~WNAINXBRTROROOWR BB~ RO~ BRSO WN AR WO O WD OO 00 =~
-

1

1

1

28

1

10

6

9

21

1

1

4

6

255

1

_____ 250
7.6 3
7.4 1
8.1 5
9.3 1
7.0 1
7.2 3
6.9 1
7.2 1
8.5 2
7.9 2
7.4 1
7.8 1
7.4 12
7.4 16
7.8 1
6.8 1
6.9 1
7.7 2
7.1 9
7.5 32
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TABLE 7.—Location and uranium content of water samples collected in the
Crooks Gap area—Continued

Location Geologic unit
Laboratory Ura-
analysis Source | pH | nium
Section Town- | Range Name Age (ppb)

ship
___________ NE} 23 28 Battle Spring. 7.4 23
SEY 23 28 7.5 34
SEl4 23 28 7.6 2
SEl4 24 28 7.1 8
SWli 24 28 7.1 19
Nwl 24 28 7.2 148
NWi 24 28 7.7 1
NWi4 25 28 7.2 2
NEY4 26 28 8.2 460
SWi4 32 28 7.4 2
SEY 33 28 7.1 8
SEl 34 28 7.2 4
-| SW14 2 28 7.8 1
.| NEi4 11 28 7.2 5
-| SEY 14 28 Eocene_.._.__{...do_.___ 7.2 1
.| NWi4 11 28 Precambrian_|...do..... 7.3 1
| NWi4 21 28 d 7.6 5
-| SE14 21 28 7.4 1
-1 NWl4 24 28 B 6
-] SEl4 17 20| 90 |--oococooeooo--| Miocené.____| Well____|_____ 25
-| NW4 7 29 1
| swiy 15 29 50
-| SEy 16 29 6
| NEy 17 29 39
| NWi4 19 29 - 44
-| SEY 11 29 .5 1
-| NE}4 15 29 .7 4
___________ 1% 35 29 .6 8
21 29 7.8 11
30 29 do - 7.7 14
24 29 100 Precambrian.|___.do___._ 7.3 1
7 30 89 |- Pliocene 7.6 30
31 30 -3¢ 0 DR R, do.__ 7.5 4
22 30 90 |- Miocene 6.7 45
13 30 [ DS (S do-—..__.. 7.7 8
31 30 9% |- Cretaceous. .. 8.0 4
35 30 98 |- Cambrian.___ 7.7 9
7 31 89 7.4 5
27 31 89 |. 7.5 8
27 31 89 |- 8.2 5
24 31 90 |- 7.3 13
32 31 9 |- 7.4 8
29 31 92 |. 7.4 19
9 31 93 |- 7.8 36
24 31 93 7.6 2
15 31 95 Ohgocene 7.6 11
31 31 95 |cm e Oligocene or_ 7.7 8
Miocene.

___________ 24 31 Chugwater.._. 7.8 20
29 32 7.7 8
25 32 - - 7.8 5
34 32 94 | White River. . Oligocene_.._ do |75 2
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Water samples having a high uranium content are concentrated in
member A of the Battle Spring Formation in Crooks Gap. Uranium
content of water from springs near mines is as much as 50 times the
average content. Water from the spring half a mile southeast of the
Sno-ball mines contains 250 ppb uranium, or 52 times the average of
water from the Battle Spring, and that from the spring near the
Sundog prospects in NW1; sec. 28, T. 28 N, R. 92 W, contains 225
ppb, or 47 times the average. The significance of the high uranium
content of ground water sampled on the west side of Crooks Gap has
not yet been determined due to lack of detailed exploration. These
highly uraniferous samples may indicate the existence of concealed
uranium deposits.

The assumption that the present uranium content of the water from
a particular formation indicates the original potential of that forma-
tion as a source of uranium is questionable. A possible explanation of
the low average uranium content of the water of the Battle Spring
Formation is that much of the uranium in the source area (Granite
Mountains sheet) may have been concentrated in the heavy minerals.
Segregation of the uranium minerals in weathering debris, or leaching
during the period of weathering in place and during deposition as
part of the Battle Spring Formation, may have removed much of the
original uranium. The present meager uranium content of the average
water from the Battle Spring Formation may be released by the addi-
tional weathering of the coarser constituents of the formation. At one
time the Battle Spring Formation may have contributed significant
amounts of uranium to the ground water.

At the present time it is believed that water sampling in the Crooks
Gap area is of little use in solving the problem of origin of the uranium
deposits, but the method does have a great potential as a rapid and
inexpensive method of delimiting areas worthy of further uranium
prospecting.

SPECTROGRAPHIC ANALYSES

Semiquantitative spectrographic analyses of 150 samples of arkose
of Eocene age from the area were studied to determine whether a



CROOKS GAP, FREMONT COUNTY, WYO. F57

correlation exists between the concentration of various elements rela-
tive to the variation in percentage of uranium. Tables 9, 10, and 11
present the basic analytical data for samples collected from three
areas of mining activity in the gap. Table 12 presents the same type
of data for samples collected from varied locations in the gap not
associated with mining areas. The geometric means of these data are
plotted on figure 17.

In tables 9, 10, 11, and 12, the theoretical subgroup range and sub-
group midpoint for concentrations of the elements detected by semi-
quantitative spectrographic method in the Geological Survey labora-
tory are reported by code numbers as shown in the following list:

Code Subgroup range (percent) | Subgroup midpoint
(percent)
10.0 -100. o _____
4.6 -10.0 6. 8
2.1 - 4.6 3.2
1.0 - 2.1 1.5
.46 - 1.0 . 68
.21 - 46 .32
.10 - 21 .15
. 046 - 10 . 068
. 021 - 046 . 032
.010 - .021 . 015
.0046 - .010 . 0068
. 0021 - . 0046 . 0032
. 0010 - .0021 . 0015
. 00046- . 0010 . 00068
. 00021~ . 00046 . 00032
. 00010- . 00021 . 00015

Differences in trace element composition between mineralized and
nonmineralized (less than 0.003 percent uranium) samples are not
striking. A positive correlation between uranium and copper is indi-
cated and a negative correlation between uranium and nickel and
titanium is shown. Other correlations are less probable. A possible
explanation for the lack of correlation may be that the samples are
all from surficial rocks where weathering may have altered the trace
element composition.
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TABLE 9.—Semiquantitative spectrographic, chemical, and radiometric analyses
Sno-ball mines area SEY

[Spectrographic analyses by Charles Anneil, Mona Frank, Joseph Haffty, and R. G. Havens; chemical and
oore, James Waf]lberg, and J. E. Wilson. Boron

Equiva- | Chemi- Semiquantitative spectrographic analyses
Laboratory Ient eal
analysis uranium | uranium
(percent) | (percent) | Be |Na{ Mg | Al [ Si | K {Ca|S8Sc|Ti| V{Cr{Mn| Fe|Co
146118 ... 1.7 2.4 0| 4 6| 3 1 31 6| 0101215 13 51 0
217671 ______.._ 1.2 1.96 0] 4 6] 1| 1| 4, 6| 0| 81212 11| 4|.__.
217688 _________ .55 .98 0| 5 6| 2 1|1 31 6| 0] 91213 11 4|
217689 _____._____ 69 .96 0| 5 6| 2 1 4|1 6| 0| 91213 11 4 |-oc
217690 ... 77 40 (16| 5 6 1 1 4] 6| 0) 811213 | 10| 2 ...
217691 .. ... 54 .25 | 16| 4 6 1| 1| 4 6| 0| 8|12 (13| 10| 2 |.._.
217654 . ______.__ 13 .21 0| 4 61 2( 1 4{ 7|1 0 911213 | 11 [ 3N -
146119 __________ 036 .21 0| 4 6 3 1 3 7| 0|10 |12|15| 13| 5
217653 _____ 12 .18 (16| 4 6 1 1 3| 6|14 8(12(13] 11 4
217687__.__ 13 13 |15 4 5 1 1 3 6|14 7{11 {13 11 3
146146. 054 .13 0 4 71 3| 1 3| 7|13 91214 13| 6| O
217692_ 21 .11 |16 4 6 1 1 4| 6| 0| 911213 11 3
217652 057 .089 115 4 6| 1 1 4| 6114 7112 13| 11 4
217672 11 Q73| 0 4 6| 1 1 4| 71 0] 9|12 (13| 11 4
217651 046 .068 |16 | 4 6( 1 1 4| 6114 7|12 {14 11 4
146148_ 13 L0490 0 4 7] 3 1 3| 7] 0101314 13| 4| O
146156 034 046 | O} 4 71 31 3| 813 9|12 |14} 13| 513
146144 031 L0301 0| 4 71 3|1 3| 7(13| 9(12(14| 13| 5| O
146111_ . 025 028 Q| 4 6| 2| 1 3| 7|13 8|12j14| 13| 4| O
217693 ... ___ .091 028 0| 4 6| 1 1 4( 6| 0| 91213 10| 4 |-
. 030 026 | 0| 4 71 38} 1] 3] 8] 0101214 | 13} 65| 0
.038 025 0/ 4 6| 3 1 3| 7] 0|10(12|14| 12| 5[ 0
.014 021 O 4 71 31 1 3] 7113 9|12|14( 13| 5| 0
217657 - . 026 019116 | 4 6 1 1 4y 6} 0) 8|12|14) 11| 3|15
. 016 016 | 0| 4 6| 1 1 4|1 7{ 0| 811213 11 4115
016 016 0| 4 71 3 1 3| 8(13(10{12 |14 13| 6 O
014 014 116 | 4 6 1 1 4 6714 711 (13| 11 4|15
075 012 0 4 71 311 3] 7] 0(10(12]|14} 13| 5| 0
011 012 |15 4 51 1 1 4| 6|13 7 (1113 10| 4|14
020 011 0| 4 6| 3] 1 3| 7|13 9|12 15| 13| 5} 0
014 0l 0 4 6 1 1 4 7| 0| 8|12 14| 12| 4|15
033 010 0] 4 7 311 3| 8] 011012714} 13} 5} O
009 L010 | 15| 4 6| 1| 1| 4} 613 7|11 (13| 11| 415
041 009 0| 4 6 1 1| 4|7 0] 9(12(13| 11 4115
016 0091 O 4 61 211 4] 6 0 9112113 11| 415
.010 009 |15 4 5 1 1 4 6(13F 7|11 113] 11 4 (15
.033 0081 01 4 6 1 1 41 71 0 91213 11 4|15
217679 012 .008 | 16 4 6 1 1 4| 6|14 713|114} 11 4115
217655 011 .0081 0 5 70 2 1 4 7)1 0] 9|11 (13| 11 4115
146163 . _____. 036 .006 | 0| 4 71 81 1} 3| 8 0101214 13| 6| O
013 .006 | 16 4 51 1 1 4 6|14 7112 |13| 11 4|15
006 .006 | 16 | 4 6( 1 1 4| 6|14 811213 11 4 (15
066 005 01 4 71 3 1 317 01101{12 |14 13( 5| 0
008 .005 | 15 5 5 1 1 4| 6{13| 712 |13 10 4|14
007 .005 |16 | 4 6 1 1 4| 6 (14| 7112 14 10| 2|15
146147_ . ________ .016 004 O 4 7| 3 1| 3| 7|13 9(13|14| 13| 5| O
146109 013 004 O 4 71 3|1 3 71 0101215 13|/ 6| 0
217648_ 006 004 0| 4 6 1 1 41 7 0| 8(12 |13 11| 4 (15
006 .004 |16 | 5 51 1 1 41 6) 14| 711213 11 4115
005 004 |16} 5 51 1 1 41 613 71213 | 11| 4|15
010 .003( 0l 4 7V 3 1y 37y 0l1wi12115( 13| 5| 0
008 003 0| 5 6 1 1 4] 6] 0] 9(12}13] 11 4|15
007 .0021 0| 4 711 1 41 7)1 0] 9(12113]| 10| 4|15
007 .002 [Tr.| 4 6 1 1 4 614 71213 10| 4114
006 002 0 4 7|1 1| 4} 71 0| 9(12|13| 10{ 415
005 002 | 0 5 61 1| 4} 6| 0 8|12]13 11} 4115
007 001 0| 4 6 1 1| 4} 7] 0| 8(12(13 11 414
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of 57 grab samples of arkose from member A of the Battle Spring Formation,
sec. 29, T.28 N.,R. 92 W.

radiometric analyses by Grafton Daniels, Mary Finch, 8. P. Furman, W. D, Goss, B. A. McCall, Roosevelt
was looked for in all samples, but was not found]

Semiquantitative spectrographic analyses—Continued

Ni [Cu|Ga|Ge|Sr | Y | Zr | Nb | Mo |Sn |Ba|La| Ce | Nd |Yb| W | Pb| U

o 10} 13 0 11 12 13 0 0| 13 9 0 0f- 0] 16 81 12 3
14| 13| 13 0 11 12 10 0 14 0 8| 10| Tr. | Tr. 14 0] 12 4
14 13 13 0| 11 12 10 0 0 0 8| 10 9| Tr. 15 0] 11 6
14| 13| 13 0| 11| 13| 10 0 14 0 8] 12 0 0| 15 ol 1 5
14 12| 13 0 10 12 10| Tr. 14 0 8| 11 0| Tr. 14 0} 10 6
14 12 ] 13 0| 10, 12| 11| Tr 14 0 81 12 0 Q 15 0| 10 6
14 13 14 0 11 12 10| Tr 14 0 8 0 0 0 15 0} 11 6

0| 10 13 o 11} 12) 13 0 0} 13 9 0 0 0| 16 8| 12 6
14| 13| 13 0 11 12 9 13 14 0 8] 10| Tr.| Tr. 14 0| 10 7
14 13| 13 0 10| 12 9 13| Tr 0 8| 1 0 0| 14 0 9 7
13 10 [ 13 0| 11 12 12 0| 13 9 0 0 0| 16 0} 12 7
14 13| 13 0| 10| 13| 10| Tr 14 [} 8| 12 0 0} 15 [ 7
15| 13 13 0 11 10 9 13 14 [} 8| 10} Tr.| Tr. 13 0] 10 8
14| 13 13 0| 11 13| 11| Tr 14 [} 8 0 0 0] 15 0| 11 8
15| 14| 13 0| 11} 12 9 13 0 0 8| 11| Tr.| Tr.| 14 o 10 8
13( 10 13| 12| 11| 12| 13 0 0 0 9 0 0 0} 16 8] 10 9
13 9] 13 0 11 12 12 0 0] 13 9] 10 9 10 16 81 12 9
13| 10| 13 0] 11| 12| 10 0 0] 13 9( 11 0 0o} 16 0| 13 9

0| 10| 13 0] 11 12| 12 0 13 13 9( 10 9 10 16 8) 13 9
14 13| 13 0 10| 13 11 | Tr. 14 0 8| 12| Tr. 0| 16 0} 11 9
13| 10| 13 0| 11 12 12 0 0] 13 9 0 0 0 18 81 12 9
13| 10| 13 0 11 12 13 0 0] 12 9] 11 0 0| 16 8| 12 9
13| 10] 13 0f 11 12 12 0 0 13 9 0 0 0| 16 01 13 9
15| 14 13 0 11 11 9 13 0 (1} 8 9 8 10| 14 0] 11 10
14| 13 13 0 11 13| 10| Tr. | Tr [} 81 12 0 0| 16 0] 12 10
13| 10| 13 0 11 12 12 0 0| 13 91 11 0 0] 16 81 12 10
14 14| 13 o 11} 12 9 3 14 0 8| 11| Tr.| Tr. 0 ol 11 10
13 9 13| 121 11 12 12 0 0 13 9 0 0 0| 16 8| 12 10
4 12 [ 12 0| 11 10 9 12 14 0 8| 10 9 10 13 0 11 10

0f 10| 13 0 11 12| 12 0 0] 13 9| 10 9 10| 16 81 13 10
15| 14 13 0 11 12 9 13 0 [} 8 12 0 0| 14 0 11 10
131 10 13 0o 11 0 12 0 13 9 0 0 0 0 8 12 10
15| 13| 13 0| 11 11 9 13 0 0 8 10 9 10| 14 o} 11 10
4 13| 14 0 11 19 10| Tr 14 0 8| 12 0 0] 15 0] 11 11
14 13| 14 0| 11 120 11| Tr 14 0 8 0 0 0] 15 0] 12 11
15| 12| 13 0 11 12 9 13 0 0 8| 10 9| Tr. 14 0| 11 11
14 13| 14 0] 11 12| 10 14 0 8| 11| Tr.| Tr. 15 0] 12 11
15| 14| 13 0f 11 11 9 13 0 0 8 10 9 10 14 of 11 1
14 13| 14 0 11 13 10| Tr 14 0 81 12 0 0| 16 0] 12 11
13 9 13 0 11 12| 12 0| 13 9 11 0 0 0 8] 12 11
15 14| 13 0| 11 121 10 13 0 0 8 10 9| Tr. 14 o 1 11
14| 13| 13 0 11 12! 10 13| Tr 0 8 11| Tr. | Tr. 15 01 11 11
12| 10 13 13) 11 121 12 0 0| 13 9 0 0 0 8 12 11
141 13] 13 0 11 11 9 12 14 0 8( 10 9| Tr. 14 0| 11 11
14 14 13 0 11 10 9 13 0 0 8| 10| Tr.| Tr. 13 0 11 11
13} 10| 13 0 11| 12| 13 0 0| 13 91 10 0 0} 16 8| 13 12
13| 10| 13 0l 1 12| 13 0 0} 13 9 0 0 0} 16 8] 13 12
14| 13 13 0 1 13 10| Tr. 14 0 8 0 0 0] 16 0| 12 12
14 131 13| 12 11 12 9 12 14 0 8| 10 9 Tr. 14 0| 11 12
14 13} 13 0 11 12 9 12 14 0 8| 10 9| Tr. 14 ol u 12

0| 10| 13 0 1 12| 13 0 0] 13 9, 11 0 0} 16 8] 13 12
14| 13| 14 0 11 13 11| Tr 14 0 8 0 0 0 16 0] 12 12
141 121 U 0 11 12| 10 0 14 0 8| 12 0 0| 15 0 12 12
14| 13| 13 o 11] 12| 10 13 14 0 81 10 9 10} 14 o 11 12
14| 13| 14 0 11 13| 11| Tr 14 0 8 0 0 0} 16 0 12 12
14| 13| 13 0] 11 12 11 13 14 0 8| 12 0 01 15 0| 11 12
13 12 14 0 11 11 11 12 0 8 0 0 L0 14 0| 10 13




F60 CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

TABLE 10.—Semiquantitative spectrographic, chemical, and radiometric analyses
Sundog prospects, NW14

[Spectrographic analyses by Charles Annell, Mona Frank, Joseph Hafity, and R. G. Havens; chemical
Roosevelt Moore, James

Labora- | Equiva- [Chemieal Semiquantitative spectrographic analyses
tory ent uranjum
analysis | uranium |(percent)

(percent) Be| B|(NafMg|Al|Si| K |[Ca| S¢c {Ti| V|Cr|Mn| Fe!| Co

146195.____ 0.39 1.1 16| 0 4 71 3| 1 3| 7 9112114110} 6| 10
- .96 .91 16 -0 4 71 3] 1| 3{ 7 13101114} 12] 5 Q

.64 .53 16| 0 4 6| 3| 1f 3| 7 0| 9121410 4 0

37 .53 16) 01 4 71 3| Y} 3] 7 13 8111|1411 4 0

014 .24 16| 0 4 72| 13| 7| 18| 7{12|13[13] 5| 13

20 .20 16| 0 4 71 83 1| 3 7| 13} 9|11|13|13( 5 0

11 .18 16 0] 4 7131 1] 3|7 13| 81114112 | 4 0

068 .14 0| 0] 4 71 31 1 3| 7 01011211413 6 0

059 .10 0 0] 4 71 3 1 317 0101214113 | 5| 13

043 .07 16| 0 4 71 3 1( 3} 7 0f 9|12 |14({11| 5| 13

10 . 063 0| 4 6 3 1 31 7 010121410 4 0
059 . 058 16| 0] 4 6 1 1| 41 7|Tr. 8|12 |13 | 11| 4 |._._.

1.3 .060 | 16| 0| 4 71 3 1| 3| 7 01012 (15|10 4 0

050 . 026 16| 0 4 71 3 1( 3] 71 18| 7|12]|13(13] 5| 13

025 026 16 0] 4 71 38 1(3) 7 13 912|114 (13| 5 0

057 .019 151 0 5 6 1 1| 4] 6 14| 8|11}113 11} 3| 15

029 .015 0| 0| 4 71 8} 1| 3} 7 0110{13 (1513 5 0

021 .015 0| 4 71 31 1| 3| 7 01101214 |12 | 4 0

013 014 16| 0| 4 71 38| 1| 3] 7 91214 (13| 6 0

026 L013| 15 0| 4 71 21} 3 6| 13 7112(13|11| 3| 1

016 .013 0| 0} 4 71 38 1| 3 7| 13(10]|13 (14|13 6 0

010 .010 16| 0 4 6| 3 1(.3| 6| 13| 8|12|14| 13| 4 0

010 009 0] 0 4 71 3| 1| 3| 7 0] 9|11j14]13] 6 0

067 .008 0 01 4 71 3| 1| 3| 7 10|13114111] 4 0

021 007 | 15) 0 4 6| 1 1] 3| 6] 13| 7|13(13|10| 3| 15

006 . 007 0| 0] 4 7] 3| 1] 3} 7 01012 |14 (13| 6 0

011 . 006 0| 0] 4 71 3 1( 3} 7 0)10(13[15(13]| 6 0

009 . 006 0! 04§ 4 7131 11 31 7 0f10(12{14 (131 & Q

.014 . 005 0| 0] 4 6| 2| 1 4| 7]|Tr §|12/13(11 4 | Tr,

146205: - .014 L0056 | 16(11] 5 71 31 1| 3| 7 0| 912|140 5 0
146184_____ . 004 . 005 0| o} 4 71 8| 1| 3| 7 0| 9(12|14|13; 6 0
.022 004 (T, | 0! 5 6| 1} 1| 4} 7|Tr. | 8{12({13 |11} 4| 15

009 004 16 0} 4 74 3 1] 3; 7 0 8(12|14112] 4 Q

006 .004 | 16| 0] 4 7131} 3| 7| 13| 9111312} 5 0

006 .004| 16 0| 4 6] 1 1 3| 6] 13 7(10)12}12} 3 0

004 16|11 ) 4 71830 1) 3] 7] 13| 811211313 & 0

005 . 004 0 0 5 6| 1 1] 4| 6 0| 811213 | 11| 4 15

.003 [ 5 7 2| 1| 4| 7 0101213 |11 4 15

004 L0031 16| 0 4| 7( 3] 1| 3} 7 0| 9(12/14 (13| 5 0

014 .002 0 0 4 7 1 1 41 7 0| 91213 (11| 4| 15

. 008 .002 0 0| 4 71 3 1] 3| 8 0f 9{12|14}113| 5§ 0

146202 . 006 L002 | 16 (11| 4 71 2] 1| 3|7 13| 7{12]13|12| 4 0
217699 0f 0] 5 6| 1 1 3} 6 0 8|11 (13|11 4 15
0] 4 71 2] 11 41 7 0 91211311} 4 15

0} 5 711 11 4} 7 0] 811111311 | 4| 15

0| 5 6| 1] 1| 4| 7 0f 8/12 1311 4( 15

0| 4 6] 1 1| 4] 6 0| 8112713 |11 4 15

0 4 8| 8| 1| 3| 7 0(10]12114 (13} 6 0

1] 5 711 1 41 7 0| 811211311} 4| 15

0] 4 71 1 1|3} 7 0| 8(12[13(11| 4| 15

217716. 0 5 71 1 1 4/ 7 0] 9|12|13|11]| 4 15
217718 0| 4 6] 1 1] 4| 6|14} 8112 |13 | 11| 3| 15
217719 0| -4 6] 1 1| 4] 6] 14} 711|113/ 10) 3| 15
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of 53 grab samples of arkose from member A of the Battle Spring Formation,
sec.28, T.28 N, R. 92 W.

and radiometric analyses by Grafton ‘Daniels, Mary Finch, S. P. Furman, W. D. Goss, B. A. McCall,
Wahlberg, and J. E. Wilson]

Semiquantitative spectrographic analyses—Continued
Ni |[Cu|Ga|Ge|Sr | Y |2Z2r | Nb | Mo |Sn |Ba|La| Ce | Nd ([Yb| W |Pb| U

10| 10| 13 0| 11 13| 12 0 0| 13 9] 10 9 0 16 8| 10 5
0} 10| 13 0| 10 12| 12 0 0| 13 9] 11 0 1 16 0! 10 5
13| 13 13 0| 11 12 1 0 0 0 9{ 10 0 01 16 0| 12 6
13 13| 13 0| 11 12 1 0 0 0 91 11 0 0| 16 0 10 6
13 10 13 0 11 13 1 0 0| 13 91 10 0 11| 16 0 12 6
0| 10| 13 0o 11 12| 12 0 0] 13 9] 11 1} 0 16 8] 11 7
13 131 13 0 11 121 1 0 0 0 9| 11 0 0| 16 0] 12 7
13| 10 13 0] 11 12 | 12 0 0| 13 9| 11 0 0| 16 81 12 7
9| 13 0 11 12| 12 0 0 13 9! 11 0 0| 16 8] 12 7

13 9] 13 0 11 12] 11 0 0] 13 ¢! 10 0 10] 16 8] 11 8
131 13| 13 0] 11 12, 1 0 0 [} 9 11 0 0] 16 0| 13 8
15| 3| 13| 12| 10| 12| 10| Tr. 14 0 8| 11| Tr. 0| 14 0} 11 8
13 10| 13 0 11 10 12 0 0| 13 9 11 0 11 13 0| 10 0
13| 12 13 0] 11 13 10 0 0 0 9 10 9 10 16 0] 12 0
0| 10 13 0 11| 12| 12 0 0| 13 9 11 0 0| 16 81 1 0
14| 13| 13 0 10| 12| 10 13 14 0 8| 11 0 0] 15 0| 10 0
0| 10| 13 0| 11 12| 13 0 0] 13 9] 11 0 0 0 0| 13 0
131 13 13 0 1 12 12 0 0 0 91 10 9 10| 16 0 13 0
13} 10 13 0 11] 13| 12 0 0] 13 9] 10 0 0 0 8] 12 0
10| 12 13 0 10| 12| 10 0 0] 13 91 10 9 10| 15 0| 11 0
0| 10| 13 0| 11 12| 13 0 0| 13 9 0 0 0 0 0| 12 0
13| 10| 13 0 11 12| 11 0 0| 13 91 10 0 0| 16 0} 10 0
13| 10 13 0] 11 12| 11 0 0| 13 8| 11 0 0| 16 81 12 0
13 13| 13 0| 11 12 | 12 0 0 Q0 9( 10 9 10 16 0} 13 0
151 14| 12 0| 10| 12| 10 13 0 0 8| 10 9 10| 14 0! 11 0
13 9| 13 0| 11 12| 12 0 0 12 9 1 0 0| 16 81 12 0
0 10 13 0 11 0 13 0 0] 13 9 0 0 0 0 8] 13 0
13 10, 13 ¢! 1 12 12 0 0] 12 8 0 0 Q) 16 8] 12 0
15 13| 13 0| 10| 13 10 13 0 0 8| 12| Tr. 0| 156 0 11 0
13; 10} 13 0| 11 131 11 0 0| 13 9 11 0 11 16 8] 12 0
13 91 13 0| 11 12| 12 0 0 12 8] 11 0 0| 16 81 12 0
14| 138 13 0| 10 13| 10 13 14 0 8| 11| Tr. 0| 15 01 11 0
0} 10 13 0 11 13| 11 0 0} 13 9| 10 9 10| 16 0| 12 0
13 9| 13 0 11 12 12 0 0| 13 9| 10 0 0| 16 8| 11 0
13 10| 13 0 11 11 10 0 0} 13 8| 10 8 10 15 0| 12 0
13| 10} 13 0 11§ 12| 11 0 0| 13 8| 10 9 10 16 0 12 0
14 13 13 0| 11} 13| 10| Tr.| Tr. 0 8 0 0 0} 16 0] 11 0
14| 13 14 ¢ 11 13 10| Tr. | Tr. 0 8 0 0 16 0| 11 0
13 9! 13 0l 11 13| 12 0 0] 13 9| 10 [} 11 16 8| 12 0
14| 11 13 0| 10| 12| 10| Tr. 14 0 8| 10 9 10| 16 0 1 0
13! 10| 13 0| 11 13| 12 0 0| 13 9( 10 0 11 16 8| 12 0
131 10| 13 0] 10| 11 10 0 0| 13 91 10 9 10| 14 0| 12 0
14| 13| 138 0| 10 13| 10| Tr 14 0 8( 12 0 0| 16 0 1 (1]
14| 13 13 o0 11 13 10| Tr 14 0 8 0 0 0| 16 0] 11 0
14| 12 13 0| 11} 12| 10! Tr 0 0 8| 10| Tr.| Tr. 15 0 11 0
15 13 13 0 11 124 10 13 0 0 8! 10| Tr.| Tr. 15 0] 11 0
14 | 13 13 0 10| 12| 10 13 14 0 8| 12 0 0} 15 0] 11 0
13 9t 13 0 11 121 12 0 0] 12 9 0 0 0} 16 8| 12 0
14| 13 13 0 11 13| 10 13 14 0 81 11 [} 0| 16 0] 11 0
14| 13 13 o 1n 14| 11| Tr Tr 0 8 0 [} 0] 16 0| 11 0
14| 13| 13 0| 11§ 13 10 | Tr. 14 0 8| 11| Tr 0] 16 o 11 0
14| 12 13 0| 10 12| 10| Tr. 14 0 8 9 8 9 15 0 11 0
14 12| 13 0 9| 12| 10 13 14 0 8| 11 0| 15 0 11 0
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TABLE 11.—Semiquantitative spectrographic, chemical, and radiometric analyses
Helen May mine, NEY

[Spectrographic analyses by G. W. Boyes, Jr.; chemical

Labora- | Equiv- | Chem- Semiquantitative spectrographic analyses
tory alent ical
analysis |uranium | uranium
(percent)|(percent)| Be | B [Na|Mg|Al|Si| X |Ca| Sec {Ti| V | Cr|Mn| Fe| Co
146123 _._. 0.26 0.34 0| 0] 6 8| 4| 1| 4| 6 0|10 12| 1413 5 Q
146126.._.... .29 .30 0|10 8 7] 4| 1| 4 6 0|110(13({13[13| 5 0
146125 ___ .38 24 010} 8 71 4] 1 41 6 0| 9121313 4 0
146122 __. .23 19 0| 0f 6 71 41 1 3! 6 0| 9(12114 13| 4 0
146127 .76 10 0] 0] 7 10 4| 1 4( 6 010 (13|14 13| 4 0
14€124..__. .54 10 010 7 71 4| 1 4 6 0 8112|1113 4 0
146121 __ . 025 013 0] 0 6 71 3] 1| 3| 6 0| 9/12(14 (13| 5 0
215021 .013 .001 | Tr. | 13 5 6| 2 1 4| 7|Tr 8112|1411 4 14

TABLE 12—Semiquantitative spectrographic, chemical, and radiometric analyses

Crooks
[Spectrographic analyses by Charles Annell, G. W. Boyes, Jr., Mona Frank, and Joseph Hamy;lfhmizla%
00Se V!
Location Equiva-|Chem- Semiquantitative spectrographic analyses
Labora-| lent ical
tory {uranium| ura-
analysis|(percent) 1(11um
per-
Section T.N. R.W. cent) (| Be| B |Na|Mg|Al|Si|K|[Ca| Se¢ |Ti| V | OCr
SWI1416.____ 28 92 | 215020 0.065 { 0.13 16 | Tr. 5( 8|2(114(7 0(9(12]14
28 92 | 146139 .051 L0871 0 10 6| 7(3|1(3{8 081213
28 92 | 146162 .26 L0581 0 0 4 713(1|3}7 13(9]12]13
28 92 | 146163 .054 .036 0 10 6| 713|137 13(8) 1213
28 92 | 146159 .048 [ 035 | © 10| 4| 7(3|1137 1319|1213
28 93 | 215009 .072 | .028 | 16 | Tr. 5( 7|1|(1|4}7|Tr.|8] 9|13
28 92 | 215019 .015 | .023 | O | Tr. 5( 8|2(1(4]7 019)12( 14
28 92 | 146140 035 .015 |16 10| 4| 7(3(1|3 |8 13191314
- 28 93 | 215008 . 065 .014 | 16 | Tr. 5| 7|1|1|4|7|Tr.| 8|10 13
SW1416__.__ 28 92 | 146161 .13 010 © 10 41 713|1(3{8| 13|9}f12]13
SWil416.__.. 28 92 | 146141 L0291 009 | O 100 41 713}1|3|6 019(13)14
28 92 | 215013 .009 | .009 | 16 | Tr. 5 7|171}4|7|Tr. ;{812 14
28 93 | 215004 .007 .007 | 16 | Tr. 51 711|114 {7Tr.(8}12]13
28 92 | 215023 .026 | .005 | 15 13| 5 6|1|1[47 13811213
28 93 | 215005 .006 | .005 ) 16 | Tr. 5| 711|1|417|Tr.|8|12]13
28 93 | 215007 .009 | .004| O Tr. 5 711|147 0191213
28 92 | 139149 .064 .003 | 15 9| 6| 5|3|1|3{6 12/6(12] 9
28 93 | 215001 .014 .003 [ 16 | Tr. 5/ 6/2[1|4)6|Tr.{7[11(13
28 92 | 215018 .005 .003 | 13 O 5| 814(2|4]5 0191315
28 92 | 215017 .009 | .002 | 13 0 51 6131|417 019)13(14
28 92 | 139147 .009 | .001{ O 9] 8| 5(3|1]5(6 01612 9
28 92 | 139151 .006 | .001 ]| 15 9| 8| 5(2|1{3(5 1216 (12 9
28 92 | 215016 .006 .001 | 14 | Tr. 5 711({1[4|7|Tr. {81213
28 93 | 215000 L0041 .001| O] Tr. 5 712|147 08113 14
28 92 | 139148 .004 001 0O 9] 9| 5§(5(|1|63 01912 9
28 92 | 139152 .002 001} O 9| 8 5]2|113]6 121612 9
28 93 | 215003 .004 .001 | 16 | Tr. 41 61111146 0|8]12]13
28 92 | 215015 .004 | .001 | 15 13| 5] 72147 |Tr.{8]12]13
28 93 | 215010 . 004 .001 f 16 | Tr. 51 7121|416 0912 14
28 93 | 215011 .004 .001 | 16 | Tr. 5 7|1{1]4|7|{Tr. (81214
28 93 | 215012 J003 | .001 | 16 |-Tr. 5 712(11417 0812 14
28 92 | 215014 003} 001 {16 13| 5 61111]14{7|Tr.{8]|12]13
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of 8 grab samples of arkose from member A of the Baitle Spring Formation,
sec. 20, T.28N.,R. 92 W,

and radiometric analyses by Mary Finch and S. P. Furman]

Semiquantitative spectrographic analyses—Continued
Ni [Cu|Ga|Ge|Sr| Y |2r| Nb| Mo |Sn |Ba|La | Ce [ Nd |[Yb|(W |Pb| U
13 9 0 0 1n 12 12 0 0 13 9 0 0 10| 16 8] 13 6
13| 10 0 0 1 12 12 0 0 13| 10 0 0 0 16 8| 13 6
13{ 10| 13 0| 1 o 11 [1} 0| 13 9 0 0 0 16 0 13 6
13 9 13 0 11 12] 12 0 0 12 91 11 0 0] 16 8| 13 7
13{ 10 0 0| 1 0] 12 0 13 13 9 0 0 0 16 8| 10 7
13| 10 13 0| 11 121 10 0 0 0 9 0 0 0| 16 0 12 7
13| 10 13 0O M| 11 13 0 0| 12 9 0 0 0 15 8| 13 10
12| 13| Tr. 0 12 12} 10 0 13 0 8 | Tr. 0 0 15 0| 12 13

of 32 grab samples ofarkose from member A of the Battle Spring Formation,

Gap area

and railiometric analyses by Grafton Daniels, Mary Finch, 8. P. Furman, B. A. McCall, P. Moore, and

Moore,

Semiquantitative spectrographic analyses—Continued

Mn [Fe| Co |Ni|Cu{Ga {Ge|Sr| Y |Zr|Nb|Mo |Sn|(Ba| La | Ce | Nd|Yb|W |Pb} U

11| 3( 14 (12|13 Tr. 0|11 12|10 0 1| 0 9|Tr (i} 015 0|11 7
13| 5 0(12] 9 13| 0|11 12110 ¢ 12 (13| 9 0 0 0]16] 8|13 8
1| 4 0113113 131 0|11 12112 0 13( 0 9 0 [y 01| 010 0
10| 4 013|183 13| 0|11 1211 | 0| 11| O] 9 0 0 0[16| 013 0
10] 4 01313 13| ¢ 11 12)12] 0 0 0f 9 1 o 11|16| 0] 13 0
1 3| 13|12 |13 |Tr 011 121101 0 12( 0 8 | Tr. 0 0 0| 010 0
11| 41 Tr, |12 | 13 | Tr. 0|12| 1B{10} 0| 12| 0] 9 0 0 0115| 012 0
12 5 0(13] 9 13| 0|11 121114 0 0(13] 9 0 0 0f(16| 8|13 0
11| 4 (Tr. |12 | 13| Tr 011 121 91 0 13| 0 8 | Tr. 0 015 0|11 0
10| 4 131131 13| 011 12111 0 0 0] 9 0 0 0116| 012 0
12| 5 Ci113]| 9 131 011 12|11 0 013 9 0 0 0(16| 8|13 0
11| 4 14 112 | 14 13 0|11 12 91 0 131 0! 8 10 9 |Tr. |15 0|12 0
11 4 141121 13) 13| 011 13{10] 0 13| 0} 8| Tr. 0 0(16| 0|11 0
11 4 14 | 12 | 13 13| 011 11(10] 0 13 0] 9 11 [ (14| 0|12 0
11 4 14112 | 13| Tr 011 12|10 0 13| 0| 8| Tr. 0 0115 0|11 0
11| 4 14 | 12 | 13 | Tr. 011 12(10] 0 13 0| 8] Tr. 0 0|15 011 0
1| 3 12] 9|11 111 0} 9 12 91 0 12| 0 8 (1] 0 0115] 0] 12 0
10 3 1312 (12 13 010 13|10 0 12| 0| 8| 11| Tr. 016 0| 12 0
12| 3)Tr. |13 ] 14 | Tr. 0j12| 13|12) 0|Tr.| 0] 9 0 0 0(15) 0] 12 0
nm|( 3|7Tr.{13|13|Tr 0112 13}(11| 0|Tr. 0 9 0 o 0|15 0] 12 0
1| 38 0 91 9 121 011 12 91 0 12( 0 8 0 0 0({15( 0|12 0

9| 5 12| 911 121 0 9 12 91 0 1210 8 0 0 0115 0|12 0
12 3 |Tr. |12 |13 | Tr. 010 12(10] 0 13 0 8] 11 O|Tr.| 15| 011 0
10| 4 14|12 | 13| Tr 0|11 1wy o0 13 0 8 11 (Tr. [Tr. (14 0] 12 0

8| 6 0 9] 9 121 0|11 0(12] 0 12112 9 0 0 0| 0 0|12 0

91 3 121 9111 121 0] 9 12 91 0 121 0. 8 0 0 0|15{ 0] 12 0
11| 4 13|12} 12| Tr 010 1310} 0 13 0 8 Tr. 0 0|16f 013 0
11 4! Tr. (12|13} Tr 0411 1210 0 13 0| 9 Tr. 0 0115} 0] 12 0
10 4 14|12 13| Tr. | 0|11 13(10| 0 13({ 0 8 Tr. 0 0|16] 0] 12 0
11 4 |Tr. | 12|12 | Tr 0|11 1310 0 13 0 8 [ Tr. 0 0|l16) 0|11 0

91 4 14 (12 | 13 | Tr 011 13111 0 13 0 8 11| Tr. [Tr. {16 0} 12 0
11 4| Tr. | 12| 13 13| 0|11 13101 0 13| 0 8 | Tr. 0|15} 012 0
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Listed below in order of decreasing abundance are the average (geo-
metric mean) amounts (in percent) of elements detected by semi-
quantitative methods in the nonmineralized arkose of member A of
the Battle Spring Formation at Crooks Gap. In averaging, elements
reported as “looked for but not found” were arbitrarily assigned a
value half the threshold ; elements reported as “trace” were assigned
to the value immediately below the threshold. Geometric means of
elements in which more than 30 percent of the analyses fell into these
categories were rejected as being of doubtful significance.

Element Average amount (percent)
1. Silicon_ _ ... _.______ Major constituent; 100 percent
of samples contain more than
10 percent of the element.
2. Aluminum__.________ Major constituent; 58 percent of
samples contain more than 10
percent of the element.

3. Potassium___________ 1.6

4, Tron_ _______________ 1.5

5. Sodium______________ .70
6. Magnesium_________._ .23
7. Caleium_____________ .21
8. Titanjium____________ .07
9. Barium_____________ '_ .06
10. Zirconium._ __________ . 012
11. Strontium_______ R . 009
12. Manganese___._______ . 008
13. Lead_. .- ___________ . 005
14. Copper-— .- _____. . 003
15. Vanadium___________ . 003
16. Yttrium_____________ . 002
17. Nickel . _____________ . 002
18. Chromium___________ . 002
19. Gallium_____________ . 001
20. Molybdenum._ . _ ___._ . 0008
21. Ytterbium___________ . 0002

GRAVITY AND SEISMIC STUDIES IN CROOKS GAP AREA
By DoN L. HEALEY

To supplement the geologic mapping being done concurrently by
James G. Stephens, a gravity survey and a brief seismic investigation
were made in the Crooks Gap area during September and October 1955
and May 1956. The work was intended to delineate major geologic
structural features and to determine depths to the Precambrian rocks
in parts of the area overlain by unconsolidated Tertiary sediments;
such knowledge was expected to contribute to the understanding of
the structure and thus help to unravel the complex geologic history
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and to aid the formulation of hypothesis concerning the uranium
deposits.

Frank E. Currey, Saul Schoenenberger, and James G. Williams
assisted in computing the gravity field data. John C. Roller and
Robert M. Hazlewood contributed the seismic field data.

The gravity survey includes the area of the Crooks Mountain,
Crooks Creek NE (renamed Jeffrey City quadrangle in 1957), and
Split Rock NW, 714-minute topographic sheets and parts of the Soap
Holes, Graham Ranch, Stampede Meadow, and Black Rock Gap
714-minute sheets. An area south of Crooks Gap that extends 6 miles
into the Great Divide Basin and for which no modern topographic
coverage is available is also included (fig. 18). A total of 418 gravity-
meter stations were established in an area of approximately 320
square miles for an average density of 1.3 stations per square mile.

The seismic reflection-refraction investigation was confined to the
north-central part of the Crooks Gap area, after several unsuccessful
attempts to obtain usable data were made in other parts of the area.

Topographically and geologically the Crooks Gap area? can be
divided into four east-trending belts. Rounded knobs of Precambrian
granite crop out across the northernmost belt, to the south of which
lies a belt of unconsolidated Miocene rocks having very little topo-
graphic relief. The Green Mountains are south of the Miocene zone
and are separated from it by the Kirk normal fault, which trends east
and bisects the map area. The mountains rise 1,500 to 2,000 feet above
the surrounding terrain and have steep north slopes and steep to gentle
south slopes that extend into the Great Divide Basin, which has
very little topographic relief. Geophysical measurements were made
over each of these contrasting areas and station location was influenced
by local conditions associated with each type of topography.

GRAVITY MEASUREMENTS

Gravity surveys determine the variation in the normal gravity field
of the earth, the difference between the Bouguer and theoretical gravity
being the anomaly (Nettleton, 1940). These small variations in the
gravitational field are caused by irregularities in the distribution of
mass within the earth’s crust; the irregularities may be due to density
changes, depth of burial, faulting, and folding. Successful employ-
ment of the gravitational method requires a suitable density contrast
between the near-surface materials and some geologically significant
interface within the stratigraphic section.

2 The area of the geophysical studies is slightiy larger than that of the geologie investi-
gations; the two thus are not completely synonymous.
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At Crooks Gap the gravity anomalies of the type observed are
caused by several structural and stratigraphic conditions. The preva-
lent thrust faults of the area have moved large masses of dense mate-
rial up near the surface, and the resultant increase in mass causes
gravity highs. The Kirk normal fault, which has considerable verti-
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cal displacement, is associated with a gravity low because of the in-
creased amount of low-density Mesozoic rocks on the downthrown
side.

The several anticlines, as expected, exhibit slight gravity highs
because the folding.brings seme of the older, denser rocks closer
to the surface. The synclines-are generally associated with a gravity
low because of the presence of large amounts of low-density material
due to the downwarping ef the older, denser rocks.

EQUIPMENT AND FIELD PROCEDURES

A gravity meter having a scale constant of 0.0729 mgal (milligal)
per dial division was used throughout the gravity survey. A milligal
is a unit of acceleration equal to 0.001 centimeters per second per
second. Each instrument reading was made to the nearest tenth of a
dial division, and the time of the reading was recorded to the nearest
minute. The instrument was mounted in a station wagon equipped
‘with a 4-wheel drive. When readings were taken, the gravity meter
was placed on a tripod that was lowered through the floor of the
station wagon to the ground.

The gravity meter is sensitive to temperature and was therefore
maintained at a constant preset temperature by electric heaters ther-
mostatically controlled and powered by an external 6-volt battery.

Gravity stations were established at points of known elevation, such
as section corners, bench marks, and road intersections, to facilitate
operations. In areas lacking elevation control, gravity stations were
located and the elevation was determined by planetable surveying.
Both horizontal and vertical control was carried on all surveyed lines.
Al] stations south of lat. 42°22’30”” were established by planetable
survey because no topographic maps were available for that area.

Base station 1, which was arbitrarily assigned an observed value of
100 mgal, was the reference point for the survey, and is located in
sec. 17, T. 28 N., R. 92 W, in the center of the intersection east of the
Sinclair pump station and adjoining the north end of the landing
strip.

Three bases were established by the looping technique using three
repeat readings, and numbered 1, 2, and 3. The mean value of the
difference of these repeat readings was accepted as the base value of
the station. The repeat readings for any one of the established bases
varied less than 0.09 mgal, well within the allowable error of 0.3 mgal.
As the network expanded, three additional bases—stations 58, 78, and
127—were established by repeat readings. During field operations,
base stations were occupied every 3 hours to check instrument drift,
and one previously occupied station was included in each loop. The
reading at each tie station was required to agree with its previous
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reading to within 0.3 mgal, or the entire loop of stations was consid-
ered in error and reoccupied. In no instance did the error exceed
the 0.3 mgal allowable, and most of these readings were 0.1 mgal.

REDUCTION OF GRAVITY DATA

The gravity data were corrected for instrument drift, latitude, free-
air, Bouguer, and terrain effect. Corrections for instrument drift
were made by linear interpolation, and except for short periods im-
mediately following resetting of the gravity meter, instrument drift
was almost negligible.

A latitude correction of 1.32 mgal per mile, or 1.50 mgal per minute,
was included in the data reduction. Lat 42°30” was arbitrarily set
equal to 20.0 mgal to eliminate any negative corrections if the gravity
survey was extended to the north.

A combination free-air and Bouguer factor of 0.066 mgal per foot,
which corresponds to a near-surface density of 2.2 gm per cm® (grams
per cubic centimeter), was used to correct the data to a datum eleva-
tion of 6,000 feet. A density of 2.2 gm per cm® was thought to be a
good approximation for the density of the unconsolidated near-surface
materials.

Terrain corrections through zone J on the Hammer chart (Hammer,
1939) were applied where necessary. Corrections for stations on the
Green Mountains and adjacent areas were necessary because of the
abrupt change in elevation associated with the mountains. The ter-
rain corrections were estimated for stations in the northern half of
the map area and were based on computed values of representative
stations in this area. The terrain corrections range from 0.1 to 7.0
mgal, most of the corrections being between 0.5 to 1.5 mgal. The
terrain-corrected Bouguer map is referred to herein as a complete
Bouguer anomaly map (pl. 9).

To remove the regional effect from the gravity data, two grid-
residual maps were prepared by the nine-point method (Henderson
and Zietz, 1949). The first map was compiled using a 1-mile grid
spacing (pl. 10), and the second map was compiled using a 2-mile
grid spacing (pl- 11). Two maps were compiled because the smaller
grid spacing emphasizes anomalies caused by relatively shallow fea-
tures and the larger grid spacing emphasizes the anomalies associated
with the more deeply seated features (Nettleton, 1954). The grid-
residual maps are useful because they accentuate anomalies that may
be overlooked on a complete Bouguer map, especially in an area of
steep regional gradient such as Crooks Gap.

SEISMIC MEASUREMENTS

A brief reflection-refraction seismic survey was conducted at Crooks
Gap to supplement the previously obtained gravity data.
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The instruments used during this investigation were especially
designed for reflection work, but could be readily adapted to refrac-
tion work. The equipment was truck mounted for portability. The
amplifiers had filter frequencies ranging from 75 to 300 cycles per
second, automatic gain control, and variable presuppression. High-
frequency geophones having a natural frequency of 40 cycles per sec-
ond were used.

Dynamite charges varying in size from 21% to 50 pounds were ex-
ploded in shot holes ranging in depth from 15 to 95 feet. One
multiple-hole pattern and numerous multiple-geophone patterns were
tried with varying degrees of success. Shot-hole depths were deter-
mined entirely by drilling conditions and not by optimum shooting
conditions. The seismic work was restricted to the northern half of
the area after several attempts were made to get reflections in the
vicinity of the Crooks Gap anticline. South of the Kirk normal fault
the loose sand in the near-surface zone made it difficult to drill shot
holes, which readily caved after completion. This loose sand and the
unconsolidated nature of the material dissipated most of the energy
from the explosion and precluded the recording of reflected energy.
No usable data were obtained in this area. Sandy conditions also
exist north of the Kirk normal fault zone where most of the seismic
work, both reflection and refraction, was conducted. These shot holes
were also difficult to drill, but here the Precambrian granite occurs
at a much shallower depth and provides a suitable interface from
which reflections and refractions can be obtained. In some locations
reflections could not be recorded but refractions could be obtained,
whereas at nearby sites the reverse might be true.

GRAVITY RESULTS

A composite gravity survey map shows many interesting and geo-
logically significant anomalies which define the major structural fea-
tures of the Crooks Gap area and the northern part of the Great
Divide Basin. The complete Bouguer anomaly map (pl. 9) exhibits
a strong north-south regional gradient of approximately 5.0 mgal
per mile. The most prominent feature of the map is the gravity high
which trends eastward across the middle part of the map area. This
gravity high delineates the Kirk normal fault, as shown on the geo-
logic map (pl. 1). The surface trace of this fault was mapped as far
east as sec. 1, T. 28 N., R. 92 W.; however, the gravity data suggest
further continuation of this normal fault east-northeastward to the
central part of.sec. 30, T. 29 N., R. 90 W. The anomaly indicates
that the fault trends through the NE cor. sec. 1, T. 28 N,, R. 92 W.,
and immediately north of stations 178 and 180 (sec. 34, T. 29 N., R.
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91 W.). A subsidiary fault may extend through the saddle separating
the gravity highs in sec. 1, T. 28 N, R. 92 W., and secs. 5 and 6, T.
28 N, R. 91 W, eastward to the vicinity of sec. 2, T. 28 N., R. 91 W.

The gravity high, centered near the SW cor. sec. 1, T. 28 N,, R.
92 W., is associated with a thrust sheet of granite exposed on the
surface. The associated high centered near the NE cor. sec. 5, T. 28
N, R. 91 W, is due to an eastward extension of the exposed thrust
mass which has been downdropped. by the faulting mentioned above.
The existence of this concealed granite mass was proved when a test
well drilled in the SW1/ sec. 5, T. 28 N., R. 91 W., penetrated granite at
a depth of 1,163 feet, and during the subsequent geologic mapping an
outcrop of granite was discovered between secs. 4 and 5, T. 28 N., R.
91 W. The gravity low, centered near the SW cor. sec. 15, T. 28 N.,
R. 91 W., is associated with a triangular downdropped block bounded
by faulting on the southeast, southwest, and probably on the north.

The East Kirk normal fault bounds this gravity low on both the
southeast and southwest sides. For more detail along this fault zone,
see the geologic map (pl.1).

The gravity relief across the Kirk normal fault ranges from 7.4 to
10.7 mgal (pl. 9). A gravity difference of 8.3 mgal occurs across
sec. 2, T. 28 N., R. 92 W. The gravity data indicated that the dis-
placement of the Kirk normal fault ranges from approximately 1,076
feet, for an assumed density contrast of 0.6 gm per cm?®, to approxi-
mately 3,240 feet, for an assumed density contrast of 0.2 gm per cm?®.
These assumed density contrasts are considered to be extremes and
must reflect the minimum and maximum displacements to be expected
on the basis of the gravity data. A reasonable density contrast be-
tween the unconsolidated sediments and granite is 0.35 gm per cm?,
which indicates approximately 1,850 feet of displacement. Bauer
(1934) estimated a displacement of 2,500 feet for this fault, but
Stephens (p. F35) estimates 2,250 feet as a minimum.

A significant anomaly on the grid-residual map (pl. 10) is the
elongate northwest-trending gravity low in T. 29 N., R. 93 W. This
anomaly is thought to indicate the position of the buried Emigrant
Trail thrust fault that extends into the area from the northwest, and
whose gravity low occurs either (1) over a synclinal trough formed
in front of the thrust sheet as it was pushed into position, or (2)
associated with the abrupt density contrast between granite and that
of the Mesozoic rocks at the edge of the thrust sheet. A similar
anomaly is seen on plate 11. Because of the gravity information, the
trace of this thrust fault was added to the gravity maps (pls. 9, 10, and
11) and also to the geologic map (pl. 1). Proof of the existence of a
thrust fault in this region is established by the Immigrant Trail 1
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test hole drilled in sec. 32, T. 80 N., R. 98 W. (Van Houten, 1954).
This test hole penetrated 1,800 feet of granite, went through over-
turned Paleozoic rocks, overturned Mesozoic rocks, and then into a
normal Mesozoic sequence (fig. 11). From the gravity information
it is logical to assume a connection between the thrust found by drilling
and the thrust exposed across secs. 1 through 6, T.28 N., R. 92 W.

The hachured low which extends across the middle of both maps
(pls. 10, 11) is associated with the Kirk normal fault and represents
a fault trough filled with unconsolidated rocks. The trend of this
normal fault actually is along the gradient between the highs and
lows occurring along this zone, as shown by the plot of the fault trace
on each map.

Five known anticlinal structures are present under or adjacent to
the Green Mountains: (1) the south Happy Springs anticline in sec. 17,
T. 28 N,, R. 93 W.; (2) the north Happy Springs anticline, sec. 5,
T. 28 N, R. 93 W.; (3) the Crooks Gap anticline, sec. 13, T. 28 N,
R. 93 W.; (4) the Spring Creek anticline, sec. 7, T. 28 N., R. 92 W_;
and (5) the Sheep Creek anticline, sec. 14, T. 28 N., R. 92 W. Of
these five anticlines the Sheep Creek is most prominent gravimetrically
and is expressed as a nose trending northwest which merges into an
anomaly associated with the exposed Precambrian granite (pls.
10, 11). '

The prominent gravity expression of the Sheep Creek anticline is
due to the fact that older, denser rocks are closer to the surface. The
oldest exposed rock is the Chugwater Formation of Triassic age,
which is approximately 6,000 feet lower in the stratigraphic section
than exposed rocks over the other anticlinal structures. This anticline
is also well defined by surface outcrops (see pl. 1).

The gravity nose associated with the Sheep Creek anticline is shown
(pl. 10) offset to the east approximately one-third of a mile. The
larger part of the closed nose occurs northeast of the anticlinal axis.
This offset is due to northeastward migration with depth of the Sheep
Creek axial plane and by the proximity of the anticline to the granite
block immediately northeast. The offset is not noticeable on plate 11.

The gravity nose associated with the Sheep Creek anticline may be
related to a much larger feature, the exposed granite block to the north,
and the gravity expression of the anticline itself may be small. Most
of the gravity anomaly could be associated with this uplifted granite
block.

Evidence obtained from the oil wells drilled into the Sheep Creek
anticline indicates that the structure is broken by faulting, which may
be thrusting. Therefore, a fault, which coincides with the axial plane
of this anticline, might be added. The presence of this fault is not
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evident from the gravity data because its actual displacement is too
small.

In the synclinal trough directly west of the Sheep Creek anticline,
the beds dip very steeply and in places are vertical. A vertical fault
in this area within the Cody Shale may be present but is not detectable
by geologic methods. This postulated fault could make up some of
the 6,000-foot difference in the stratigraphic section between the Sheep
Creek anticline and the Spring Creek anticline only 2 miles to the
west.

A second possible fault in this vicinity may originate in the NE
cor. sec. 13, T. 28 N., R. 92 W., and trend northeastward along the
cast edge of the exposed Precambrian granite block (pls. 9-11). Such
a fault would swing east near the SE cor. sec. 6, T. 28 N,, R. 91 W,
and terminate near sec. 3, T. 28 N., R. 91 W. These postulated faults
would of necessity be buried, for no surface expression of either is
discernible.

The two branches of the Kirk normal fault, which were traced by
surface expression into secs. 1 and 12, T. 28 N., R. 92 W., probably
continue eastward and tie to this proposed northeast-trending fault
as shown on plates 9-11.

The Crooks Gap and Spring Creek anticlines have slight surface
expression in the form of outcropping resistant beds of the Cody
Shale. Neither the Crooks Gap anticline nor the Spring Creek anti-
cline is defined by the gravity data. The positive anomaly north of
these two anticlines is believed to be caused by a density contrast at
depth associated with the thrust faulting so prevalent in the im-
mediate area. This anomaly may even reflect structure in this area
similar to the north Happy Springs anticline. Because the existence
of neither anticline is evident from the gravity data, one possible
explanation is that the basement complex was not involved in the
anticlinal folding. The sedimentary section, which is approximately
10,000 feet thick in this locality, may have absorbed most of the com-
pressional force without any associated upwarp to the basement.

The south Happy Springs anticline has an associated positive
anomaly which is slightly offset to the north as shown on plate 10.
Because this anticline plunges to the southeast, an associated anomaly
would be expected to occur over its northern part. The anticline is
much better defined by the gravity data on plate 10 (1-mile grid spac-
ing) than on plate 11 (2-mile grid spacing) because plate 11 better
defines the deeper conditions and does not accentuate the anticline to
any extent.

The existence of the north Happy Springs anticline is not evident
from the gravity data. The location of this anticline between a pos-



F74 CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

sible thrust fault on the south and the later normal fault to the north
suggests that the anticline was formed by compressional folding asso-
ciated with thrust faulting. The anticlinal folding probably occurred
entirely within the sedimentary rocks.

The northwest-trending gravity high about 114 miles east of the
south Happy Springs high suggests the existence of another anticline.
The position of this anomaly, halfway between the Crooks Gap and
Happy Springs anticlines, supports this conclusion by eliminating the
gap in the spacing sequence established by the four known anticlines
in this vicinity (pl. 10).

Two alternate explanations for this anomaly are (1) error in the
gravity data and (2) the presence of a buried Precambrian granite
block associated with the Happy Springs thrust (p. F31).

Although the lack of topographic maps for the area south of lat
42°922'20”” on which to base the terrain corrections may have intro-
duced some error into the data for this vicinity, such error probably
does not exceed 0.2 mgal.

Introduced error might account for the 0.9 mgal anomaly shown
on plate 10, but not for the 3.3 mgal anomaly on plate 11. Therefore,
the presence of a buried Precambrian granite block emplaced during
the thrusting is the more acceptable explanation.

The gravity low associated with the syncline in sec. 16, T. 28 N,
R.92 W. (pl. 1), is offset to the east by an amount equal to the offset on
the Sheep Creek nose (pl. 10). The gravity anomaly of a syncline
would occur over the intersection of the axial plane and the density
contrast surface if the syncline were symmetrical or the axial plane

-vertical. Because of the sharply asymmetrical nature of this syncline,

the axial plane dips eastward and the anomaly is offset east of the
surface expression of the syncline. The small syncline in sec. 20, T.
28 N., R. 92 W, is well defined by a gravity low. The gravity data
indicate a junction of these synclines, with their trend continuing to
the southeast. The extensions of these small synclines are not ex-
pressed individually en plate 11; however, the synclinal trend to the
southeast is still evident.

North of lat 42°30" on the grid-residual maps, parallel elongate
positive and negative anomalies trend northeast. This trend is note-
worthy because it is at right angles to the trend in the southwestern
part of the area. The trend over the southwestern part of the area re-
flects structural features previously formed, but perhaps more tightly
folded, by the compressional forces of the thrusting which moved to
the southwest. The northeast trend in the northern part of the area
parallels the-direction of thrusting and may indicate differential move-
ment within the granitic mass during the period of thrusting.
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A1l the gravity highs of plates 10 and 11 do not coincide with the
exposed Precambrian granite, but one major low occurs, in part, over
exposed granite (sec. 34, T. 30 N., R. 92 W.). These data suggest that
the gravity gradient may reflect the relative thickness of the thrust
mass itself, independent of the outcrop pattern.

In sec. 34, T. 30 N., R. 91 W. (pls. 10, 11), a gravity low trends
northeastward toward the north edge of the map area. This anomaly
could have several explanations: (1) it may be a graben-type imbricate
fault filled with alluvial material, (2) it may represent a zone of
thinning in the overriding thrust mass, or (3) it may represent a
channel that drained to the north prior to the regional tilting to the
south.

South of Crooks Mountain and beyond the area of modern topo-
graphic mapping, Stephens infers a buried thrust fault (fig. 10).
Geologic evidence offered (p. F26) to support the existence of this
thrust fault is a displacement in the Cretaceous Cody Shale of more
than 6,000 feet between Crooks Gap and the Continental Oil Co. East
Antelope 1 test in sec. 26, T. 27 N., R. 93 W. In an attempt to prove or
disprove this possibility a series of gravity stations were located by
planetable survey in this area.

The complete Bouguer anomaly map (pl. 9) shows a gravity low
extending into the southeast corner of the area, and an anomalous
area near Crooks Peak that trends southwest. The overall picture
seems to be a steep regional dip to the south in the vicinity of lat
42°22’30”’, but ne definite evidence of faulting is discernible. Very
little, if any, substantiation of the postulated buried thrust is ap-
parent from either grid-residual map (pls. 10, 11). The largest
anomaly is the 2.0-mgal low trending southeast toward the east edge
of the area shown on plate 10. This low indicates a continuation of
the synclinal low which extends into the area from the north.

On the basis of the gravity data it is not possible to make a definite
statement concerning the presence or absence of a thrust fault in this
area. It is very possible for a thrust fault having a small amount of
throw (1,000 feet or less) to exist, but not be evident from the gravity
data.

The largest anomaly expressed in the southern part of the area of
plate 11 appears to be a synclinal trough trending southward from
the vicinity of Crooks Peak. If the synclinal spacing sequence estab-
lished by the synclines in secs. 16 and 20, T. 28 N., R. 92 W, is pro-
jected to the southwest, a third syncline would fall in the vicinity of
Crooks Peak approximately where the gravity low shown on plate 11
occurs. Inasmuch as all the anticlines and synclines in the Crooks
Gap area plunge to the south and southeast, perhaps a monoclinal fold
is present across the south edge of Crooks Mountain.
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Possibly there is no thrust fault south of Crooks Peak. The thrust-
ing evident to the west of-the map area.may trend across the north

face of Crooks Mountain and may be the thrust inferred by Stephens
across secs. 7, 8, 9, and 10, T. 28 N., R. 93 W., in conjunction with the
north Happy Springs anticline. Blackstone (1951, p. 25) suggested
that the low-dipping thrust fault trending southeast to the vicinity
of Happy Springs may pass on either side of the Happy Springs ridge
of Paleozoic and Mesozoic rocks (west of the map area); if it does
and if the fault does not trend south of Crooks Mountain, there is no
disagreement between the gravity data and the structural geology.

Several unsuccessful attempts were made to construct, by graticule
analysis, a geologic cross section that would agree with the gravity data
obtained along a line parallel to cross section O-C’ (pl. 1). Because
of the numerous changes in density associated with the thick sedi-
mentary section and because of the unknown magnitude and occur-
rences of the density contrasts, construction of a meaningful cross
section was not feasible. However, cross section C~C” (pl. 1) would
generally fit the gravity data if the proper density contrasts were
chosen and applied.

SEISMIC RESULTS

During the course of the short-term seismic reflection-refraction
study at Crooks Gap, seismic measurements were attempted at various
locations. However, only the data obtained on traverse 4-4” (pl. 9,
cross section) could be used to determine the thickness of the sediments
overlying the Precambrian granite. The computed seismic depths, in
feet, are as follows: shot point 13, 156; 7, 780; 9, 1,260; and 11, 2,035.

The information obtained from this seismic traverse substantiated
the conclusion previously drawn on the basis of the gravity data that a
thrust sheet of Precambrian granite underlies the unconsolidated Mio-
cene sediments and extends from the outcrops of granite on the north
to Crooks Gap on the south.

CONCLUSIONS

The gravity data delineate the southwest edge of a buried thrust
sheet (T. 29 N., R. 93 W.) that extends into the area from the north-
west. This information is especially important because it establishes’
a definite tie between the thrusting exposed on the east side of Crooks
Gap and the Emigrant Trail thrust penetrated by the Carter Oil Co.’s
Immigrant Trail 1 test (sec. 32, T. 30 N., R. 93 W.). The gravity
survey also indicates the presence of a thrust mass under the area
north and east of the Kirk normal fault immediately north of Crooks
Mountain.
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The gravity contours along the northern part of both grid-residual
maps (pls. 10 and 11) -in the area of Precambrian granite outcrop
exhibit a northeast lineation parallel to the direction of the thrust
movement. This alinement may indicate either differential movement
within the thrust mass proper or a zone of imbricate thrusting. Some
of the gravity highs in this location are not associated with the out-
cropping granite, although some of the gravity lows occur over ex-
posed granite. The magnitude of the gravity anomaly is probably
indicative of the relative thickness of the thrust sheet itself.

Five anticlines are known to exist in the Crooks Gap area. Of
these, the Sheep Creek is best defined by the gravity data. This anti-
cline is exposed and well defined on the surface, and the older, denser
formations and the basement complex are brought close to the surface.
This mass of dense material may produce the anomaly associated with
this structure. However, the gravity expression of the Sheep Creek
anticline may be small, and the anomaly itself may be indicative of
faulting associated with the Precambrian thrust sheet in this area.

The rocks exposed at the surface over the other anticlines are much
higher in the stratigraphic sequence, and accordingly the older, denser
rocks are more deeply buried. Although greater depth of burial would
tend to decrease any anomaly associated with these anticlines, it is
not the only reason why gravity expression is lacking. The reason the
Crooks Gap and Spring Creek anticlines are not shown by the gravity
data may be because the thick sedimentary section absorbed the hori-
zontal compression and the basement complex was not involved in the
anticlinal folding. If it is assumed that the basement complex is not
involved in the anticlinal folding, the resultant lack of mass associated
with these structures may explain the absence of gravity expression.

The south Happy Springs anticline is poorly defined by a gravity
high which is offset to the north. This offset may be due to the south-
east plunge and the asymmetry of the anticline.

The north Happy Springs anticline is not defined by the gravity
data. Thislack of definition suggests that the anticline may have been
formed by compressional folding within the sedimentary section
during the period of thrusting.

The gravity data suggest the posmblhty of a fifth anticline havmg
the same trend as the four known northwest-trending anticlines in the
Crooks Gap area. The indicated anticline would fill the gap between
the south Happy Springs and Crooks Gap anticlines. Students of
the area have long postulated an anticline here to complete the spacing
sequence established by the known anticlines.

The presence of a buried thrust under the south edge of Crooks
Mountain is not definitely proved or disproved by the gravity data
because numerous stratigraphic situations would apply to the gravity
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expression in this area. The complete Bouguer gravity map (pl. 9)
exhibits a steep gradient which rises to the south and indicates either
a steep regional dip to the south or a fault. Neither grid-residual
map substantiates the presence of a thrust fault in this vicinity.
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