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ABSTRACT 

The Torrington 1°x2° Quadrangle in southeastern Wyoming and western 
Nebraska was evaluated to identify areas favorable for the. occurrence of 
uranium deposits likely to contain 100 tons of uranium with an average grade 
of not less than 100 ppm (0.01 percent) u3o8• Almost all uranium occurrences 
reported in the literature were visited and sampled. Geochemical analyses of 
rock samples collected during the study were used in the evaluation. 
Hydrogeochemical and stream-sediment analyses were not available. Aerial­
radiometric, and helium soil-gas surveys were analyzed. Much of the 
quadrangle is covered by Tertiary rocks. To assess the uranium potential of 
the Tertiary and pre-Tertiary rocks 270 well logs were studied and both 
contour and geologic maps made of the pre-Oligocene surface east and north of 
the Laramie Mountains. 

Five environments favorable for uranium deposits were outlined. The 
first is in the coarse-grained arkosic sandstone facies of the Wasatch 
Formation and the Lebo Member of the Fort Union Formation in the southern 
Powder River Basin; this facies was once overlain by tuffaceous rocks and the 
arkose was derived from granitic rocks of the Laramie (and Granite?) 
Mountains. The second is in the Wind River Formation in the Shirley Basin, a 
stratigraphic and lithologic equivalent of the Wasatch. The third is the 
Lower Cretaceous Cloverly Formation in the northeastern part of the 
quadrangle; the environment favorable for uranium deposits is entirely in the 
subsurface and is defined by widely spaced gamma-ray logs. The fourth is in 
the Upper Cretaceous Lance (Laramie) Formation and the Fox Hills· Sandstone in 
the southeastern corner of the .quadrangle; the favorable environment is 
entirely in the subsurface. A pre-Oligocene valley crossing the favorable 
units created a particularly favorable environment for uranium deposits • 

. Substantial drilling activity also suggests more widespread uranium 
favorability. The fifth favorable environment is in Precambrian rocks in the 
Laramie Mountains and Hartville uplift; fractured rocks in the favorable parts 
of these areas were once (and in places still are) overlain by tuffaceous 
rocks of the White River Formation. The areas that,were once beneath the 
Oligocene White River contain nearly all the occurrences and have associated 
helium and aerial-radioactivity anomalies. 

INTRODUCTION 

PURPOSE AND SCOPE OF STUDY 

The Torrington 1°x2° Quadrangle in southeastern Wyoming and a small area 
of westernmost Nebraska was evaluated to determine areas favorable for the 
occurrence of uranium deposits. Geologic environments (areally ·or 
stratigraphically restricted parts of a geologic unit) were placed in 
categories of favorable, unfavorable, or unevaluated. 
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Mickle and Mathews (1978) define a.favorable environment as one that 
could contain a deposit of at least 100 short tons (all other units in this 
report will be metric) of u3o8 with an average grade not less than 100 parts 
per million (ppm) u3o8• Unevaluated geologic environments are those for which 
there are insufficient data for evaluation. 

Evaluation of the Torrington Quadrangle was conducted by the u.s. 
Geological Survey (USGS) for the National Uranium Resource Evaluation (NURE) 
program, managed by the Grand Junction Office of the u.s. Department of Energy 
(DOE). The evaluation program began September, 1978 and ended March 29, 
1980. Time spent in literature search, field work, evaluation of data, and in 
preparation of the final report totaled approximately 3 man-years by the 
author and other USGS personnel. 

PROCEDURES 

Field work consisted of examination and sampling of known uranium 
occurrences, sampling of geologic un1.es not knuwu Lu l1av·e occ.urrcncco, and 
sampling of units known to contain uranium occurrences but in areas remote 
from known occurrences. It was originally planned that the USGS would do 
detailed geochemical sampling and geologic field work in anomalous areas 
identified by hydrogeochemical and stream-sediment reconnaissance (HSSR) after 
the quadrangle-wide HSSR data and the results of the aerial radiometric 
survey. Unfortunately, this was not possible as the data were not available 
in time. 

A helium soil-gas survey of about half of the quadrangle wa~ made by G. 
M. Reimer of the USGS. 

J. D. Love, A. c. Christiansen and c. K. S~ver of the USGS compiled 
published larger scale maps and did ret:unnaissanc.e geologic mapping and f5.1i'l it 
checking of previously published maps in order to prepare the geologic map of 
the Torrington Quadrangle (Love and others, 1980). Pat Rohman and Dennis Laux 
of the USGS described and sampled many uranium occurrences. Mary Durrett 
coordinated the drafting. Betty.Pedersen and Charlene Barnhorst typed the 
manuscript. 

Surface Studies 

There are 132 previously reported radioactive occurrences in the 
quadrangle; 123 of these were visited. Where necessary, the previous 
occurrence descriptions were modified, country rock and mineralized samples 
collected, and scintillometer readings made--both maximum and background away 
from the occurrence. These occurrences include some where no uranium 
concentrations were found. All occurrences are located on Plate 2. All rock­
sample localities are shown on Plate s. 
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Hugh Millard of the USGS analyzed 274 rock samples for uranium and 
thorium using.neutron-activation techniques (App. C). The same samples were 
analyzed for 43 other elements by emission spectrography (App. B). HSSR 
sampling was performed by Bendix Field Engineering Corp. (BFEC). The USGS 
stream-sediment sampling group, which was set up to do detailed studies of 
anomalies did not sample in the Torrington Quadrangle because of the lack of 
the reconnaissance HSSR data. 

A reconnaissance aerial gamma-ray and magnetic survey of the Torrington 
Quadrangle was done by geoMetries, Incorporated, for the DOE. The report 
(geoMetries,. 1979) on this survey was not received until December 1979, too 
late for ground geologic or radiometric surveys to check anomalies. 

Subsurface Studies 

N. M. Denson and D. L. Macke studied and interpreted 270 well logs (App. 
D) and prepared a pre-Tertiary topographic and geologic map of the Torrington 
Quadrangle east of the Laramie Mountains (Pls. lOa and lOb). They also 
examined many gamma-ray logs for evidence of a·nomalous radioactivity in rocks 
below the p~e-Tertiary unconformity. 

GEOLOGIC SETTING 

The Torrin2ton Quadrangle of southeastern Wyoming (Fig. 1) has an area of 
about 19,000 km and lies· at the boundary between the Great Plains and the 
Southern Rocky Mountains physiographic provinces. The westernmost part of the 
quadrangle is in the Shirley Basin, part of the .~-lyoming Basins. physiographic 
province. Altitudes range from 3,100 mat Laramie Peak in the Laramie 
Mountains in the southwestern part of the quadrangle to 1,250 m near the town 
of Torrington in the southeast corner of the quadrangle along the North Platte 
River. 

The stratigraphy of the Torrington Quadrangle is summarized on Figure 
2. The structural elements of the quadrangle and the surrounding area are 
shown diagrammatically in Figure 3. the major positive areas are the Laramie 
.and Hartville uplifts. The Hartville uplift separates the Powder River Basin 
from the Penver (Julesburg) Basin. The Laramie Mountains, in the western 
third of the area, are the northern extension .of Colorado's Front Range, and 
are the northernmost part of the Southern Rocky Mountains province. 

The geologic and plate-tectonic history of the Precambrian rocks of 
southeastern Wyoming were discussed by Hills and Houston (1979), and it is 
from their paper that the following discussion is extracted. The Precambrian 
of the Hartville uplift and the Laramie Mountains has been divided into (1) 
the Archean northern metamorphic complex; (2) the Archean Laramie batholith (a 
granitic rock); (3) the central metamorphic complex of feldspathic gneiss and 
migmatite; (4) the southern metamorphic complex which is intruded by post­
orogenic and anorogenic igneous rocks (the middle-Proterozoic Laramie 

3 



r----,-----+----~----4-----+---~~---+------,4~ ''(. 
\. 47• 

r-~~~,--r-----4-----~------+------+----~~----~----~ 
NORTH DAKOTA 

7 MONTANA 

r----;;1r----~------+-----~----~------~====~~:=-=, 4~ 
t, \ 

\ 
' 45° r-~~~~~--~---+--~---r--1 '\..r--~ .... -~\~. SOUTH DAKOTA 

r-~------r----~-+--~~---+------~~~~-i~~---t~.----r-------l 4~ I ARMIN f 0 N E •:t H 0 T 
I ¢ ,\ ~ r 1 <' ~ f' !'\iN 0 3 
I W'(0MiN<3 

IDAHQ 

4 ''"' r-------t-------i---+i--~~----~~~CA~S~P~Sn~-_jbii~O~R~R~I~N~GdhA~LIL~IA~IC~·E1r------1 v 

i ~9.N~ I 

r---T----..t--~~---1------~R"""A,..,.',,-:., L..,.I~N':""S~C~~~. ~~y~~~~~~~Et-s-C-0 r~~BR ASKA- 420 
I sLurF 
i 
I - 41· r----+, ---~----f--L-----+---,.--+-----+-----lr-----t--1 

i 
I 

- '40• r---~~, ----~----~~-~~----~----~----~----l 
NEVADAi 1.· 

· COLORADO i .UTAH I 39o 
r---,_---+~~~~~---+----~--~--~ 

i KANSAS i 
i - 38• r---~~r-----~----~~,--~----~----~----1---~ 
i 

r------1;-------+------~--~~~------~-----+---r~~~~:--~ 37• 
I I j OI<L.AHOMA . 

.- i I r--- ------.:. 36• 
~',-.--~(F-~t--------+------~-J+,---~-----~-----~--~~~---t------~ 

' 1 · TEXAS 

r---'~-~~-r~~r-------~-------+---+l----~--N_E_w __ M4E_,_x_tc_o ____ t---t\'---i----------- 35• 

', ARIZONA I \ _ >' ! I __.... 34• 
r----:-~-------+-----+--+i--4-----4-----~~--i------

CA. / i ! 
I. i I 33• 

....__:...._.l___,.,.,_L_ _ ___j_,_L,_,,,"'"''~' __ ;.__.....L-...........-..L_J...-.1...:------' 

Figure 1. Location of Torrington Quadrangle. 

4 



Er a Sys tem 

Quaternary 

Terti a ry 

Cre tac eou s 

Se ries 

Ho 1 ocene and 
Plei s tocene 

Miocene 

01 igocene 

Eocene 

Pa 1 eocene 

Uppe r 

Ogall ala 

congl ome r ate 

Whi t e River 
Fonnat i on 

Fort Union 
Format1 

lebo 

Member 

Member 

lance Formation 

li thologic Oesc r i pt ion 

ijould e rs, gra ve l, sand, silt and cl ay deposited by wa te r , 
wind, and ma ss movement s. 

t o coa sandstone i nteroedded and nter-
fi nge red i n upper part with congl ome ra te , cl aystone, and 
f reshwater 1 imestone ; vit r ic tuff beds near t op . Thickness 
105-185 m (345-607 ft) 

of Precambrian rock s inte r bedded 
Thickness 0-150 m (0- 490 ft ) 

Tuffaceous bentonitic cl aystone, breaking with a charac· 
t er i s tic conc hoida l frac tu r e . Len ses of sandstone and 
arkosic conglomera te . Thi ckness 0-460 m (0- 1.5!0 ft ) 

Arkosic sandsto ne . l en ticular cong l omerates , siltstone , 
ca r bonaceous sha le . and ma ny coal beds. Some variegated 
mudstones . Thickn ess 0- 610 m (0- l,OOO ft) 

Fine- to coarse- grained sa ndstone i nte r bedded with silt­
s t one, claystone, shale, and th in coal beds . Thi ck nes s 
o-76a · m (0- 2,490 f t ) 

Qomina nt ly massive light - gray sandstone. The overlying 
Lebo Membe r is dar ke r colo red a nd contains more sha l e 
and claystone . Thickness 0- 460 m (0- 1 ,510 ft ) 

Shal e and len t icul ar sands t one ; many thi n coal beds in 
lower half. Th ickness 610- 760 m (2,000- 2.490 ft) 

Figure 2a. Generalized stratigraphic section of the 
Torrington Quadrangla 

5 



Era 

"' 0.. 

System 

C retac~ous 

.lurttc;c;ic 

Triassic 

Penni an 
and 

Pennsylvani an 

Precambrian 

Series 

Upper 

Lower 

Upper 

Middle 

Group or 
Fo rmat ion 

Pierre Sha 1 e 

Outcrop Co 1 umnar 
Sect ion Lithologic Oescr ip t ion 

Black concretionary ma r ine sha 1 e with many bentonite 
beds. Thickness 610-945 m (2,000 - 3,100 ft ) 

Black concretionary shale and l i ght colored chalky 
limestone . Thickness 170- 180 m ( 558- 590 ft ) 

sandstone. Thic k-

At 
Thickness 

underlai n by non­
sa ndstone and sha le. Thickness 80 -1 4o m 

Re-i siltstone, sha le, and SiltY sandstone with th in YYV'U"' 
partings and seams . Thic kne ss 45 - 260 m (148 -853 ft) 

Interbedded sha les and s i 1 ts tones, thin 1 imes tones , 
limestone breccias, and gypsum beds . Thickness 60 - 105 m 
19/ - 34~ It) 

Massive limestone and dolomite, cherty i n par t~ with 
some calcareous sandstone and siltstone . Locally 
cavernous and brecciated i n upper pa r t. Basal 
quartz i t ic sa nds t one . Thickness 260- 375 m (853 - [,230 f t ) 

MdsSl ve caver"nOu S c:n ~r'tY llll1e st.une drill uulum i 1. 1:! , o. r k.us IL 
sandstone present local l y at base . Thi ckness 0- 105 m 
(V•!4~ ft ) 

IJpjJer pdr l is t.: he rty coarsel y c rysta l l i ne lime: $ton c; 
lower part is t hi n- bedd ed dolomite with basal arkose . 
Thi ckness 45-75 m 148-246 f t 

Granites, monz onites, dio rites, amph ibol ites, 
gnci ~$C $, ~chist &, mital i rneston~ s ~n ri ~t ;..sn.;d ~ 5 

Figure 2b. Generalized stratigraphic section of the 
Torrington Quadrangle (continued). 

6 



108° 

44° ;---------------~--~----------~------------~~~----------~--~~~~--~~---------------1 

Washakid 
Basin · 

Basin 

--" 

.... 

Figu.c~ 3. 

Po...,der 

River ·. 
Basin 

Black 
Hills • 

' I 
' ' 
I 

~ ....:__,..<L---'f-----F1\ _J\ \ 

COLORADO 

Denver Basin 

SOUTH DAKOTA 

- ----~.----

I 

\ 
' ' 
\ 

EXPLANATION 
(Modified from the te~ toni L map of t he United S t a L e~ . 

1962 , and Wyoming mines and mincrats, 1979 . ) 

Thrust Fault 

Normal o r reve rse fa ult 

Anticl ine 

Sync line 

Ou t line of Major Structural Features 

~ Precambr ian igneous o r metamorphi c rocks 

Major SLrUCLural elements ot the Torrington Quadrangle. 

7 



Anorthosite-Syenite Complex and the Sherman Granite). The boundary between 
the central and southern metamorphic complexes in the Mediclne Bow Mountains 
and Sierra Madre west of the Laramie Mountains is a shear zone, but in the 
Laramie Mountains it is an intrusive contact. The Precambrian rocks north of 
the shear zone are Archean except just north of the "shear zone" where a 
Proterozoic supracrustal complex consisting chiefly of metasedimentary rocks 
lies in synclinoria overlying the Archean basement complex. This sequence is 
as thick as 17,000 min the Medicine Bow Mountains. In the Laramie Mountains 
the .metasedimentary rocks have been so strongly metamorphosed and deformed 
that even their age relative to granite of the Laramie batholith and granitic 
gneisses of the central metamorphic complex is not clear. The metasedimentary 
rocks of the Laramie Mountains consist of marble, quartzitie, graphite-rich 
quartzite, schists, and gneisses. Hills and Houston (1979) state that some or 
all of them may belong to the Archean basement complex. Metasedimentary rocks 
of the Hartville uplift consist of dolomitic marble, quartzite, iron­
formation, and schist. Hills and Houston state that these rocks appear 
similar to parts of the metasedimentary sequence in the Medicine Bow Mountains 
and may he a eugeosynclinal facies of them, or may be Archean rather than 
Proterozoic. It is, of course, the uraniferous quartz-pebble conglomerates of 
the Medicine Bow Mountains and the Black Hills that makes these 
metasedimentary rocks and their settings important to this study. 

The major shear zone in the Medicine Bow Mountains and the Sierra Madre 
(represented by and igneous contact in the Laramie Mountains) separates 
Archean gneisses overlain by late Archean (?) and early Proterozoic shallow­
water sedimentary rocks from lower Proterozoic ensimatic eugeosynclinal rocks 
that may have originated in a volcanic island arc. The displacement along the 
shear zone occurred about 1,700 m. y . ago. 

The largest area of exposed Precambrian igneous and metamorphic rocks in 
the quadrangle is in the Laramie Mountains. Precambrian rocks are also 
exposed in the northea~L Lu~wllng Hartv ille uplift . The Hartvt 11 P 11p1 i f-c 
ex tends northwest from the Laramie Mountain~ Lu Lln.: DL1e:k llill3 (Fig. '3) nnd 
consists of a pair of asymmetrical anticlines and an intervening syncline. 

The Precambrian rocks were reduced to a surface of subdued relief by the 
late Cambrian when the advancing seas of the late Precambrian-Cambrian North 
American transgression had reached this far inland. Possible late Cambrian 
rocks are found only in the northern part of the quadrangle and the inference 
can be made that most of the area was an island in the late Cambrian sea. 
Ne~rbv in the Black Hills the late Cambrian Deadwood Formation was deposited. 

Lower Paleozoic rock~ uf the Ordovician and Silur.Lau are al.<;n Ahsent in 
the quadrangle. These rocks were . either not deposited or were removed after 
deposition. 

The Guernsey Formation is the only Devonian unit present in the 
quadrangle. Its thin basal arkose was assigned to the Deadwood Formatlun in 
early reports on the area but the arkose contains Devonian marine fossils. 
The remainder of the Guernsey consists of carbonates of both Devonian and 
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Mississippian age. 

The Mississippian in southeastern Wyoming was generally a period .of 
quiescence and marine carbonate deposition. · The Madison Limestone, present in 
the western part of the quadrangle is the temporal equivalent of the upper 
part of the Guernsey. The upper surfaces of the Madison and Guernsey show 
strong subaerial karstic erosion. 

Pennsylvanian rocks of the region exhibit rapid changes in depositional 
environments and thickness in short distances, the result of tectonic 
instability influencing sedimentation. Clastic rocks of the Pennsylvanian and 
Lower Permian Hartville and Casper Formations overlie Mississippian rocks in 
the area. The largely clastic aspect of these units resulted from the 
presence of the Frontrange and Pathfinder uplifts to the west. 

The shale, limestone, siltstone, and gypsum of the Permian and Triassic 
Goose Egg Formation records continued tectonic instability of the region. 

The Triassic Chugwater Formation is composed of shale and silty 
sandstone. These fine-grained red beds were deposited on a westward-sloping 
mudflat with scattered shallow pools of water. 

Deposition of the Chugwater was followed by .a long period of eros~on. 
The marine Upper Jurassic Sundance Formation contains gray and green 
sandstones and shales. The· overlying Jurassic Morrison Formation was 
deposited over a vast area of the western United States. It is a fluvial unit 
and contains most of the well known dinosaur beds of the Rocky Mountain region 
and many uranium deposits in the Colorado Plateau. The Morrison is thought to 
have been partly deposited by intermittent streams and partly by wind-borne 
dust and volcanic airfall. Lakes and swamps were also present, accounting for 
limestones and coaly beds in the Morrison. The rocks of the Morrison in this 
area are generally finer grained and contain a smaller proportion of fluvial 
sandstones than on the Colorado Plateau. 

The base of the fluvial Lower Cretaceous Cloverly Formation is 
conglomeratic and sharply defines the Morrison-Cloverly contact. The 
conglomerate or conglomeratic sandstone, a medial· shale, and an upper 
sandstone characterize both the Cloverly and its equivalent in the Black .Hills 
region, the Inyan.Kara Group. This interval contains uranium on the flanks of 
the Black Hills. 

Marine shale deposition characteristic of much of the Cretaceous began 
with deposition of the Thermopolis Shale. The Muddy Sandstone separates the 
Thermopolis from the overlying siliceous MOwry Shale. The MOwry contains 
abundant marine fish scales. The overlying Frontier Formation, Niobrara 
Shale, anrl Pierre Shale are all dark-gray to black marine shales with 
subordinate thin sandstone and limestone beds. 
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The Upper Cretaceous Fox Hills Sandstone consists of white sandstone and 
gray sandy shale of marine origin. The uppermost Cretaceous unit in the 
Torrington Quadrangle is the predominantly fluvial Lance Formation. The Lance 
consists of lenticular sandstone and shale with many thin coal beds in the 
lower half. 

The Paleocene Fort Union Formation consists of an upper Lebo Member and a 
lower Tullock Member. Although the Laramide Orogeny (named for the Laramie 
Mountains), which affected the entire Rocky Mountain chain, began as early as 
Late Cretaceous in many areas, there is no sedimentologic evidence for the 
orogeny in the Tullock Member in the Powder River Basin. Sandstone percentage 
does not increase toward any of the margins of the Powder River Basin (Curry, 
1971) which indicates that none of the surrounding ranges, including the 
Laramie Mountains, had begun to rise. The Tullock contains abundant fine­
grained sandstone, and subordinate amounts of thin coal and lignite beds 
deposited in a continental fluvial and paludal environments. 

The upper Lebo Member of the Fort Union contains very thick coal beds in 
other parts of the Powder River Basin. The Lebo is characterized by mudstones 
and the sandstone percentage decreases upwards according to the basin-wide 
view of Curry (1971). However, thick arkosic point-bar sandstones. are 
dominant in the upper Lebo in the southern Powder River Basin (Dahl & 
Hagmaier, 1976). 

The early Eocene Wasatch and Wind River Formations are also fluvial, with 
coarse arkosic and conglomeratic sandstones, siltstones and claystones, and 
thin coals. The coarse clastics record continuing uplift in the Laramie and 
Granite Mountains. The Hartville uplift was a moderately positive feature but 
it contributed only a small quantity of sedimentary material to the Powder 
River Basin. No Paleocene or Eocene rocks are known in the Torrington 
Quadrangle. east of the Laramie Range and, if deposited, were later removed. 

Laramide uplift of the Laramie Mountains ceased before deposition of the 
tuffaceous fine-grained' claystone of the White River Formation. Conglomeratic 
material along paleochannels at the pre-Oligocene unconformity suggests a 
moderate amount of relief at the beginning of White River time, altho.ugh all 
but the highest portions of the mountains were finally buried by the White 

-River Formation. A period of erosion stripped the White River from the crest 
. o~ .. the Har1:ville uplift and removed some of the White River in the valleys of 
the Laramie Mountains. An unnamed conglomerate bed between the White River 
and the Arikaree may represent the deposits of the erosional period. 
Following this erosional period the fine sandstone and siltstone of the 
fluvial Arikaree Formation (Lower Miocene) was deposited. 

Fluvial deposition on the plains east of the Laramie Range continued into 
the Upper Miocene with the deposition of more fine to coarse clastic material 
and fresh-water limestone beds. 
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The quadrangle has generally experienced regional uplift since the 
Miocene accompanied ·by removal of large volumes of the easily erodible 
Tertiary sedimentary rocks. Variab~e climate and uplift during Quaternary 
time has changed stream levels, producing multiple terraces and alluvial 
deposits. Quaternary eolian sands, loess, and playa deposits veneer large 
areas. 

ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS 

DEFINITION OF FAVORABLE, UNFAVORABLE, AND UNEVALUATED 

Under the guidelines supplied by the DOE, all ground within the 
quadrangle must be assigned to one of three categories: (1) Favorable, (2) 
Unfavorable, or (3) Unevaluated. Use of the category unevaluated is 
restricted to areas that were inaccessible. This category includes National 
Parks, National Monuments, and National Recreation Areas. The Fort Laramie 
National Monument is unevaluated, but it is only a few km2 in area. The 
remainder of the quadrangle was evaluated. 

The term favorable is applied only to formations or geologic environments 
(1) that can be demonstrated to have geologic characteristics similar to 
ground elsewhere in the quadrangle or elsewhere in the world where significant 
uranium resources occur, and (2) that can be demonstrated to have significant 
uranium mineralization, as indicated either by uranium occurrences, or by 
radiometric or geochemical anomalies. By analogy with the similar favorable 
ground elsewhere, it must be inferrable that the favorable ground in the 
quadrangle has the potential to contain at least 100 tons of u3o8 at a grade 
of at least 0.01 percent. Potential to contain is a key phrase in the ab_ove 
definition, and designation of an area as favorable does not imply that the 
author predicts the presence of the minimum endowment (100 tons at greater 
than 0.01 percent u3o8) in the designated area. 

The term unfavorable is applied to ground where favorability, as defined 
above, has not been demonstrated. Designation of an area, map unit or 
environment as unfavorable does not imply that the author of this report 
predicts the absence of the minimum endowment of u3o8 in that area. Rather, 
use of the term implies only that the author has no strong, positive evidence 
of favorablilty. 

Because time and resources available for this study were limited and the 
area covered is vast and geologically complex, and particularly because our 
understanding of the geologic factors controlling the formation and 
preservation of most types of nranium deposits is inadequate, much ground was 
of necessity classified as favorable or unfavorable based on too little 
information. 
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SUMMARY 

Five areas in the Torrington Quadrangle have environments that appear to 
be favorable for uranium deposits. None of the areas contain mines that are 
currently producing uranium, but three areas have been extensively drilled, 
and one contains a mine that has produced 8 tons of u3o8 and has several 
abandoned mines that reported production of smaller amounts of uranium. Areas 
classed as favorable either have strong evidence that uranium ore-forming 
processes have been active, or they are geologically similar to nearby areas 
that have such characteristics. 

AREA A, WASATCH FORMATION AND UPPER PART OF LEBO MEMBER OF FORT UNION 
E'URMA'l'lON 

Stratigraphy and Structure 

The Wasatch Formation of Eocene age is unconformably overlain by the 
White River Formation of Oligocene age and rests on the Fort Union Formation 
of Paleocene age. There is a slight angular unconformity at the base of the 
Hasatch along the west ·flank of the Powder River Basin but, elsewhere, the 
formations are concordant and separated by an indistinct surface of erosion 
(Sharp and Gibbons, 1964)~ Throughout most of its extent the Wasatch is 
virtually horizontai, with dips of less than one degree to the northwest. 
Along the west side of the quadrangle strata dip from 2 to 7 degrees east and, 
northwest of the basin, as much as 25 degrees east (Childers, 1970). 

The formation attai~s its maximum th~ckne~s in the vicinity of Pumpkin 
Buttes, in t~e Newcastle Quadrangle, and, although it must once have blanketed 
the area, this is the only place where the White River Formation rests on the 
Wasatch. Elsewhere, the upper part of the formation has been removed by 
erosion and, due _to erosion, is absent along the east, west, and south flanks 
of the basin. A thickness of 480 m was measured by Sharp and others (1964) 
but Denson (1975) reported a maximum thickness of 570 m. In the Torrington 
Quadrangle it ranges in thickness from 200 m to zero at the erosional edge and 
averages about 85 m. 

Lithology 

The Wasatch Formation consists of mudstone and siltstone containing thick 
lenses of fine- to coarse-grained fluvial crossbedded, arkosic sandstone. 
Thin beds of coal and carbonaceous shale are common in some areas. A 
dominantly fine-grained facies flanks the basin on three sides and a dominant 
coarse-grained facies is present in the central and southern parts. The fine­
grained facies consists of thinly interbedded siltstone, fine- to medium­
grained sandstone, and coal or carbonaceous shale. Southward and toward the 
center of the basin, siltstone and carbonaceous shale decrease in amount; 
thick le.nticular sandstone beds become more prominent and sandstone makes up 
as much as half the formation. Within the coarse-grained facies the grain 
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size of the sandstone increases generally southward (Seeland, 1976) and, at 
the southern extremity of the outcrop, pebble conglomerate appears in lenses 
and stringers in the coarse-grained sandstone. In addition to this increase 
in grain size the sandstone units themselves generally thicken from nort9 to 
south. Sandstone lenses as much as 45 m thick were mapped by Sharp and 
Gibbons (1964) at the southwest edge of the Wasatch outcrop in the Powder 
River Basin and 90 m of·uninterrupted sandstone has been penetrated in drill 
holes. 

The upper Lebo Member of the Fort Union Formation ranges up to 760 m and 
is composed of interbedded siltstone, claystone, carbonaceous shale, and coal 
beds with varying amounts·of fine- to very coarse-grained conglomeratic 
sandstone. The coarse-grained and conglomeratic sandstone lenses occur in the 
southern and western parts of the.basin. Outcrops on the east flank of the 
basin contain no coarse-grained sandstone so apparently a coarse- to fine­
grained facies change occurs in the subsurface from west to east and from 
south to north much the same as in the overlying Wasatch Formation. All known 

. uranium deposits in the Fort Union in the Torrington Quadrangle are in the 
upper coarse sandstones of the Lebo member. This part of the Lebo member is 
about 300 m thick and is lithologically indistinguishable from the Wasatch 
Formation. 

Because uranium deposits in the Wasatch Formation and upper part of the 
Lebo Member of the Fort Union Formation are intimately associated with abrupt 
color changes, a careful description of the ranges in colors and their 
distribution is warranted. Most sandstone is medium to light gray in the 
subsurface, but weathers to dull shades of gray, yellow, or brown. In a well­
defined zone along the axis of the basin, however, some of the sandstone at 
the surface is predominantly pale pink to grayish red and orange. Some lenses 
are only partly red and some are entirely drab. The red tint, where present, 
commonly affects a large continuous mass of sandstone. The contact of the red 
color within partly red sandstone lenses is generally very sharp but irregular 

. J 
in plan and section; contacts· are generally convex into the drab sandstone. 
The outcropping red sandstone is restricted to an area about 110 km long and 8 
to 30 km wide (Sharp and Gibbons, 1964). The long axis of the red sandstone 
zone closely parallels the axis of the basin and extends from the southern 
edge of the Wasatch sandstone about 10 km north of the North Platte River in 
the Torrington Quadrangle to several kilometers north of North Butte in the 
Newcastle Quadrangle. 

Sedimentary Structures 

The coarse- and fine-grained rocks of the Wasatch Formation and upper 
Lebo form thi11 to thick tabular and lenticular beds which complexly 
interfinger with one another on both a large and small scale. Most narrow 
sandstone bodies fill discrete fluvial channels cut in the underlying rocks 
and are roughly planoconvex in cross section. The longest sandstone bodies, 
which have been traced longitudinally more than 19 km, commonly have flat­
lying lower contacts over much of their extent. Toward their edges the~e 
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sandstone bodies become fine grained and silty. Normal to their sedimentary 
trend they may pinch out in several different ways, the.most common of which 
is by the thinning of tongues away from the main part of the bodies. 
Sandstone lenses may decrease in thickness laterally from at least 12 m to 
zero in a distance of 90 m. In some localities channels are cut down through 
the intervening fine-grained strata and into a lower sandstone body; thus, the 
sandstone filling the upper channel is in direct contact with the lower one. 
The contact is marked in places by a reworked shaly sandstone zone as much as 
1 m thick and it is impossible to delineate the contact between the two 
sandstone bodies where this shaly zone is absent. 

The most conspicuous sedimentary structure in sandstone is cross 
lamination. A typical cross-laminated bed is about 50 to 60 em thick and is 
overlain by as much as a.dozen similar beds in a vertical distance of 6 m. 
Festoon crossbedding in northward-plunging troughs 0.5 to 2 m wide is not 
urtcommort. 

Another conspicuous feature of sandstone lenses is epigenetic concretions 
in which 'sand grains are tightly cemented by calcium carbonate. These are 
most common in thick sandstone lenses. Their shape and size range from 
spherical masses ·generally 15 to 25 em in diameter to cylindrical masses 2 m 
in diameter and as much as 15 m long. In many places they are oriented 
parallel to crossbedding dip directions. 

Depositional Environments 

The rocks of the Wasatch Formation and upper Lebo Member of the Fort 
Union Formation are of fluvial, floodplain, and paludal origin, and were 
deposited in a slowly subsiding basin dominated by a warm humid climate. The 
facies distribution along with grain size and current direction studies by 
Seeland (1976) indicate that northward-flowing paleostreams deposited sand 
derived from a granitic source area to the south of the quadrangle. Following 
the deposition of most of the Fort Union Formation, the thick coarse-grained 
lensing sands in the southern part of the basin record renewed uplift in the 
source area and an increase in size and transporting power of the streams 
entering the basin. These streams probably were aggrading their courses 
fairly rapidly, perhaps rising on broad natural levees of sandy material. At 
times .of. f,lood the levees were breached and the lower areas on either side of 
the stream courses received a layer of overbank silt, clay, and some sand. 
Deposits of organic matter accumulated in heavily vegetated swamps that 
developed between stream courses. 

Uranium Deposits 

No producing or inactive mines are located within favorable Area A in the 
southern Powder River Basin in the Torrington Quadrangle but the Highland mine 
is only 7 km north in the Newcastle Quadrangle, and closely spaced drill holes 
at several locations in the Wasatch-Lebo(part) favorable area indicate the 
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presence of important ore bodies in the subsurface. The following 
descriptions of ore. bodies are for developed ore deposits immediately north of 
the Torrington Quadrangle in the Newcastle Quadrangle. 

The uranium deposits in the Wasatch Formation and the upper part of the 
Lebo Member of the Fort Union Formation are classed as "Wyoming" roll-type 
deposits (Subclass 241, Austin and D'Andrea, in Mickle and Mathews, 1978) 
based on the following recognition criteria: (1) the tectonic setting is an 
intermontane basin in a mobile belt; (2) the major regional structures are 
Powder River Basin and adjacent Laramide uplifts; (3) the host rock for the 
deposits is arkosic coarse~ to medium-grained sandstone with interstitial 
carbonaceous material and pyrite, deposited in fluvial stream channels, and 
forming s·tacked sequences of channel systems overlain and underlain by less­
permeable siltstone and claystone; (4) the associated rocks are siltstone and 
claystone, granitic rocks of the Laramie and Granite Mountains, and the once 
present superjacent tuffaceous White River Formation are important possible 
sources of uranium;· (5) pyrite of the host sandstone is oxidized and feldspars 
are altered; (6) primary uranium minerals include coffinite and uraninite, and 
vanadium-bearing uranium minerals are uncommon. 

Uranium concentrations are associated with roll fronts, typically occur 
in the unoxidized gray sandstone, and attain their highest grade nearest to 
the oxidized side. From the roll front the grade gradually diminishes to 
background values with distance from the color boundary. Called "tails," thin 
zones of uraniferous sandstone, parallel to and in contact with the upper and 
lower bounds of the oxidized zone host unit, extend away from the main mass of 
ore .at the front to well back into the altered side. 

Although ore deposits occur at roll fronts in many places, the entire 
length of a particular roll front does not contain mineable concentrations of 
uranium. Dimensions of roll-front deposits vary greatly from one deposit to 
another and from place to place in the same deposit. At the Highland mine a 
segment of roll front 3.2 km long is continuously uranium bearing. More 
typical, however is the size and distribution of ore deposits along the 
extension of this roll front to the west as shown by Dahl and Hagmaier (1976, 
P• 248), where many small disconnected uranium concentrations, the longest of 
which is about 750 m, are present. The horizontal dimensions of the deposits 

··.:'perpendicular to the roll front range from less than 2 to 50 m; vertical 
· ·· dimens.ions·=·t"ange from less than 1 to 16 m. 

The distribution of uranium in weathered near-surface deposits is very 
erratic and in some ways conspicuously unlike that in the deeper unweathered 
roll-front deposits. The deposits are closely associated with and commonly 
contained in iron-oxide-colored sandstone. The near-surface deposits are, 
very likely, remnants of roll-.front deposits which have been partially 
destroyed and greatly modified by oxidation in the vadose zone after erosion 
stripped away the overlying strata and lowered the water table. 
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Uranium minerals in deposits below the water table are primarily 
coffinite, and subordinately uraninite. Above the water table carnotite and 
tyuyamunite are the most common minerals, but small amounts of liebigite, 
zellerite, uranophane, autunite, and uraninite are also present (Sharp and 
Gibbons, 1964). In the near-surface deposits the gangue minerals are_calcite, 
gypsum, pyrite, hydrated iron oxides, and barite. Less common gangue minerals 
are manganite and pyrolusite. Below the water table, calcite, pyrite, and 
marcasite are the primary gangue minerals, the calcite occurring as cement in 
sandstone. Though small isolated concentrations of iron sulfides exceeding 5 
percent are common, the overall concentration in ore is less than one percent. 

Definition of favorable Area A 

There are neither aerial-radioactivity anomalies in favorable Area A nor 
are there any helium anomalies (Pl. 7b). 

Study of Landsat images in the southern Powder River Basin by Raines, 
Offield, and Santos (1979) revealed a major lineament down Lhe avvruAirnate: 
center of the basin. This lineament marks a recent tectonic feature, possibly 
the present axis of the basin. Most known uranium deposits in the Powder 
River Basin are just east of this axis. The areas of deposits were found to 
be in a Wasatch facies which has an intermediate sandstone-to-mudstone ratio 
and marked by a pattern of vegetation communities as seen on enhanced Landsat 
images. 

The intermediate sandstone-to-mudstone- ratio facies as interpreted from 
the Landsat data and confirmed by subsurface information extends farther east 
(almost to the township 6Y w.-70 w. line) than either the "r:eu ::;<;mLbLoue" li11t: 
of Sharp and Gibbons or the eastern side of the favorable area as defined by 
Curry (1976) on the basis of easterly pinchouts of the extensive sand bodies 
of central part of the Wasatch (and Fort Union) outcrop. Another way to 
define the eastern limit of favorable ground is based on the Wasatch stream 
pattern (Seeland, 1976). Sediments having a Black Hills source were adjudged 
unfavorable because almost all known.uranium deposits were in areas with a 
southern source. This area lies north of the Torrington Quadrangle. A 
similar area of fine-grained sediment in the Torrington Quadrangle might be 
'atttibute·d to the predominance of post-Precambrian detritus with a Hartville 
upliftsource (Fig. 8 of Seeland, 1976). The inference is that not only were 
the streams draining the relatively low Hartville uplift of low gradient and 
velocity but much of their load was derived from fine~grained Paleozoic and 
Mesozoic rocks. 

Area A (Pl. 1) contains the coarse-grained sandstone facies in the· 
Wasatch and Fort Union. The favorable rocks extend from. the surface down into 
the upper part of the Lebo Member of the Fort Union Formation. The outline of 
the area is approximately that used by Curry (1976) in his evaluation of the 
uranium resources in the Powder River Basin. His line generally encloses an 
area of coarse-grained sandstone with closely drilled patterns inferred to be 
ore bodies. The north edge adjoins a favorable area in the Newcastle 
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Quadrangle. 

The size of Area A is 180 km2• The thickness of favorable Lebo is about 
300 m. The thickness of the Wasatch varies substantially because the base is 
a surface of erosion. Along the north boundary it may be as thick as 200 m in 
the western part of the area and only about 20 m in the eastern part. It also 
thins to zero toward the erosional edges. A very approximate average 
thickness of 80 m is estimated for Area A. The 80 m of Wasatch added to the 
300 m oj favorable Lebo results in a volume favorable for uranium deposits of 
68.4 km • 

Land status is detailed on Plate 12. 

AREA B, WIND RIVER FORMATION 

Stratigraphy 

The Early Eocene ~-lind River Formation found in the Wind River and Shirley 
Basins is the stratigraphic equivalent of the Wasatch Formation in the Powder 
River Basin. Little is known about the lithology of the Wind River in the 
Torrington Quadrangle but, 15 km west, in the mines of the Shirley Basin in 
the Casper 1°x2° Quadrangle, it consists of about one-third sandstone and two­
thirds siltstone and claystone (Harshman, 1972). The Wind River does not 
appear to coarsen as it laps eastward onto older rocks nearer the Laramie 
Range. "The Wind River is as thick as 200 m near the mines on the Casper 
Quadrangle but is estimated to be less than 50 m thick in the Torrington 
Quadrangle. 

Definition of favorable Area B 

There are several factors that suggest favorability of the Wind River 
Formation in the Torrington Quadrangle for deposits of "lvyoming" roll-type · 
subclass 241. The ore deposits of the Shirley Basin are of subclass 241 and 
are as little as 15 km to the west. The lithology and depositional 
environments are similar to tho3e in the Wind River in the mine area to the 
west. An aerial radiometric- anomaly corresponds with part of the outcrop area 
of the Wind River. Two helium anomalies (Pl. 7b) that may be related to 
uraniferous ground water also exist near the Wind River outcrops. Both 
granitic and tuffaceous White River Formation rocks are nearby to provide a 
source of uraniferous ground water. 

If uranium deposits are found in the Wind River Formation in' Area B in 
the Shirley Basin they will most probably be like the deposits now being mined 
15 km west in the Wind River which are "Wyoming" roll-type deposits, (subclass 
241, Austin and D'Andrea, in Mickle and Mathews, 1978). The only difference 
in the recognition criteria used to identify the uranium deposits in Area A 
(Pl. 1) and Area B (Pl. 1) is that area B ores will have, if the Shirley Basin 
mines are representative, uraninite as the principal ore mineral. 
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The outline of Favorable Area A (Pl. 1) is the mapped formational extent 
of the Wind River except where it extends under younger geologic units. In 
these subcropping areas its extent is estimated. Area A consists of three 
separate areas. 

The size of the favorable Area B is 115 km2 • If a Wind River thickness 
of 25 m, one-half the maximum thickness, is used, then the volume of favorable 
Wind River Formation is 2.9 km3• The volume of favorable sandstone would be 
one-third of this or 1 km3. 

Land status is detailed on Plate 12. 

AREA C, CLOVERLY FORMATION 

Stratigraphy 

Cloverly Formation in southeast: Wyoming 1:::; t::I.J.ulvalent to the Inyan Y.ara 
Group in the Black Hills; they are lithologically similar and 
stratigraphically equivalent. The Cloverly in the Torrington Quadrangle has 
an upper thin-bedded, gray, shaly, ferruginous sandstone, a medial shale­
siltstone-claystone unit, and a basal medium-grained gray sanu::;LuLie with some 
chert conglomerate lenses. The Cloverly was deposited in a nearshore marine 
environment. The Fall River Formation, which is uranium bearing near the 
Black Hills, is the equivalent of the upper sandstone of the Cloverly 
Formation and was deposited in mixed fluvial, deltaic, and marine environments 
(Harris, 1976). From east to west the Fall River becomes progressively more 
marine. The lower sandstone unit of the Cloverly Formation is the equivalent 
of the basal Lakota Formation of the Inyan Kara Group. This sandstone was 
deposited in a warm humid climate in fluvial and lacustrine environments. 

Uranium deposits and class of uranium occurrences 

The Cloverly Formation is not known to be uranium bearing in the 
Torrington Quadrangle, but it contains uranium on the crest of Old Woman 
anticline in the Newcastle Quadrangle a few km north of the Torrington 
Quadrangle boundary. Nearer the .!:Hack Hills, the well knuWL'L I11yan Kara uranium 
deposits have some characteristics of both channel controlled (Subclass 243) 
and non-channel-controlled (Subclass 244) peneconcordant sandstone deposits. 
The most favorable host rocks are the lower fluvial part of the_lower 
sandstone of the Inyan Kara Group, the Lakota Formation, and the lower part of 
the upper sandstone, the Fall River Fot:roation, although small occun:ences ar~. 
found throughout the Inyan Kara Group. 

Vickers (1957) gave the first published description of a roll-type 
deposit in North America in the Fall River although they were not yet so-named 
and recognized; their existence in Area C is probable. The mixed-marine and 
non-marine character of the Fall River Formation and the progressive change to 
a more marine environment westward from the outcrop suggest that these rolls 
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may be "Texas" roll-type deposits of Subclass 242. 

Uranium minerals in oxidized deposits to the north of the Torrington 
Quadrangle are chiefly carnotite, tyuyamunite, and metatyuyamunite. The 
yellow minerals occur with variable amounts of calcite, iron oxide, 
carbonaceous material, and clay minerals interstitial to the quartz grains 
that make up the bulk of the host sandstone. Ore minerals in partly oxidized 
deposits are corvusite, rauvite, carnotite, and tyuyamunite, all of which 
occur interstitially to quartz grains. These deposits contain small amounts 
of calcite and pyrite. Ore minerals in unoxidized deposits are uraninite, 
coffinite, paramontroseite, and haggite (Gott and Schnabel, 1957). These 
minerals occur interstitially in sandstone and are intimately associated with 
calcite, pyrite, marcasite, and jordisite. Uranium, vanadium, and iron 
minerals occur principally as banded nodules, pods, lenses, or fracture 
fillings in the· sandstone. Characteristically, either a core of pyrite or a 
core of hematite is surrounded by a mixture of vanadium and uranium 
minerals. Gangue minerals are iron oxides, iron sulfides, and calcite as 
cement in the host sandstone units. 

Many deposits of uranium minerals are selectively concentrated around 
carbonized wood fragments and macerated plant remains. In many other 
deposits, in which this relation does not exist, the uranium minerals seem to 
have been precipitated by an ephemeral agent, probably hydrogen sulfide. 
Analyses of water in wells in the Inyan Kara near the Black Hills indicate the 
pre~ence of as much as 150 ppm hydrogen sulfide (Gott and others, 1974). The 
presence of hydrogen sulfide was attributed to bacterial reduction of sulphate 
where sufficient carbonaceous material is available to support the bacteria. 

Definition of the favorable Area C 

Favorable Area C in the Cloverly Formation (Pl. 1) in the northeast 
corner of the Torrington Quadrangle is entirely in the subsurface and is 
defined by the presence or absence of anomalous gamma-ray logs. Wells with 
gamma ray logs are widely spaced and therefore the favorable area is not well 
defined. The favorable area extends into the Newcastle Quadrangle to the 
north and the Hot Springs Quadrangle to the northeast. The favorable part of 
the unit is assumed to extend to a depth of 750 m, matching the maxiumum depth 
of favorability used in the New castle and Hot Springs Quadrangles where there 
is better control. Areas where pre-Tertiary valleys containing permeable 
Tertiary conglomerates that cross the Inyan Kara subcrop are thought to be 
particularly favorable. 

The southern limit of favorable Cloverly Formation rocks east of the 
Hartville uplift is approximate, and separates areas with no gamma-ray 
anomalies in scattered test wells from areas where gamma-ray anomalies are 
present in scattered test wells to the north. Until additional wells are 
drilled in the area this line will remain approximate. 
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Gamma-ray data from test wells is unavailable along the southern margin 
of the Powder River Basin. However, from east to west the medial shale and 
siltstone unit and upper sandstone of the Cloverly Formation probably become 
more marine and thus unfavorable for the occurrence of uranium deposits. This 
puts a very approximate western limit on Area c. It is also defined along the 
margin of the Powder River basin by an unmapped fault that drops the formation 
to depths greater than 1,500 m. 

Distance from the Black Hills is another constraint on the boundary of 
favorable Area c. A rather complex system of ground-water movement and 
physical-chem~cal change has been suggested by Gott and others (1974). It 
relies on artesian water flowing outward from recharge areas in the Black 
Hills through carbonates underlying the Inyan Kara. The water rises under 
artesian pressure, enters the Inyan Kara· and carries uranium- beari-ng water 
down dip. In the Torrington Quadrangle the faulting and uplift of the 
Hartville uplift, the faulting at the south edge of the Powder River Basin, 
and the Laramie Mountains uplift and.its subsidiary structures all create a 
situation in which it is impossible to visualize a simple outward flow of 
water from recharge areas in the Black Hlll~. 

The size of favorable Area Cis 1,180 km2• The thickness of the Cloverly 
range~ from 45 to 95 m. Using an average thickness of 70 m gives a volume of 
83 km of favorable rock. 

Land status is detailed on Plate 12. 

~EA D, LANCE (LARAMIE) FORMATION AND FOX HILLS SANDSTONE 

General statement 

There has been substantial company interest in finding low-grade uranium 
deposits in Upper Cretaceous $a.ndstones on the east side of the Powder River 
Basin and in the northern Denver Basin that could be developed by solution 
mining. The mineralized sandstone units are the upper part of the Fox Hills 
Sandstone and the Lance Formation (Powder River Basin) and its stratigraphic 
equivalent the Laramie Formation· (Denver Bal:;ln). Economic concentrations of 

.uran,ium . .in these.units are known to exist 140 km north of the Torrington 
... CN,agrangle near Moorcroft, Weston County, Wyo. and 125 km south of the 
·<Tc;r'r'ihgt.on ·Quadrangle near Grover, Weld County, Colo. Another area in which 

companies have drilled numerous exploratory holes to this horizon is centered 
20 km south of the quadrangle in Goshen Hole. Although most drilling has been· 
south of the quadrangle's southern boundary, exploratory drilling has extended 
at least as far north as the North Platte River in the southeastern part of 
the quadrangle. 

There are no known published reports on the probable uranium deposits in 
the Upper Cretaceous Lance and Fox Hills Sandstones of this area, which do not 
crop out at the surface, but the level of interest strongly suggests that the 
area meets the minimum endowment criteria. 
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Stratigraphy and sedimentation 

Ethridge, Tyler, and Thompson (1979) have discussed the stratigraphy and 
sedimentology of the rocks containing the Weld County, Colo. uranium 
deposits. They describe the Fox Hills deltaic system which makes up most of 
the Fox Hills and the barrier-bar system of the upp~r Fox Hills. The 
depositional setting of the Laramie (Lance) Formation is intP-rpreted as a 
lower alluvial plain and upper delta-plain fluvial system with southeasterly­
flowing streams~ 

Controls on distribution of uranium 

Of more direct interest to the evaluation of the potential of the Lance 
and Fox Hills in the Torrington Quadrangle is a statement of Ethridge, Tyler, 
and Thompson (1979 P• 31) that contours on the (pre-Oligocene) su~face of the 
Laramie Formation in Weld County, Colo., show valleys that may have localized 
ground-water flow patterns in the Oligocene White River Formation. Plotting 
of roll fronts on .this paleotopographic map by Harry Dodge (oral commun., 
1980) of the USGS shows a s~riking corre·lation between the location of the 
four largest known deposits of the Weld County area and the positions of 
paleostream valleys. 

The pre-Oligocene paleotopographic map (Plate lOa) of the Torrington 
Quadrangle shows a paleostream valley trending north and northwest from near 
Torrington in the southeast corner of the quadrangle. The intersection of 
this val·ley with the subcrop of the Lance and Fox Hills is a particularly 
attractive exploration target lying near the presumed mineralization of Goshen 
Hole •. Throughout the quadrangle, at the base of the Oligocene, a 3 to 10m 
thick paleosol is found overlying bedrock on the interfluves. This paleosol 
generally consists of tan to gray clay where seen in outcrop, and effectively 
seals off the underlying rocks from contact with any uranium-bearing ground 
water derived from the uraniferous, tuffaceous, White River Formation. In the 
valleys the base of the Oligocene is marked by conglomerates rather than the 
clayey paleosol. The permeability of the conglomerate may have allowed easy 
access of uranium-bearing water to.the underlying rocks. 

No detailed studies or age determinations have yet been made on ores in 
the Fox Hills and Lance, it is possible, therefore, that the uranium is 
syngenetic, and if it is, then there should be no correlation between 
mineralization and pre-Oligocene topography. At least two epigenetic 
scenarios are possible and both indicate maximum favorability along 
paleostream axes. First, the uranium could have been carried in the water of 
streams draining granitic terranes such as the Laramie Mountains (or possibly 
both the Laramie Mountains and the Granite Mountains). The second epigenetic 
possibility is that uranium was leached from the tuffaceous White River 
Formation by ground water which would tend to flow downslope in the 
conglomerates of the paleostream valleys. In either case the conglomerates 
would provide hydrologic access to the underlying formations, which, as 
previously explained, are blanketed by the impermeable clays of a paleosol on 
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the interfluves. 

Drill holes for which gamma-ray logs are available were examined in the 
part of the southeastern corner of the quadrangle underlain by Lance (Laramie) 
and Fox Hills sandstones where scattered anomalies did occur. Additional 
gamma-ray logs were examined in the southern Powder River Basin in the 
nort.hwest part of the quadrangle but no anomalies were found in the Lance and 
Fox Hills. 

Class of uranium occurrences 

Two uranium deposit types may exist in Favorable Area D. The uranium 
deposits that may exist in the Lance Formation in Area D in the southea.stern 
corner of the quadrangle are classed as ''Wyoming" roll type deposits (Subclass 
241, Austin and D'Andrea, in Mickle and Mathews, 1978) based on the follotor1.rlg 
recognition criteria: (1) The tectonic setting is a coastal plain. (2) 
Adiacent uplands, if they exist, would be northwest of the area. (3) The host 
rock for the deposits is fine- to medium-grained carbuua~.:eou~ shales with coal 
partings present; is deposited in channels on a coastal plain; is in 
meandering rivers; is probably in stacked sequences of sinuous channel 
systems; siltstone and shale are present. (4) Siltstone is present and the 
unit is in contact with the coarse-grained sandstones and conglomerates at the 
base of the overlying tuffaceous White River Formation. (5) Alteration and 
mineralogy have not been described in adjacent areas. 

The postulated uranium deposits in the Fox Hills Formation, also in the 
southeast corner of the quadrangle are classed as "Texas" roll-type deposits 
(Subclass 242, Austin and D" Andrea, in l11ckle aud Hathews, 1978) baood on thli 
following recognition criteria: (1) the tectonic setting of the Fox Hills was 
a coastal plain but faults are not known; (2) the husl roe:.k is a quart3ose 
sandstone, has barrier-bar sands and fluvial sands present, and blanket sands 
and stacked sinuous channels probably are present; (3) silty s~ndstone is 
found near the base, no siltstones are present, and superjacent tuffs are 
present; (4) miner~logy and ·alteration, hor,tever, are unknown. 

. Size and volume of Favorable Area D 

The northwestern boundary of Favorable Area D i!::l the subcrop of the baoe 
of the Fox Hills Sandstone; the other edges are the quadrangle boundaries. 

The size of area D is 1,250 km2• Based on uranium Q~pnsits to the north 
and south of the quadrangle it can be expected that if the Fox Hills has been 
mineralized so was the Lance. The Fox Hills is about 60 m thick and the upper 
40 m is sandstone; the Lance is more than 600 m thick and the upper 100 m is 
sandstone. The thickness of favo~able sandstones in the Lance and Fox Hills 
is 140 m and the volume is 17'3 km·. 
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Land status of area D is detailed on Plate 12. 

DEPOSITS IN PRECAMBRIAN ROCKS RELATED TO THE PRE-OLIGOCENE 
UNCONFORMITY 

General Statement 

It is postulated that the Archean (and Proterozoic) igneous and 
metamorphic rocks of the Laramie Mountains and Hartville uplift are favorable 
for the occurrence of unconformity-related deposits (Class 710). This 
assessment is put forth in spite of the statement by Mathews (1979, p. 222) 
that no deposits of this class are known in the United States. Similar 
examples in the u.s. appear to be the Marshall Pass and Cochetopa districts of 
Colorado (Olson, 1976, 1979), the Stanley Uranium district (Choate, 1962) of 
central Idaho, and the Copper Mountain uranium deposit of Wyoming (Yellich, 
Kramer, and Kendall, 1978). If these deposits aren't unconformity-related 
then it seems likely that magmatic-hydrothermal vein deposits would be 
widespread in the Precambrian rocks of Wyoming and particularly in the 
uranium-rich rocks of the Granite Mountains. If magmatic hydrothermal 
deposits are not common in areas where they could be expected then this 
suggests that the vein deposits in the Torrington Quadrangle are unconformity 
related. The spatial distribution of uranium occurrences in the Precambrian · 
rocks of the Torrington Quadrangle also supports the theory that the deposits 
are related to overlying tuffaceous sedimentary rocks. Nearly all of the 
occurrences (Pl. 2) in the Laramie Mountains lie in the postulated Oligocene 
trans-mountain drainageways (Pl. 1). 

Smith (1954a, p. 16) made a reconnaissance study of uraniferous deposits 
in the Laramie Mountains and concluded that the known uranium occurrences were 
not large enough or consistent enough in grade to mine. 

Guilinger (1956) studied the north Laramie Peak district and concluded 
that only the Trail Creek mine (Pl. 2, ace no. 18) shows a potential for 
production. Most of the occurrences are spatially related to contacts between 
schists and granites as at the Maggie Murphy mine (Pl. 2, ace. no. 26), where 
coffinite is. found adjacent to a granitic-rock schist contact. The Trail 
Creek mine (Pl. 2, ace. no. 18) has produced a small amount of uranium ore 
from the junction of two nearly vertical shear zones. Limonitic coatings and 
3-5 em thick copper carbonate layers caused Guilinger (1955, P• 8) to conclude 
that there had been substantial ground-water movement through the shear zones. 

The Albany· No. 1 claim (Pl. 2, ace. no. 31) also in the Laramie 
Mountains, has produced 14 tons of ore containing 10 kg of u3o8 from a 
vertical fault zone in granite. 

The Silver Cliff mine and the Rawhide Buttes are the two localities (Pl. 
2, ace. no. 112, 118) with the most favorable past uranium production in the 
Precambrian of the Hartville uplift. The Silver Cliff mine (Pl. 2, ace. no. 
112) has been described by Willmarth and Johnson (1954). The deposit lies 
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along a north-trending high-angle reverse fault. The uranium minerals occur 
in either the fault zone or the highly fractured basal Paleozoic sandstone 
that lies on the footwall of the fault. Uranophane is the most abundant 
uranium mineral but pitchblende and gurnmite also occur. The production 
figures are questionable but the Silver Cliff mine may have produced as much 
as 800 tons of ore having a grade of 0.98 percent u3o8• 

The Rawhide Buttes area (Pl. 2, occ. no. 118) is south of the Silver 
Cliff mine and although no production is reported, high scintillometer 
readings were obtained. Ore piles with about 150 tons of ore were seen. 
Analyses of 3 samples averaged 519 ppm uranium. The deposit is localized by 
intersecting fault zones in Precambrian schist. Pitchblende is probably the 
major uranium mineral present. 

Controls on distribution of uranium 

The H!i1.!'t"1Ti 11 P. uplift was almost certainly completely buried by Oligocene 
tuffaceous sediments. The Laramie Mountains are traversed by majuL v·alll!.ys 
which either presently contain a portion of their originally deeper filling of 
tuffaceous Oligocene sedimentary rocks or which once contained Oligocene 
rocks. Most o£ the Laramie Mourttain~ uccurrences can be relaten to these 
valleys and to the pre-Oligocene unconformity. 

The Laramie Mountains are an asymmetric anticlinal range. The axis of 
the anticline lies near the east side of the range, as do the higher peaks 
such as Laramie Peak. The head waters of the Laramie and North Laramie Rivers 
are both wP.~t nf the ~ange and many of the minor streams have head waters more 
than two-thirds of the way west across the width 6£ the rangt:!. Oligocene 
rocks along the north-south La Prele Creek-North Laramie River valley are 
separat~d hy a 10-km gap and a 60-m-high, gently sloping divide. During and 
after White River deposition this val1ey and many others thruu~hout the 
Laramie Mountains probably W'ere tillt:!cl with sadimcntr:: that s:,.,,..r.nnnded many of 
th~ peaks and ridges of the range and formed a surface on which streams flowed 
from the west to east across the range. These streams had gradients of about 
15 m per km, about 13 times as steep as the present gradient of the South 
Platte •. The presumed Oligocene peaks and ridges can be seen as "islands" in 
Favorable Area E (Pl. 1). 

Blackstone (1946, P• 254) felt that the major streams in tht:! region were 
superposed over major Laramide structures from an overlying blanket of 
Tertiary cover. Segerstrom and others (1977, P• B12) concluded that streams 
in the Laramie Peak art:!a were antecedent. Not di .... r.n~scd, b\lt strongly 
suggestive of antecedence is the strong tendency of the stream valleys to be 
linear and oriented along major joint and fault directions. 

The Oligocene sediments that filled these valleys have, for the most 
part, been removed. Uplift that initiated this erosion began in late Miocene 
time (Denson, 1969). The uplift could have been of anticlinal nature--as was 
the initial uplift of the range--but was centered west of crest of the 
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range. Some of the streams were able to down cut and maintain their trans­
mountain courses. Others were unable to cut downward rapidly enough and the 
flow directions in the westward segments of these were reversed. 

It is difficult, if not impossible, to ascertain exactly which present­
day valleys were also Oligocene valleys. In general, it is thought that the 
larger valleys are most likely the older valleys. On the east side of the • 
Wind River Range the largest drainage systems were found to have existed since 
the Early Eocene (Seeland, 1978). 

During the Paleocene and Eocene when the Laramie Mountains first rose, 
the drainage pattern was symmetrical about the axis of the range. It could be 
expected that the streams on the steeper northeast flank of the range probably 
cut downward and headward faster than the streams on the southwest flank. The 
Granite Mountains (Fig. 3) were a large, high range that began eroding to fill 
the Shirley Basin from the west during the Paleocene (Harshman, 1972, P• 
19). By the Early Eocene, and certainly by Ol.igocene time, the Shirley Basin 
was full and streams from the Granite Mountains spilled over the much lowered 
Laramie Mountains divide from the Shirley Basin and flowed into the area to 
the east of the range. 

It also may be significant that major north-south Paleocene-Early Eocene 
subsurface sand bodies (Elmer Santos, oral commun., 1979) in the southern 
Powder River Basin are perfectly alined with the R. 74 w. north-south trans­
mountain drainage. The sand bodies are not only oblique to the basin axis 
(Fig. 3), but they are oblique to the northwesterly trending Laramie 
Mountains. This also suggests a genetic relationship between the drainage and 
the sand bodies, and furthermore, suggests that the drainages may have existed 
since the Paleocene. 

Tuffaceous Oligocene ~.fuite River sediments could have filled many of the 
valleys of the Laramie Mountains whether or not the·major valleys contained 
streams flowi~g across the range. If they did flow across the range, then in 
addition to the presence of uraniferous tuff, surface water and sediment 
derived from the Granite Mountains would clearly add to the amount of 
available uranium. The favorability of the Granite Mountains as a source of 
uranium has been documented by Stuckless (1979). 

Mafic dikes, the youngest of the Precambrian rocks of the Laramie 
Mountains, were emplaced along fractures, followed by scanty sulfide 
mineralization along some of the dikes and fractures (Segerstrom and others, 
1977, P• B10). Many of the mafic dikes trend northeast as do many joints, 
thus causing a pronounced northeast structural and topographic grain in much 
of the Laramie Mountains area. Many streams follow joint- and fault­
controlled valleys. In Miocene time the Laramie Peak horst formed (Segerstrom 
and others, 1977), and further sulfide mineralization along reactivated 
Precambrian faults occurred. 
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The presence of fractures with sulfide mineralization is important 
because the fracturing could have provided an entry for uraniferous water and 
the sulfides could then have provided the reductant necessary for the 
precipitation of uranium. 

Because of the subdued topography on the Precambrian rocks of the 
Hartville uplift and the great thickness of the Oligocene White River 
deposited in the area they were at one time certainly covered by these 
tuffaceous sediments. Examination of the geologic map (Pl. 10) shows evidence 
for renewed uplift that removed the White River from the crest of the 
Hartville uplif~ prior to deposition of the Miocene Arikaree Formation. 

Langford (1977) thought that the uraniferous lignites in North Dakota, 
which Denson artd Gill (1956) ~uggested had obtained their uranium from thP. 
overlying tuffaceous Oligocene and Miocene rocks, were just as likely to have 
picked up uranium from t:he streams that shaped the unconformity. Langf•nd 
(1977) pointed out that he felt that the work of Rosholt and others (1971) 
"casts doubt on the ability of volcanic ash to provide significant amounts of 
uranium through simple hydration and lea~hing.u However, ruany investigatoro 
including Harshman (1972), have found elevated levels of uranium in springs 
issuing from the White River. These arguments are not critical because the 
streams that formed the pre-Oligocene valleys drairte·d weathering granitic 
terranes and therefore the water.had elevated uranium levels. The tuffaceous 
White River certainly provided a long-lived source of additional uranium. The 
existence of plumbing (fractures), source of uranium _(tuffaceous rocks, 
streams containing elevated uranium levels from weathering granites), and 
reductants (sulfides of hydrothermal origin in fractures) all suggest that 
pre-Oligocene valleys are important in the localization of probable uranium 
deposits. 

Class or uranium occurrences 

Gruner and Smith (1954, P• 7) are the only known investigators who 
related any of the uranium vein occurrences of the Precambrian rocks of the 
Torrington Quadrangle to the uraniferous Oligocene sedimentary rocks of the 
area. Other investigators including Guilinger (19:J:J) awl Wilmarth and Johnoon 
(19:?4) postulated a hydrothermal origin for the uranium, although some 

.. ~-':lggested later redistribution of the uranium by ground water. 

Gruner and Smith (1954, P• 7) wrote the following about the Silver Cliff 
uranium deposit: 

"At the western edge of Lusk, Wyoming, a deposit containing uranophane 
has been known for many years. This was visited by us, incidentally, 
on our route from Douglas, Wyoming, to Hot Springs, South Dakota. The 
U is in the Cambrian basal quartzite which lies on pre-Cambrian 
gneisses and schists. Based on the geomorphology of the region, it. is 
highly probable that the very resistant quartzite was a monadnock at 
the time when the thick Eocene lfuite River formation began to cover 
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the region. During subsequent erosion the U in the White River 
Formation was leached downward into the Deadwood quartzite. The 
copper carbonates which are found in the same locality may be 
genetically associated with the U or may have an entirely different 
origin." 

Recent discoveries of large amqunts of uranium have been made at Copper 
Mountain on the southern margin of the Owl Creek Mountains on the Arminto 
1°x2° Quadrangle. Uplift of the mountains along a high-angle reverse fault 
and subsequent collapse of the toe of the thrust created much faulting and 
fracturing in the Precambrian granites and metamorphic rocks (Yellich, Cramer, 
and Kendall, 1978). Overlying the Precambrian rocks are the arkosic 
sandstone, conglomerates, siltstones, and mudstones of the Late Eocene Teepee 
Trail Formation. The Teepee Trail consists both of locally derived clastic 
components and bentonitic fine-grained rocks formed from volcanic ashes from 
sources to the west. Meteoric waters carrying uranium from the overlying 
sediments picked up additional uranium in the granitic rocks. However, most 
of the uranium was of supergene origin (Yellich, Cramer, Kendall, 1978). The 
uranium was deposited in the fractured. rocks where the uranium-bearing water 
contacted reducing hydrocarbons (from below the thrust), sulfur-bearing 
waters, and possibly sodium-chloride brines (Yellich, Cramer, and Kendall 
1978, P• 319). Although different in detail from the simpler structural 
setting in the Torrington Quadrangle, the Copper Mountain deposits are 
basically analogous to known and postulated occurrences there. Uranium 
mineralization in both areas is related to meteoric water carrying uranium 
downward from Tertiary sediments into fractured Precambrian rocks where the 
uranium is precipitated. 

Langford (1974, 1977) has argued for the supergene origin of many 
deposits previously thought to be of hydrothermal origin, for example, the 
pitchblende-vein deposits of the Canadian Shield. He noted that the Canadian 
veins are consistently associated with terrestrial sediments, an association 
difficult to explain by the hydrothermal theory, but easily·explained if the 
deposits are of supergene origin. 

Rob~rt~on and others (1978, P• 1414) also discussed the origin of 
paleosurface controlled vein deposits and concluded that the evidence favors a 
supergene origin. Vein deposits are likely to have formed since 
oxyatmoversion at about 2,200 m.y. when solution of uranium minerals became 
possible. After the development of land plants in the Devonian, reducing 
sedimentary environments became common and much of the ur~nium was 
precipitated in tabular syngenetic deposits leaving less uranium for. the 
formation of vein deposits. 

The uranium depos1. ts of the Precambrian rocks of the Torrington 
Quadrangle are classed as polymetallic and monometallic unconformity-related 
deposits (Subclass 712 ·and 711, Mathews, J:n. Mickle and Mathews, 1978). Known 
deposits are polymetallic, but there is no geologic reason that monometallic 
deposits having the same genesis might not be found. These assignments are 
based on the following recognition criteria: (1) The tectonic setting for the 
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Precambrian rocks is that of a mountain range and an anticlinal, faulted 
uplift of moderate topographic relief rather than a shield area. (2) The 
major regional feature related to the ore deposits is a pre-Oligocene 
unconformity between a basal metamorphic and igneous sequence and an overlying 
tuffaceous sedimentary sequence. (3) Dominant local structures include fault, 
breccia, and shear zones. (4) The detailed settings of the deposits include 
metamorphic and igneous host rocks; metamorphic rocks that are foliated, 
sheared, and faulted, and granitic rocks that are sheared and faulted, and 
overlying sediments that are not texturally mature but do contain sandstones 
and conglomerates; sulfide deposits with quartz, galena, pyrite, arsenopyrite, 
chalcopyrite, copper carbonate, chalcocite, native silver found near the 
uranium ore, confinement of deposits to shear and fault zones; and post­
faulting deposits which are most likely Tertiary or Recent. (5) Alteration 
includes hematization. (6) Uranium minerals include pitchblende and 
coffinite. (7) Associated elements incl~de Co, Ni, Cu, As, Sb, Pb. 

Definition of Favorable Area E 

Favorable Area E is all parts of the Precambrian outcrop area in the 
Laramie Mountains and Hartville uplift that are thought to have bee covered by 
the tuffaceous sediments of the Oligocene White River. this is determined 
partly by the present distribution .of Oligocene rocks and partly by the 
assumed former extent of the Oligocene which has been crudely estimated by 
inspection of the topographic map of the quadrangle. 

Size and volume of the Favorable Area E 

Favorable Area E, is 1,800 km2 in size. Robertson and others (1978, p. 
1414) stated that paleosurface related veins in most places do not extend more 
than 200 m below the cover rock. Since the cover rock has been removed ln a 
substantial proportion of favorable area E (Pl. 1), allowing removal of part 
of the favorable Precambrian rocks, the average remaining thickness is 
estimated to be about 150 m, which gives a volume of 270 km3• 

Land status of Area E is detailed on Plate 12. 

ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS 

INTRODUCTION 

Finnell and Parrish (1958) point out that local concentrations of uranium 
occur in 34 of the 122 formations of the central Cordilleran foreland but most 
of the ore deposits have been found in 9 formations. Combining correlative 
units such as the Wasatch and Wind River, and counting as one unit the 
formations of the Inyan Kara Group, leaves the following four ore-bearing 
units occur in the Torrington Quadrangle: the Morrison Formation, Inyan Kara 
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Group (Cloverly Formation), Fort Union Formation, and Wasatch Formation. 
Three of these are favorable in the Torrington Quadrangle; the Morrison is too 
silty to be favorable here. This list, however, 4oes not establish~ priori 
evidence that any unlisted unit is unfavorable. Recent developments suggest 
that rocks like those of the Precambrian at Copper Mountain and the Lance and 
Fox Hills at various locations must certainly be added to the list of ore­
bearing units. 

Discussion of unfavorable units will be based on lithologic groupings as 
far as possible. 

PRECAMBRIAN QUARTZ-PEBBLE CONGLOMERATE 

Radioactive quartz-pebble conglomerate has been reported (Houston and 
Karlstrom, 1980) among the Precambrian metamorphic rocks in the Slate Creek 
area (T. 23N, Rgs. 70 and 71 N.) in the Cheyenne Quadrangle, immediately south 
of the edge of the Torrington Quadrangle. Little is presently known about 
this conglomerate, and its economic potential has not been evaluated. 

·However, uranium mining companies and the DOE are currently studying these 
radioactive conglomerate occurrences. 

The radioactive conglomerate of Slate Creek is one of several occurrences 
of radioactive conglo~erate that form a trend paralleling the southeastern 
edge of the Archean-age Wyoming Province. Other occurrences are found in the 
Black Hills o_f South Dakota,. in the Medicine Bow Mountains, and in the Sierra 
Madre of Wyoming. Although not exactly dated, all of these occurrences are in 
rocks at least 1,700 m.y. old and all are probably over 2,000 m.y. old. In 
the Black Hills and in the Medicine Bow Mountains, radioactive conglomerate 
rests unconformably upon granitic gneisses that are 2,500 to 2,700 m.y. old 
(Zartman and Stern, 1967; Hills and Houston, 1979). Houston and Karlstrom 
(1980) interpret the radioactive conglomerates in the Medicine Bow Mountains 
and in the Sierra Madre as late Archean or early Proterozoic fluvial deposits 
formed in braided-stream or river systems, and Hills and Houston (1979) 
interpret the succession of strata of which the conglomerates are basal 
members. as belonging to a miogeoclinal or coastal-plain prism formed along 
the southern edge of the Wyoming Province. The conglomerates are, according 
to these interpretations, analogous to uraniferous conglomerates of the Elliot 
Lake district of Ontario and of the Witwatersrand of South Africa. The trend 
formed by radioactive conglomerate localities in South Dakota and southern 
Wyoming adjoins a terrane containing anomalously uraniferous Archean 
granite. TI1ese uraniferous granites, exposed in the Granite Mountains, 
Wyoming, may be the source of the uranium in the radioactive conglomerates 
(Stuckless, 1979). 

Uranium grades and mineralogy have not been reported where the 
radioactive conglomerates have been drilled in the Sierra Madre, Medicine Bow 
Mountains, and Black Hills. However, concentrations of greater than 100 ppm 
uranium and greater than 1,000 ppm thorium are reported from weathered outcrop 
(Hills, 1977; Houston and Karlstrom, 1980) and uranium concentrations are 
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expected to be considerably higher in unleached rock in the subsurface. Drill 
core from each of these areas shows 5-20 percent pyrite in the matrix between 
pebbles. 

Metasedimentary rocks that may correlate with formations containing 
radioactive conglomerate beds in nearby areas are found in the Laramie 
Mountains and in the Hartville uplift, in the Torrington Quadrangle, but no 
radioactive conglomerates have been reported. Thus, although these 
metasedimentary rocks are interesting exploration targets with potential to 
contain quartz-pebble-type uranium ore, we cannot at this time designate areas 
that meet the minimum DOE criteria for favorable areas. (F.A.H.) 

Lll1ESTONES 

The Guernsey Formation, Madison Limestone, and Hartville Formation are 
all Paleozoic marine limestones and all have low permeability. and lack organic 
reductants. ~·urthermore, uranium deposit:s in limestone are rare aml there is 
no evidence to the contrary in this quadrangle. Associated sandstones also 
lack organic matter. The ore in the quartzite at the base of the Guernsey at 
the Silver Cliff mine near Lusk is related to faults truncated by an 
unconformity and is an unusual· situation not likely to occur eisewhere in Ehe 
quadrangle. 

SHALE, SILTSTONE, AND CLAYSTONE 

Marine Black Shales 

Marine black shales of Cretaceous age are common in the area, and 
although they do contain concentrations of uranium, the grade is much too low 
to meet the required endowment. The Sharon Sptirtgs member o! t:he Pierre Shale 
is an example of a "Chattanooga type" low-grade uranium-rich marine black 
shale (Mathews and others, 1979, p. 6). The remainder of the shale in the 
Pierre Shale is even less favorable. The Niobrara Formation, the Frontier 
Formation, the Cody Shale, the Mowry Shale, and the Thermopol~s Shale are all 
primarily black shale but are similarly unfavorable for the existence of 

. uranium occurrences containing more than 100 tons u3o8 with an average grade 
of 0.01 percent u3o8• 

Other lithologies occur in these black shales. Marine limestone and 
chalky limestone in the Niobrara are unfavorable because of their lack of 
porosity and reductants, and position within unpermeable shales. The Pierre 
Shale, Mowry Shale, Thermopolis Shale, and Frontier Formation contain 
sandstone b.eds judged to be unfavorable because of their enclosure by thick 
shale sequences. The Wall Creek Sandstone Member of the Frontier is adjacent 
to mineralized sandstones of the Wind River Formation just outside the 
quadrangle in the Shirley Basin but is not itself mineralized. However, there 
is some possibility of mineralization in these sands· where they subcrop along 
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the pre~Oligocene unconformity. There are no occurrences in any of the 
Cretaceous black shales in the Torrington Quadrangle. 

Chugwater Formation 

The Chugwater Formation, a Triassic red-bed unit, consists of siltstone, 
shale, silty sandstone, and gypsum rocks that are unfavorable because they 
have low permeability and are devoid of organic or other reductants. Th.ere 
are no uranium occurrences in the Torrington Quadrangle in the Chugwater 
Formation. 

White River Formation 

The Oligocene White River Formation is often invoked as a source of 
uraniferous ground water for m~ner~lizing the underlying Eocene and Paleocene 
sandstones. The source of the uranium is tuffaceous material thought to have 
been derived from volcanic centers in northwest Wyoming. Much of the White 
River is tuffaceous siltstone and clayey siltstone deposited on a floodplain 
with almost no organic material. Host of the White River is impermeable and 
lacks reductants and is therefore an unfavorable environment in spite of the 
fact that there are numerous uranium occurrences in the unit. No occurrences· 
are of high enough grade to meet the minimum requirements. ~NO radiometric 
anomalies in a basal conglomerate unit filling a paleo-valley in the pre­
Oligocene surface near the Douglas Oil Field (Pl. lOa) are the most 
encouraging evidence for the possible occurrences of deposits in the White 
River. It is postulated that leaking sour gas from the Douglas Field may have 
reduced and precipitated uranium leached from the tuffaceous White River. 
This is still insufficient evidence for the existence of a deposit of minimum 
size and grade. 

An important uranium discovery ("probable potential" of 25 million pounds 
of uranium oxide) in the basal Chadron (basal White River Formation) southeast 
of Crawford, Nebr~ska near Crow Butte was announced in January 1981 by Kansas­
Nebraska Natural Gas Company (Chronis, 1981, Chadron Record, 1981; Crawford 
Clipper, 1981). Crawford is 50 Km east of the Torrington Quadrangle. 1he 
pre-Oligocene valleys shown on Plate lOa are the most likely places to find 
sandstones that might contain similar deposits in the Torrington Quadrangle. 

SANDSTONES 

Casper Formation 

The Casper Formation as described by Harshman (1972) on the west side o£ 
the Laramie Mountains consists of about 200 m of mostly limestone and dolomite 
interbedded with sandstone and quartzite. These marine limestones and 
organic-free clastic portions are not favorable for the occurrence of uranium 
deposits of minimum grade and size though there are three occurrences in the 
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Casper Formation (Pl. 2, occ. nos. 8, 32, and 33,). The upper half of the 
Casper Formation consists of well cemented marine sandstones and quartzites. 
Although both are lacking in syngenetic reductants, the more porous parts of 
the upper Casper are slightly less unfavorable than the lower half. 

Sundance Formation 

The middle and upper Jurassic Sundance Formation was deposited northwest 
of the transcontinental arch and the lower Sundance varies from almost 100 
percent sandstone of nonmarine origin in the southe~stern part of the 
quadrangle to 50-75 percent mostly marine sandstone in the northwest part of 
the quadrangle. The Upper Sundance (Redwater Sh~le Member) is mostly marine 
sandy shale over the entire quadrangle (Peterson, 1972). There are no kuow11 
uranium occurrences in the Sundance in the Torrington Quadrangle. No uranium 
deposits are listed in southeastern Wyoming in the Sundance by Finnell and 
Parrish (1958) but there are deposits in the Black Hills area. The· marine 
parts of the unit are definitely unfavorable. The non-marine sandstone of the 
lower Sundance in the subsurface of the southeastern part of the quadrangle is 
less unfavorable although no anomalous gamma-ray readings were noted in the 
unit. If deposits were to occur they would most likely be associated with 
intersections·of the Sundance and Whit:e River conglomerates along valleys in 
the pre-Oligocene unconformity surface. 

Mesaverde Formation 

The upper Cretaceous Mesaverde Formation occurs and crops out only in the 
northwestern part of the quadrangle. The Mesaverde consists of the Parkman 
Sandstone Member at the base overlain by an unnamed shale with the Teapot 
Sandstone Member at the top. The Mesaverde interfingers eastward with the 
Pierre Shale. These are marginal-marine deltaic sandstones (~urry 1973, 1976) 
and should contain some catb<h'l.aceous materlHl. No uranium occun:cneee are 
known in the sandstones of the Mesaverde in the Torrington Quadrangle. An 
apparent uranium deposit has been recently discovered in the Teapot Sandstone 
on the Casper Arch 35 km west of the Torrington Quadrangle in the Casper 
Quadrangle (Griffin, BFEC, oral commun., 1979). Possibly this deposit is 
related to previously removed Tertiary sediments that once covered the area. 
In the Torrington Quadrangle, sour gas leaking from hydrocarbon reservoirs 
could have acted as a reductant for uranium entering these sandstones from 
presently or previously overlying Tertiary tuffaceous sediments. Because of a 
lack of positive evidence of mineralized rock on the sur!ace ur in t.:he 
subsurface these sandstones must be classed as unfavorable for sand8tone Class 
240 deposits. 
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Fox Hills Sandstone (part) 

The Fox Hills Sandstone is included in an area thought to be favorable 
for deposits of Subclass 242 in the southeastern part of the quadrangle (Pl. 1 
Area D). It also contains uranium deposits two quadrangles to the north in 
the Gillette Quadrangle. However, it is apparently barren in the adjacent 
Newcastle Quadrangle to the north. No uranium occurrences were found and no 
analyses indicated uranium concentrations in the Newcastle Quadrangle. Elmer 
Santos (oral commun., 1980) postulated that the unit is unfavorable .in the 
Newcastle Quadrangle because of the absence of favorable estuarine sandstone 
as found in the Fox Hills in the Gillette Quadrangle. 

No occurrences were found in the Fox Hills nor did any gamma-ray logs 
indicate the presence of anomalies in the subsurface in the Torrington 
Quadrangle outside Favorable Area D. It may be that estuarine sandstones are 
restricted to the favorable part of the Fox Hills (Pl. 1 Area D). 

Lance Formation (partY 

The Lance Formation contains interbedded sandstone, shale, carbonaceous 
shale, and coal beds deposited in a fluvial environment. Uplift of the 
Granite Mountains and Wind River Range had begun (Paape, 1961) by the time of 
Lance deposition, but it is probable that the Laramie Range was not yet a 
positive feature. The uplifts that were in existence during Lance time were 
producing clastics from rocks only as old as the Mowry •. Thus the Lance 
contains no arkosic sandstones. If it is mineralized it is probably because 
uranium-bearing ground water entered the formation from the overlying White 
River. The absence of significant gamma-ray anomalies and occurrences in the 
areas of the quadrangle underlain by the Lance but not included in Favorable 
Area D (Pl.1) could be caused by the past lack of a hydraulic connection with 
the White River. Hydraulic continuity between these rocks may have been 
interrupted by an impermeable pre-Oligocene paleosol developed on the Lance. 
Perhaps additional drilling in the vicinity of the pre-Tertiary subcrop of the 
Lance may find evidence to change the unfavorable classification of some 
areas-

Wagon Bed Formation 

The Wagon Bed Formation is only present in the Torrington Quadrangle on 
the west side of the Laramie Mountains in the Shirley Basin. The Wagon Bed 
consists of about half claystone and about half clay-cemented sandstone, 
although in places a lacustrine limestone composes about one-fourth of the 
unit. Its permeability is low, it contains no carbonaceous material, and 
there are no uranium occurrences; it is therefore considered unfavorable. 
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Miocene(?) and Oligocene(?) Conglomerate 

This conglomerate occurs only in three rather small areas of the 
quadrangle: in two valleys in the Laramie Mountains, and in an area on the 
southeast margin of the Hartville uplift. In both areas a wide range of 
locally derived clasts ranging from pebbles to boulders is present. The 
conglomerate is only 20 m thick ne~r the Hartville uplift and is of unknown 
but not great thickness in the Laramie Mountains. 

It is thought to be an unfavorable unit for finding 100-ton or larger 
uranium deposits because of its limited extent, complete lack of uranium 
occurrences, uniformly coarse-grained nature, and stratigraphic position above 
the White River Formation, a potential source for uraniferous ground water. 

Lower Miocene·rocks 

The Lower Miocene rocks include the Arikaree Formation, more than 200 m 
of soft fine- to medium-grained sandstone with some tuffaceous beds and a few 
conglomerate channel depbsits. Many of the occurrences in the Arikaree occur 
in gouge and in fractures along east- and northeast-trending faults near 
Shawnee (~1. 2). One of the major differences between the Arikaree and 
favorable ore-bearing environments such as the Wasatch is that the Arikaree 
has little variation in permeability. Permeability variation is· an important 
factor in ore localization at the Highland mine in the Fort Union Formation in 
the southern Powder River Basin. Dahl and Hagmaier (1976), found that ore­
grade uranium occurs near the margins of sandstone bodies where they grade 
laterally into claystones. Coarse arkosic sandstones are absent in the 
Arikaree and the unit is underlain, rather than overlain, by the tuffaceous 
uranium-rich rocks of the White River Formation. These dissimilarities 
between the Arikaree and ore-bearing early Tertiary sandstones, and its lack 
of occurrences that suggest the presence of ,Wyoming roll type deposits, 
(Subclass 241), cause it to be classified as unfavorable for e~istence of 100-
tons of u3o8 in uranium deposits with grade greater than 0.01 percent u3o8• 

Upper Miocene rocks 

The Upper Miocene Rocks include the Ogallala Formation and consist of 
fluvial sandstone with conglomerate, claystone, and limestone in the upper 
part. Although tuff beds occur in the upper part and these could have 
provided uraniferous ground water, a lack of occurrences and its stratigraphic 
position above the White River Formation indicate that deposits of more than 
100 tons of u3o8 in deposits with a grade of more than 0.01 percent u3o8 are 
unlikely. 
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Quaternary clastic rocks 

These are heterogeneous assemblages of unconsolidated sediment ranging 
from silt to giant boulders. Although some of these rocks have on~ of the 
highest uranium count rates obtained in the aerial gamma-ray survey, 42.8 
counts per second (associated with Quaternary playa deposits in the Shirley 
Basin); and, also, one of the lowest count rates, 18.6 counts per second (on 
Quaternary landslide deposits (geoMetries, 1979), no uranium occurrences are 
known in these units. The Quaternary rocks are, therefore, judged to be 
unfavorable for the presence of .100 tons of u3o8• 

UNITS OF MIXED LITHOLOGY 

Goose Egg Formation 

The Goose Egg Formation of Lower Triassic and Permian age consists of red 
shales and siltstones, limestones, and gypsum, all of which are unlikely host 
rocks for uranium, and the unit is classed as unfavorable. There is one 
occurrence in the unit (Pl. 2, occ. no. 108) but no uranium deposits are known 
elsewhere (Finnell and Parrish, 1958). 

Morrison Formation 

The Morrison Formation of Upper Jurassic age is dominantly siltstone and 
claystone with interbedded thin limestone and light-colored fine-grained 
sandstone lenses. Uraniferous bones have been found in the sandstone and, 
although uranium deposits. are found associated with plant fragments in the 
sandston~ in the Big Horn Basin, carbonaceous material seems to be absent in 
the Torrington Quadrangle. There are no uranium occurrences in the Morrison 
in the quadrangle and it must be classed as unfavorable for the occurrence of 
100 tons of u3o8 • 

.. Lebo (part) and Tullock Members of the Fort Union Forrnat.i.on 

The upper 300 m of the Paleocene Fort Union were discussed previously and 
placed in the favorable category (Subclass 241). The underlyfng· unfavorable 
portion of the formation includes all of the Tullock member (0-460 m) and the 
lower 450 m of the overlying Lebo Member. Logs of drill holes in the Tullock 
near the Laramie MOuntains (T. 34 N., R. 75 w.) have the lowest sandstone-to­
shale ratios of any place in the Powder River Basin (Curry, 1971). Only the 
upper 300 m of the Lebo Member contains thick arkosic fluvial sand bodies 
characteristic of uranium host sandstones in the Powder River Basin. The 
underlying 450 m contains more shale and claystone than the Tullock. 
Together, the Tullock and the lower 450 m of the Lebo are judged to be 
unfavorable for the occurrence of 100 tons of u3o8 with a grade exceeding 0.01 
percent in Class 240, Subclass 241 because they lack the arkosic sandstone 
bodies characteristic of this class of deposits. The southern Powder River 
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Basin is part of one of the most thoroughly explored basins in Wyoming. Oil 
and gas, coal, and uranium have all been searched for by many companies and no 
significant uranium deposits have been found in the Torrington Quadrangle in 
these unfavorable rocks. 

RESULTS OF HYDROGEOCHEMICAL AND STREAM-SEDIMENT RECONNAISSANCE 

The hydrogeochemical and stream-sediment reconnaissance (HSSR) data 
(Shannon, 1980) for the Torrington Quadrangle were not available until July 
1980, too late to be integrated into this report. Samples collected in the 
quadrangle included 1119 water and 756 sediment sediment samples from 1677 
locations. Sediments were analyzed for uranium and thorium as well as 
aluminum, antimony, barium, beryllium, bismuth, cadmium, calcium, cerium, 
cesium, chlorine, chronium, cobalt, copper, dysprosium, europium, gold, 
hafnium, iron, lanthanum, lead, lithium, lutetium, magnesium, manganese, 
nickel, niobium, potassium, rubidium, samarium, scandium, silver, sodium, 
strontium, tantalum, terbium, tin, titanium, tungsten, vanadium, ytterbium, 
and zinc~ Shannon's report also includes a sample location overlay, uranium 
concentration overlay for waters, conductivity overlay for waters, uranium 
concentration overlay for sediments, and thorium concentration overlay for 
sediments. All plates are at 1:250,000 scale for use with the Torrington 1° x 
2° NTMS map and the geologic map (Pl. 10, this report). 

Comparison of the map showing areas favorable for uranium deposits (Plate 
1) with the uranium concentration in stream sediments overlay (Shannon, 1980, 
Pl. 2) shows a correlation of the favorable area in the Precambrian rocks of 
the Laramie mountains with an area of regionally elevated uranium in 
sediments. The Precambrian rocks of the Hartville uplift do not cause 
perceptibily elevated uranium values in the sampled stream sediments. 
Scattered anomalously high uranium values occur in other areas of the 
quadrangle underlain by Tertiary sedimentary rocks, but no correlation can be 
made with a particular rock unit. 

RECOMMENDATIONS TO IMPROV'E EVALUATION 

It is obvious from the geologic map. (Pl. 10) that the Miocene Arikaree 
Formation (Tml) and Ogallala Formation (Tmu) both overlap the Oligocene White 
River Formation. Additional subsurface study to determine the erosional 
subcrop pattern of the edge of the White River would be useful. In general, 
increasing distance away from the edge of the White River is accompanied by 
increasing amounts of post-White River erosion and therefore decreased uranium 
potential. 

Radiometric dates on as many vein deposits as possible in the Precambrian 
rocks of the area would be extremely useful in determining their genesis. If 
the dates are Oligocene or younger it would strengthen the concept of the 
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White River as a source rock and the proposed~ desensum ground-water 
origin. Better genetic understanding would permit better definition of the 
distribution of the vein deposits. 

Study of the clast lithology and provenance in the conglomerates of the 
Wasatch and Fort Union Formations in the southern Powder River Basin could 
provide information to unravel regional 'problems of sedimentology and 
tectonics. If the clasts are of Granite Mountains derivation then a late 
Laramide uplift of the Laramie Mountains is suggested because the paleocurrent 
directions in the ore-bearing sandstones require a southern source and the 
streams carrying the arkosic debris would have had to cross the northern 
Laramie Mountains. If this were the case then the arguments for a partial (or 
complete) White River source for the uraniferous ground water that mineralized 
the Wasatch and Fort Union in the Powder River Basin would be weakened. If 
all the major districts were in sediments with a Granite Mountains source then 
this would certainly decrease the importance of the pre-Oligocene unconformity 
as a guide for environments favorable for deposits. 

37 



SELECTED BIBLIOGRAPHY FOR THE 
TORRINGTON QUADRANGLE 

Adams, G. I., 1902, Geology and water resources of the Patrick and Goshen Hole 
quadrangles in eastern Wyoming and western Nebraska: u.s. Geological 
Survey Water-Supply Paper 70, 50 P• 

Agatston, R. s., 1954, Pennsylvanian and Lower Permian of northern and eastern 
l-lyoming: Am. Assoc. Petroleum Geologists Bull., v. 38, no. 4, P• ·508-581. 

Austin, R. A., and D'Andrea, R. F., Jr., 1978, Sandstone-type uranium deposits 
in Geological Characteristics of environments favorable for uranium 
deposits, eds., Mickle, D. G., and Mathews, G. w., u.s. Dept. of Energy 
Open-File Rept. GJBX-67(78), 250 P• 

Ball, s. H., 1907, The Hartville iron ore range: u.s. Geological Survey, 
. Bull. 315, P• 190-265. 

Barnett, v. H., 1914, Douglas oil and gas field, Converse County: u.s. 
Geological Survey, Bull. 541, p. 49-88. 

Bartlett, Albert B., 1928, Mineral resources of Platte County, Wyoming: 
Mining Journal, v. 11, no. 21, p. 3-4. 

Beeler, H. c., 1904, The North Laramie Peak copper district, in Converse, 
Albany, and Laramie counties: Wyoming, Geologist's Office, 16 p. 

Beeler, H. c., 1906, Mineral and allied resources of Albany County: Illus., 
Laramie, Wyoming, 80 P• 

Beikman, H. M., 1962, Geology of the Powder River Basin, Wyoming and Montana, 
with reference to subsurface disposal of radioactive was.tes: U.s. 
Geoiogicai Survey Trace Elements-Investigations Report 823, 85 P• 

Bekkar, Hamed, 1973, Laramide structural elements and relationship to 
Precambrian basement, southeastern Wyoming: University .of Wyoming M.s. 
thesis, 70 p. 

Berryman, R. J., 1942, Geology of the Deer Creek-Little Deer Creek area, 
Converse County, Wyoming: University of lolyoming thesis. 

Blackstone, D •. L., Jr., 1946, Origin of certain wind gaps in the Laramie 
Mountains, Wyoming: Jour. Geology, v. 54, P• 252-~Sy. 

Blackstone, D. L., Jr., Sears, J. w., and Wilson, B. D., 1976, Geologic map of 
the Paleozoic rocks along the northern flank of the Laramie Mountains, 
Wyoming: The Wyoming Water Resources Research Institute, for the Wyoming 
State Engineer, in cooperation with The Office of Water Research and 
Technology. 

38 



Blackwelder, Eliot, 1908, Pre-Cambrian rocks in southeastern Wyoming, Science,· 
new ser.; v. 27 P• 7"87-788. 

Bradley, Edward, 1956a, Reconnaissance of the geology and ground water 
· resources .of southern Sioux County, Nebraska, with a section on The 

chemical quality of the ground water, by F. H. Rainwater: u.s. Geological 
Survey Hydrologic Investigations Atlas HA-6, pl. 1. 

----~-1956b, Geology and ground water resources of the upper Niobrara River 
basin, Nebraska and Wyoming: u.s. Geological Survey Water-Supply Paper 
1368, 70 P• 

Bromley, c. P., 1955, Preliminary geologic reconnaissance in the Lance Creek 
area, Niobrara County, Wyoming: u.s. Atomic Energy Commission RME-1066 
(revised), 16 p. 

Brooks, B. G., 1957, The geology of the Wheatland Reservoir area, Albany 
County, ~olyoming: Universj,ty of ~olyoming M.A. thesis, 42 p. 

Butler, A. P., Jr., 1969, Ground water as related to the origin and search for 
uranium deposits in sandstone: University of lolyoming Contributions to 
Geology, v. 8, no. 2, pt. 1, p. 81-86. 

Buturla, F. J., and Schwenk, M. E., 1976, The Bear Creek uranium project: 
Wyoming Geological Association 28th Annual Field Conference Guidebook, 
Powder River Basin, P• 231-234. 

Cattermole, J. M., and Young, w. G., 1947, Map of Goshen County, Wyoming, 
shmV'ing possible commercial deposits of sand and gravel: lolyoming 
Geological Survey Map. 

Chadron Record and Crawford Tribune, 1981, 'World Class' uranium find at 
Crawford: The Chadron Record and Crawford Tribune, vol. 97, no. 17, p.1. 

Chance, H. M., 1901, The iron mines of Hartville: American Institute of 
Mining Engineers Transactions, v. 30, P• 987-1003. 

Childers, M. o., 1970, Uranium geology of the Kaycee area, Johnson County, 
Wyoming: Wyoming Geological Assn. 22nd Annual Field Conference Guidebook, 
Wyoming Sandstone Symposium, P• 13-20. 

Choate, Raoul, 1962, Geology and ore deposits of the Stanley Area: Idaho Bur. 
Mines and Geol. Pamph. 126, 122 P• 

Chronis, Pete, 1981, Uranium find in Neb. termed 'significant': Denver Post, 
January 12, 1981. 

Condie, K. c., 1969, Petrography and geochemistry off the Laramie batholith 
and related metamorphic rocks of Precambrian age, eastern Wyoming: Geol. 
Soc. America Bull., v. 80, no. 1, P• 57-82. 

39 



Condra, G. E., and Reed, E. c., 1935,· Permo-Pennsylvanian section of the 
Hartville area of 'olyoming: Nebraska Geological Survey Paper, 9 p. • 

Connor, J. J., Keith, J. R., and Anderson, B. M., 1976, Trace-metal variation 
in soils and sagebrush in the Powder River Basin, Wyoming and Montana: u. 
s. Geological Survey Journal of Research, v. 4, no. 1, P• 49-59. 

Copeland, D. A., and Banks, Carlie, 1978, Bibliography and index of Wyoming 
uranium: Wyoming Geological Survey Bulletin 61, 62 P• 

Crawford Clipper, 1981, Kansas-Nebraska announces Crawford uranium find, 
Crawford Clipper, January 15, 1981, val. 2, no. 15, P• 1. 

Crist, M. A., 1977, Hydrologic evaluation of the Arikaree Formation near Lusk, 
Niobrara and Goshen Counties, Wyoming: u.s. Geological Survey Water­
Resources Investigation Open-File Report T/-lll, 23 P• 

Cserna, E. G., and Rioux, R. L~, 1959, Geologic and structure .map of the 
Glenrock area, Natrona and Converse Counties, Wyoming: u.s. Geological 
Survey Open-File Map. 

Curry, o. L., 1976, Evaluation·of uranium resources in the Powder River Basin, 
Wyoming: Wyoming Geological Assn. 28th Annual Field Conference Guidebook, 
Powder River, P• 235-242. 

Curry, w. H., III, 1971, Laramide structural history of the Powder River 
Basin, 'olyoming, in Wyoming Geol. Assoc. Guidebook, 23rd Ann. Field Con£., 
Symposium on Wyoming tectonics and their economic significance, P• 49-60. 

Curry, w. H., III, 1973, Parkman delta in central Wyoming: lolyo. Geological 
Assoc., Earth Science Bull., No. 4, p. 5-18. 

Curry, w. H., III. 1976. Late Cretaceous Teapot delta of southern Powder River 
Basin, Wyoming: 28th Ann. Field Con£., Wyo. Geological Assoc. Guidebook, 
Powder River, P• 21-28. 

Dahl, A. R., and Hagmaier, J. L., 1976, Genesis and characteristics of the 
southern Powder River Basi~ uranium deposits, Wyoming: Wyo. Geological 
Assoc. 30th Ann. Field Con£. Guidebook, Powder River Basin, p. 243-252. 

~arton, N. H., Preliminary description of the geology and water resources of 
the southern half of the Black Hills and adjoining regions in South Dakota 
and Wyoming; u.s. Geologiqal Survey 21st Ann. Rept., pt. 4 p. 489-599. 

Darton, N. H., 1905, Geology and underground water resources of the central 
Great Plains: u.s. Geological Survey Professional Paper 32, 433 P• 

Darton, N. H., 1908, Paleozoic and Mesozoic and central Wyoming: Geol Soc. 
America Bull., v. 19, P• 403-474. 

40 



Darton, N. H., and Siebenthal, c. E., Geology and mineral resources of Laramie 
Basin: u.s. Geol. Survey Bull. 364. 

Darton, N. H., 1916, Sedimentary rocks [north Laramie Mountains, Wyo.], in 
Spencer, A. c., The Atlantic gold district and the north Laramie Mountains 
[Wyo.]: u.s. Geological Survey Bull. 626, p. 53-56. 

Darton, N. H., 1918, Structure of parts of the central Great Plains: u.s. 
Geological Survey Bull. 691, p. 1-26. 

Davidson, D. F., 1953, Distribution of coarse- and fine-grained rocks in the 
Wasatch Formation and their relationship to uranium deposits, Powder River 
Basin, Wyoming: u.s. Geological Survey TEM-676, 12 P• 

1953a, Reconnaissance for uranium in the Powder River Basin, Wyoming: 
--~ u.s. Geological Survey TEM-677, 32 P• 

Davis, J. F., 1969, Uranium deposits in the Powder River Basin: University of 
~.J'yoming Contributions to Geology, v. 8, no. 2, pt. 1, p. 131-141. 

____ 1970, Uranium deposits in the Powder River Basin, Wyoming: Wyoming 
Geological Association 22nd Annual Field Conference Guidebook, Symposium 
on Wyoming sands tone, p. · 21-2 9. 

Dean, B. G., 1960, Selected annotated bibliography of the geology of uranium­
bearing veins in the United States. u.s. Geological Survey Bull. 1059-G, 
144 P• 

Denson, N. M., 1969, Distribution of nonopaque heavy minerals in Miocene and 
Pliocene rocks of central Wyoming and parts of adjacent States, in 
Geological Survey research 1969: u.s. Geological Survey Prof. Paper 650-
C, P• C25-C32, 

Denson, N. M., 1974, Geologic map of the Lusk area, Goshen and Niobrara 
Counties, Wyoming: u.s. Geological Survey Open-File Report 74-349. 

Denson, N. M., 1975, Geologic' and structure map of the southern part of the 
Powder River Basin, Converse, Niobrara, and Natrona Counties, Wyoming: 
u.s. Geological Survey Miscellaneous Investigations Series Map I-877. 

Denson, N. M., and Botinelly, Theodore, 1949, Geology of the Hartville uplift, 
eastern Wyoming: u.s. Geological Survey Oil and Gas Investigations 
Preliminary Map 102. 

Denson, N. M., and Gill, J. R., 1956, Uranium-bearing lignite and its relation 
to volcanic tuffs in eastern Montana and the Dakotas: Internat. Con£. 
Peaceful Uses of Energy, Geneva, 1955, Proc., v. 6, P• 464-467. 

41 



Denson, N. M., and Harshman, E. N., 1969, Map showing areal distribution of 
Tertiary rocks, Bates Hole-Shirley Basin area, south-central Wyoming: 
u.s. Geological Survey Miscellaneous Geologic Investigations Map I-570. 

Denson, N. M., and Horn, G. H., 19751 Geologic and structure map of the 
southern part of the Powder River Basin, Converse, Niobrara, ·and Natrona 
Counties, Wyoming: u.s. Geological Survey Miscellaneous Investigations 
Series Map I-877. 

Denson, N. M., Zeller, H. D., and Stephens, J. G., 1956, Water sampling as a 
guide in the. search for uranium deposits and its use in evaluating · 
widespread volcanic units as potential source beds for uranium: u.s. 
Geological Survey Professional Paper 300, P• 673-680. 

Dietz, c. B., 1929, Developed and undevelpped mineral resources of Wyoming: 
Wyoming Geological Survey Bulletin, V• 21.; p. 17-20. 

Dobbin, c. E., Kramer, W. B., and Horn, G. H., 1957, Geologic and structure 
map of the southeastern part of the Powder River Basin, ~vyoming: U.S. 
Geological Survey Oil and Gas Investigations Map OM-185. 

Duncan, D. c., 1953, Reconnaissance investigations for uranium in black shale 
deposits of the Western States during '1951 and 1952: u.s. Geological 
Survey TEI-381, 89 P• 

Ebbett, B. E., Jr., 1956, Structure and petrology of the metasedimentary rocks 
of the Good Fortune mining area, Platte County, Wyoming: University of 
Wyoming M. A. thesis, 152 P• 

Edwards, A. R., 1941, Underground water resources of Chugwater Creek, Laramie 
River and North Laramie River valleys: Wyoming Geological Survey Bull. 
32. 

Ethridge, F. G., Tyler, Noel, Thompson, T. B., 1979, The uranium bearing Fox 
Hills and Laramie aquifers, Cheyenne Basin, Colorado: structure, 
depositional systems and groundwater. An Interim Rept., Part I, structure 
and depositional systems: Dept. of Earth Resources, Colorado State Univ. 
Ft. Collins; 40 P• 

Finch, W. I., 1956, Uranium.in terrestrial sedimentary rocks in the United 
States exclusive of the Colorado Plateau: u.s. Geological Survey 
Professional Paper 300, p. 321-327. 

____ .1967, Geology of epigenetic uranium deposits in sandstone in the u. 
s.: u.s. Geological Survey Professional Paper 538, 121 p. 

Finnell, T. 1., and Parrish, I. s., 1958, Uranium deposits and principal ore­
bearing formations of the central Cordilleran Foreland region: u.s. 
Geological Survey Mineral Investigations Map MF-120. 

42 



geoMetries, 1979, Aerial gamma ray and magnetic survey, Powder River II 
project, Final Report, v. 1, Torrington and Casper Quadrangles GJBX-
158(79), 59 P• Final Report, v. 2, Torrington Quadrangle Wyoming and 
Nebraska GJBX-158(79) 114 P• 

Geslin, H. E., and Bromley, c. P., 1957, Preliminary drilling in the Powder 
River Basin, Converse, Campbell, and Johnson Counties, Wyoming: u.s. 
Atomic Energy Commission, RME-1070 (revised), 26 p. 

Giddings, H. J., 1935, The geology of a portion of the Laramie Basin lying 
north of Como anticline, Albany County, Wyoming: University of Wyoming 
M.A. thesis, 46 P· 

Giletti, B. J., and Gast, P. w., 1961, Absolute age of Pre-Cambrian rocks in 
Wyoming and Montana, in Geochronology of rock syst"ems: New York Acad. 
Sci. Annals, v. 91, P• 454-458. 

Gist, J. G., 1957, Geology of the North Freezeout Hills and adjacent areas, 
Carbon and Albany Counties, Wyoming: University of ~vyoming M.A. thesis. 

Gott, G. B., and Schnabel, R. w., 1957, Geology of the Edgemont NE Quadrangle, 
Fall River and Custer Counties, South Dakota; u.s. Geological SurJey Bull. 
1063-E, 63 p. 

Gott, G. B., Wolcott, D. E., and Bowles, G. c., 1974, Stratigraphy of the 
Inyan Kara Group and localization of uranium deposits, Southern Black 
Hills, South Dako"ta and Wyoming: u.s. Geological Survey Prof. Paper 763, 
57 P• 

Greeley, M. N., 1962, Geology of the Esterbrook area, Converse and Albany 
Counties, Wyoming: Univ. Missouri M.S. thesis, 58 P• 

Gruner, J. w., and Knox, J. A., 1957, Annual report for April 1, 1956 to March 
31, 1957: u.s. Atomic Energy Commission RME-3148, 51 P• 

Gruner, J. W.~ and Smith, D. K., Jr., 1954, Ninth progress report for period 
April 1 to October 1, 1954: u.s. Atomic Energy Commission RME-3103, 10 P• 

Grutt, E. w., Jr., 1955, Geologic notes on some Wyoming uranium districts: 
Mines Magazine (Colorado), v. 45, no. 3, P• 106-108. 

Guillinger, R. R •• 1956. Uranium occurrences in the North Laramie Peak 
district, Albany and Converse Counties, Wyoming:_ u.s. Atomic Energy 
Commission DEQ-2-TM-3, 16 P• · 

______ 1956b, Geologic studies with results of airborne reconnaissnce in the 
Shawnee-Lance Creek area~ Converse and Niobrara Counties, Wyoming, with a 
section on Airborne radiometric investigations, by w. n. Siapno: u.s. 
Atomic Energy Commission TM-D-1-13, 23 P• 

43 



1956c, Geologic studies with results of airborne reconnaissance in the 
--~ Shawnee-Lance Creek districts: Unpublished u.s. Atomic Energy Commission 

report, 33 p. 

Hagmaier, J. L., 1971, Relation of uranium· occurrences to ground water flow 
systems: Wyoming Geological Association Earth Science Bulletin, v. 4, no. 
2, p. 19-24 •. 

Hagner, A. F., 1944, Wyoming vermiculite deposits: Wyoming Geological Survey 
Bull. 34. 

Hancock, E. T., Lance Creek oil and gas field, Niobrara County: u.s. 
Geological Survey Bull. 716, P• 91-122. 

Hanley, J. B., Heinrich, E. v., and Page, L. R., 1950, Pegm~tite 
investigations in Colorado, Wyoming, and Utah, 1942-1944: u.s. Geological 
Survey Professional Paper 227, 125 P• 

Harris, s. 
Basin: 
River, 

A., 1976, Fall River ("Dakota") oil entrapment, Powder River 
Wyo. Geological Assoc. Guidebook,·28th Ann. Field Conf., Powder 

P• 147-164. 

Harshman, E. N., 1967, Geologic map of the Shirley Basin area, Albany, Carbon, 
Converse, and Natrona Counties, Wyoming: u.s. Geological Survey 
Miscellaneous Geologic Investigations I-539. 

Harshman, E. N., 1968, Uranium deposits of 1vyoming and South Dakota: Ore 
deposits of the United States, i933-1967, v. 1, Am. Inst. Min. & Met. 
Engr., p• .817-831. 

Harshman, E. N., 1972, Geology and uranium deposits, Shirley Basin area, 
~vyoming.: U.S. Geological Survey Prof. Paper 7 4 5, 82 p. 

Herrman, Raymond, 1972, Shallow aquifers relative to surface waters, North 
Platte River Valley, Goshen County, 1.J"yoming: University of Wyoming Ph. D. 
thesis. 

Hills, F. A., and Armstrong, R. L., 1974, Geochronology of Precambrian rocks 
in the Laramie Range and implications for the tectonic framework of 
Precambrian southern Wyoming: Precambrian Research Jour., v. 1, P• 213-
225. 

Hills, F. A., 197'7, Uranium and thorium in the middle Precambrian Este~ 
Conglomerate, Nemo District, Lawrence County, South Dakota--A preliminary 
report: u.s. Geol. Survey Open-File Report 77-55, 27 p. 

Hills, F. A., and Houston, R. s., 1979, Early Proterozoic tectonics of the 
Central Rocky Mountains, North America: Contributions to Geology, v. 17, 
p. 89-109. 

44 



·,• 

Hodson, W. G., Pearl, R. H., and Druse, s. A., 1973, Water resources of the 
Powder River Basin and·adjacent areas, northeastern Wyoming: u.s. 
Geological Survey Hydrologic Investigations Atlas HA-465. 

Horton, M. D., 1953, Stratigraphy and structure of Old Woman anticline, 
Niobrara County, Wyoming: University of Nebraska M. s. thesis, 96 P• 

Houston, R. s., and Karlstrom, K. E., 1980, Uranium-bearing quartz-pebble 
conglomerates: Exploration model and United States resource potential: 
u.s. Department of Energy Open-File Report GJBX-1 (80), ·510 P• (1979) 

Jamison, c. E., 1912, Muddy Creek oil field: Wyoming, Geologist's Office, 
Ser. B, Bull. 3, 50 P• 

Jamison, c. E., 1912, The Douglas oil field, Converse County, Wyoming, 
Geologist's Office, Ser. B, Bull. 3, 30 P• 

Johnson, R. c., and Hills, F. A., 1976, Precambrian geochronology and geology 
of the Boxelder Canyon area, northern Laramie Range, Wyoming: Geological 
Society of America Bulletin, v. 87, no. 5, P• 809-817. 

Kaabar, S. M., 1970, The geology of the Pinto Creek quadrangle, Albany County, 
Wyoming: University of lvyoming M.S. thesis, "61 P• 

Kansas Geological Society, 1929, Southeastern Wyoming and adjoining parts of 
northeas·tern Colorado: Kansas Geological Society 3rd Annual Field 
Conference Guidebook. 

King, R. v., 1953, Reconnaissance for uranium in the United States--colorado­
Wyoming district: u.s. Geological Survey Trace Element Investigation 
Report TEI-390, P• 205-209. 

King, R. v., and Beroni, E. P., 1953, Regional reconnaissance for uranium and 
thorium in the·United States--Colorado-Wyoming district: u.s. Geological 
Survey Trace Element Investigation Report TEI-330, p. 208-213. 

Knight, w. t.:., 1900, Jurassic rocks of southeastern 1-J'yoming: G~ol. Soc. of 
America Bull. v. 11, P• 377-388. 

Konkel, Philip, 1935, The geology of the northeast portion of the Laramie 
Basin, Little Medicine Mountain district, Wyoming: University of Wyoming 
M.A. thests, 59 P• 

Koppe, E. F., Erickson, E. s., Jr., and Trotter, c. L., 1953, An investigation 
of the mineralogy, petrography, and paleobotany of uranium-bearing shales 
and lignites (scope-B lignites), quarterly progress report, July 1 to 
September 30, 1953: u.s. Atomfc Energy Cotmnission NY0-6057, 39 p. 

45 

I 



Kramer, W. B.~ and Dobbin, c. E., 1943, Geologic map and sections of the Lance 
Creek oil and gas field and vicinity, Niobrara County, ~vyoming: U.S. 
Geological Survey unnumbered map. 

Lane, D. w., 1972, Geologic map atlas and summary of economic mineral 
resources of Converse County," Wyoming: Wyoming Geological Survey County 
Resources Series CRS-1, 22 P• 

Langford, F. F., 1974, A supergene origin for vein-type uranium ores in the 
light of Western Australian calcrete-carnotite deposits: Econ. Geology, 
v. 69, P• 516-526 •. 

Langford, F. F., 1977, Surficial origin of North American pitchblende and 
related uranium deposits: Am. Assoc. Petroleum Geologists Bull. v. 61, p. 
28-42. 

Larsen, E. s., Hess, F. L., and Schaller, w. T., 1926, Uranium minerals from 
Lusk, Wyoming; American Mineralogist, v. 11, no. 6, p. 155-164. 

Lind, s. c., and Davis, c. W., 1919, A new deposit of uranium ore (Lusk, 
~vyoming): Science, new ser., v. 49, p. 441-443. 

Littleton, R. T., 1950, Ground-water resources of Wheatland Flats area, 
Wyoming: u.s. Geological Survey Circular 70, 32 p. 

Love, J. D., 1953, Uranium in sandstone-type deposits, Wyoming reconnaissance, 
Marshall area, other localities: u.s. Geological Survey Trace Element 
Investigation Report TEI-390, P• 63-67. 

------~1956, Uranium in sandstone-type deposits outside the Colorado Plateau, 
Southeastern Wyoming--Some uraniferous springs in the Wind River 
formation, Albany County, Wyoming: u.s. Geological Survey Trace Element 
Investiga~ion Report TEI-6ZU, P• ZOZ-2U4. 

Love, J. D., Christiansen, Ann Coe, and Sever, C. K., 1980, Geologic map of 
the Torrington 1° X 2° Quadrangle, southeastern Wyoming and western 
Nebraska: u.s. Geological Survey Miscellaneous Field Studies Map MF-1184. 

Love, J. D., and Weitz, J. L., 1951, Geologic map of the Powder River Basin 
and adjacent areas, Wyoming: u.s. Geological Survey Oil and Gas 
Investigations Map OM-122. 

_______ .1953, Geologic map of Albany County: Wyoming· G~:wluglL:al 3ucvey wap. 

Love, J. D., Denson~ N. M.t and Botinellyt Theodore, 1949, Geology of the 
Glendo area, Wyoming: u.s. Geological Survey Oil and Gas Investigations 
Preliminary Map 92. 

Love, J. D. ~veitz, J. L., and Hose, R. K~, 1955, Geologic map of Wyoming: 
u.s. Geological Survey. 

46 



Lovering, T. G., and Beroni, E. P., 1959, Preliminary study of radioactive 
limonite in Colorado, Utah, and Wyoming: u.s. Geological Survey Bulletin 
1046-N, 46 P• 

Malan, R. c., and Sterling, D. A., 1970, A geologic study of uranium resources 
in Precambrian rocks of the western United States: u.s. Atomic Energy 
Commission AEC-RD-11, 64 p. 

Mallory, N. s., 1953a, Airborne radiometric survey of Lusk area, Niobrara, 
Platte, and Goshen Counties, Wyoming: u.s. Atomic Energy Commission RME-
46, 11 P• 

McCullough, P.T.P.,l974, Origin of the Ragged Top gneisses, Laramie Range, 
~-lyoming: University of Illinois Ph.D. thesis. 

McGrew, L. w., 1953, The geology of the Grayrocks area, Platte and Goshen 
Counties, Wyoming: University of Wyoming thesis. Map scale 1:10,000. 

______ 1963, Geology of the Fort Laramie area, Platte and Goshen Counties, 
Hyoming: u.s. Geological Survey Bulletin 114-F, 39 P• 

_____ 19"67a, Geologic map <;>f the Antelope Gap quadrangle, Platte County, 
Wyoming: u.s. Geological Survey Geologic QUadrangle Map GQ-619. 

______ 1967b, Geologic map of the Casebier Hill quadrangle, Goshen quadrangle, 
Hyoming: u.s. Geological Survey Geologic QuadrangleMap GQ-621. 

____ 1967c, Geologic map of the Wheatland quadrangle, Platte County, 
Wyoming: U.~. Geological Survey Geologic Quadrangle Map GQ-627. 

______ 1967d, Geologic map of the ~fueatland NE quadrangle, Platte County, 
'i-lyoming: U.S. Geological Survey Geologic Quadrangle Map CQ-628. 

Merewether., E. A., 1960, Geologic map of the igneous and metamorphic rocks of 
~vyoming showing location of uranium deposits: u.s. Geological Survey 
Miscellaneous Geologic Investigations Map I-310. 

Mickle, D. G., and Mathews, G. w., eds., 1978, Geologic characteristics of 
environments favorable for uranium deposits: u.s. Dept. of Energy qpen­
File Rept. GJBX-67(78), 250 P• 

Millgate, M. L., 1965, The Haystack Range, Goshen and Platte Counties, 
Wyoming: Wyoming Geological Survey Preliminary Report 5. 

Mills, R. K., 1965, Petrography of uranium ore rolls in the Powder River 
Basin, ~-lyoming. M.s.· thesis, University of Wyoming, 65 p. 

Morris, D. A., and Babcock, H. M., 1960, Geology and ground-water resources of 
Platte County, Wyoming, with a section on Chemical quality of the water, 
by R. H. Langford: u.s. Geological Survey Water-Supply Paper 1490, 195 P• 

47 



Mrak, v. A., 1958, Uranium deposits in the Tertiary sediments of the Powder 
River Basin, lvyoming: Wyoming Geological Associ~tion 13th Annual Field 
Con£. Guidebook, Powder River P• 233-240. 

1968, Uranium deposits in the Eocene sandstones of the Powder River 
--~-' 

Basin, Wyoming in Ridge, J. D. (ed.) Ore deposits of the United Stat~s, 
1933-1967: American Institute and Mining, Metallurgical and Petroleum 
Engineers, v. 1, p. 838-848. 

Olson, J. c., 1976, Uranium deposits in the Cochetopa district, Colorado, in 
relation to the Oligocene erosion surface:· U.s. Geol. Survey Open-File 
Report 76-222, 13 P• 

Olson, J. c., 1979, Preliminary geologic map and structural maps and sections 
of the Marshall Pass mining district, Saguache, Gunnison, and Chaffee 
Counties, Colorado: u.s. Geological Survey Open-File Report 79-147:3. 

Osterwald, F. w., and Dean, B. G., 1961, Relation of uranium deposits to 
tectonic pattern of the central Cordilleran foreland: u.s. Geological 
Survey Bulletin 1087-I. 

Osterwald, F. w., Osterwald, D. B., Long, J. s., Jr., and Wilson, w. H., 1966, 
Mineral resources of Wyoming: _Wyoming Geological Survey Bull. 50, 287 p. 

Paape, D. W., 1961, Tectonics and its influence on Late Cretaceous and 
Tertiary sedimentation, Wind River Basin, Wyoming, in Symposium on Late 
Cretaceous rocks, Wyoming and adjacent areas: Wyoming Geol. Assoc., 16th 
~n. Field Con£. Guidebook P• 187-194. 

Patterson, K. D., 1950, Origin of graphite in western Platte County, 
Wyoming: University of Wyoming M.A. thesis. 

Pennington·, Jack, Jr., i947, Stratigraphic and structut.'t! or the Hcn:·se Dcaw 
area, Albany and Platte Counties, lvyoming: University of Missouri M.A. 
thesis, 85 PP• 

Peterson, J. a., 1972, Jurassic System in Mallory, w. A., ed., the Rocky 
Mountain region, Rocky Mountain Assoc., of Geologists, Denver, Colorado, p 
177-189· 

Raines, G. 1., Offield, T. W., and Santos, E. s., 1978, Remote sensing and 
subsurface definition of facies and structure related to uranium deposits, 
Powder River Basin, WyoUl.ing: Ikon. Geology v. 73, 1978, P• 1706-1723. 

Rapp, J. R., 1953, Reconnaissance of the geology and ground-water resources of 
,the La Prele area, Converse County, Wyoming, with a section on The 
chemical quality of the ground water, by w. H. Durum: u.s. Geological 
Survey Circular 243, 33 p. 

48 



Rapp, J. R., and Babcock, H. M., 1953, Reconnaissance of the geology and 
ground-water resources of the Glendo-Wendover area. Platte County, 
Wyoming, with a section on The chemical quality of the ground water, by w. 
H. Durum: u.s. Geological Survey Circular 163, 34 P• 

Rapp, J. R., Visher, F. N., and Littleton, R. T., 1957, Geology and ground­
water resources of Goshen County, Wyoming, with a section on Chemical 
quality of the ground water; by w. H. Durum: u.s. Geological Survey 
Water-Supply Paper 1377, 145 p. 

Robertson, D. s., Tilsley, J. E., and Hogg, G. M., 1978, The time-bound 
character of uranium deposits: Econ. Geology, v. 73, p. 1409-1419. 

Rosholt, J. N., Jr., Butler, A. P., Garner, E. L., and Shields, w. R., 1965, 
Isotopic fractionation of uranium in sandstone, Powder River Basin, 
Wyoming, and Slick Rock district, Colorado: Economic Geology, v. 60, P• 
199-213. 

Rosholt, J. N., Prijana, and Noble; D. c., 1971, Mobility of uranium and 
thorium in glassy and crystallized silicic volcanic rock: Econ. Geology 
v. 66, P• 1051-1069. 

Roth, R. s., 1950, Correlation of Pennsylvanian strata in Hartville uplift, 
Wyoming, and in southern Black Hills, South Dakota: University of Illinois 
M.S. thesis, 101 P• 

Rubin, B., 1970, Uranium roll front zonation in the southern Powder River 
Basin, l-lyoming: Wyoming Geological Association Earth Science Bulletin, v. 
3, no. 4, P• 5-12. 

Schlatkjer, E. M., 1935, Contribution to the stratigraphy and paleontology of 
the Goshea Hole area, pt. 4: Harvard College Mus. Comp. Zoology Bull., v. 
76, p. 97-189. 

Seeland, David, 1976, Relationship between Early Tertiary sedimentation 
patterns and uranium mineralization in the Powder River Basin, Wyoming: 
Wyoming Geol. Assoc. 28th Ann. Field .Con£. Guidebook, Powder River, p. 53-
64. , 

----~1978, Sedimentology and stratigraphy of the Lower Eocene Wind River 
Formation, Central Wyoming: Wyoming Geological Assoc. 30th Ann. Field 
Con£. Guidebook, Wind River Basin, P• 53-64. 

Segerstrom, Kenneth, and R. C. Weisner, 1977, Mineral resources of the Laramie 
Peak study area, Albany and Converse Counties, Wyoming, with a section on 
Aeromagnetic interpretation, by M. D. Kleinkop£: u.s. Geological Survey 
Bulletin 1397-B, 35 P• 

49 



Shannon, s. s., Jr., 1980, Uranium hydrogeochemical and stream sediment 
reconnaissance data release for the Torrington NTMS Quadrangle, Wyoming, 
including concentrations of forty-two additional elements: University ·of 
California Los Alamos Scientific Laboratory Informal Report LA-75144~S 
(UC-51), also issued. by u.s. Dept. of Energy as Open-File Rept. GJBX-
19080. 

Shannon, s. s., Jr., and Ruzycki, J., 1957, An airborne radiometric survey of 
parts of Albany and Carbon Counties, Wyoming: u.s. Atomic Energy 
Commission TM-1-D-15. 20 P• 

Sharp, W. N., 1956, Uranium in sandstone-type deposits outside the Colorado 
Plateau, Southern Powder River Basin: u.s. Geological Survey Trace 
Element Investigation TEI-6lU, P• 181-183. 

Sharp, w. N., and Gibbons, A. B., 1956, Geologic mapping, Central Region, 
Southern Powder River Basin, Wyoming: u.s. Geological Survey Trace 
Element Investigation, TEI-640, P• 82-84. 

Sharp, W. N., and Gibbons, A. B., 1957, Geologic mapping, Central Region 
exclusive of the Black Hills, southerrn Powder River Basin, Wyoming: u.s. 
Geological Sur.Vey Trace Element Investigation TEI-690, p. 246-257. 

Sharp, W. N., and Gibbons, A. B., 1964, Geology and uranium deposits of the 
southern part of the Powder River Basin, ·wyoming:· u.s. Geological Survey 
Bulletin_ 1147-D, 60 ~· 

Sharp, W. N., and Post, E. V., 1957, Color in sandstone as a guide to uranium 
deposits- in Powder River Basin and southern Black Hills, \~yoming, South 
Dakota: National Western 1tining Conference, 60th, Denver, Colorado, 
February 7-9, 1957, Transactions, v. 1, P• 97-100. 

\ 
Sha:i:p, w. N., and. Whit:e, A. N., 19JJ, Uumluw lu 5<lt'iddtCil'l.~-type de.potJit3 

outside the Colorado Plateau, Southern Powder River Basin, Wyoming: u.s. 
Geol. Survey Trace Element Investigation TEI-590, P• 148-151. 

Shaw, w. E., 1909, The Glenrock coal field, u.s. Geological Survey Bull., 34t, 
p. 151-15ll• 

Sherer, R. L., 1968, Nephorite deposits of the Granite, the Seminoe and 
Laramie counties, Wyoming: University of Wyoming M.A. thesis. 

Smith, E. w., 1954a, Reconnaissance ror uraniferou~ dapu~iLs ln the Laramie 
Mountains, Wyoming: u.s. Atomic Energy Commission, RME-1048, 17 p. 

______ 1954b, Preliminary reconnaissance of parts of the Shirley Basin, Albany, 
Carbon,·and Natrona Counties, Wyoming; u.s. Atomic Energy Commission RME-
1049, 12 p. 

so 



Smith, w. s. T., 1903, Description of the Hartville Quadrangle (Wyoming): 
u.s. Geological Survey Geologic Atlas, Folio 91. 

Snow, E. P. 1895, The Hartville iron ore deposits in Wyoming: Engineering and 
Mining Journal, v. 60, P• 320-321. 

Spelman, A. R., 1959, Geology of The area between Bed Tick Creek and West Fork 
of La Bonte Creek, Converse County, Wyoming: University of Wyoming, M. A• 
thesis, 81 P• 

Spencer, A. c., 1916, Economic geology of the North Laramie Mountains, 
Converse and Albany counties: u.s. Geological Survey Bulletin, 626, P• 
47-81. 

Stanton, T., w., 1910, Fox Hills sandstone and Lance Formation ("Ceratops 
beds") in South Dakota and eastern Wyoming, Am. Jour. Sci., 4th ser., v. 
30, p. 172-188, September; (abstract by T. w. Stanton), Science, new ser., 
v. 32, P• 63-64, July 8. 

Stanton, T~ w., 1915, Fox Hills Formation of Colorado and Wyoming, Washington 
Acad. Sci., Jour., v. 5, no. 9, P• 323-333, May 4. 

Stuckless, J. s., 1979, Uranium and thorium concentrations in Precambrian 
granites as indicators of a uranium province in central ~-lyoming:. 
Contributions to Geology, v. 17, P• 173-178. 

Subbarayudu, G. v., 1975, The Rb-Sr isotopic composition and the origin of 
the Laramie anorthosite-mangerite complex, Laramie Range, Wyoming 
(abs.): Dissertation Abstracts International, v. 36, no. 10, p. 4908B-
4909B. 

Theobald, P. K., and Ki~g, R. R., Geologic investigations of radioactive 
deposits, Semiannual progress report, June 1 to November 30, 1954: u.s. 
Geol. Survey TEI-490, P• 225. 

Thomas, H. D., 1954, Uranium in Wyoming: Mines Magazine, v. 44, no. 3, P• 81-
82, 96. 

Toogood, D. J., 1967, Repeated folding in the Precambrian basement of the 
Laramie Mountains, Albany and Platte Counties, Wyoming: University of 
Wyoming M.A. thesis. 

Trumbull, L. W., 1913, Prospective oil field's at Upton, Weston County, Buck 
Creek, Niobrara County, Rattlesnake Mountains, Natrona County La Barge, 
Li~coln County: Wyoming Geol· Survey Bull. s. 

u.s. Atomic Energy Commission, Grand Junction Office, production Evaluation 
Division, 1959: Guidebook to uranium deposits of western United States. 
u.s. Atomic Energy Commission, RME-141, 359 P• 

51 



u.s. Atomic Energy Commission, 1966, Airborne radiometric reconnaissance in 
South Dakota and Wyoming, 1952 t.o 1955: u.s. Atomtc Enet"gy Commission, 
RME-14 9 , 81 p • 

Vickers, R. c., 1957, Alteration of sandstone as a guide to uranium deposits 
and their origin, northern Black Hills, South Dakota; Econ. Geol., v. 52, 
P• 599-611. 

Visher, F. N., and Babcock, H. M., Ground-water conditions in the Soil and 
Moisture Conservation Demonstration area near Torrington, Goshen County: 
u.s. Geol. Survey Circ. 238. 

Weeks, E· p., 1964. Hydrologic conditions :Ln the Wheatland Flats area, Platte 
County, Wyoming: U. S. Geological Survey Water-Supply Paper 1783, 79 P• 

Welder, G. E., and Weeks, E. P., 1965, Hydrologic conditions near Glendo, 
Platte County, Wyoming: u.s. Geological Survey Water-Supply Paper 1791, 
82 p. 

Wells, R. c., 1934, Allanite from Wyoming: American Mineralogist, v. 19, no. 
2, P• 81-82. 

Whitcomb, H. A., 1965, Ground-water resources and geology of Niobrara County, 
Wyoming; with a section on Chemical.quality of the ground water, by T. R. 
Cummings: u.s. Geological Survey Water-Supply Paper 1788, 101 p. 

Wilmarth, v. R., and Johnson, D. H., 1954, Uranophane at Silver Cliff mine, 
Lusk, Wyoming: u.s. Geological Survey Bulletin 1009-A, P• 1-12. 

Wilson, W. H., 1960, Radioactive mineral deposits of Wyoming: Geological 
Su.rvey ot Wyoming H.eport of investigations No. 7, 41 p. 

Yellich, J. A., Cramer, R. T., and Kendall, R. G., 1978, Copper Mountain, 
Wyoming, uranium deposit-~rediscovered: Wyoming Geological Assoc. 28th 
Ann. Field Conf. Guidebook, Powder River P• 311-327. 

Zartman, R. E., and Stern, T. w., 1967, Isotopic age and geologic 
relationships of the Little Elk Granite, northern Black Hills, South 
Dakota, in Geological Surv~y Research 1967: ·u.s. Geological Survey 
Professional Paper 575-D, P• D157-163. 

52 

,, 
























