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INTRODUCTION

This report is a statement of progress during the six-months
period from June 1 to November 30, 1956, on investigations of
radioactive materials in the United States and Alaska, undertaken
by the U. S. Geological Survey under the sponsorship of the
Division of Raw Materials and the Division of Research of the
Atomic Energy Commission, |

The shift in emphasis of the Geologiéal Survey's program from
the search for minable deposits of uranium as such toward the under-
standing of geologic conditions favorable for uranium concentra#ion,
which was discussed in previous Semiannual Reports (TEIe59O and
TEI-620) was continued during the period, Ne'exploration.drilling
was done, and the Geological Survey'!s effort was directed toward a
comprehensive understanding of the factors involved in uranium
geology and the publication of reports that will make available to
the public the information obtained in the various studies. Many
investigations have progressed to the point where final report; have
been completed or are in preparation for future publication with the
permission of the Atomic Energy Commission; for other studies, parti-
cularly those of a continuing nature, it will be several years before
final reports can be published.

Between June 1 and November 30, 1956, formal publications
included twelve Geological Survey Bulletins; 37 maps; 22 publications
in scientific journals; and 64 papers by Survey authors in Geological
Survey Professional Paper 300, "Contributions to the geology of

uranium and thorium by the United States Geological Survey and Atomic
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Energy Commission for the United Nations International Conference

‘on Peaceful Uses of Atomic Energy, Geneva, Switzerland, 1955%,
edited by Lincoln R. Pgo , Hobart E, Stocking, and Harriet Be Smithe.
In addition, two rcpcr’ﬁa were placed on open file, and one was |
set to the Tochﬁical Information Service Extension of the Atomic
Energy Commission for wider distribution and sale to the publics
A tetal of 13 papers were presented at scientific msetings by members
of the Geological Survey involved in the investigation of radicactive
deposits, |

Publications issued on the geologic investigations of radio-
active deposits during the past six months are listed under the

descriptions of the various projects.
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HIGHLIGHTS,
GEOLOGIC INVESTIGATIONS OF RADIOACTIVE DEPOSITS
JUNE 1 TO NOVEMBER 30, 1956

Geologic mapping
Colorado Plateau region

In the Bull Canyon district, Montrose and San Miguel Counties,
Colorado, outcrops east of the Uravan Mineral Belt indicate a wide-
spread area of ground unfavorable for the deposition of uranium-
vanadium ores. Exposures west of the Uravan Mineral Beit indicate
a large area of ground favorable for uranium-vanadium deposition, but
no ore bodies have yet been found in thabt area.

In the Slick Rock district, San Miguel and Dolores Counties,
Colorado, evaluation of data on the lower part of the Mancos shale in
Disappointment Valley indicates a correlation between fossil zones,
lithology, and CaCO3 and pyrite content, suggesting that lithology and
mineral content, as well as life forms in the seas receiving the sedi-
ments, varied with volcanic activity during the formation of the shale.
It has also been found that barite formed in ore bodies contains an
appreciable amount of trace elements, many of which have been considered
Mextrinsic" by persons studying the distribution of elements in ore
deposits. Trace element content of carbonates may reflect the influence,
or lack of influence, of ore solutions during formation.

Horst and graben structures are prominent features in the Placer-
ville, Little Cone and Gray Head quadrangles, Western San Juan Mountains,
Colorado. The igneous rocks of these three quadrangles are apparently
associated with three distinct centers of igneous activity. The horst
and graben structures appear to die out near two of the igneous centers,
but there is some evidence that they cut the third center. These obser-
vations suggest a genetic relationshlp between the faulting and the
intrusions.

Mapping of the Ute Mountains, Colorado, indicates that much of the
doming visible around the Utes is due to buried 1ntru31ves of the lacco-
lithic type. A consistent quaquaversal dip of 2° to 4° around the
mountains is ascribed to the intrusion of the stocks.

South of Spanish Valley, in the northwestern corner of the Lisbon
Valley.area, Utah-Colorado, some persistent southwest-trending faults
link the Lisbon Valley fault system with the northwest-trending folds
and faults of Spanish Valley. Peculiar small collapse structures, roughly
oval in plan, are numerous along the northeast side of Spanish Valley;
some of these structures have displacements of at least 1,200 feet. Study
of mines in the Big Indian Wash-Lisbon Valley mining district shows that
lithology is not a major factor in controlling the distribution of ore and
that uranium and vanadium generally are not associated in detail. Some
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samples taken as examples of vanadium ore proved %o contain little
vanadium but several percent mclybdenum.

Two northwest-irending grabens traverse the Abajo Mountains area,
Utah. The northern one truncates the north edge of Shay Mountain and
is known as the Shay graben., The southern one, known as the Verdure
graben, truncates the south flank of South Peak. Both grabens, perhaps
coincidentally, parallel a zcone of favorable ground in which uranium-
vanadium ores are in the Salt Wash member of the Morrison formation.

At Middle Montezuma Canyor in the Sage Plain area, Utah-Colorado,
the ore deposits are in & single lens of sandstone near the middle of
the Salt Wash member of the Morrison formations. The lens is locally
110 feet thick, and has an exposed length of about 13,000 feet. The
ore bodies, which are at several levels within the sandsione, consist
of central zones rich in carbonaceous material surrounded by thin
enveloping layers of cre.

At the Orange Cliffs, Ubtah, uvranium occurrences are most common
where purple-white alteration and silicification are most abundant.
This alteration feature is believed to be a regional guide to some of
the geologic processes responsible for some occurrences of uranium.

Detailed mepping and sampling in the Grants area, New Mexico, show
thet ore is likely to be found in the Todilto limestone in areas where
intraformational flexures are concentrated, especially in such areas
downdip from faults which trend aboui N. 80° E. Ore in the Westwater
Canyon member of the Morrison formation may be concentrated near the
bottoms of synclines ox synclinoriap especially where changes in dip
produce small structural terracess Prospectlng may be aided by watéh-
ing for a change from pale blue to purple in the overlying Brushy Basin
shale, which is a possible indicator of mineralized ground in the
Westwater Canyon member.,

In the Laguna area, New Mexicc, the fraciure system contains a prom-
inent cross, or tensional sei bearing nearly north; a longitudinal set
bearing east; and several diagonal sets, bearing northeast and northwestp
the system probably developed between the beginnings of the Rio Grande
trough (Miocene?) and the Recent, The presence in the area of pyrite con-
cretions and hematite pseudomorphs after pyrite suggests a period of weak
sulfide mineralization. Sulfides in the uranium ore deposits, possibly
related to thn vein sulfides, are probably younger peragenetlcally than
pitchblende and coffinite,

During the repori period, 18 new photogeologic maps of 7-1/2 minute
quadrangles were compiled at a scale of 1:24,000 and 30 such maps were
published in the Miscellaneous Geologic Investigations map series. Map-
ping at a scale of 1:62,500 in conjunction with the 1:250,000-scale map
of the Coloradc Plateau was initiated, and the equivalent of fourteen 7—1/2
minute guadrangles were interpreted and partly transferred to base maps.
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Central region

Reconnaissance geologic mapping and detail studies have been
essentially completed in the Southern Powder River Basin, Wyoming, and
show a distinet spatial relationship between the boundary of red sand-
stone in the Wasatch formation and the uranium deposits of the area.

In the Hulett Creek mining area, Crook County, Wyoming, the struc-
ture of the Inyan Kara group is dominated by a northwest-trending
ellipsoidal lens about 8,000 feet long, 3,000 feet wide, and a maximum
of 45 feet thick in the upper sandstone of the group, by northeast--
trending normal faults, and by a flat asymmetric anticline that plunges
northeast. The mined ore deposits are of the carnotite-tyuyamunite or
uraninite-coffinite type and are near the base of the upper sandstone of
the Inyan Kara group.

Recent mapping in the Jewel Cave SW quadrangle in the Southern Black
Hills, South Dakota, indicates that the collapse structures in that area
are the result of the removal, in solutionyof gypsum from the !finnelusa
formation. In this area there has been little or no solution of the
underlying Pahasapa limestone, though in other parts of the Black Hills
solution of parts of the Pahasapa has resulted in the subsidence and col-
lapse of the overlying formations.

Mapping of structures within the Wind River formation in the Gas
Hills area of the Wind River Basin, Wyoming, shows that two periods of
normal faulting have affected the uranium deposits. The older faulting
contemporaneous with the deposition of the Wind River formation may have
afforded barriers to the flow of uranium-bearing solutions.

Post-Miocene southward regional tilting in the Clarkson Hill area,
Natrona County, Wyoming, is thought to have made adjustments in the move-
ment of ore-solutions within the Wind River formation. Because of dif-
ferences in the amount of tilting or original dip, the dip of the Wind
River formation was reversed by regional tilting in the Gas Hills area
but not in the Clarkson Hill area. Attendant adjustments of ground water
movement may explain why uranium occurs in the Gas Hills, but not in sig-
nificant quantities in the Clarkson Hill area.

Each of the two major groups of uranium deposits in the Ralston
Buttes district, Colorado, is located where a northwest-trending Laramide
breccia~reef system splits into a complex network of faults and fractures.
The ore deposits are hydrothermal veins and most appear to be localized
where faults and fracture zones cut Precambrian metamorphic rocks that are
rich in hornblende, biotite, or biotite and garmet. Pitchblende, the prin-
cipal uranium mineral, is associated with base-metal sulfides in a gangue
of carbonate minerals, potash, feldspar, and quartz. Some veins contain
as much as 0.1} percent vanadium oxide in an unknown minerale.
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Uranium deposits in the western half of the Maybell-Lay area,
Colorado, occur near.the axis of an asymmetrical syncline cut by high-
angle faults of post-Miocene age. These relationships indicate that
ore deposition may have been controlled by stratigraphic and structural
traps.

An ore body of moderate size was discovered near Vega, Texas, in
Triassic sedimentary rocks. This discovery indicates the possibility
that a large uranium region may exist in eastern New Mexico and north-
western Texas.,

Pacific region

Five uranium deposits have been found in the Turtle Lake quadrangle,
Washington. Uraninite and possibly coffinite have been identified from
the Midnight deposit, the largest deposit in the quadrangle, and coffinite
has been identified from the Lowley Lease deposit. Only secondary uranium
minerals have been identified from the other deposits.

Geologic topical studies

Colorado Plateau region

Stratigraphic studies of the Triassic rocks of the Colorado Plateau
show that the Moenkopi formation in the San Rafael Swell, Capitol Reef
and Circle Cliffs areas can be divided into five units, some of which can
be traced to other areas of southeastern Utah. In the Defiance Uplift of
northeastern Arizona, the Wingate sandstone is divided into two members,
the Rock Point member below and the Lukachukai member above. Correlations
show that the unit that is called the Iukachukai member at Ft. Wingate in
west-central New Mexico is probably a lateral equivalent of the Rock Point
member.,

During the report period lithologic studies were made of 60 samples
of acid-leached, silt-free sand from the Salt Wash, Recapture, Brushy
Basin and Westwater Canyon members of the Morrison formation. Each sample
was analyzed by the flame photometer method for sodium, potassium, and
calcium. The method yielded mathematically significant results for sodium
and potassium, but not for calcium. In another study, reconstituted feld-
spar computed in terms of albite, orthoclase and anorthite was found to be
present in larger quantities in the southern and southeastern parts of the
Colorado Plateau than in the northwestern part. The Recapture and West-
water Canyon members have significantly higher feldspar contents than the
Salt Wash and Brushy Basin members.

Preliminary studies of thedistribution of trace elements in the Todilto
limestone of northwest New Mexico show that vanadium and lead occur in above-
background amounts in rather broad zones away from uranium deposits, apd that
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uranium, fluorine, and selenium show promise of a similar relationship.
If these relations are confirméd by further work, they may be useful as
guides to ore.

By far the greater part of the uranium resources of southeastern
Utah is in the Chinle formation of Triassic age and the Morrison forma-
tion of Jurassic age. It appears that, regardless of the origin of the
uranium-bearing solutions, favorable ground for significant uranium
deposits is related to sedimentary features. Low-grade uranium ore and
uraniferous rock in tuffaceous siltstone and mudstone beds in the Brushy
Basin member of the Morrison formation may be much more widespread in
southeast Utah than has generally been recognized, and may possibly
represent appreciable potential reserves of uranium.

At all of the productive uranium deposits in the Entrada sandstone
in the eastern part of the Colorado Plateau, the ore is associated with
a green chromium-bearing sandstone. The presence of a green layer in the
Entrada near Delta, Colorado, suggests that vanadium-uranium minerali-
zation may have occurred in that area and permits speculation on the
possibility of a belt of this type of mineralization in the eastern part
of the Plateau.

The initial piercement of the diatremes on the Navajo and Hopi
reservations, Arizona, was probably along a fracture propagated by a
high pressure aqueous fluid in a manner analogous to the formation of
artificial hydraulic fracture systems induced in certain oil well opera-
tions. Gas rising at high velocity along the fracture would become con-
verted to a gas-solid fluidized system by entrainment of wall-rock
fragments. The first stages of widening of the vent are probably ac-
complished mainly by simple abrasion of the high velocity fluidized
system on the walls of the fracture. As the vent widens its enlargment
may be accelerated by inward spalling of the walls.

Central region

Metatorbernite, uranophane, bassetite, uranocircite, saleite,
fluorescent hyalite, and minerals similar to metazeunerite, abernathyite,
and zippeite have been identified in weathered parts of the deposits in
the Dripping Spring quartzite, near Globe, Arizona. Purple fluorite close
to, but not in contact with, uraninite has been noted at several deposits.

Regional alteration and addition of carbonate in "red beds' of Permian
age on anticlinal structures in the Anadarko syncline, southern Oklahoma,
are supplemented by uranium mineralization along joints on or near the axis
of the Cement anticline. Tyuyamunite and carnotite are disseminated in
sandstones and concentrated in poorly defined pockets along the joints.

A preliminary study of the deposit on the Cement anticline indicates that
jointing along similar anticlinal structures in the Anadarko syncline is
favorable for the concentration of uranium minerals.
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Alaska

The most promising known uranium deposits in Alaska are near Bokan
Mountain, in an area containing several types of uranium occurrences.
The Ross-Adams deposit is the most thoroughly explored and probably best
deposit in the area. It consists chiefly of a uranium thorianite and
urano-thorite-rich ore body in granite.

Research and Resource studies

Analysis of the tectonics of western United States reveals that
most of the uranium deposits are within a single large tectonic unit,
the Cordilleran foreland. Tectonic structures within the foreland show
an overall pattern, are analogous in size and configuration, and have a
similar geologic history.

Study of the mineralogy of many uraniferous veins in the United
States reveals that uraninite is early in the sequence of mineralization
and that the texture of uraninite is almost universally colloform--a
texture interpreted by many as a result of precipitation from colloidal
suspension.

Analytical data on the oil and uranium content of the Chattancoga
and Antrim shales indicate a direct positive relationship between
uranium and oil content.

Work in progress on the distribution of uranium deposits in ter-
restrial sedimentary rocks as related to lithofacies, paleogeography,
and environmental features of the host rocks indicates that the uranium
deposits in Jurassic rocks are: (1) confined largely to formational
intervals where the ratio between sandstone and shale ranges between
4:1 and 1:4 and not in intervals consisting predominantly of sandstone
or shale, and, (2) in areas of fluvial sedimentation near the source of
the sediments.

Geophysical Investigations

Colorado Plateau region

During the past season 1,170 gravity stations were established in
about 2,000 square miles of the east-central and south-central Plateau.
To date 4,035 stations have been established in an area of 9,000 square
miles.
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- Temperature measurements were made in deep boreholes in
Disappointment Valley, Colorado, and in the Big Indian and Temple

Mountain areas, Utah, to determine thermal gradients and to permit
computing heat flow. Measurements were also made in boreholes cut-
ting two large uranium deposits in northwest New Mexico. No demon-
strable thermal effects associated with the deposits were found.

Central region

Both ground and airborne surveys in the Texas Coastal Plain
indicate that the radioactivity reflects stratigraphic and lithologic
changes and possibly other geologic features. Areal mapping and de-
tailed mapping of ore deposits is in progress to provide information
necessary to the correlation of the geology and geophysical measure-
ments.

Preliminary results of detailed isoradiocactivity surveys and
geologic mapping suggest that the uranium mineralization is related
in time and space to silicification that has acted upon certain tuf-
faceous sandy members of the Jackson formation, possibly prior to the
deposition of the overlying Catahoula tuff,.

General investigations

Preliminary results, based on borehole electrical and gamma-ray
logs and on macroscopic examination of cores, indicate that in Karnes
County, Texas, as is the Colorado Plateau, differences in the amounts
and salinity of pore water may be associated with mineralized rock
and adjacent barren ground.

In the Crooks Gap area, Wyoming, the final Bouguer and residual
gravity maps correlate well with the known geology and provide addi-
tional information on subsurface geology. A previocusly unsuspected
buried thrust mass was discovered and the trace of a normal east-
trending fault with an approximate displacement of 1,150 feet bisecting
the Crooks Gap area was extended considerably beyond its surface expres-
sion. :

Preliminary Bouguer maps indicate a good correlation between gravity
and known geologic features in the Black Hills, Wyoming and South Dakota.
A short cooperative seismic survey in the Triangle Park area by USGS and
AEC personnel indicated that the topographic depression there is not the
result of slumping caused by solution of the Pahasapa limestone at depth.
It did, however, detect a fault that may be associated with the Triangle
Park depression.

Near Telluride, Colorado, a short seismic survey was successful in
mapping the bedrock configuration of the San Miguel Valley and determining
the thickness of the glacial till overlying the bedrock. The valley was
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found to be U-shaped beneath the glacial till, and a deep scour was
discovered approximately 1-1/2 miles west of the town of Telluride.

Seismic refraction and reflection measurements made near Maybell,
Colorado, delineated fault patterns in the Browns Park formation, but
the reflection measurements were not successful in determining the
thickness of the Browns Park formation.

Extensive tests were made in the Radiation Detection laboratory
at Denver on the performance of the thermoluminescence unit. Compar-
ative data were obtained on natural and artificial glow curves as well
as on half-life decay and buildup factors for irradiated samples. A
general appraisal of the results indicates a complex pattern associated
more with crystalline structure and sample impurity than with radiation
damage »

Gamma-ray logging for subsurface geologic and radiometric infor-
mation was done during the report period in the Edgemont, South Dakota,
and Karnes County, Texas, areas. A group of simulated drill holes con-
taining various grades and thicknesses of uranium ore was constructed
at the Denver Federal Center for calibrating gamma-ray logging equipment.

The acquisition of approximately one curie of cobalt-60 will make
possible studies of subsurface soil densities and the effect of radiation
damage in minerals and rocks. The effects of this damage have been ob-~
served by thermoluminescence. Equipment for measuring soil density is
being designed.

Airborne surveying

In the Pine Ridge Escarpment and Pine Mountain areas, Wyoming, the
Wind River formation can be correlated with a high radioactivity back-
ground and to some extent it is possible to differentiate sandstones
from shales. In northern Michigan the characteristic radioactivity pat-
terns of the "Republic granite" and the Cambrian sedimentary rocks can
be recognized. Many small features can be delineated on a few adjacent
flight lines but their meaning cannot be understood without more detailed
peoloeic information.

Geochemical investigations

Experiments with plants grown in desert soil plots which have been
carried on for the past four seasons were terminated during the report
period. An unusual content of strontium (1,500 ppm Sr) was found in the
ash of plants growing in plots to which strontium ‘ore had beeh added: The
Sr absorption by vegetation rooted in other types of radioactive deposits
is being investigated.
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The Chattanooga shale and five other fine-grained sedimentary
rocks have been studied to determine elemental associations with ura-
nium and with carbonaceous fractions separated from the rocks. The
elements B, P, V, Fe, Co, Ni, Cu, Zn, As, Mo, Ag, Sn, Pb, U, La, and
Ce were found to be concentrated in the carbonaceous fraction separated
from one or more of these rocks. Uranium was found concentrated in
only one organic fraction--that from a coaly shale. Except for U, La,
and Ce none of the elements concentrated in the organic matter is domi-
nantly lithophile; almost all the other elements characteristically
form complex compounds which might be fixed with organic materiale

Preliminary results of a study on leaching of uranium from uranifer-
ous ores by petroleum show large increases in uranium content of the oil.
Work is under way to show whether the increase is mechanical or chemical
in nature.

Mineralogic investigations

: The ores in the Lisbon Valley area, San Juan County, Utah, are
almost completely unoxidized and are alike mineralogically. The major
uranium mineral is uraninite; montroseite probably is the most abundant
vanadium mineral. The sulfides, pyrite, sphalerite, galena and chal-~
copyrite, though scarce, are present in most of the mines. Molybdenum

in an as yet unidentified mineral is present in most of the mines.

Glauconitic mica occurs as interstitial clay in a bed of fine-
grained sandstone in the upper part of the Brushy Basin member of the
Morrison formation of Late Jurassic age near Uravan, Colorado. This
mica, similar to other material ordinarily called glauconite, is
interesting because the Morrison formation is generally regarded as
nonmarine in origin, whereas glauconite commonly forms in a marine
environment .

In the Gas Hills area of the Wind River Basin, Wyoming, secondary
enrichment occurred at the water table. Closely related to the uranium
both in origin and in oxidation-migration-history are Mo, Se, As, and
several other trace elements.

The close association of the uranium deposits in the Texas Coastal
Plain with altered volcanic ash, extensive caliche deposits, intense
silicification, opal and chalcedony, and saline carbonate ground waters
strongly suggests a genetic relation between these features and a probable
ground water origin.

The crystal structures of carnotite and its analogs have been solved.
Vanadium occurs in 5-fold coordination with V20g8~© groups in the structure,
showing that carnotite is essentially a metavanadate, rather than an
orthovanadate as previously supposed.
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Anglytical service and research on methods

During the report period the Washington and Denver laboratories
received 13,353 samples and completed work on 11,998 samples. On
December 1, 1956, 8,263 samples were on hand for analysis.

Radioactivity

A total of 3,865 radiometric and radiochemical determinations
were made during the report period. Spectrographic and chemical deter-
minations of the lead content of granite sample G-1 were made because
divergent results of approximately 27 and 50 ppm have been reported.
In an inter-laboratory test the results ranged from 38 to 60 ppm, with
a mean of 48.9 ppm which may be inferred to be the mean lead content of
the remaining bottles of G-1l. These results confirm but do not solve
the 27-50 ppm dilemma.

Studies are being made to obtain a method of determining uranium
in ores by radioactivity which will be independent of the state of equi~-
1ibrium. Three different approaches to this problem are being tested.

Spectrography

The Washington and Denver spectrochemical laboratories completed
134,895 qualitative, semiquantitative, and quantitative determinations
on 2,04, samples during this report period. There was a marked increase
in the diversity of the chemical and physical properties of the samples
submitted. In addition, earlier results on more than 1,000 samples were
re-evaluated as part of a study on "The distribution of elements in
Colorado Plateau ores and sandstones'.

Chemistry

A total of 10,458 chemical determinations were made on 5,148 samples.
Five counting standards were prepared and the lead content of standard
granite G-1 was determined. Fleven visiting chemists received training.
A rapid method was developed for determining mineral and organic carbon
in Colorado Plateau samples. Colorimetric methods for determining cobalt,
nickel, and molybdenum in high uranium samples are being studied. Several
separation and concentration procedures are being investigated for appli-
cation to the determination of less than 1 ppm ThO2 in basic rocks.
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Mineralogy

Five hundred and seventy samples were processed for mineralogical
and petrographic study and identification during this report period in
the Denver laboratory; the Washington laboratory processed 1,748 for a
total of 2,318. Thus, the sample load reached the level attained in
calendar year 1954. Specialized treatment of samples, however, has
gradually increased. Improved methods for separation of minerals have
been employed and improved methods for isolation of uranium-bearing
minerals have been introduced. The same methods allow for approximate
estimations of uranium content or radioactivity.

Program sponsored by Division of Research, AEC

Physical behavior of radon

Radon concentrations in the water and gas phases of several natural
mixtures of water and gas were found to deviate from laboratory-determined
equilibrium concentration ratios. This is believed due to insufficient
mixing of the phases, and where the water phase has less than the equi-
librium concentration of radon and is increasing in temperature, the
existence of separate water and gas phases underground may be inferred.

Uranium in natural waters

Dustfalls from the Colorado Plateau region were found to have
negligible effect on uranium content of Front Range waters in Colorado
and Wyoming. The uranium content of the Weber River in its canyon near
Ogden, Utah, was found to increase systematically downstream by uranifer-
ous ground water issuing from fractured Precambrian rocks; results agree
with radon increase reported by Rogers and Tanner.

Organic geochemistry of uranium

A conglomeratic sandstone from the Dirty Devil No. 4 mine, San Rafael
Swell, Utah, was found to contain as much as 0.5 percent tungsten. Tiny
carbonaceous pellets in the sandstone have essentially the same uranium
content as the rock in which they are imbedded.

Analysis of three oils isolated from sediments of the Temple Mountain
area shows them to contain 0.5, 32, and 73 ppm uranium,

Pile irradiation of coals shows'them to be extremely stable; humic
acid, however, is converted into a substance having the composition of a
lignite e



26 -

A fluorescing pigment, tentatively identified as a phthalic acid
derivative, was isolated from a paraffinic crude oil collected in the
Uintah Basin, Utah. Carbon isotope analyses of a number of gilsonites
indicate that all probably derived from a single source reservoir.

Distribution of uranium in igneous complexes

Results of leaching experiments on rocks of the Boulder Creek
batholith of Colorado indicate that the amount of leachable uranium
increases with the uranium content of the rock. The average percentages
of uranium leached from the rocks are: quartz diorites, 27; granodio-
rites, 40; quartz monzonites, 61; and granites, 73.

Sphene is variable in uranium content although in general the average
uranium content is higher in sphene from the more siliceous rocks. The
average uranium content in apatite increases from the quartz diorites to
quartz monzonites and there appears to be a sharp decrease in uranium con-
tent of apatite from granites. In zircon, the average uranium content
progressively increases from the quartz diorites to the quartz monzonites.

Synthesis and solution chemistry
of uranium-bearing minerals

Field studies in the Wyoming-South Dakota area indicated that the
idea of a primary unoxidized uranium ore modified by exposure to oxygen
as the water table drops is generally applicable to this area. The main
difference between the uranium ores of this area and those of the Colorado
Plateau is the increased mobility of uranium in the Wyoming-South Dakota
area owing to the absence of vanadium capable of fixing the secondary
minerals,

Mineral synthesis studies disclosed that many uranium and vanadium
minerals may be formed only over a narrow pH range, while carnotite may
be precipitated over a wide pH range.

Isotope geology of lead

Additional analyses of galena support earlier observations that the
Coeur dtAlene lead mines and the Belt terrane of the surrounding region
are pervaded by a primitive variety of ore~lead of specific isotopic
composition. The new data also suggest a supplementary hypothesis: that
where uranium is concentrated, this ordinary lead can be modified drasti-
cally by additions of radiogenic PbR06 and Pb207. These data add the
Coeur dtAlene to the growing list of districts where uranium deposits are
known to contain anomalously uranogenic sulfide-lead, older in apparent
age than the radiogenic lead in associated uraninite. The interpretation
of these two radiogenic components will complicate the calculation of
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isotopic ages for Coeur d?Alene uraninite, but the one analysis avail-
able provisionally continues to indicate a Precambrian age for uraninite
from the Sunshine mine under all alternative age calculations.

Muclear geclogy

Measurements of the natural variations in the isotopic abundance
of copper are being continued. A considerable amount of time was spent in
instrumentation and development of techniques on a neutron activation
method for isotopic analysis. Preliminary experiments are encouraging and
Justify further work. The magnetic susceptibility balance was completed
for zircon., Neutron irradiation of fresh zircon for periods up to 120 days
"showed no significant change in the lattice parameters,

Geochronology research

Approximately 20 samples of igneous rocks and 25 samples of uranium,
thorium and lead ores were prepared for isotopic analysis. The 12-inch
solid sample mass spectrometer was placed in operation and initial tests
of the instrument showed excellent results.

Natural radioactivity of the atmosphere

The basic instruments for determining the rate of diffusion of radon
through rock cores have been assembled, although some accessory equipment
is not yet in operation. Core cuts of various rock types have been sealed
in plastic cylinders and connected between an ionization chamber containing
a known amount of radon and an evacuated chamber, The diffusion time is
read from a strip chart record. Diffusion rates will be determined for
several rock types under various conditions of pressure, temperature, and
water saturation.

Thermoluminescence of radioactive minerals

A thermoluminescence apparatus has been designed for M"activating"
thermoluminescence over a temperature range of -1900 to 500° C with ultra-
violet or X-radiation. "Glow curves" or "decay curves" can be obtained
from this apparatus on the same temperature range. Sources for quartz
with known composition have been established and considerable effort has
been made to obtain "thermoluminescence-pure calcite'.
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Nuclear magretic resonance

A survey of the literature indicates that nuclear magnetic
resonance methods may possibly be useful in mineral structure studies
but-only as a subsidiary technique.

Geochemistry of thorium

Two analytical methods are under development for the quantitative
determination of thorium in rocks down to 1 ppme One is a further
development of a spectrophotometric method, the other entails a fairly
rapid chemical concentration of thorium from the rock and its quantita-
tive measurement by the X-ray fluorescence spectrometer. As little as
5 micrograms of thorium can be detected in 2 to 30 mg of concentrate.
The procedure for concentrating the thorium is not yet fully tested.

Twenty samples from Laramide intrusives from the Front Range mineral
belt, Colorado, which are unusually high in thorium content, were analyzed
for thorium. The thorium content tends to parallel the uranium content,
except in the latest differentiates where the Th/U ratio is abnormally
high,

Work was started on the stability of thorium complexes in water
solutions, Starting with soluble thorium nitrate, precipitation studies
over a range of pH 3.5 to 7.5 show that Th(OH),.Th(NO3), precipitates at
the lowest pH and 7Th{OH)j.Th(NO3), precipitates at the highest pH.

In a study of the distribution and geologic relations of thorium
deposits in the Powderhorn district, Gunnison County, Colorado, an area
of about 20 square miles in the northwestern part of the Gateview quad-
rangle was mapped, and 50 thorium-bearing veins in the area were examined.
About 90 percent of the thorium-bearing limonitic quartz-carbonate-barite
veins in the area studied have a northwesterly trend and are discordant
to the foliation of enclosing Precambrian rockse

Geologic thermometry of radioactive minerals

Several sulfide-bearing uranium deposits from the Colorado Plateau
contain two phases from the system Fe2Sp-FeSe2, a sulfide-rich phase and
a selenium-rich phase, which may be valuable for temperature determinations.
The lack of exsolution or intergrowths of galena in galena-clausthalite from
the roscoelite-type deposits indicates that the system PbS-PbSe would not be
useful as a temperature-sensitive solid solution series. The FeS-ZnS system
of Kullerud has been applied to deposits containing sphalerite associated
with iron sulfides and by projecting the data of this system the temperature
of formation of several sphalerites from the Colorado Plateau were estimated
to be less than 138° C., Additional work was initiated on the use of the
Cu2S~CuS system, and on the unit cell size variation of uraninite as possible
indicators of temperature of formation.
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GEOLOGIC MAPPING

Colorade Plateau region

Early in 1947 geologic mapping was started in southwestern
Colorado as part of the uranium investigations on the Colorado Plateau.
Subsequently, the original program was expanded and prior to this
report period field work had been completed in the following areas:
Southwestern Colorado; Monument Valley, Arizonaj Monument Valley, Utahj
Carrizo Mountains, New Mexico; Capitol Reef, Utah; White Canyon, Utahj
Red House Cliffs, Utah; and Deer Flat, Utah. During the report period
field and office work continued in the following areas: Bull Canyon
district, Coloradoj Slick Rock district, Colorado; Uravan district,
Colorado; Western San Juan Mountains, Colorado; Ute Mountain,:Colorado;
Sage Plain, Utah and Colorado; La Sal Creek area, Colorado and Utahj
Lisbon Valley, Utah and Coloradoj Moab-Inter-river area, Utahj Orange
Cliffs area, Utah; San Rafael Swell, Utah; Circle Cliffs area,_Utah;
Elk Ridge area, Utah; Abajo Mountains, Utah; East Vermillion Cliffs
area, Arizonaj Grants area, New Mexico; Laguna area, New Mexico; and
Hopi Buttes, Arizona.

Summaries of the results from the following projects that are
nearing completion will be reported in the next semiannual report: Moab-
Inter-river area, East Vermillion Cliffs, Elk Ridge area, San Rafael
Swell, La Sal Creek area, and Uravan district.

During the report period the following papers on geologic work
previously completed in the Colorado Plateau were published in Page,

L+ R., Stocking, He E., and Smith, H. Be, Contributions to the geology

of uranium and thorium by the United States Geological Survey and Atomic
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Energy Commission for the United Nations International Conference on
Peaceful Uses of Atomic Energy, Geneva, Switzerland, 1955: U. S.
Geol. Survey Prof. Paper 300:

Boardman, R. L., Ekren, E. B., and Bowers, H. E., 1956, Sedi-
mentary features of upper sandstone lenses of the Salt
Wash member and their relation to uranium-vanadium deposits
in the Uravan district, Montrose County, Coloradosg ' p. 221-226.

Cannon, He L., and Kleinhampl, F. J., 1956, Botanical methods
of prospecting for uranium: p. 681-686.

Jobin, D: A., 1956, Regional transmissivity of the exposed sedi-
ments of the Colorado Plateau as related to distribution of
uranium deposits: p. 207-211.

Phoenix, D. A., 1956, Relation of carnotite deposits of permeable
rocks in the Morrison formation, Mesa County, Colorado:
pe 213-219.

Shoemaker, E, M., 1956, Structural features of the central Colorado
Plateau and their relation to uranium deposits: p. 155-170.

Trites, A. F., Jr., Finnell, T. L., and Thaden, R. E., 1956,
Uranium deposits in the White Canyon area, San Juan County,
Utah: p. 281-284,

Witkind, I. J., 1956, Channels and related swales at the base of
the Shinarump conglomerate, Monument Valley, Arizona: "
pe 233-237.

The following additional papers were published during the period:

Bush, A. L., and Stager, H. K., 1956, Accuracy of ore-reserve esti-
mates for uranium-vanadium deposits on the Colorado Plateau:
U. Se Geol, Survey Bull. 1030-D.

Carter, W. D., 1956, The Burro Canyon-Dakota contact in the Mt.
Peale No. 1 quadrangle, western Colorado and eastern Utah,
in Geology and economic deposits of east-central Utah: Inter-
mountain Assoc. Petroleum Geologists, Field Conference Guide-
book, - p. 113-115.

, 1956, The disconformity between the lower and upper
Cretaceous formations in western Colorado and eastern Utah
(abstract): Geol. Soc. America Bull. (69th Annual Meeting -
GSA, November 1956).
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Chew, Rs Te, III, 1956, Uranium and vanadium deposits of the
Colorado Plateau that produced more than 1,000 tons of
ore through June 30, 1955: Us Se Geols Survey Mineral
Inv. Field Studies Map 54.

' , 1956, Study of radioactivity in modern stream
gravels as a method of prospecting: U. S« Geol. Survey
Bull. 1030-E.

Finnell, T+ L., 1956, Some structural relations at the Monument
No. 2 mine, Apache County, Arizona (abstract): Rocky
Mountain section of the Geological Society of America,
Albuquerque, New Mexico.

Shoemaker, E. M., 1956, Precambrian rocks of the north-central
Colorado Plateau, in Geology and economic deposits of east-
central Utah: Intermountain Assoc. Petroleum Geologists,
Field Conference Guidebook, pe 54-57.

, 1956, Unusual folds in Moenkopi formation around
Fisher Valley, Utah (abstract): Rocky Mountain section of
the Geological Society of America, Albuquerque, New Mexico.

Shoemaker, E. M., Newman, W. Ly, and Miesch, 4. T., 1956, Sources
of the elements in the sandstone~type uranium deposits of
the Colorado Plateau (abstract): 20th Internat. Geological
Congs, Mexico City.

Witkind, I. J., 1956, Uranium deposits at base of the Shinarump
conglomerate, Monument Valley, Arizona: U. S. Geol. Survey
Bull. 1030-G.
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Bull Canyon district, Montrose and
" San Miguel Counties, Colorado

By
Re Mo Wallace and C. He Roach

The major ggologic objective during the report period was an
understanding of the favorability and thickness of the Salt Wash
member of the Morrison formation of Jurassic age throughout the Bull
Canyon district. Three typical uranium-vanadium mines in the Salt
Wash member in Bull Canyon were mapped. One of these mines is in a
deposit of unoxidized ore minerals, another is in oxidized ore minerals,
both in the upper ﬁart of the Salt Wash. The third mine is in a deposit of
ujoxidized . ore minerals near the base of the Salt Wash membe;._.

East of the boundary of the Uravan Mineral Belt (fig. 2) mapping
indicates a large increase in the ratio of red sandstone beds to light
gray sandstone beds, and a decrease in the number and thickness of
green mudstone layers. The total thickness of the Salt Wash member here
and in other parts of the district is within a few feet of the district
average of 330 feet. In the Jo Dandy area, however, the Salt Wash mem-
ber is between 205 and 275 feet thick where exposed on the edge of
Paradox Valley; away from the valley it is more than LOO feet thick in
places. These thick sections probasbly are the result of deposition in
small basins adjacent to the'salt structures.

The large number of mudstone lenses and layers intercalated in the
sandstone units east of the boundary of the Uravan Mineral Belt, plus
the absence of the other lithologic guides described by Weir (1952)
strongly suggest that this area is not a favorable place for prospecting

for uranium and vanadium ore.
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Sedimentary features in the Salt Wash exposures in the eastern
area indicate that during deposition of the member the streams flowed
generally eastward; the direction of flow commonly was between
N. 80° E, and S. 80° E. A variation of more than 10° in any one place
"is rare. In the southeastern part of Dry Creek Basin, however, the
stream flow was southeast parallel to Gypsum Valleye.

Study of the Salt Wash outcrops and drill cores indicates that
the area west of the Mineral Belt boundary is favorable for prospecting
for uranium-vanadium ores. To date, however, no ore bodies have been
found, and few drill cores contained more than a trace of uranium and
vanadium ores. The Salt Wash member here contains thick, light-gray
sandstone lenses containing abundant carbonaceous trash, bordered above
and below by thick green mudstone layers. The general areas of litho-
logies that are favorable hosts for the deposition of uranium-vanadium
minerals are shown in figure 2.

The compilation and study of the mine data from the Bull Canyon
mines is now in progress and will be completed during the next report
period. Isopach and structure contour maps of the Monogram Mesa-Wild
Steer Mesa area will be completed,

References

Fischer, R. P., and Hilpert, L. S., 1952, Geology of the Uravan
Mineral Belt: U. S. Geol. Survey Bull. 988-A.

Weir, D. B., 1952, Geologic guides to prospecting for carnotite
deposits on the Colorado Plateau: U. S. Geol, Survey Bull.
988-B,
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Slick Rock district
San Miguel and Dolores Counties, Colorado

By
D. R+ Shawe, N. L. Archbold, Ge C. Sirmons, and W. B. Rogers

Stratigraphic studies

Study of the cores from hole DVR-1 shows that the Early Greerhorn,
Iate @reenhorn, Later Carlile, Earlier Niobrara, and Later Niobrara
in ﬁhe lower 855 feet of the Mancos shale in the southeastern part of
Disappointment Valley (fig. 3) are generally calciteerich according
to acid bottle tests and six chemical determinations,>y Ne L. Archbold
of the Geological Survey,that ranged from 15.6 to 38,1 percent CaCO3.
The Earlier Carlile, however, is calcite poor according to acid bottle
tests and two chemical determinations by N. L« Archbold that ranged
from 0.6 and 2.4 percent CaC03 (fig. 4)e

In addition the Early Greenhorn, Late Greenhorn, Later Carlile,
and Earlier Niobrara zones contain sparse to abundant pyrité, whereas
the Earlier Carlile and Later Niobrara contain very sparse to no pyrite
(fige. 4). Moreover, the abundance of pyrite in the Mancos core is .
directly associated with thin claystone layers; the middle part of the
Earlier Carlile and the Later Niobrara intervals contain very few clay-
stone layers (fige 4). The claystone layers are probably bentonitic
and are interpreted as representing volcanic ash falls.

It is suggested that volcanic activity during the earlier part of
Mancos time influenced life forms by affecting the composition of the
sea water; this may explain the correlation of some of the fossil zones
with claystone and pyrite-rich intervals. Finally, the zones of abundant
calcite in the Mancos may be related to periods of volcanic activity, but

this correlation is temuous.
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Mineralogic studies

Semiquantitative spectrographic analyses have been made of five
purified carbonates and sulfates from the Slick Rock district. The
only impurities in the barite from the Mancos shale are .05-.1 percent
Sr and .0001-.0005 percent each Al and Cu. Barite from an ore roll
in the Cougar mine (sample C-29, TEI-620, fige 4, p. 44) contains
«1-.5 percent Sr and .01-.05 percent each Al and Cu, and in addition
el~.5 percent Fe, Ca, and 5i; .0l-.05 percent Pb, Zr, V, and Mg;
.001-.005 percent Ti, Y, Ni, Mn, Mo, and Cr; .0005-.001 percent Ag;
and .0001-.0005 percent Yb. The barite from the ore roll is pale
yellow and is more abundant in ore than in barren rock next to ore
(TEI-620, p. Lk; see also Bergin and Chisholm in TEI-620, p. 191).
A1l but six (A1, Ca, Si, Zr, Ti, and Mn) of the eighteen trace elements
detected in barite from the Cougar mine ore roll have been suggested
by Shoemaker and others (TEI-446, 1955) to be extrinsic elements in
ore deposits of the Morrison formation.

Some of the trace elements in three samples of calcite, one from
the Mancos shale, one from altered mudstone in the Burro Canyon formation,
and one from unaltered mudstone in the Salt Wash member of the Morrison
formation show interesting relations. The Fe, Mg, and Mn in calcite from
the Mancos and Salt Wash range from .1 to 1 percent each whereas in the
calcite in the Burro Canyon they range from .0l to .1 percent. Similarly,
the Sr and Ag in calcite from the Mancos and Salt Wash range from .0l
to .05 percent and ,00001 to .00005 percent respectively, and range from
001 to .,005 percent in calcite from the Burro Canyon. All these elements
apparently replace Ca in the calcite structure, and seem to enter the

structure in amounts proportional to each other regardless of total
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amount in each type of calcite. Because this constant ratio of trace
elements in each type of calcite may reflect crystallization of the
mineral in environments unaffected by ore-forming processes, studies
of the ﬁrace element composition of calcite formed near uranium-
vanadium deposits in the Salt Wash member of the Morrison formation
are underway.

It is hoped that trace element studies of carbonates and sulfates
from sedimentary rocks will help ¢larify genesis of uranium-vanadium
deposits in the sediments, and may provide additional criteria for use
in exploration.

Continuing studies of heavy minerals in sandstone strata, largely
in the Morrison formation of the Slick Rock district, confirm earlier
conclusions on alteration in sedimentary formations described in TEI-
620 (p-e 4O-45) (figse 5 and 6).

Geochemical studies of alteration

Recognition of alteration along fractures in otherwise unaltered
Navajo sandstone, Carmel formation, Entrada sandstone, Summerville
formation, and Salt Wash member of the Morrison formation resulted in

sampling of rocks to determine if the alteration is similar to that

previously assumed to be related to deposition of the ore bodies. Zones

of fractures showing alteration seem to parallel the principal favorable

trends in the Salt Wash member, and generally underlie the favorable

areas. Chemical and spectrographic analyses of the samples collected in

this study are pending, but results of determinations of eU have been

received.

Figure 7 shows five examples where samples were taken close to each

other in altered (generally very light brown) sandstone and unaltered
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(reddish-brown) sandstone respectively. Alteration is clearly related
to fractures in four examples. Although no difference in eU content
between altered and unaltered rocks is indicated in the Navajo sand-
stone and in one Salt Wash sandstone example (10 ppm eU in all rocks),
eU is lower in altered rock (10 ppm eU) than in unaltered (20 ppm eU)
Entrada sandstone, Carmel formation, and in one Salt Wash sandstone
example. In addition, limonite concentrations in fractures of faults
that seemingly controlled alteration contain distinctly higher amounts
of eU (30 ppm eU, fig. 7). Although the data do not warrant the con-
clusion that fractures controlled localization of ore deposits in the
Slick Rock district, assuming the eU represents only uranium, it is
possible that the solutions causing the alteration leached uranium from
the sediments, and later deposited this uranium in amounts higher than
normal for unaltered sedimentary rocks.

Igneous rocks

The discovery of a diorite porphyry sill(?) in the southeast
corner of the Slick Rock district at an altitude of 9,000 feet on Glade
Mountain extends the area of known igneous intrusions farther south of
the adjoining Klondike ridge area than the previously known sills in
southeastern Disappointment Valley (fig. 3). The coarse gravels con-
taining bdulders of volcanic rock overlying the Glade Mountain sill may
be of glacial origin; comparison of rock types in the gravels with
volcanic rocks in the San Juan Mountains to the east may help date the
time of major uplift of Glade Mountain and the contiguoué Dolores anti-

cline (fig. 3).
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Ore deposits
Mapping in the Cougar mine (fig. 3) has shown that roll ore
bodies are oriented parallel to current lineation in elongate sand-
filled scours in the upper sandstone unit of the Salt Wash member of
the Morrison formation. Moreover, the rolls are localized near either
edge of a sand-filled scour, within the elongate sand lens, so that in
cross section the "mirror image" rolls, generally of the C-form type,
are convex away from each other (fig. 8). From this, and earlier
ideas on formation of roll ore bodies, it is concluded that the roll
ore bodies formed at the edges of an ore solution flowing through the
permeable sandstone, and ore was precipitated at an interface between
the ore solution and connate water trapped against the impermeable
edges of the elongate sandstone lenses.
The following reports on the significance of roll ore bodies
in forming uranium~vanadium deposits and the relation of alteration
to ore deposits were published during the report period:
Shawe, D. R., 1956, Significance of roll ore bodies in genesis
of uranium-vanadium deposits on the Colorado Plateau, in
Page, L. R., Stocking, He E«, and Smith, H. B., Contributions
to the geology of uranium and thorium by the United States
Geological Survey and Atomic Energy Commission for the
United Nations International Conference on Peaceful Uses of
Atomic Energy, Geneva, Switzerland, 1955: U. S. Geol.
Survey Prof. Paper 300, p. 239-241.

, 1956, Alteration related to Colorado Plateau ore
deposits (abstract): Geol. Soc. America Bull. (69th Annual

i

Meeting - GSA, November 1956). ~.
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Western San Juan Mountains, Colorado

By
A, L. Bushy, R. B. Taylor, and O. T. Marsh

The large deposits of vanadium in the Placerville district,
Colorado, that contain enough uranium to be of byproduct value are
being studied in five 7-1/2 minute quadrangles (Placerville, Little
Cone, Gray Head, Dolores Peaks, Mt. Wilson), comprising about 300
square miles in the Western San Juan Mountains, San Miguel and Dolores
Counties, Colorado (fig. 9). The primary objective of this study is to
determine the relationships between the vanadium-uranium deposits, the
base and precious metal deposits, and the extrusive and intrusive
igneous rocks of the San Juan volcanic province. Areal ﬁapping has
been completed for the Placerville and Little Cone quadrangles, is about
70 percent complete in the Gray Head quadrangle, and is about 30 percent
and 10 percent complete in the Dolores Peaks and Mt. Wilson quadrangles,
respectively.

The sedimentary rocks of the Western San Juan Mountains range in
age from Permian to Oligocene(?). At the end of the Cretaceous, or
early in the Tertiary, the sediﬁentany rocks were warped into a series
of broad anticlines and synclines. and extensively eroded, so that all
the Cretaceous rocks younger than the Mancos shale were removed. Upon
this surface the Telluride conglomerate of Oligocene age was deposited.

During the Miocene, extrusive igneous rocks were deposited on the
Telluride conglomerate, and intrusive igneous rocks invaded both the
sedimentary and the extrusive rocks. Normal faulting accompanied and
followed the igneous activity, with the development of a horst and

graben system in the Placerville, Little Cone, and Gray Head quadrangles.
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Three periods of glaciation followed in the Pleistocene, and one
last surge of igneous activity produced a basalt flow some time
during the Quaternary, perhaps as young as Recent(?).

The concepts of the horst and graben structurés, and of multiple
centers of igneous activity have been previously reported (TEI-390,

p. 111-112; TEI-440, p. 28-30; TEI-490, ~pe 40-41; TEI-590, ppe 31-32;
TEI-620, ps. 47-50)., During this report period, areal mapping extended
the fault system (fige 9) from the Placerville quadrangle into the
Little Cone and Gray Head quadrangles, and indicated that these systems
do not cut the Mt. Wilson igneous center. A similar relationship is fj
suggested for the Dolores Peaks center and the fault system, There is
some suggestion, however, that the fault systems do cut the Gray Head
center. These observations suggest a genetic relationship between the
faulting and the intrusions.

Additional areas underlain by igneous rocks were mapped during‘
the period in the Little Cone and Gray Head quadrangles-(fige. 9)« The
area underlain by rocks of the general quartz-latite and lamprophyric
types was largely extended, and the areas underlain by microgranogabbro
sills and/or laccoliths were also extended. Basalt and minette dikes
were found to conform to a general system, in which the basalts tTrend
generally westerly, the minettes northwesterly to noi‘therl‘yq

The following report on uranium-vanadium deposits in the Western
San Juan Mountains was published during the report periods

Bush, A, L., 1956, Vanadium-uranium deposits in the Entrada sand-

stone, western San Juan Mountains, Colorado (abstract):

Geol$ Soc. America Bull. (69th Annual Meeting - GSA, November
1956).
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Ute Mountains, Colorado
@. Be Ekren Eiﬁ Fes Ne Houser

Field mapping and systematic sampling of the igneous and sedi-
mentary rocks in the Ute Mountains ares were ‘compléted during the 1956
field season.

Much of the doming visible at the surface around the mountains is
due to buried intrusives of the laccolithic type which are probably .
intruded into shales of Trisssic age (TEI-620, pe 52)« This near-
surface doming camouflages the structure that can be sscribed to the
intrusion of the stocksj; however, the presence of a consistent
quaquaversal dip of 2°-4° around the Utes is believed to be the result
of the stock'!s emplacement.

The oldest intrusives in the Ute Mountains are sills of fine-
grained, very dark porphyry. These sills are commonly domed over
underlying laccoliths consisting of more siliceous porphyries. In the
southern part of the mountains the sills and laccoliths are cut by
quartz monzonites (the most silicic rocks in the Ute Mountains)e In
the northern part of the mountains quartz diorites intrude the lacco-
liths and sillse. With the possible exception of a complexity, which
has not been fully evaluated, in the northern part of the area the
field data suggest a basic to acid differentiation sequence. This con-
curs with the conclusions of Shoemaker and Newman (Shoemaker, Ee Ma,
and Newman, Wo L., written communication)ae

A study of several miles of the contagt between the Cretaceous
Burro Canyon formation and the Cretaceous Dakota formation indicated
that although the contact is disconformable throughout the Ute Mountains

area; no angular unconformity is presenta
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A detailed study of the contact between the Crgtacews Burro
Canyon formation and the Jurassic Morrison format;on suggests that
this contact is transitional and intertonguing. The Burro Canyon in
places in the northern part of the area is dominaht.l& conglomeratic
sandstone. In other places, especially in the southern part of the
area, the Burro Canyon contains no sandstone whatsoever, It was found
that although the mudstones of the Burro Canyon formation and the
upper part of the Morrison formation are very similar a difference does
exist. The Burro Canyon mudstones are dominantly hackly weathering,
and the mudstones of the Brushy Basin member of the Morrison are
dominantly frothy weathering. According to We D. Keller this difference
is probably due to different mudstone types--the hackly weathering mud-
stones consist primarily of illitic clay; the frothy weathering mudstones
primarily of montmorillonite (Keller, W. D., written commnicatien, 1955).

No abnormal radioactivity other than that previously reported (TEI-
590, ' p. 32-33) was noted in the Ute Mountains area.

Lisbon Valley, Utah-~Colorado

Ge We Weir, V; C. Kennedy, WEij. Puffett, .and Ce Le Dodson

Geologic mapping of the southern part of Spanish Valley and Blue
Hill and environs was completed during the period. Spanish Valley is a
faulted syncline; the major fault trends northwest through the west-
central part of the valley. It is a hinge fault, downthrown to the north-
east, the displacement decreasing from more than 1,000 feet just Awest of
the Grand County airport to less than 100 feet at the southeast end of the
valleys The valley is filled with alluvial gravels of unknown thickness.

The southwest wall of the valley is paralleled by a faulted monocline that
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affects rocks of the Glen Canyon group of Triassic, Jurassic, and
Jurassic(?) ages (Wingate sandstone, Kayenta formation, and Navajo sand-
stone). The northeast flank is characterized by normal hinge faults

that trend northwesterly. Displacements toward the valley on these high-
angle faults range from a few feet to the southeast to a few hundreds of
feet to the northeast. The northesst wall of the valley is also a
faulted monocline but faults are fewer and have displacements of only

a few tens of feete The gently dipping Navajo sandstone of Jurassic

and Jurassic(?) age is sharply flexed at the rim where it dips steeply
toward the vailey; dips are more gentle near the valley floor. South of
Spanish Valley is a complexly folded and faulted area with many normal
faults that trend just north of west,as well as the more common north-
westerly trending faults. A few prominent faults trend southwesterly and
link the northwest-trending faults of the Spanish Valley structures with
the northwest end of the Lisbon Valley fault system just south of the
upper part of Cane Springs Canyon.

The geology of Spanish Valley is further complicated by the presence
of peculiar small collapse structuress. Figure 10a shows a portion of
Spanish Valley environs and the location of some of the collapse structures.
More than 50 of these collapse structures have been located. All but one
lie in a narrow northwest-trending belt that is parallel to the major
folds and faults of Spanish Valley. The collapses are generally roughly
oval in plan, though in detail the boundaries consist of many short
straight segments. A brief déscription of Collapse 1 Ny Just north of
the Grand County line, northeast of the Grand County airpor#,serves to
bring out some general characteristics (fige 10b)s Collapse 1 N- is

easily seen from U. S. 160 about 6 miles south of Moab; it forms a
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readily visible light-colored hill on the steeply dipping brown

Navajo sandstone. This collapse has a maximum width and length of

about 500 feet, In plan it is roughly tear-drop shapede In places

the bordering fault parallels or is a continuation of northwesterly
trending joints but in general the border is at a considerable angle

to any local structure. The border fault dips outward (450-88°).

Where the border is well-exposed there commonly is a distinctive border
breccia consisting of small fragments to large blocks more than a foot
across of Navajo sandstone, Carmel formation, and Entrada sandstone

with minor amounts of sandstone possibly from the Salt Wash member of
the Morrison formation, all of Jurassic ages These fragments are
indiscriminately mixed in a sandstone matrixe Neither the border
breccia nor border fault show slickensidese. Inward from the border is

a mappable unit composed of jumbled blocks of Navajo sandstone (Jurassic
and Jurassic(?)), Carmel formation (Middle Jurassic), and Entrada sand-
stone (Upper Jurassic) in a sandstone matrixe This unit is bounded
within by a roughly circular fault that dips steeply inward (800-90°).
On the east side is a fault slice containing red mudstone that is
probably from the Salt Wash member of the Morrison formation (Upper
Jurassic) or the Summerville formation (Upper Jurassic)e Large blocks
of chert from the Summerville formation and of sandstone from the Salt
Wash member are conspicuous in places as float, but none of this
material has been with certainty identified in place within the collapse.
The fault on the inside of the red mudstone dips steeply inward (830-88°)
and merges north and south with the fault on the inside of the Navajo-
Carmel-Entrada unit. Within this is a sequente of steeply dipping gray-

green and purplish-gray mudstone representing part of the Brushy Basin
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member of the Morrison formation .(Upper Jurassic). The Morrison dips
from 68°~75° inward. Above the Brushy Basin is a sequence of green
mudstone and light brown sandstone representing the Burro Canyon
formation (Lower Cretaceous). The contact between the Burro Canyon

and thg underlying Morrison is obscure but is believed to be normal.

The thinness of the Burro Canyon formation and the Brushy Basin member
is probably due in part to slippage along steeply inward-dipping bedding
planes. Above the Burro Canyon are broken discontinuous slabs of the
basal conglomerate of the Dakota sandstone (Upper Cretaceous). The dips
here are apparently nearly flat. The stratigraphic section in the
collapse represents more than 1,200 feet and is a measure of the minimum
vertical displacement.

Other collapse structures along Spanish Valley are generally similar
to the one described, though there are some important differencese. The
collapse structures range from only a few tens of feet across to more
than 700 feet across. Vertical displacement differs greatlys a few
hundred feet southeast of Collapse 1 N. is another collapse that involves
only rocks from the Navajo and the San Rafael group. A coliapse in the
Ferron sandstone member of the Mancos shale (Upper Cretaceous) south of
the the M4 Ranch on Pack Creek suggests that sandstone actually flowed
downward within the collapse. Alteration within and outside of the
collapse structures is minor and commonly consists only of dark brown
sandstone (probably due to iron?) and sandstone dikes and veinlets.

Parts of the Continental N&. 1 incline, the Big Buck, Mi Vida,
Little Beaver, La Sal, Far West, Radon, and Cord mines were mapped in
detail during the period. These are all large mines in the lower part

of the Chinle formation of Upper Triassic age on the rim of Big Indian
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Wash and southeastern Lisbon Valley., Figure 11 shows the lithology
and ore in part of the Continental Noa 1 incline, and except for the
unusual abundance of vanadium is typical of many éf the mines.

The following points were brought out by the mine studies: (1)
most uranium is in sandstone, but grain size of the sandstone doés not
appear to be an important factor in controlling ore limits; mudstone,
siltstone, and claystone are generally barren but there are many local
exceptionsy (2) there is rarely any discernible difference in lithology
at the edge of ore or between high- and low-grade pods of ore; (3) some
sandstone containing high-grade uranium has a pinkish to dark reddish
tint. This color is apparently due to coloring of the calcite cement;
(h).uranium and vanadium where found in the same mine are not generally
associated in detail; the concentrations of vanadium tend to be
elongated and follow bedding planes and the concentrations of uranium
are commonly irregulary (5) molybdenum is an important accessory element;
some gray streaks in sandstone, identical in appearance with vanadium,
apparently contain only molybdenum minerals, and as there appears to be
no obvious way of differentiating ﬁhe two in hand specimen, this raises
the question as to how much molybdenum-bearing rock.has been nisidenti-
fied as vanadium ore; (6) most ore is found at or near the contact
between the Chinle formation and the Cutler formation contact but ' -
the distribution is very irregulary (7) mineralization frequently ex-
tends a few inches into the Cutler formation (Permian) and in some places
& few feet into the Cutler; (8) the ore is controlled more closely by
bedding in the mines in the northwestern part of the Big Indian Wash area--
the Cord, Radon, and Far West mines-—than in other mines in the district;

(9) commonly, mudstone partings and seams are related to local variations
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in grade of ore; but nol in any general way; that is, the grade may
be higher above or below a partings (10) orange to reddish chert, of
epigenetic origin, oc&urs as small nodules and stringers replacing
sandstone in all ore bodies but shows no detailed relation to grade.of
ore; it occurs in mineralized and unmineralized rock, chiefly in the
Chinle but also in the Cutler, but does not occur more than a few
hundred feet from ore; (ll) visible carbonaceous matter is generally
rare to absent and even where locally common to abundant shows little
direct relation to presence or grade of ore; some carbonized logs have
begn largely replaced by uraninite but most are barreng (12) the only
fault mapped in an ore body (the Far West mine) is post-orej no change
in ore grade or habit has been detected near the Lisbon Valley fault
(Contihental No. 1 incline); (13) joints commonly have little effect on
tﬁe ore; though a few are mineralized the general picture suggests that
this is due to recent oxidation after opening up of the mine. Mineralogic
data of these studies are reported in another section ef this report.
Cirele Cliffs, Utah
By .
Es S Davidson, L. D. Carswell, and G. A. Miller

Mapping of the northern and central part of the Circle Cliffs area
was complefed by the end of the report period. This area contains
neérly all the exposures of the Shinarump member of the Chinle formation,
the stratigraphic unit of greatest economic interest in the Cirule Cliffs.

The Shinarump is made up of two major intergrading units; an upper
blanket deposit of medium-grained white sandstone that may fill small
channels, and a lower unit that fills deep channels cut into the

Moenkopi formation., Both units are locally gradational with, or intertongue
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with, the overlying Monitor Butte member of the Chinle formatione. The
Shinarump is disconformable with the underlying Moenkopi formation with
local angular unconformities; two units present in the upper part of

the Moenkopi can be traced over most of the outcrop area except for
places where they are cut out by deep channeling into the Moenkopi. The
major Shinarump drainage-channel fill forms the Stud Horse Peaks and
trends northwest in the northern part of the area. This drainage was
braided at the north end of the peaks where it was about 8,000 feet wide,
Most of the other channels, especially those to the east of this system,
probably joined this major drainage. To date, the sandstone fill of the
smaller channels seems more favorable for ore deposits than does the
rock filling this major drainage channel.

The Sinbad limestone member of the Moenkopi formation, probably
equivalent to the Timpoweap limestone of the Grand Canyon-Vermillion
Cliffs region, is present in all of the area except the central-eastern
part. This unit, a brown-yellow dolomite or dolomitic limestone,is under-
lain by a considerable thickness of red siltstone in the Capitol Reef area,
but in Circle Cliffs is underlain by only a few feet of green-gray silt-
stone, and that only in the northern part of the area. This unit frequently
fills depressions in the Kaibab formation and locally is channeled by the
overlying Moenkopi siltstone. It is an excellent unit to study when tracing
minor faults because its nearly continuous outcrop is practically devoid
of cover.

The Salt Wash member of the Morrison formation is the unit of
greatest economic importance in the Halls Creek area. It is a white
pebbly sandstone composed of lenticular beds separated by mudstone. The

upper part of the underlying red Summerville siltstone is similar in
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lithology, but a fairly continuous limy chert bed separates the two
units. The contact between the Salt wagh and the Brushy Basin members
of the Morrison is placed at the base of a pebble conglomerate con-

. taining very abundant.red and green chert—in contrast to the gray and
black chert normally predominating in Salt Wash sandstones of this area.
Uranium minerals are found locally in the Salt Wash member, generally
near the base. Some exposures of this sandstone have unusually high
concentrations of selenium. Areas of high selenium content are indi-
cated by abundant growth of Astragalus (Loco weed).

The Dakota sandstone (Cretaceous), as mapped by C. B. Hunt and the
present party, is divisible into two distinct units; the lower, a white
to brown carbonaceous sandstone with minor chert pebble conglomerate,
interbedded with coaly mudstone and siltstone; the upper, a brown
fossiliferous (oyster shells) sandstone interbedded with gray mudstone.
The upper unit is more nearly akin to the overlying marine Tununk member
of the Mancos shale (Cretaceous), and the lower unit is the more typical
Dakota sandstone, which here is a combination flu%ﬁal-coaly swamp deposit.
None of the coaly mudstone in the Dakota is of commerical qualitye

The following report on uranium ore deposits in Circle Cliffs was
published during the report periods:

Davidson, Es S, 1956, The Rainy Day uranium deposits, Garfield

County, Utah (abstract): Geol. Soc. America Bull. (69th
Annual Meeting - GSA, November 1956).
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Abajo Mountains, Utah
By
I. Je Witkind

The Abajo Mountains consist of a central igneous core flanked on
the north, east, and south by domelike structures interpreted as
laccoliths (TEI-620, p, 7R)e

Two major grabens trax}erse the areas The northern one, known as
the Shay graben, truncates the north flank of Shay Mountaine. This
graben is about half a mile wide, and can be traced about N. 650 We to
the southwest beyond the limits of the Abajo Mountains areas The
southern graben, known as the Verdure graben, truncates the south flank
of South Peak. This graben is about half a mile wide and can be traced
about Ne. 80° We to the west beyond the limits of the mapped areae. The
northwest trend of these grabens is paralleled by a zone in which
uranium-vanadium ore deposits occur in thickened sandstone lenses of the
Salt Wash member of the Morrison formations This zone of ground favor-
able for ore deposits is about 4 miles wide and trends No 80° W, across
the northeast corner of the mapped area (TEI-490, ps 38)s Whether this
parallelism of the grabens and the favorable ground is fortuituous or
meaningful is unknown as yet.

The Carmel formation of the San Rafael group (Late Juramssic) may be
separated into two units in the Abajo Mountains area by a tongue of the
Entrada sandstone, Baker (1933, pe 48) discussing the Mosb district,
considers the Carmel to consist of 20 to 70 feet of soft red thin-bedded
sandstone, mudstone, and sandy shale beds separating the underlying
Navajo and the overlying Entrada sandstones. HM‘er, the sequence is

well~exposed along Harts Draw (figs 12) in the Abajo Mountains where the
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Carmel formation probably consists of two red siltstone units separated
by a massive crossbedded sandstone; The lower part of this Carmel
sequence is a fine-grained sandstone that may represent reworked Navajo
sandstone. To the north, the uppermost red unit thins and grades out
and in the Lisbon Valley area the massive crossbedded sandstone cannot
be distinguished from the Entrada (Weir, G. W., oral communication).
Reference
Baker, A. A., 1933, Geology and oil possibilities of the Moab
district, Grand and San Juan Counties, Utah: U. S. Geol.
Survey Bull. 841.
Sage Plain area, Utah and Colorado

By
Lo Co Huff and F. G« Lesure

Detailed mapping of the uranium-vanadium ore deposits in Montezuma
Canyon and sampling for geochemical studies occupied most of the field
season. Geologic mapping of the six quadrangles surrounding Montezuma
Canyon was field checked at critical places in preparation for publi-~
cation. Most of the other uranium mines and prospects in the Sage Plain
area were revisited to examine new work and to check the mine names
shown on the maps,

The Middle Montezuma mine group (fig. 13) was mapped on a scale of
1:7,200 to show the relationships between the ore bodies, the ore-bearing
sandstone, and the contacts of the Salt Wash member of the Morrison
formation of Jurassic age. Nearly all of these mines and prospects are
in one large lens of sandstone in the middle of the Salt Wash member.
This lens has a maximum exposed thickness of 110 feet and length of
13,000 feet. At both ends the lens grades into thinner sandstones

separated by tongues of mudstone. The shape of this lens is shown in
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somewhat simplified form in an accompanying cross-section (fig. 14).
Some ore deposits like the ILucky Boy and the Coyote No. 1 are near the
edges of the lens whereas others like the Strawberry, Rainbow, and
Verdure are more centrally located. Some ore deposits like the Verdure
and the Rainbow are near the top of the sandstone lens; the Strawberry
deposit is near the middle of the lensj and other ore deposits like the
Coyote No. 1 and the ILucky Boy are near the base of the sandstone host
rock.

Mine mapping on a scale of 1:240 revealed a systematic zoning of
minerals in the ore deposits. The zones are most easily recognized in
small uranium-vanadium deposits. The small deposits are similar both
in the well-defined zonation of mineralized and barren rock and in the
general shape of the mineralized zones: Most such deposits consist of
three definite zones termed the ore zone, the brown zone, and the gray
zone., The ore zone is a layer or 'shell" of sandstone impregnated with
uranium-vanadium minerals. The brown zohe, which occurs on one side of
the ore layer or "shell", is an iron-stained, porous sandstone commonly
containing abundant carEonaceous material or abundant plant fragments,
The gray zone, which occurs on the other side of the ore layer from the
brown zone, is a light gray sandstone tightly cemented with carbonate
and commonly freckled with limonitic specks. Radiometric study and pre-
liminary analyses of these zones indicate a sharp reduction in the quantity
of ore minerals in both the brown and gray zones as compared to the ore
zZone.

The ore zone is typically a continuous curved layer or 'shell" of
rounded or ellipsoidal shape that completely envelops the brown zone and

is in turn completely enveloped by the gray zone (figse 15 and 16). The
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ends or sides of the ore zone have the characteristic roll forms of

the ore that have been described elsewhere on the Plateau. The ore

zone tends to be thinnest where close to the mudstone and thickest. where
both contacts are either along the: ends or on the top or bottom of the
ore lens (figse. 15 and 16).

In homogeneous, well-sorted sandstone, the ore has a smoothly -
burved roll form (fig. 15) but both mudstone layers and logs create
local irregularities in the shape of the zone (fig. 16). In many
deposits the ore layer follows closely a sandstone-mudstone contact.
Logs or other concentrations of organic debris commonly form local pro-
jections of the ore surface. Several ore-bearing logs were observed
close to but completely outside a roll surface.

Orange Cliffs, Utah
, By
Fe Ae McKeown, P. P. Orkild, and Re We Hallagan

Strip mapping of all Triassic formations in the Orange Cliffs has
been completed. Since June a Kelsh plotter has been used for photo-
geologic mapping concurrently with field mapping. The chief reason for
using the Kelsh was to map post- and pre-Triassic rocks that are in
areas of difficult accessibility; however; it is expedient to map all
contacts including certain bleached zones and joints with it. Plane-
table, inspection, and altimeter methods combined with the Kelsh mapping
in specific field checks provide multiple crosschecks during compilation
of the mapse Though most of the map compilation and study of samples and
data remains to be done, some tentative inferences may be made regarding
the relationships of the observed geologic features and the occurrence of

uranium deposits.,.
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The apparent regional relationship of uranium occurrences with
purple-white alteration (TEI-590, p. 44-49), recognized by Finch (1953)
is further confirmed by mapping in the Orange Cliffs area. Further,
silicification in the form of red chert (TEI-590, pe 44-49) is nearly
coextensive with the purple-white alteration. Figure 17 shows approxi-
mately the areas where purple-white alteration is common, and the
location of most of the known occurrences of uranium; it also shows
‘the area that contains thick bleached zones in the Moenkopi formation.
These bleached zones are the same or similar to the red-buff alteration
(TEI-590, . 44-4L9) that commonly occurs along fractures and faults in
the Moenkopi and Cutler formations in the southern part of the Orange
Cliffs area. Petroleum and much iron sulfide occur in the thicker parts
of some of the bleached zones. Bleached rock is also common in the part
of the Moenkopi formation that overlies the generally petroliferous White
Rim member of the Cutler formation. Much gypsum occurs as veinlets and
as thin contorted beds that are coextensive with the thick bleached
zones. Figure 18 shows in vertical section the position of the two types
of alteration.

The distribution of uranium occurrences, purple-white alteration,
éilicification, and red-buff alteration, i.e., bleaching, may be fortuitous.
However, incomplete compilation of structural and stratigraphic data indi-
cates that the area of red-buff alteration occurs where the Moenkopi forma-
tion is gypsiferous, weathers to a lighter reddish-brown color than is
normal, has more fine-grained clastics, and is thicker than to the south;
also a pre-Chinle structurally low area is present.

Interpretation and correlation of the alteration, stratigraphic, and

structural features is not yet justifiede The alteration features,
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however, are believed to be possible regional guides to areas where
uranium deposits may occur, and may also provide clues to the problems
relative to the origin of the deposiés.
Reference
Finch, W. I., May 1953, Geologic aspects of the resource appraisal
of uranium deposits in pre-Morrison formations of the

Colorado Plateau: U. S. Geols Survey, TEI-3284, Issued by
the U, S, Atomic Energy Comm., Tech. Inf. Service, Oak Ridge.

Grants area, New Mexico
Re E. Thaden Eﬁd E. S. Santos

Areal mapping of the 360 square miles in the Grants project area
is essentially complete. Compilation on an enlarged Army Map Service
planimetric base has been abandoned in favor of a preliminary Geological
Survey topographic base, available in a few months for the area south of
35° 15' N. and for the area north of that line by July or early August
1957,

Lateral changes in the lithic character of the sedimentary units
across the area are very rapid and are related to the southern margin of
the San Juan basin and the bounding Zuni highland. The Morrison forma-
tion of Late Jurassic age (and its lateral partial equivalents) thickens
and is composed of increasingly coarse sediments toward the west side of
the basin, but southward from the town of Grants it pinches against an
increasingly thicker Bluff sandstone, The field relations indicate that
not only does the Morrison pinch against the Bluff, but it is also cut
out entirely by pre-Dakota erosion south of a point three miles south of
the U. S. Highway 66 overpass. In this vicinity, the Dakota sandstone

also thins abruptly against the Bluff and the Mancos shale, which is
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largely shale with six discontinuous sandstone lenses in its lower
part near Ambrosia Lake, but largely sandstone in the southern part of
the mapped area. The Todilto limestone also becomes sandy in its
lower part south of the town of Grants and is a quartzite pebble con-
glomerate south of the mapped area.

Recent detailed mapping in the Poison Canyon area, together with
data gathered elsewhere, indicates that the following general inter-
pretations may be helpful in formulating a workable hypothesis to
explain the formation and position of the ore deposits:

1. Faults trending N. 30° W. and N. 30° E. are perhaps the oldest
faults in the area, predating the ore deposits.

2. Faults trending N. 800 E. may have formed next, also predating
the ore.

3. Faults trending about N. 45° E. may be pre-oresbut if so. have
had renewed movement in relatively recent times. Several such faults
offset the late Pliocene flows emanating from the Mt. Taylor volcanic
center.

4. Uranium-bearing fluids (gases or liquids) from an unknown
source may have used the N. 80° E. faults as channelways before migrating
as linear fronts updip or, more likely, downdip in the sedimentary rocks.

5+ The ore precipitated under reducing conditions in certain
favorable units and at certain favorable localities within these units.
Many ore bodies formed in the Todilto limestone at, or near, areas of
abundant small anticlines. There is a pronounced tendency for ore bodiés
to form where the anticlines are of such magnitude as to involve the top
few feet of the underlying Entrada sandstone. Such folds trapped not

only the migrating mineral-bearing fluid, but also petroliferous or humic
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fluids that had previously migrated through the Todiltos The petro-'.
1iferous or humic fluids may have acted as preciﬁitants of the primary
ore minerals.

Many groups of ore bodies in the Todilto are in zones trending
about N. 80° E. Each body is also elongated either N. 80° E. or down-
dip (generally northerly). Certain ore bodies or parts thereof, however,
may conform to the shape and orientation of individual anticlines on or
near which the ore precipitated, or to the orientation of other pre-
existing fault sets (e.g., N. 30° W., N. 30° E.).

Favorable localities for ore bodies in the Morrison formation appear
to be structural synclines or synclinoria, and traps developed where the
earliest faults have placed the ore-bearing Westwater Canyon sandstone
member against less permeable rocks, particularly where the Westwater
Canyon dips toward such faults. The large amount of organic material in
the Westwater Canyon sandstone member, probably carbonized fluids derived
from plants, has apparently migrated downdip like the ore-bearing fluids
to structural traps. This organic material is now found in association
with the ore and probably was the main precipitant of the primary ore
minerals.

At the Poison Canyon mine the ore is largely confined to areas of
relatively flat dip,low on the flanks of a poorly defined, eastward
plunging, asymmetric syncline. The syncline appears to curve from about
N-S to about N. 70° E. eastward across Poison Canyon, to be about 1,500
feet in width, and to flatten from about 35 feet amplitude at the west
end of Poison Canyon to about 20 feet where it disappears below the cliff
of Dakota sandstone. It may be a fold reflecting a nearly easterly trend-
ing strike fault at depth which displaced the northern block at least 700

feet to the east.
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There are many possible sedimentary controls for ore, but most
are of unknown significance. It is obvious that the presence of organic
material in the Todilto limestone and in the Westwater Canyon sandstone
member of the Morrison formation is an important ore control. Consistent
with the structural controls enumerated asbove, the ore bodies formed .
in the Westwater Canyon where the unit is thick as in the Ambrosia Lake
area and also where the unit begins to tongue and become clayey as in
the Poison Canyon area. Ore has not been found in the Westwater Canyon
where the sandstone is in many tongues or where it is less than about
100 feet thicke An interesting fact observed in the Poison Canyon area
which might be useful as a guide in prospecting for ore is that the Brushy
Basin shale member, normally pale bluish, becomes increasingly purplish
in zones and streaks near the ore.

6. Probable minor post-ore leaching has formed halos of Ca, Mn, Ni,

Y, and V elements above and also downdip from the Morrison ore bodies.

Laguna area, New Mexico
By

R. H. Moench, J. S. Schlee, and F. S. Hensley

Field mapping in the Laguna area has provided much data concerning
the inter-relationships between the ore deposits, fold structures, fracture
system and igneous rocks, as well as the relationships of the major ore-
bearing units--the Jackpile sandstone unit of the Morrison formation and
Todilto limestone--to the pre-Dakota folds.

The more important results of the recent field season include:

(1) Pre-Dakota folds (TEI-590, p. 60) trend in two general directions.
The largest folds trend northeast to east; lesser folds are at about right

angles to this direction, or slightly west of north. It is suspected that
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the major system contains folds that are considerably larger--with
breadths of several miles and heights of several hundred feet--than

those actually mapped. Minor folds and linear structures in the

Todilto limestone conform to the two major directions, and appear to

have formed by flowage of poorly consolidated lime down a surface of
relief, probably as the larger pre-Dakota folds developed. As supporting
evidence the Todilto limestone thins in the crests of the major folds and
thickens in the troughs.

(2) With local variations the fracture pattern is remarkably con-
sistent throughout the area. A north-south set of joints is nearly
ubiquitous; most faults, diabasic dikes, and veins of relict pyrite
(see L) follow this direction. A second joint set, striking nearly east,
is persistent and locally contains relict pyrite. A number of joint sets
bisect the north- and east-trending joint sets.

From structural evidence it is interpreted that the fracture system
developed over a period of time ranging from the development of the Rio
Grande trough (Miocene?) to the Recent. The north-south set is probably
a cross set, resulting from tension; the east-west set is probably a
longitudinal set, the northeast and northwest sets are diagonal, and -
probably occupy shear positions in relation to the regional stresses.

(3) The igneous rocks are divided, for convenience, into three
series--the diabasic sills and dikes, ﬁhe Mt . Taylor volcanics, and the
later flows and related volcanic plugs.

The diabasic (gabbroic, dioritic, local aplitic veins) sills and dikes
are possibly the oldest of the three series, though their actual age re-
lations to the Mt. Taylor volcanics are not known. Structural evidence

indicates that the diabasic rocks probably were intruded during an early
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stage (Miocene?) in the development of the Rio Grande trough. From
linear featureé on the tops and bottoms of the sills, and the relation
of country rock "splits™ and inclusions, the sills, at least locally,
were intruded from the east of their present exposure--from the region
of the Rio Grande trough, and not from Mt. Taylor.

The Mt. Taylor volcanics (Hunt, 1937) contain a rhyolite-trachyte
series, overlain by a latite series, all cut by dikes of a porphyritic
andesite series (Hunt, 1937, " p. 58-63)». During the recent field season
rocks of these series were sampled‘for further petrographic and geo-
chemical studies, to determine their relationships to the other igneous
rocks in the region.

The later flows range in age from slightly later than the porphyritic
andesite series of Mt. Taylor to the time of the development of the present
level of stream erosion. Fifteen types of later flows are recognized,
distinguished on the basis of composition, and relatiwve age as determined
by stratigraphic position and their relation to erosion surfaces past and
present. Probably the compositions range from dacites(?) to olivine
basalts. Pelecypods in a limestone found between two of the more important
flows may provide a clue as to age.

(4) There is some evidence for minor sulfide mineralization con-
temporaneous with the development of the regional4fracture system. Pyrite,
mainly as hematite pseudomorphs after pyrite, is locélly abundant as veins
generally less than 2 inches thick in the nortﬁ-south joints and faults,
and locally in the east-trending and diagonal jointss. Pyrite concretions,
locally abundant in the Bluff, Entrada and Dakota sandstones, commonly are
aligned along the north- and east-trending fractures. The relationship

between the vein sulfides and the sulfides in the uranium deposits, and
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between the latter and the black uranium minerals is not known.
Megascopic examination suggests that the sulfides are paragenetically
later than the black uranium minerals.

(5) The bulk of the Jackpile sandstone, the uppermost unit in
the Morrison formation and the main ore-bearing unit in the area, is
confined to a broad belt that extends northeast to east across the
central part of the area., The lowermost Morrison arkosic sandstone,
possibly correlative with the Westwater Canyon member, locally thickens
within this belt. It is tentatively interpreted that the deposition of
sandstones of the Westwater type and the Jackpile type was controlled,
in part, by the coﬁtemporaneous development of the pre-Dakota fold
system. Knowledge of this belt should delineate favorable areas for
prospecting.

(6) The structural types of uranium deposits were described in a
previous report (TEI-590, p. 60)., Additional work has revealed that in
the Sandy mine area the zone of mineralization--consisting of many small
deposits-~is confined to the crest and steep flank of a monoclinal fold.
Most of the individual deposits in the Entrada sandstone and Todilto lime-
stone are localized by minor folds. The Entrada deposits are in the form
of rolls, having an S-shape in section, and apparently are independent of
crossbedding structures. Sulfides and possibly pitchblende or coffinite
oceur locally along north-striking joints so that the sulfide and uranium
deposition may not be widely separated in time.

The blanketlike ore bodies of the Jackpile mine occur about one-third
of the distance upward from the base of the Jackpile sandstone. The bodies
are crudely lenticular in section, but stroﬁgly layefed. The ore appears

to be mainly in the better sorted and more crossbedded sandstone. Because
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of lack of marker beds pre-Dakota fold structures have not been
recognized in the Jackpile mine, but the main ore body is elongated
about parallel to the minor (north-northwest) direction of the pre-
Dakota fold system. A post-Dakota structural terrace passes through
the south end of the Jackpile mine but is not parallel to the elongation
of the ore body« As in the Sandy mine area the diabasic sills are later
than the ore and there is some evidence for some jointing prior to the
mineralizatione

Reference .

Hunt, Cs Be, 1937, Igneous geology and structure of the M,
Taylor volcanic field, New Mexico: Prof. Paper 189+B.

Photogeology
3y
We Ae. Iischer

Photogeologic mapping of the Colorado Plateau area continued largely
as in previous report periods with the Kelsh plotter being used in con-~
Junction with high-altitude photography (approximately 1:60,000 scale),
although the amount of effort devoted to this project was decreased,
Initiation of photogeologic mapping at a scale of 1¢62,500 contributory
to the Survey's 1:250,000-scale mapping program of the Colorado Plateau
was delayed by lack of photography, which was not delivered until late
August, but this work is now in progress and the equivalent of a@proxi—
mately fourteen 7-1/2 minute quadrangles in southwestern Colorado have
been interpreted and have been transferred or are in process of transfer
to base mapss Part of the summer field season was spent obtaining strati-
graphic information preliminary to interpretation and compilation of

geology for the 1:250,000 mapping program.
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Two photogeology studies in closze cooperation with field projects
continued through the report period. Kelsh-plotter procedures were used
to compile photogeologic maps of:the Orange Cliffs areé,-central Uteh,
which served as preliminary maps for final field geologic study of
formations ranging from Permian to Cretaceous in zge. The photogeologist
assigned to this'project participates directly in the field investigations.
Similar photogeologic methods were employed in conjunction with the Inyan
Kara project, Wyoming, where detaliled mapping of the Inyan Kara group of
Cretaceous age is being carried out.

During the report period, 18 maps of 7-1/2 minute guadrangles were
completed at a scale of l§249000, and 30 such maps, completed in this and
previous report pericds, were published by the Geological Survey in the
Miscellaneous Geologic Investigations map series. These maps are listed
below by number and titie:

I-169 - Lees Ferry SE quadrangle, Coconino County, Arizona

I-170 - White Canyon-f guadrangle, San Juan and Garfield Counties,
Utahn

I-171 - Paria Plateau SW quadrangle, Coconino County, Arizona

I-172 - Mount Peale-) quadrangle, San Juan County, Utah

I-173 - Mount Peale-6 quadrangle, San Juan County, Utah

I-174 - Mount Peale-8 quadrangle, San Juan County, Utah,; and
Montrose County, Cclorado

I-176 — Mount Pezle-16 quadrangle, San Juan County, Utah, and
San Miguel County, Colorado

I-177 - Emery-8 quadrangle, Emery County, Utah

I-178 - Orange Cliffs-13 quadrangle, Garfield County, Utah

I-179 - Virgin SE gquadrangle, Washington County, Utch, and
Mohave County, Arizona

I-180 - Carlisle-l quadrangle, San Juan County, Utah

I-181 - Bluff-3 quadrangle, San Juan County, Utah

I-182 - Paria Plateau NW quadrangle, Coconino County, Arizona

I-183 - Mount Peale-7 quadrangle, San Juan County, Utah

I-18, - Navajo Mountain-13 quacdrangle, Kane and San Juan
Counties, Utah, and Coconino County, Arizona

I-185 - Navajo. Mountain-15 quadrangle, San Juan County, Utah, and
Navajo County, Avriszona

I-186 - Tidwell-10 guadrangle, Emery County, Utah

I-187 - Orange Cliffs-11 quadrangle, Wayne and Garfield Counties,
Utah
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I-188 -~ Orderville Canyon NW quadrangle, Kane and Washington
Counties, Utsh

I-189 - lees Ferry SW quadrangle, Coconino County, Arizona

I-190 - Emmett Wash NE guadrangle, Coconino County, Arizona

I-191 - Paria Plateau SE quadrangle, Coconino County, Arizona

I-192 ~ Emmett Wash NW quadrangle, Coconino County, Arizona

I-193 ~ Tanner Wash NW quadrangle, Coconino County, Arizona

I-194 - Jacob Lake NE quadrangle, Coconino County, Arizona

I-195 -~ White Canyon-3 quadrangle, San Juan and Garfield

‘ Counties, Utah

I-198 - House Rock Spring NE quadrangle, Coconino County, Arizona

I-199 - House Rock Spring SE quadrangle, Coconino County, Arizona

I-227 - Tidwell-11l quadrangle, Emery County, Utah

I-228 -~ Paria Plateau NE quadrangle, Coconino County, Arizona

Central region

Southern Powder River Basin

By
We Ne Sharp and A. B. Gibbons

Field work in the Southern Powder River Basin terminated in October,
after reconnaissance geologic mapping was essentially completed in about
2,000 square miles of the basin, Study of specific uranium deposits may
require additional mapping in the spring of 1957.

The zone of dominantly red sandstone lenses ih the Wasatch formation,
that trends northward along the central part of the basin (TEI-590,

p. 148-151), is completely delineated. The zone extends about 80 miles
from the Sundquist mesa escarpment, 10 to 12 miles north of Douglas, to

a northern limit 6 to 8 miles north of Pumpkin Buttes (fige 19), and ranges
from 4 to 20 miles in width.

A11 major uranium mines and deposits in the Powder River Basin are
near or at the edge of this red sandstone zone. All are at a color change
from red to drab in a specific sandstone lens. The map (fige. 19) shows
the location of the major mines cf the Basin relative to the boundary of

the red zone. The consistent associstion of major deposits with the
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periphery of the red zone should greatly aid'future prospecting in the
Basin,

The pattern of physical features and the geochemical mechanism that
is deduced from these field data, both general and detailed, indicates
that the Wasatch formation outside the red zone and its border probably
will be nonproductive of uranium. - A few local occurrences of uranium
minerals in carbonaceous shale, sandstone, and coaly beds away from the
red zone are present, as are expected, but all such occurrences should be
very small.

Possible regional and local controls that have caused the association
in the Powder River Basin of uranium in minable deposits with the boundary
of the red hematitic area,as well as with other local components of the
sandstone lenses such as coaly material and accretionary calcite,are being
studied. The structure pattern for the Southern Basin is being developed
from mapping data and may show a relationship to the red zone and uranium

deposits.
Northern Black Hills

Carlile quadrangle, Wyoming, by M, H. Bergendahl and G. A. Izett

Field studies in the Carlile quadrangle, Crook County, Wyoming, were
completed during this report period. Discussions of the general geology
and preliminary results of field studies may be found in TEI-590, p. 159~
165 and TEI-620, p. 179.

The bulk of the rocks exposed in the Carlile quadranglé belong to
the Inyan Kara group, a complex sequence of sandstone, siltstones, and
mudstones of Early Cretaceous age (TEI-590, p. 161). As a result of

field studies during this report period, the uppermost formation of the
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Inyan Kara group--the Fall River formation--was informally subdivided
into four units that can be traced throughout much of the northern Black
Hills. These units are, in ascending ordér: a thin-bedded siltstone
unit 30 to 35 feet thick, a claystone and silty claystone unit 42 to 47
feet thick, a massive, very fine-grained sandstone 30 to 50 feet thick,
and a fine-grained sandstone and clayey siltstone unit that ranges from
7 to 4O feet in thickness, but may be absent locally.

Geology of the Hulett Creek mining area, Crook County, Wyoming, by
C. S. Robinson and H. D. Goode

The Hulett Creek mining area includes about 2 square miles in the
southwest corner of the Devils Tower 2 SE quadrangle (fig. 20) and ex~
tending about 1/2 mile into the adjacent quadrangle to the west. The area
‘1s about 20 miles west of Hulett and AS miles north of Moorcroft, Wyoming.

Stratigraphy.--The stratigraphic units exposed in the Hulett Creek

area are the Inyan Kara group and the overlying Skull Creek shale, both
of Early Cretaceous ageo The Inyan Kara group is divided into two parts,
each of which has a characteristic lithology. Only about 11 feet of the
lower part -is exposed é.t Hulett Creek; this consists of clayey sandstone
and sandy claystone (see fig. 21). The total thickness of the unit in
the area is 150 to 200 feet. The upper part of the Inyan Kara group is
divided into five lithologic units. In ascending order these are (1) a
lower sandstone and siltstone unit; (2) a lower shale and siltstone unit;
(3) a middle sandstone unit; (4) an upper shale and siltstone unit; and
(5) an upper sandstone unit. These units are shown and described in
figure 21.

The Skull Creek shale crops out around the margins of the Hulett Creek

area and in small isolated patches on the divides. The formation in adjacent
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Skull Creek shale: Lower silty shale
unit is gray to black silty shale
interbedded with ferruginous sait-
stone. Upper non-silty shale unit
is dark-gray to bilack. 250 feet max.

Upper sandstone: Inter-tonguing lenses
of very fine grained, micaceous sand-
stonej locally carbonaceous, calcare-
ous, and quartzitic. Qre occurs
within 10 feet of base of unit,
commonly above shale of underlying
unit. 15 to LY feet thack.

Upper shale and siltstone: Light-gray
or brownish-gray siitstone with
light- to dark-gray shale and

ECICEEEEE carbonaceous shale. 3 to 28 feet
"‘fj. A thick.

Middle sandstone: Light-gray to light-
brownish-gray very fine grained
sandstone; massive with fine laminae

= and cross-laminae. 18 to 20 feet
——_-_—*—__T__‘\ thick.

Lower shale and siltstone: Thin beds
of dark- to light-gray shale inter-
bedded waith siltstone; carbonaceous
in lower part, micaceous near the
top. 20 to LO feet thick.

Lower sandstone and siltstone: Lower
part dark-gray carbonaceous silt-
stone, locally shaly. Upper part
thin bedded very fine grained silty,
ciayey, micaceous, and carbonaceous
sandstone. 30 to 50 feet thick.

Lower part: Clayey sandstone and sandy
claystone exposed at top. Drill logs
show covered part to be sandy clay-
stone, interbedded poorly sorted
sandstone with conglomerate at base.
150 to 200 feet thick.

Figure 2] Generalized section in the Hulett Creek Mining Area, Crook
County, Wyoming, showing stratigraphic location of mined ore.
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areas is about 250 feet thick but only about 100 feet remains in the
Hulett Creek areas Two lithologic units have been differentiated in
the areas a lower unit about 45 feet thick consisting of gray to black
shale interbedded with ferruginous siltstone, and an upper shale unit
consisting of dark-gray to black shale that contains a few beds, 1 to 4
inches thick, of very fine-grained sandstone or siltstone.

Structure.--The Hulett Creek area is at the western margin of the
Black Hills just east of the Black Hills monocline, which essentially
forms the boundary between the Black Hills to the east and the Powder
River Basin to the west. A gentle north-plunging asymmetrical anticline
cut by a series of northeast-trending normal faults crosses the Hulett
Creek areas The anticline is about a mile wide and a mile and a half
long.

The flanks of the anticline dip from 2’to 59, the west flank in
general being steeper than the east, and are crenulated by several minor
folds of diverse orientation. The north end of the anticline passes
into a structural terrace that dips 3°to 5° northwest.

A series of normal faults ranging in length from less than 100 feet:
to more than 1 mile and striking N. 45° to 600 E. and dipping 50°to 90°
NW or SE cut across the Hulett Creek area« The rocks on the northwest
sides of the major faults are downthrown, and the stratigraphic throw
ranges from a foot or less to 60 feet.

The sandstone units display a well-developed set of joints. These
Jjoints are particularly conspicuous in the cliff-forming middle sandstone
where they strike about N, 40° E. and dip g0 to 90° NW or SE, and strike

Ne 4OC© W, and dip vertically.



89

Ore depositse—-The uranium deposits mined in the Hulett Creek

area have come from the upper sandstone unit in the Fall River forma-
tion, although the Homestake Mining Company during the past summer wa#
exploring a possible deposit in a conglomeratic sandstone at the base
of the Fuson-Lakota-formations undivided;

The sandstone lens that contains the ore deposits is elliptical
in plan with the long axis trending northwest. This unit consists of
a series of superimposed and interfingeriﬁg sandstone lenses separated
by thin shale or claystone partings. It is approximately L5 feet thick
near its center and thins to 10 to 15Afeet at the edges.

The mineralized areas are 200 to 1,200 feet long and 5 to LOO feet
wide and their long axes trend between IN. 30° and 60° W. Within the
mineralized areas, the ore deposits are 5 feet to 200 feet long, 5 feet
to 80 feet wide, and a few inches to 10 feet or more thick. The average
thickness is probably about 3 to 4 feete. The ore deposits in general.
show a preferred alignment parallel to the alignment of their enclosing
mineralized zones,which, in turn, are generally elongated parallel to
the edges of the sandstone lens.

The deposits are either of the oxidized carnotite-tyuyamunite type
or of the unoxidized uraninite-coffinite type, depending upon the position
of the water table. The ore minerals fill the interstices between sand
grains, coat the sand grains, or are disseminated in the carbonaceous
material. The contacts of the ore deposits are gradational, except that
most deposits are bottomed sharply on a clay or shale seam.

The ore deposits are made up of one or more ore bodiess The typical
ore body is 1 to 4 feet thick and consists of a crossbedded carbonaceous

sandstone lens impregnated with uranium and vanadium minerals mainly along
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the carbonaceous seamss The ore body is bounded by a shale seam above
and below, and lies near the base of the sandstone lens. An ore deposit
consists of several interfingering, superimposed mineralized sandstone

- lenses and may be as much as 10 feet thick and 200 feet longe. The ore
deposits are essentially parallel to the bedding, but locally, in detail,
may cut across the bedding.

In five of the six ore deposits mined to date in the Huletl Creek
area, calcite- and silica-cemented sandstone concretions are associated
with the ore minerals. In the sixth deposit, calcite cement probably
was present once but it has been subsequently leached. There is some
evidence for similar leaching in the deposits that at present contain
calcite-cemented sandstone,

The calcite~ and silica-cemented concretions are in general tabular
and parallel to the bedding but, as do the ore deposits, may crosscut the
bedding. They range from an inch or so in width, thickness, and length to
continuous ledges as much as 10 feet thick and hundreds of feet in length
and width., The percentage of calcite and silica cement in such ledges
varies from pure silica to pure calcite. A common occurrence is a silica-
cemented concretion surrounded by an envelope of calcite-cemented sand-
stone; the contacts between the types of cement and between cemented and
uncemented sandstone are gradational through distances of an inch or less
to several feet. No concretion containiﬁg-silica—cemented sandstone sur-
rounding a concretion of celcite-cemented sandstone was observed.

The ore minerals are sparse in calcite-cemented sandstone, and have
not been seen in a silica-cemented sandstone., Most commonly, the ore
minerals impregnate the sandstone adjacent to a calcite-cemented concrevion

and some form an envelope around silica~ and calcite-cemented concretions.
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Neither the silica~ or calcite-cemented concretions nor the ore
minerals occur in heavily iron stained sandstone. In the Homestake
Mining Company pit no. 3, which trends northwest, the sandstone on the
southwest wall of the pit is stained a bright reddish-brown. In the
pit, and to the northeast, the sandstone is a light-gray to light brownish-
gray. The ore, which was of the carnotite-tyuyamunite type, occurred in
the light-gray sandstone in association with some calcite-cemented sand-
stone a few inches to a few feet northeast of the red sandstone. There
were no ore minerals or calcite in the bright-red sandstone. The con-
tacts between the red and gray sandstone are gradational and very
irregular.

There is no apparent relationship between folding and the location
of the ore deposits, but there is some evidence that the location of at
least one of the deposits is related to the faulting.

The ore deposit of pit no. 5 of the Homestake Mining Companyvis
adjacent to and on the downthrow side of a fault having a stratigraphic
throw of 4O to 50 feet. The upper sandstone, in which the ore occurs,
has been downfaulted opposite the lower shale and siltstone unit and dips
downward towards the fault. Along the fault is 1 to L feet of clay gouge.
The sandstone on the downthrown side is cemented both by silica and cal-
cite for a distance of 2 to 6 feet from the fault. The ore minerals
impregnate the sandstone lenses up dip, or away from the fault. It seems
possible that the ore-bearing solutions migrating down the dip were
partly blocked by the impervious shale and siltstone unit on the upthrown
side or by the gouge along the fault. Thus, the silica, calcite, and
uranium minerals were concentrated in the sandstone on the downthrown

side.
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trawberry Hill guadrangle, Wyoming, by Re Ees Davis

The Strawberry Hill guadrangle covers an area of approximately

53 square miles in north-central Crook County, Wyoming (fige. 22).

Field mapping was starbted in the area in July 1956; previous work by

the U. S. Atomic Energy Commission and by prospectors and private
industry showed many areas of anomalous radioactivity in the quadrangle.
During the summer of 1954 two mines--the Busfield mine, operated by the
Sodak Uranium and Mining Company, and the Vickers mine, operated by
Hilmer-Tessem Uranium Corporation--produced uranium ore of the coffinite-~
uraninite type. The location of the mines, which are in sec. 26, T. 56
N., R. 66 W., is shown in figure 22.

The Strawberry Hill quadrangle is being mapped by the Geological
Survey in order to (1) provide a geologic map of the area in sufficient
detail to aid in further exploration for uranium depositsy (2) relate
uranium mineral occurrences, insofar as possible, to stratigraphy, litho-
logic character of the rocks and siructure; (3) study the known uranium
deposits in detaily and (4) find geologic guides to uranium occurrences.

The Strawberry Hill quadrangle is on the northwest flank of the
Black Hills uplift, and ths exposed sedimentary rocks include, in ascending
- order, the Morrison formetion of Late Jurassic age, the Lakota and Fuson
undivided and the Fall River formations, Skull Creek shale, Newcastle
sandstone, and Mowry shale, of Early Cretaceous age.

Structural features include several pronounced domes and anticlines
superimposed on a gentle regional dip to the northwest. In some of these
flexures the structural relief and dissection are great enough to afford
good exposures of the entire Fall River formation; in other more gentle

flexures the rolling ground surface closely reflects the dip slopes of the
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beds in the upper parﬁ of the Fall River formatione.

Uranium deposits occur in the sandstones of the upper one-third
of the Fall River formation. The deposit of coffinite-uraninite ore
at the Busfield mine occurs at or near the undulating lower surface of
a channel fill, or at least a local thickening, of the uppermost sand-
stone unit of the Fall River. The ore horizon is from 35 to LO feeb
below the Fall River-Skull Creek contact which is exposed for a short
distance at the top of the east side of the large open pits« The upper
30 feet of the sandstone is highly oxidized, and the unoxidized state of
the ore zone is due to precipitation under a reducing environment at a
local perched water table--considerably above the regional water table—-
held up probably by the compact shaly siltstone and claystone that
immediately underlie the sandstone. Concentrations of carnotite-type
minerals occur in the oxidized zone above but are not mined. The ore
occurs in concentrations of thin black carbonaceous sand layers that
appear to parallel the planes of crossbedding and as disseminations in
the surrounding sandstone.

A new deposit of "black ore', for which no mineral identifications
are as yet available, was drilled and stripped during the latter part of
the summer. The deposit is approximately 3,000 feet northwest of the
Busfield deposit, Ore shipments from this deposit, known as the Vickers
mine, were begun in September, The ore zone, which averages 3 to 4 feet
in thickness, is in the upper sandstone unit of the Fall River formations
In this area the sandstone is only about 18 feet thick and is covered by
20 to 30 feet of Skull Creek shale. The sandstone has none of the
characteristics of deposition in a channel evident at the Busfield mine.

It is a thin-bedded, regularly bedded succession of sandstones and



95

siltstoness In general, little oxidation of the ore has taken place,
due probably to the presence of a perched water table above the dense
siltstone below the ore-bearing sandstone and to the compact thick

cover of Skull Creek shale. As at the Busfield mine, unoxidized uranium
minerals are associated with concentrations of carbonaceous layers
parallel to the bedding planes in the sandstone.

Both deposits are at least spatially related to a relatively low
flexﬁre——an anticline or a slightly elongated dome—-which trends east-
northeast. The Busfield deposit lies on the south flank of this fold,
and the Vickers deposit is close to the west end of the fold. Genetic
relationships between the uranium deposits and the structure have not

been determined.
Southern Black Hills

During 1956 geologic mapping was completed in the Burdock, Cascade
Springs, Dewey, and Jewel Cave SW quadrangles. The area mapped in the
Edgemont region to date is indicated on figure 23.

Cascade Springs quadrangle, by E. V. Post

The thickness and lithology of the Lakota sandstone varies abruptly
in the eastern part of the Caécade Springs quadrangleiahd the western
part of the Angostura Reservoir quadrangle. Here the thickness of the
Lakota ranges from 447 feet on the west to 209 feet, 1-1/4 miles to the
east. The gross lithology of the formation also changes in this distance
from 72 percent sandstone and 28 percent mudstone on the west to only 38
percent sandstone and 62 percent mudstone on the east of this small area.

Part of the local thickening of the Lakota is the result of filling

of channel scours cut as much as 180 feet deep into the underlying Unkpapa
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sandstone. The Unkpapa sandstong is as much as 230 feet thick in the
northeast part of the Cascade Springs quadrangle, but is approximately
50 feet thick to the south where the Lakota is L47 feet thick.

Over the greater part of the Cascade Springs quadrangle the. Lakota
sandstones and mudstones are devoid of carbonaceous material and pyrite;
sparse fragments of carbonized wood and carbonized leaf and twig casts
occur.locally. The absence of commercial uranium deposits in this area,
is perhaps attributable to the general lack of significant quantities of
carbonaceous debris and pyrite. '

Two-occurrences of uranium minerals in the Inyan Kara group have
been observed in the Cascade.Springs quadrangle. One of these occurrences
is the Canyon Lode deposit on the east side of Cedar Canyon, SE% sece 25,
T. 8 S., R. 4 E. Black highly radiocactive uranium minerals are concentrated
in a band two inches thick in a thin sandstone that is part of a sequence
of thin sandstones, laminated carbonaceous siltstones, and mudstones
containing abundant pyrite concretions. This sequence of rocks is about
75 feet thick and is the basal unit of the Fall River formation. Nine tons
of ore-grade rock reportedly have been shipped from this deposit. A grab
sample of ore collected at this locality assayed 0.88 percent Us0g.

At the other occurrence, yellow uranium minerals are present at the
top of the basal unit of the Fall River formation at the top of the Ciiff
soufh of Angostura Reservoir in the south center of sec. 10, To 9 S., .
R. 5 E. No analyses of this material nor indications of the extent of
the deposit are available.

Several radioactivity anomalies in the Spearfish formation of
Triassic(?) age have been examined in the Cascade Springs quadranglee

Two anomalies (one in the SE corner of secs 9, T+ 8 S., R. 5 E., and one
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in the SE: sec. 29, T. 8 S., R. 5 E.) are associated with a 13 foot-
thick dark-gray to black mudstone that is approximately 54 feet above

the base of the Spearfish formation. This mudstone underlies the

second gypsum bed above the base of the formation. The anomalies ranged
from 2 to 90 times background, the anomaly at the second locality being
the larger. Radioactivity anomalies in the black mudstone are relatively
local in extent; the unit as a whole does not exhibit anomalous radio-
activity.

High radiocactivity, ranging up to 35 times background, was noted at
@ bleached and disturbed zone in the Spearfish formation on the south
side of Highway 87 in the SW: SEi sec. 20, T. 8 S., R. 5 E. This disturbed
gone is approximately 15 feet wide and extends vertically up the face of
the road cut. Bedding in the zone is obliterated. The rock consists of
a mass of disoriented fragments of siltstone, gypsum, and black mudstone.
The siltstone, which is the major constituent, has been bleached to a
loderste greenish-gray from the normal reddish-brown color of the
Spearfish formation. The black mudstone has been derived from the l%—
foot unit that underlies the second gypsum bed in the Spearfish formation.

The highest radioactivity was recorded at fragments of black mudstone,
some of which are coated with a yellowish-green fluorescent mineral. Both
the black mudstone and the yellowish material give a positive flux test for
uranium.

An attempt was made to correlate the base of the Fall River sandstone
as mapped in the Cascade Springs quadrangle with the type section of the
Fall River at Evans Quarry in the Hot Springs quadrangle. Exposures of
the Evans Quarry sandstone and adjacent stratigraphic units were studied

in the southern part of the Hot Springs quadrangle and the northwestern
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part of the Angostura Reservoir quadrangle.

Little similarity was noted between the Fall River in the eastern
part of the Cascade Springs gquadrangle and the type Fall River at Evans
Quarry. The thick Evans Quarry sandstone pinches out within one mile
southwest of the quarry, and thus is not present in the eastern part of
the Cascade Spfings quadrangle. Primarily because of the lack of ex~
posures, it hés not been determined whether the Evans Quarry sandstone
is: (1) a stratigraphic equivalent of the basal Fall River in the
Cascade Springs quadrangle, (2) a deposit older than the basal Fall River
in the Cascade Springs area, or (3) a unit higher in the Fall River that
has filled a channel cut in, and possibly through, the earliest Fall
River deposits. Detailed geologic mapping of the Hot Springs and
Angostura Reservoir quadrangles may find the answer to this problem.

Clifton quadrangle, by N. P, Cuppels

Rocks exposed in the Clifton quadrangle range in age from the
Permian Minnekahta limestone to the Late Cretaceous Carlile shale. A
prominent hogback forming the Elk Mountains is underlain by the Lower
Cretaceous Inyan Kara group and occupies one-half of the quadrangle.

The Inyan Kara group is 350 feet thick in the area mapped, and an
erosionally truncated surface of the group forms the dip slope of the
Elk Mountains. A conglomeratic sandstone at the base of the Lakota is
exposed over much of this slope but is buried in many places beneath
erosional remnants of thin-bedded sandstones and siltstones of the upper
Lakota.

The thin-bedded sandstones tend to be discontinuous except for a
granule sandstone 10 to 15 feet thick near the top of the Lakota. A

sequence of variegated mudstones and siltstones 10 to 30 feet thick
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above the gramule sandstone piobably represenus the Fuson intsrvale
The overlying Fall River sandstone is 125 feol thick and sonsisis of
laminated carbonaceous silistones inbtercalated with thin-bedded sand-
stones at the base, a rim-forming messive sandstone aguove the siiistones
and thin sandstones, and a sequence of dark-co.ored mudstones and sili-
stones av the top of the formation.

No commercial wranium deposits have beex found in the Clifton
quadrang:e. The Alray Mining Company has driven a tunnel 275 feet into
the Fall Riwer

rim sandstone Lo expoore avomslous radloachivity near the

abandoned town of Cilifton. Firfteen feet from the working fece, the

tunnel cresses a well defined color becundary. West of the bvoundary the

sandstone is uvniformly gray end is homogeneovsly well-cemented. The

sandstone on the east side of the bourdsry, however, is dominantly yellow,

poorly cementedsand is spotied with patches of white, brow:, and red

oxides of ircn and gray siliceous conecreiions. Zones of anomalous radio-

activity start at the cclor boundary and exvend into the yeillow sandstone.

o

Silica having a yellow fiuorescence i

ja

5 essoclishbed with the cones of

ancmalots radioactivity.

On the surface, the color voundery is relatively sharp and trends

northward for more than a mile., Exposures of the rim ssndstone east of

the boundary have a2 uniform yellow color which contrasts sharply with the

light-gray color of the same sandstone west of the boundary. A radicmetric

survey of this boundary failed Lo detest obher areas of anomalous iradio--

activity.

Another suriking color change
miles southeast of the Alray mire.

to red aleng a knife-edge boundsry

in the rim sandstone can be seen 15
Hewre, the colox changes from yellow

that appears to be unrelated to
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structure or texture of the rim séndstone. Both the red and yellow
colorations are very uniform in the sandstgne with the area of red
coloration forming a northeast-trending zone 300 feet wide and 2,000
feet long. No anomalous radioactivity could be detected near this
color change.

Dewey guadrangle, by D. A. Brobst

The rocks of the Inyan Kara group in this quadrangle average about
300 feet in thickness and are exposed over about 16 square miles. It
appears from geologic mapping that the rocks of the Inyan Kara group
continue westward from the hogback of Elk Mountain onto the Dewey
structural terrace., The sandstones dip from 3"to 13° west on the dip-
slope of the hogback but the dips are only 1°to 2° west on the terrace.
The Fall River channel sandstones of the type found in the Wicker-
Baldwin mine extend onto the terrace at shallow depth, especially in the '
northern half of the quadrangle. The extension of favorable host rocks
into structurally favorable areas, such as the change in dip on the Dewey
terrace, suggests that the eastern margin of the terrace might be worthy
of careful prospecting.

The Dewey fault is probably best interpreted as a series of en
echelon faults extending for about 7 miles acréss the southeast corner
of the quadrangle and passing through the town of Dewey. At the east
boundary of the quadrangle, the vertical displacembnt is about 350 feet.
Near the southwest corner of the quadrangle, the vertical displacement is
120 feet. The horizontal component of movement appears to be negligible.
The same series of faults has been traced to the northeast for another

7 miles across the Jewel Cave SW quadrangle.
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Channel sandstones, by D. A. Brobst

The distribution of channel sandstones at three different strati-
graphic levels of the Inyan Kara group is shown in figures 24, 25, and
26, The boundaries of the channels are shown approximately at the 20~
foot isopach. The arrows indicate the direction of flow based on many
readings of the direction of cross-beds. The vertical relationships of
these sandstones are shown diagrammatically in figure 27.

A complex channel sandstone in the lower part of the Lakota forma-
tion (fig. 25, and A in fig. 27) has been traced from the south border
of the Flint Hill quadrangle to the southern part of the Clifton quad-
rangle, a distance of nearly 30 miles. The channel sandstone dips
beneath the surface at both ends. The thickest parts of the channel
sandstone are about 160 to 200 feet thick. The channel deposits south-
east of the Burdock quadrangle are chiefly fine- to very fine-grained
sand, North of Burdock, the channel contains scattered pockets of con-
glomerate consisting of abundant gray to brown pebbles of chert. Thé
conglomerate becomes increasingly abundant in the northern part of the
Dewey quadrangle and in the adjacent parts of the Clifton quadrangle,

In this area, conglomerate of the channel complex is continuous but
varies considerably in thickness from place to place. Where the con-
glomerate thins, the upper part of the channel fill is dominantly a fine-
to medium-grained sandstone. Although the complex is commonly light
brown to buff, it becomes light gray to white in large areas of the
Clifton quadrangle, particularly in exposures that are closest to the
Skull Creek shale. The channel complex is a composite of many litho-
logically distinct sub-units which vary widely in texture. Ten of these

sub-units were sampled for size analyses from an outcrop 111 feet thick.



CLIFTON

103

- \‘\\\X
N
\

EXPLANATION

——— — - - -

Boundary of channel filled by cliff-forming Fall River
sandstone approximately at the 20 ft. isopach
Dashed where buried. Dotted where

DEWKY
\
\

3
"

JEWEL CAVE SW

projected above surface of ground.

——

Direction of current flow

R

Runge mine

X
Occurrences of uranium
~,
Q“‘
§‘~
e,
\ - .~".
7 BugDOCK ts.. EDGEMONT NE MINNEKAHTA
'... ’s‘
-~ \‘
Y Q\
\‘ ‘~
c‘ “
“‘ “\
K A ——
\ . ammmmae
N ,I el ~s~~
/ R
} / K N
EDGEMONT \ "\ FLINT HILL CASCADE SPRINGS
\\ X \‘
‘ .
v X :
v H
X

; |

~ e
—
4

FIGURE 2, —MAP SHOWING DISTRIBUTION OF CHANNEL
SANDSTONE IN THE FALL RIVER FORMATION

0
L

5

10
] i

15 Mlles
)



104

CLIFTON
EXPLANATION
N " .- -
~ Boundary of thick channel sandstones in
the lower part of the Lakota formation
- appoximatety at the 20 ft. isopach
\’\\ Dashed where buried. Dotted where
DE ws‘v\ N JEWEL CAVE sw projected above surface of ground
\\ \“‘ N
\ . Direction of current flow
\ *
\
\
\ \
/ N\
y N\
Ki 8URDOCK \ EDGEMONT NE MINNEKAHTA
! N
Pt A —~~
VAN N
’ K \ N
'0' (\. \ Y
I' \ \\
l' \\ \
. N
N \
. \\
N N \
A \\ A
EDGEMONT FLINT HILL CASCADE SPRINGS
\\
A Y
A Y
A Y
A Y
A Y
A Y
N\

FIGURE 25.— MAP SHOWING DISTRIBUTION OF THICK CHANNEL
PART OF THE LAKOTA FORMATION

1‘5 Miles

SANDSTONES [N THE LOWER
10

(o] 5
L ] i




105

CLIFTON

N

EXPLANATION

Boundary of conglomeratic sandstones

approximately ar the 20 ft. isopach
Dashed where buried. Dotted where

DEWEY JEWEL CAVE SW profected above surface of ground.
—
Direction of current flow
‘ +— 8- Ball channel °
Gould mine
~ 2
~5 N\

.p\ \
\

BURDOCK ‘I EDGEMONT NE MINNEKAHTA
i
\
\

\ N \
\ ~ Gould channel
\
\\i
\ N -
N \ Se———— N
N \

EDGEMONT ,x FLINT HILL \\ CASCADE SPRINGS

EANERN
N

N
v
/

FIGURE 26.- MAP SHOWING DISTRIBUTION OF CONGLOMERATIC SANDSTONES

(o} 5
[ ]

IN THE GOULD AND 8-BALL CHANNELS

[[¢] 15 Miles
] —




V1OMVA HLNOS ‘ALNNOD ¥3AIY 11V4 *STIH Mov8 NY¥3IH1INOS
JHL NI SMO0YH VHVUM NVANI 30 HOL3INS DJILVAWVHOVIQ-z Old

— — ——— — o s

—— ——— p—
— —

N .. PR Lt y m.wco.mvc.om.. adky-jouunyy x8jdwéo ‘|pjanidq -
LTt T NS = ——— — — — juswuouiaus
; = ol?m‘.cE D ui pajisodap ajoys

........

[lll puo moco,mocom pouipib
— oauyy Kian ‘sauoysy)is

106
1 |

R '....-......... . . e e
—_ = REE . o ol LS - =
. il

7 ’ T e B B BT T e B Ml |

auolspnw pup T T T T T T T o= T T L ) Nt — — =1 — — — —

e A e T e R GRS S A
Tty ey oy s

e T ey ——y v 7 > =T T T e ey I A e e R B R R/

" ey 1 JIJIla|IJ.I~I«I-||...'.‘ T T T Tt Y — 1~ g 4~ /L l_||.\_.|.-l\<||.l.l.
— ., ~ 9uoyskp|d _chao_:; SN0d2DUOGIDI-UOU *|DIAN}) - :ozil. ——

P v g e~ ., o o —_— ——y —y — —t —r  __, Al SrarrrIIIIII a0
JIJ.IJJJJJIJIII. T T —

—— ———y T —y -y -— —_— - — — lil'..!luJqu

L A S = e T, T T e T L, L O T e

— TP TR Y TR T Ty T Yy e e T Tt s e a s

\\\\\\ QUOISPNW PuD JUOLSPUDS Uiy} JO SPaQ BuIIDUIBLD ‘BUIIISNOD ......“”“..u........ —
\\\\\\.\.N\\W\\\\\w\\\M._\w\\~\n\m\\N\\_\\\N\\\\l_ A JJ.JI.I..]lO

T
c

aNv \'IJ.O)IV1

T e e T e = JURWUO04IAUR »:mBE — =
D u) paji1s0dap SaUOISPUDS Uiy Yiim pappaq T "
—Ja4u} S2UOJSH)IS SNOBIDUCYIDD PBIDUIWDTY 1~
________:______ _

MOCO%MQCUM UCU .......................

sauoispnuw Buijousay| Ll STl ,. B .. .. .. .. .. . .. .. “ LTI UL TN
*omuon;o.:nc.czh . .......H..............
_ h Qo ~ o . R msoooucon.oo >_$Bam ....... X .
n _ ~ m ... .macoﬁmvccm _c_>:: xw_anJ

....................................................................................................................

'Noukuo's'

Y3ANN VS

~dNOYH9 VHUN NVANI

JIVHS xmumo I_JDxm



107

Results of the analyses show that the median grain size ranges, between

gub-units, from 0310 mm to 1.70 mm and averages 0.35 mm for all sub-
units sampled. The coeffiéients of sorting of the sub-units range from
1,10 to 2.92, These results demonstrate that whereas sorting is good
within the sub-units, the overall sorting of the conglomerate is
relatively poor.

Incomplete data from a drill core suggest that this large channel
is joined by another from the southwest in the northern part of the
Burdock quadrangle. The drill core contained some conglomerate suggesting
the possibility that some of the abundant conglomerate in the Dewey and
Clifton quadrangles might have entered the stfeam.system from this or
other tributaries in the wvicinity.

The Gould channel (fig. 26, and B in fig, 27) is in the upper part
of the Fuson-Lakota formations undivided. It extends for about 25 miles
from the Flint Hill quadrangle to the southern part of the Jewel Cave SW
quadrangle. To the north the channel fill is truncated by erosion; in the
south it dips underground. The channel fill attains a maximum thickness
of 50 feet in the north and 110 feet in the south and contains fine to
coarse sandstone, clay galls, and conglomerate. The Gould mine, one of
the larger uranium deposits of the southern Black Hills, is in this
channel,

The 8-Ball channel (fig. 26), named for sandstoné exposures in
secs 8, Te 6 S.y, Re 1 E., Custer County, South Dakota, has been traced
across the Dewey and Clifton quadrangles. The channel fill contains fihe
to coarse sandstone and is locally conglomeratice The conglomerate con-
tains gray chert pebbles'as large as half an inch in diameter. The maxi-

mum thickness observed is 4O feet. This channel fill appears to occupy
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the same stratigraphic position as the Gould channel to the south.
The geologic mapping in the Jewel Cave SW quadrangle, however, suggests
that the two channels may not be correlative.

A complex channel sandstone in the Fall River formation extends for
more than 30 miles from the Cascade Springs quadrangle to the Clifton
quadrangle (fig. 24, and C in fig. 27). The main parts of the channel
system are one to two miles wide. The thickness of the deepest parts of
the channel ranges from 110 feet in the Cascade Springs quadrangle to at
~ least 60 feet in the Clifton quadranglee. The channel sandstone dips
beneath the surface of the ground both to the north and to the south,
The northeast edge of the channel in the Minnekahta, Edgemont NE, and
Jewel Cave SW quadrangles has been removed by erosion, but data from the
north and south ends suggest that the reconstructed channel would have
the configuration shown in figure 24.

The sandstone in this channel forms cliffs nearly everywhere along
its length. The sandstone is fine- to coarse-grained, although medium-
grained facies predominate. Conglomerate similar to that of the other
channels has not been seen. Scattered thin layers of clay have been in-
corporated in the sandstone. This unit is characterized by spheroidal
concretions of calcareous sandstone that range in size from a few inches
to 6 feet in diameter. The concretions are white inside, but weathered
surfaces are generally dark brown,s On canyon walls the concretions stand
out in low relief. Carbonaceous and lignitic material is common.

Uranium is associated with this channel complex in many places,
notably the Livingston group in the Flint Hill quadrangle, the Runge
mine in the Edgemont NE quadrangle, the Wicker-Baldwin mine in the Dewey

quadrangle, and the Alray mine in the Clifton quadrangle.
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Runge mine, by F. R, Shawe

The Runge mine is in the south-central part of the Edgemont NE
quadrangle, Fall River County, South Dakota. The underground workings
were mapped at a sca}e of 1:240, the mine was sampled, and field inter-
relationships of ore, sub-ore, and barren rock were studied,

The ore now being mined at the Runge mine is at the bottom of a
60-foot-thick sandstone that is in the lower part of the Fall River
formation, Exploratory drilling prior to the opening up of the mine
indicated ore-grade mineralization at a horizon lower than that of the
present mining operations (Gott, 1956).

In the mine area, the Fall River formation strikes a little north
of west and dips 2°to 10° southwesterly.

The deposit is primarily of the black ore type. Uraninite and
coffinite are the only ore minerals that have been identified, though
at least one other black uranium-vanadium mineral and one yellow radio-
active mineral are present. Some black material that is either weakly
radioactive or nonradioactive is also present., All of the black minerals
are here referred to as f'black ore". Pyrite and possibly marcasite, and
red iron oxides are found with the "black ore" minerals. All of the
- minerals are interstitial to sand grains of the sandstone, Analysis of
a few samples of radiocactive material shows a ratio of about 2 to 3
Aequivalent uranium to uranium.

The "black ore" is concentrated in small pods and lenses, in narrow
bands that resemble diffusion bands, and along join£ planes. Many of the
pods and lenses are zoned, but the zoning is not systematic. The core of
a pod or lens may be either "black ore" rimmed by pyrite or the reverse.

Pyrite (and marcasite?) and "black ore" are intergrown in many places,
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Several alternaving pyrite-'"black ore" zones may be present in a

single pod or lens. Carbonate cement is associated with many of these
zoned pods and lenses and may be either in the core or at the rim.
The pyrite has been wholly or partly oxidized to red iron oxides in
some places, particularly near the top of the ore-bearing zones,
Carbonate-cemented material seems to be most abundanit near the
bottom of the deposit and highly radiocactive material seems to be just
above the highly cemented carbonate material.
Mineralogical and petrographic studies of the ore and sub-ore
materials are being continued.

Wicker-Baldwin mine, by D. A. Brobst

The Wicker-Baldwin mine in the NE% sec. 16, T. 42 N., R. 61 W.,
Weston County, Wyoming, was mapped in detail. The mine is in the Fall
River channel sandstone shown on figure 24,. This was the only mine
being operated in the Dewey quadrangle during the summer of 1956, The
uranium occurs chiefly with scattered irregular lenticular pods of
black clay and lignitic material ranging from 6 inches to 10 feet thick.
Many of the lignitic pods contain scattered masses of pyrite or marcasite
 as much as one inch across. The uranium mineralogy of these pods is
unknown. Carnotite-type minerals coat sand grains in scattered local
concentrations measured in inches across in the lignitic zones. Other
maverials in these zones include clay gall conglomerate with a matrix of
friabie white sandstone, lenses of rusty-brown sandstone, lenses of white
sandstone with irregular diffusion bands of brown iron oxides, and lenses
of gray pyritie clay. All of these units are randomly distributed in the
zZones. Somg of the sandy units are crossbedded. The great variation

and irregularity of the lithology of these zones and the local tfends of
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the enclosing sandstones suggest that these sediments were deposited
on the fill-side of a bend in the channel,

Light-yellow, generally medium-grained, sandstones enclose and
sepﬁrate the lignitic zones. The enclosing rocks contain many
spheroidal concretions of white calcareous sandstone as large as 6
feet across. Many of these concretions terminate against adjacent
lignitic zones. At the mine the channel sandstone is at least 60 feet

thick. The sandstone strikes N. 32° W, and dips &° SW.

" Solution of gypsum in the Minnelusa formation, by We As Braddock
Many collapsed blocks of relatively small dimensions, breccia

pipes, and extensive zones of brecciated sandstone and limestone have
been observed in the southern Biack Hills. These features are known to
occur in the Pahasapa, Minnelusa, Opeche, Minnekahta, Spearfish, Sundance,
and Lakota forﬁations. Because some of the collapse features have resulted
from the removal in solution of parts of the Pahasapa limestone and the |
subsequent'subéidence or collapse of overlying formations, it had been -

" . econcluded fhat they all originated in the same mannér. Results of recent
mapping in the Jewel Cave SW quadrangle, however, indicate that the col-
lapse structures in that area are the result of tﬁe removal, in solution,

ﬁ/ﬁf gypsum from the Minnelusa formations |

The evidence that the brecciation and subsidence in the Jewel Cave SW
quadrangle were'caqsed by the leaching of gypsum in the Minnelusa forma-
tion is as follows: _ | |

(1) In the SW1/hsecs 20, Tu 5 Su, Re 2 E., there is 43 feet of
gypsum in the upper 120 feet of the Minnelusa formatione The gypsum is
not present in.the next exposures to the nottheast., In tﬁe $rqa where

the gypsum is present there is no brecciation nor any evidence of
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subsidence in any of the Minnelusa sandstones. Conversely there is

extensive brecciation and subsidence in the areas where there is no
gypsum. The relationship of brecciated sandstones and breccia pipes
to gypsum-deficient areas is illustrated by figure 28.

(2) The gypsum in the Minnelusa is restricted to the upper half
of the formation. The brecciation and subsidence are likewise restricted
to the upper half of the formation. The absence of any disturbance in
the beds in the lower part of the formation indicates that there has
been little or no solution of the underlying Pahasapa limestion.

Geophysical investigations, by R. A, Black

Regional gravity measurements were begun in August 1956 to obtain
information about subsurface igneous and sedimentary structures in the
Black Hills. A total of 1,127 gravity stations were occupied during
this initial survey. Detailed gravity measurements at station spacings
of 1/2 to 1 mile were made in ten quadrangles that include most of the
belt of the Inyan Kara group of Cretaceous age, which contain the uranium-
bearing rocks in the Southern Black Hills., Sufficient additional gravity
stations were occupied to obtain a regional picture of the gravity field
in the Southern Black Hills, including the area of Precambrian outcrop.

Preliminary Bouguer maps on a scale of 1:24,000 have been prepared
and terrain corrections are now being made where necessarye Although
it is too early to attempt any detailed correlation between the gravity
data and geology data, inspection of the preliminary contour maps

indicates that excellent correlation exists,



113

1

ard /e 2/ /1 0
V1OMVA H1NOS ‘I1ONVHAVYND MS 3AVD 13aM3C 3HL NI NOILYIDO3NE
ANV S3did Vi00348 OL ANSdA9 40 dIHSNOILVI3d —"gz 34N9OId

©/9204q BUDLSPUDE

v ¢
L=l
SLIUIOIOLO JO  SUOLSIU T

=

wnsdfs
/i

NOILVNVIdX3

S| cmomuf&

g

< s/oA0ub 220uuIyp

00 + -
i punoig A .4‘\.—‘.\»\\,\ . 40 ISDG dsDUIXOITD Y
sod s



114

A cooperative seismic reflection survey was made prior to pro-
posed drilling in the Triangle Park area of the Blaclk Hills by the
Geological Survey and the AEC to investigate a possible slump due to
solution of the Pahasapa limestone at depthe The seismic survey
revealed that the Triangle Park topographic depression was not due
to slumping, but showed a fault, traced for approximately 1-1/2 miles,
that may be associated with the topographic dgpression in Triangle Park.

<Good quality reflections were obtained from the Minnekahta and
Pahasapa limestones in '"riangle Park, and in other test areas in the
southern Black Hills at depths ranging from 350 to 1,200 feet. It seems
probable from the test results that refle;;ion methods can ﬁrove useful
in the southern Black Hills in delineating local structures and providing
control for the interpretation of gravity data in this areae« Refraction
meihods were also tested over the Dewey fault with excellent resultss

Reference

Gott, Garland Be, 1956, Inferred relationship of some uranium
deposits and calcium carbonate cement in Southern Black
Hills, South Dakota: U. S« Geol. Survey Bulle 1046-ie

Cave Hills, Harding County, South Dakota

By
Gs No Pipiringos and W. Ag¢ Chisholm

Field work in the Cave Hills, Harding County, South Dakota was
completed in September 1956. Previous work in the area was reported in
TEI-590, p. 240-247, and TEI-620, p. 243-254« A final report on the

program will be included in the next Semiannual Report.
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Gas Hills area, Fremont and
Natrona Counties, Wyoming

By
He Do Zeller

During the report period mining began on many newly discovered
uranium deposits in the Gas Hills area, and drilling outlined a con-
siderable number of other large depositse. The recently found deposits
are restricted to the upper coarse-grained facies of the Wind River
formation of Focene age, and occur in arkosic fluviatile sandstones and
conglomerates, In the unoxidized zones uraninite is the principal
uranium mineral (TEI-540, p; 183) and in the oxidized zones uranium
phosphates and hydrous uranium‘oxides a;e;the most important ore miner-
als. Selenium and arsenic are associated with pyrite in the unoxidized
ore of the newly discovered deposits.

The Wind River formation, which dips gently to the south in the
Gas Hills area, rests with angular discorgaqce on rocks of Paleozoic
and Mesozoic ages and is overlain by tuffaceous rocks ranging in age
from middle Eocene to Miocene. Subéurface infonmation indicates that
the pre-Wind River topography was a'éurface of considerable relief carved
on the folded anticlinal and synclinal structures of the older rocks.
Ancient valleys filled with fluviatile sandstones and conglomerates of
the Wind River formation may have affordedzchannelways for the uranium-
bearing solutions.

Two periods of normal faulting affecting the uranium deposits are
recognized in the Gas Hills area: (1) faulting‘of early Eocene age con-
temporaneous with the deposition of the‘Wind River formation; (2) faulting
of post-Miocene age in which movement appears to have continued into

Pleistocene and Recent times. The earlier faults generally trend in a
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northeasterly direction and the more recent faults trend more east-
west to northwesterly. One of the larger structural features formed
by the more recent faults in secs. 16, 17, 20, and 21, T. 33 N.,

R. 89 W., Fremont County, is a small belt of horsts and graben. The
largest of the graben may have a vertical displacement of over 300
feet.

Though the evidence thus far is inconclusive, it appears that the
more recent faults in the eastern part of the area have cut the ore
bodies and thus are post-ore whereas the older faults are pre-ore and
may have afforded barriers to the flow of uranium-bearing solutions.
There is evidence that secondary enrichment has occurred adjacent to the
more recent faults, where dammed up ground waters have precipitated
uranium near the top of small perched water tables. The present water
tables are controlled in part of the area by recent faults, and the
ground water near two deposits contains up to 5,000 ppb uranium.

At the Lucky Mc mine an average of 5 feet of lignitic coal and
carbonaceous shale of early Eocene age contain an average of .5 percent
uranium. A two-foot lignitic coal in this sequence contains up to 1
percent uranium.

Geophysical investigations, by R. A. Black

Seismic refraction measurements to delineate major and minor
fault trends in the Gas Hills area were successfully concluded in June
1956. The reversed-profile method and air-shooting techniques were
used. Overlapping spreads were shot over known faults to obtain a con-
tinuous bedrock velocity, and offsets in the Bedrock velocity segments
of the time-distance curve were taken as indications of faulting.

Similar offsets in the bedrock velocity along traverses where no control
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was available were interpreted as indications of fault traces if the
following three conditions were satisfied: (1) each of the time-
distance curves plotted for a reversed profile showed offsets’ in the
bedrock velocity; (2) when the offset portions of the time-distance
curves were migrated toward their respective shotpoints, they tended
to superimpose; and (3) the offset in the time-distance curve shot
from the upthrown side of the fault appeared as a decrease in apparent
velocity as it approached the velocity corresponding to the overburden
velocity, and the offset for the reverse time-distance curve appeared
as an increase in velocity as it approached a negative apparent velocity.

Reversed time-distance curves across the Lucky Mc 7ault in the
Gas Hills area are shown in figure 29. Two faults, both with small
throws, are indicated by the offsets at 575 feet and 825 feet on the
time-distance curves.

Experimental shailow reflection measurements were also made in the
Gas Hills area. The Survey's shallow reflection equipment was used by
standard field methods, including both hole and single air shots and
inline and split spreads and several different arrangements of multiple
geophones. Air shooting with charges ranging from 1 to 10 pounds pro-
duced no recognizable reflections and the best records were obtained
from 5-pound shots in holes 60 to 80 feet deep. The best results were
obtained with a multiple pattern of three inline geophones spaced 10
feet apart, parallel to a line from the station to the shot point, hole
offsets of 50 to 75 feet from the nearest geophone, and 50-foot station
spacings. Although reflections could be recognized on the unmixed records,

mixing cleaned up the records and made the reflections easier to recognize.
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The location of shot holes was critical. With light drilling

equipment it was impossible to drill holes to much more than 20 feet
in the Wind River sandstones, and no reflections were obtained from
shots detonated in these shallow holes. Where it was possible to
© drill the holes to depths of 60 to 80 feet in alluvium, records of
good quality were’obtained. Four good reflection horizons, the
deepest at approximately 1,200 feet, were recorded at four points
spaced 1,300 feet apart and correlated by the character of the reflect-
ing wave. Beéaﬁse of the lack of geologic control, however, no attempt
has been made to identify the reflecting horizons.
Mineralogic studies, by Ry 9@ Cg&gﬂﬁg

Study of the mineralogy and geochemistry of the Gas Hills uranium
deposits shows that the uranium was deposited in two distinct environ-
ments: (1) uraninite-coffiniﬁe-ircn sulfides formed under reducing
conditions, and (2) uranium deposition in and near phosphate zones
under partially feduciﬁg conditions. These primary ore types are
generally in radioactive equilibrium. Recent fluctuations of the water
table resulting from erosion and the ﬁoncurrent oxidation of much of the
ore near the surface together with downward leaching of uranium produced
some enrichment at the interface between the oxidized and unoxidized.ore,
and also at mudstoné—sandstone contacts. The oxidized ores and the en-
riched zones are strongly out of equilibrium;{ Radiochemical studies
indicate that much of the redistribution of thé uranium during the
erosional period took place in recent times, at least in part within the
last 16,000 years. The reduced ores containing uranium oxides and iron
sulfides show enrichment of Mo, As, and Se when compared to the barren

sandstone. During-oxidation Mo and Se do not follow uranium but become
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dispersed. The arsenic usually becomes enriched in the uranium
phosphates and arsenates. The uranium ;n the oxidized zone occurs
as a complex suite of secondary minerals; approximately 20 distinct
mineral species have been identified from these deposits. The
unoxidized ores average about 0,01 percent Se which is most abundant
in pyrite and/or marcasite. The consistent Se content of the un-
oxidized ores indicates that these deposits might be an economic
source of this metal.

The following map, published during the period, covers the major
part of the Gas Hills area:

Zeller, H. D., Soister, P. E., and Hyden, H. J., 1956,
Preliminary geologic map of the Gas Hills uranium
district, Fremont and Natrona Counties, Wyoming:
U. S. Geol, Survey Mineral Investigations Field
Studies Map MF-83.

The following publication was also released during the

period:

Denson, Norman M., Zeller, Howard D., and Stephens, James G.,
Water sampling as a guide in the search for uranium
deposits and its use in evaluating widespread volcanic
units as potential source beds of uranium, in
Contributions to the geology of uranium and thorium
by the U. S. Geclogical Survey and Atomic Energy
Commission for the United Nations International
Conference on the Peaceful Uses of Atomic Energy,
Geneva, Switzerland, 1955: U. S. Geol. Survey
Prof. Paper 300, p. 673-680.
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Hiland-Clarkson Hill area,
Natrona County, Wyoming

By
E, I. Rich

Previous reconnaissance mapping in the Hilénd—Clarkson Hill area
(TEI-590, p. 171-174; and TEI-620, p. 186-188) shows that the south-
eastern part of the Wind River structural basin is geologically similar
to the Gas Hills area, about 30 miles to the west, where commercial
deposits of uranium are found in the upper coarse-grained facies of the
Wind River formation. Detailed geologic mapping during the 1956 field
season was concentrated in the vicinity of Clarkson Hill, a high mesa
in the extreme southeastern end of the Wind River basin (fig. 30), in
order to determine, if possible, why uranjum occurs in one area but not
in significant quantities in the other.

Although field data have not been fully compiled significant
geologic relationships have been discovered that bear on this apparent
selective accumulation of uranium.

Along the southeastern border of the Wind River structural basin,
the basal conglomerate of the Oligocene White River formation, ranging
in.thickness from 12 to 120 feet, unconformably overlies the upper facies
of the lower Eocene Wind River formation. There are no middle and upper
Eocene rocks such as occur in the Gas Hills. The conglomerate is composed
of granitic boulders as much as 20 feet in diameter; pebbles and éobbles
of Paleozoic sandstoneé, basic igneous rocks,‘and green Precambrian

quartzite. Detailed mapping of the basal conglomerate in the White River
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formation has outlined two pre-Oligocene channels cut into the Wind
River formation (T. 32 N., R. 8, W., and T. 31 N., R. 82 W.). Areas
of higher background count are in the Wind River formation adjacent

to these channels. One of the occurrences in T. 31 N., R. 82 W., con-
" tains a small pocket, about 1 foot in diameter, of commercial grade
uranium in a carbonaceous siltstone lens. In the Gas Hills area two
pre-Oligocene channels cut through middle and upper Eocene rocks and
some of the best uranium deposits occur below and in line with these
channels (Zeller, personal communication, 1955).

During the last field season in the Clarkson Hill area, it was-
discovered that middle Miocene rocks fill a broad channel cut into the
White River formation in T. 31 N., R. 83 W. North of and in line with
this channel a small uranium occurrence containing a maximum of .21 per-
cent eU and .12 percent U is present in a carbonaceous siltstohe and
sandstone zone in the White River formation.

The occurrence of uranium below and in line with the trends of pre-
Oligocene and pre—Miocepe channels is thought to occur too frequently in
the Gas Hills and Clarkson Hill areas to be mere coincidence.

Strata of the Wind River formation, with northward dips ranging
from 1° to 5°, are unconformably overlain by strata of the White River
formation that dip 1° to 15° southward or southwestward . Sﬁructural
relationships indicate that the White River formation originally had a
gentle north dip, but the region has subsequently undergone post-Miocene
southward tilting that was sufficient to reverse the dip of the White
River strata but not the somewhat steeper dip of the Wind River formation.

Similar southward post-Miocene regional tilting occurred in the Gas

Hills area (Zeller, personal communication, 1955), but there the Wind
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River formation now dips southward indicating that the original north-
ward dip of the strata must have been less than the amouht of the
southward tilting. This reversal of dip in the host rocks of the Gas
Hills area may have had the effect of stopping or reversing the ground
water movement from a northward (basinward) to a southward (mountain-
ward) direction. In many places it can be demonstrated that after
tilting occurred, commercial grade ore was deposited by ground water in
favorable fault or stratigraphic traps at or near the present water
table.

In contrast, in the Clarkson Hill area the ground water movement
in the Wind River formation has not been stabilized or reversed by
regional tilting. Because the southeastern part of the Wind River basin
is relatively narrow, any uranium-bearing solutions moving through the
Wind River formation would tend to be carried northeastward toward the
axis of the basin or entirely out of the basin area. The ground water
movement prior to tilting may have leached most of the soluble uranium
from the overlying Oligocene and Miocene rocks or have provided an
escape-way for other possible ore-bearing solutions. After tilting, the
post-Wind River rocks had a southward dip so that movement of solutions
within these rocks would be south or southwestward. The change in direction
of ground water movement in post-Wind River rocks may possibly have pre-
vented not only further trapping of uranium-bearing water in the areas
where the Wind River formation is now exposed but may also have caused
leaching of previously-formed uranium deposits below the unconformity at
the base of the White River formation. This may be the explanation for

some of the areas of abnormally high background in the Wind River formation.
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If this hypothesis is correct, any significant deposits of uranium
would probably be near the axis of the basin rather than along the mar-
gins.

Supporting ﬁhis interpretation is the fact that water of higher
uranium content does occur along the axis of the structural basin, where-
as those water samples collected from the Wind River, White River, and
Miocene rocks along the southeastern margin of the basin contain abnormally
small amounts of uranium as compared with water samples from corresponding
rocks in the Gas Hills and other areas where data are available.

The equivalent uranium in the rock samples collected from the Wind
River formation in the Clarkson Hill area is consistently higher than
the chemical uranium, thus indicating the possible antiquity of the
accumulation or a slow post-depaositional leaching by ground water.

Ralston Buttes, Colorado

By
D. M. Sheridan

Field investigations in the Ralston Buttes district, Colorado,

were completed during the report period. The work consisted of com-
pletion of areal ﬁapping at a scale of 1:20,000 and of detailed mjine
mapping at scales of 1:120 and 1:1,200.

The general geology of the district and the economic‘geologj of
the uranium deposits are discussed below.

Geologic setting

The Ralston Buttes district is one of the most significant uranium-
producing districts east of the Continental Divide in Colorado.. The
district is on the eastern flank of the Colorado Front Range and coin-

cides with the Ralston Buttes 7-1/2 minute quadrangle (about 58 square
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miles in area), shown on the accompanying geologic map (fig. 31).
The district lies southeast of the northeast-trending Front Range
Mineral Belt.

Rocks

Precambrian metamorphic and igneous rocks form about 90 percent
of the bedrock of the Ralston Buttes district (fig. 31); sedimentary
rocks of Paleozoic and Mesozoic age crop out in the northeastern part
of the district. Not shown on the map are thin Tertiary dikes and
sills of leucosyenite and monzonite. Quaternary deposits, also not
shown on the map, include thick deposits of gravel mantling pediments
in the northeastern corner of the district, and thin alluvial deposits
in the wvalleys.

On the map the Precambrian rocks have been grouped on the basis of
predominant lithologic character into seven units: (15 granodiorite,

(2) quartzite unit, (3) amphibolite unit, (4) mica schist unit, (5) de-
formed schist, (6) gneiss unit, and (7) deformed quartz monzonite gneiss.
Not shown on the map are dikes, sills, and irregular bodies of Precambrian
pegmatite, aplite, and hornblende metésyenite. With the exception of some
of the pegmatites, all of the Precambrian rocks have been metamorphosed
and contain assemblages of minerals characteristic of the sillimanite

zone of regional metamorphism.

The granodiorite occurs in several areas in the western and north-
western parts of the district and is similar in texture and lithology to
the Boulder Creek granite, as mapped elsewhere in the Front Range by
Lovering and Goddard (1950, p. 25, 27, pl. 2). The quartzite unit crops
out in the northwestern part of the district in a syncline plunging

gently northeastward. The amphibolite unit crops out in a semicircular
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belt in the northern, western, and southern parts of the district and
separates a central area of mica schist from the gneiss unit. Rocks
in the amphibolite unit include layered lime-silicate gneiss, inter-
layered hornblendic and biotitic gneisses, and lesser amounts of quartz
gneiss and muscovite-biotite schist. The mica schist unit consists pre-~
dominantly of muscovite-biotite-quartz schist, but porphyroblasts of
sillimanite, garnet, and andalusite are common. The contact between
the mica schist unit and the amphibolite unit is commonly marked by an
irregular zone of garnetiferous biotite-quartz gneiss and magnetite-
bearing quartz gneiss, The gneiss unit includes quartz monzonite gneiss,
plagioclase~biotite gneiss, and lesser amounts of amphibolite, garnet-
biotite schist, and quartz gneiss. Map units of deformed schist and
deformed quartz monzonite gneiss, shown in the northern part of the
district, represent a belt of cataclastic deformation.,

The sedimentary rocks in the norfheastern part of the quadrangle range
in age from Pennsylvanian to Cretaceous.

Precambrian structure

The major trend of lithologic layering and schistosity in the
Precambrian terrain is easterly to northeasterly. Several broad arcuate
patterns of folding are evident (see fige. 31). The rocks have been com-
plexly folded but nearly everywhere the schistosity is parallel to the
compositional layering. In some areas a slip cleavage crosses the
layering and schistosity at various angles. Conspicuous lineation is
caused by minor folds, drag folds, tiny chevron folds, mineral alignment,
warps, crinkles, and streaking. Two prominent trends of the linear
structures are S. 70° W. and N. 70° {, Cataclastic deformation has

caused textural changes in the rocks in a northeast-trending belt in the

northern part of the district.
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Laramide faults and fracture zones

Northwesterly trending Laramide faults and fracture zones cut
both the Precambrian rocks and the younger sedimentary rocks in the
Ralston Buttes district. In the Precambrian terrain these Laramide
structures are marked characteristically by fault breccias and frac-
ture zones. The structures are southeastward extensions of the Lara-
mide "breccia reefs' or "breccia dikes" that extend for many miles
northwestward across the Front Range Mineral Belt (Lovering and Goddard,
1950, p. 79, pl. 2). The traces of breccia-reef faults and fracture
zones are shown on the geologic map (fig. 31). These have been grouped
into four major fault systems, according to names given to their north-
westward extensions by Lovering and Goddard: (A) Junction Ranch,
(B) Hurricane Hill, (C) Rogers, and (D) Livingston fault systems.

A generalized zoning of the character of the fault breccias along
these breccia-reef systems was recognized from northwest to southeast
in the Ralston Buttes district. In the northwestern part of the district
the breccia reefs commonly consist of fault breccia cemented by quartz,
fluorite, and hematite. Most of the breccia reef structures in the re-
mainder of the district are characterized by fault breccias cemented by
ankerite and potash feldspar.

Uranium deposits

The uranium deposits in the Ralston Buttes district .are hydrothermal

% veins in Laramide fault breccias and related fractures. Pitchblende and

secondary uranium minerals are associated with base-metal sulfides in a

. gangue of carbonate minerals (typically ankerite), potash feldspar, and

quartz. In addition to the deposits associated directly with fault brec-

cias, one deposit occurs in a fracture zone along ahd near a‘pegmatite and

T
¢
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another deposit occurs in fractures cutting a quartz vein.

A1 of the known uranium deposits in the district are in Precambrian
terrain and are grouped in two main areas: the Golden Gate Canyon area
in the southeastern part of the district and the Ralston Creek area in the
northeastern part. The .locations of four producing mines and nine other
uranium deposits and groups of deposits are shown on the map. The uranium
deposits near Golden Gate Canyon are associated with the complexly
branching southeastward extension of the Hurricane Hill breccia-reef
system, and the uranium deposits along Ralston Creek are associated with
a similar complexly faulted area along the Rogers breccia-reef fault
system, Although radioactive anomalies have been found along the Junction
Ranch fault system, no potentially significant uranium deposits have been’
discovered in surface exposures along this structure in the Ralston Buttes
district. The Livingston fault system cuts sedimentary rocks in the
Ralston Buttes district and no uranium deposits are known in its vicinity
within the district.

The uranium deposits range in thickness from thin mineralized vein-
lets less than an inch thick to major ore shoots as much as 6 to 8 feet
thick. Commonly the uraniferous material occurs in lenses or shoots that
are discontinuous along strike. Individual ore bodies range in size from
small pods or lenses containing 50 tons or less to large shoots containing
over a thousand tons of ore.

Pitchblende is the main uranium mineral of the deposits in the
Ralston Buttes district. Secondary uranium minerals at some of the
deposits are torbernite, metatorbernite, uranophane, autunite, urano-
pilite, and metawauﬁunite. Base-metal sulfides associated with the

pitchblende in these deposits are not present in sufficient quantities
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to be valuable constituents of the ore. The suite of metallic minerals

includes pitchblende, pyrite, chalcopyrite, bornite, chalcocite, covel-
lite, sphalerite, galena, tetrahedrite-tennantite, marcasite, malachite,
azurite, and hematite. Samples from some of the deposits contain as
much as 0.14 percent vanadium oxide but the mineralogic nature of the
vanadium has not yet been determined. Native bismuth occurs at one
pitchblende deposit., Pyrrhotite and molybdenite(?) have been observed
near some of the pitchblende deposits but may not belong to the same
period of mineralization. Uraniferous asphaltite is associated with
base-metal sulfides in a carbonate-bearing fault breccia in the Golden
Gate Canyon area. The asphaltite may be related to oil seepage in the
vicinity, with the oil presumably coming from sedimentary rocks under-
lying a westward-dipping reverse fault which crops out east of the
district.

The detailed paragenesis of minerals at the Union Pacific prospect
in Golden Gate Canyon has been discussed by Adams and Stugard (1956),
who found that pitchblende preceded the sulfide mineral deposition.
. Preliminary microscope studies of material from other pitchblende
deposits in the district suggest that this same paragenetié.squence is
generally consistent. Post-mineral movement is common in some of the
| deposits. |

Maps and descriptions of some of the uranium deposits in the
Ralston BuFtes district have been published in reports by Adams, Gude,
and Beroni (1953) and by Adams and Stugard (1956). A brief descriptién

of the Schwartzwalder mine is given at the end of this report.
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Factors controlling uranium deposition in the district

Field and laboratory investigations suggest that most of the pitch-
blende deposits in the Ralston Buttes district were controlled primarily
by favorable structural environment and favorable host rocks.

Each of the two known uraniferous areas near Golden Gate Canyon
and Ralston Creek is located where a major northwesterly trending
Laramide breccia-reef system consists of a complex network of faults
and fractures rather than a single relatively simple fault. In the
Ralston Creek area the complexity of faulting is also characterized by
numerous changes in trend of the faults along their strike. The com-
bination of these geologic conditions—-splitting of a fault into a com-
plex network and changes of trend of the faults--has been favorable for
uranium deposition, apparently because ample open space was proﬁided by
these conditions.

The other major factor in the localization of the uranium deposits
is a favorable host rock. Precambrian rocks in the district that seem
to have been favorable include rocks rich in hornblende, biotite, or
garnet and biotite. Such rocks occur predominantly in the amphibolite
unit (fig. 31) and along the garnetiferous zone between the amphibolite
unit and the mica-schist unit, but lesser amounts of the more favorable
rocks are also found in the gneiss unit. Most of the pitchblende deposits
in the district occur where Laramide breccia-reef faults and related frac-
tures cut layers of favorable host rocks. Adams and Stugard (1956) first
recognized the importance of wall rock control in deposits along Golden
Gate Canyon, and concluded that wall rocks rich in ferrous iron are the

most favorable.
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The favorability of certain wall rocks for pitchblende deposition
may be explained by their chemical character or by their<physical
character. Certain minerals, such as biotite or hornblende, may react
with mineralizing solutions in such a way as to cause the deposition
of the uranium as pitchblende. The hornblende-rich and garnetiferous
gneisses, on the other hand, are relatively more competent than the
muscovite~rich schists and yield more open spaces when brecciated. It
is not known whether the chemical or physical nature of these rocks
was of more importance in ore deposition, but it is likely that both
characteristics are involved in the genetic history of the uranium
deposits in the Ralston Buttes district.

The Schwartzwalder mine

The Schwartzwalder mine, located in the Ralston Creek area (fig.
31), is the largest proaucing mine in thF Ralston Buttes district,
Originally discovered by Mri Fred Schwartzwalder of Arvada, Colorado,
the mine is currently being operated by the Denver-Golden 0il and
Uranium Company. The mine;has been operated from three levels, and
a lower fourth level is being planned. Production of pitchblende ore
from the mine,started in 1953. |

The mine is in the complexly faulted‘area along th quers breccia-
reef fault system. The geology of the surface ;féa at the q;ge is shown
in figure 32; The amphibolite unit, céﬁsisting of layefed,lime silicate
gneiss, amphibolite, and quarﬁz gneiss, crops Qut iﬂ’the nortnern part of -
the area. Muscov1te—blot1te—quartz schist in the southern part of the -
area is separated from the amphlbollte unit by a zone of garnetlferous
biotite-quartz gne%ss and fine-grained b;otitp—qugrtz—muscoylte sch;st.
The Precambrian rocks have been folded tightly ;nto7qn éntigline and

. |
| i
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Geology by D. M.Sher;don) 1956
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syncline which plunge steeply to the southwest. The Precambrian rocks
are cut by Laramide breccia-reef faults that trend northward and north-
westward across the area. These faults belong to a complex branching
network of faults in the footwall of the main Rogers breccia-reef fault,
which lies 500 feet north of the area shown in figure 30. and dips
steeply to the northeast.

Pitchblende associated with base-metal sulfides occurs in veins
that occupy the Laramide fault breccias. The known uranium minerali-
zation in the Schwartzwalder mine area has occurred principally where
the Laramide faults and fractures cut the garnetiferous-biotite-quartz
gneiss and the adjacent discontinuous layer of fine-grained biotite-
quartz-miscovite schist. One pitchblende-bearing vein, however, occurs
in the amphibolite unit immgdiately north of the area shown in figure 30.
No uranium mineralization is known southward qlong the faults in the
miscovite-biotite—quartz schist. ‘

"The principal known veins are shown at a larger scale in the pre-
liminary geologic section (fig. 33). From west to east these ére the
Nebraska, Kansas, Colorado, Walder, Illinois, and Washington veins,

The Nebraska, Kansas, and Colorado veins dip northe@stwaxg, gnd the
Illinois and Washington veins dip westward. The movengt a;éﬁg the
Colorado and Nebraska structures has apparently been reverse fault move-—
ment. Not named on the section is the Ralston Crégk vein'(or "Flat vein"),
which dips at a low angle southwestward from its Junction wiﬁh ﬁpe

Colorado vein in the upper level.
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Colorado Front Range

By
P. X. Sims

A summary of the general geology of the Central City and adjoining
mining areas in the Colorado Front Range was given in TEI-390, p. 100-
107, and a report on the distribution, structure, mineralogy, para-
genesis, and origin of the uranium deposits was given in TEI-440, p. 75-
87, and TEI-590, p. 200-202. An evaluation of the uranium potential of
the region was given in TEI-490. Evidence for a quértz boétonite magma
source for the uranium was presented in TEI-620, p. 217-220.

The following papers on geologic work in the Colorado Front Range
were published during the period:

Harrison, J. E. and Wells, J. D., 1956, Geology and ore deposits

of the Freeland-Lamartine dlstrlct, Clear Creek County,
Colorado: U. S. Geol. Survey Bull. 1032-B.

Sims, P. K., 1956, Uranium deposits in the Front Range,>Colorado:
The Mines Magazine, v. 46, no. 3, p. 77-79.



138

Maybell-Lay area, Moffat County, Colorado

By
M. J. Bergin

The Browns Park formation of Miocene age and the underlying rocks
ranging in age from Cretaceous to Eocene were mapped on aerial photo-
graphs at a scale of 1:20,000 during the report period, over an area
of about 180 sqguare miles in the eastern part éf the Maybell-Lay area;
Moffat County, Colorado (fig. 34). During the 1955 and 1956 field sea-
sons a total of about 400 square miles have been mapped (figs. 34 and 35).
Samples were collected for grain size and heavy mineral analyses from
the Browns Park sandstone, siltstone and shale in a stratigraphic section
on Cedar Mountain (fig. 34), where the formation is more than 900 feet
thick. The caprock on Cedar lMountain is a basalt flow 15 to 30 feet
thick. At one locality it is overlain by 7 feet of sandstone similar to
that below the basalt, indicating that the flow is of Browns Park age.
The basalt probably is related to the igneous rocks of the Elkhead
Mountains about 25 miles to the northeast.

The Margie and Gertrude claims (see fig. 35), where the ore being
shipped from open pits 50 feet deep averages at least 0.22 percent uranium,
were studied in detail. At these localities uranium minerals occur as
disseminated materialvin soft, friable, porous, very fine-to medium-
grained, massive to crossbedded sandstone ranging from 5 to 30 feet in
thickness and separated by beds of claystone and hard calcareous sand-
stone 1 to 5 feet thick. The uraniferous zones are irregularly shaped
elongate bodies ranging from 1 to 19 feet in thickness; the largest is
reported to be approximately 1,000 feet long and 200 to 300 feet wide.

The zones are usually concordant to the regional bedding of the host rock.
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At the Margie claims three zones containing meta-autunite, tyuyamunite,

and an unnamed uranyl phosphate mineral are being mined from oxidized
sandstone adjacent to and in the east wall of a high-angle fault of
post-Browns Park age. Ore in medium dark gray unoxidized sandstone

is also mined from the west wall adjacent to the fault but at that

place no uranium minerals have as yet been identified. The fault strikes
N. 50 W. and dips 77O to 8,° NW. The displacement is unknown because of
the lack of key beds. The offset on the contact of the oxidized and un-
oxidized sandstone shows a reverse movement of about 30 feet, and
striations on the fault plane indicate a lateral movement with the east
wall moving south and down at angles of 20° to 30° from the horizontal.

In the Gertrude mine two mineralized zones containing meta-autunite,
uranophane, and liebigite are mined from sandstone between beds of clay-
stone and hard calcareous sandstone in the oxidized zone. Large quantities
of limonite, jarosite, and gypsum are associated with the ore zones as
well as with barren rock in both the Gertrude and Margie mines. Studies
and analyses of uranium content, associated elements, composition, grain
size, and heavy minerals of the host rock are in progress (see also TEI-
620, p. 190-199){

Approximately 100 tons of ore averaging at least 0,22 percent
uranium have been mined from clayey sandstone gouge along a high-angle
fault cutting the Browns Park formation in sec. 27, T+ 7 Nup Ro 94 W.
Meta-autunite occurs as disseminated material and as fracture coatings
in the gouge zone which ranges from 2 to 6 feet thick. The fault strikes
N. 20° E. and dip 78° W., but the amount and direction of displacement

are not known.
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The association of uranium deposits with synclinal folds and

faults and with relatively impervious hard calcareous sandstone and
claystone beds indicates that uranium-bearing solutions moving through
the Browns Park formation may have been concentrated by favorable
stratigraphic and structural traps. Possible uranium precipitating
agents may have been calcium carbonate and iron sulfides. Hydrogen
sulfide in natural gas rising from buried older sediments has also
been suggested as a possible precipitating agent (Grutt, E. W., Jr.,
personal communication).

All commercial uranium deposits discovered to date in the Browns
Park formation in the Maybell-Lay area occur near the axis of an asym-
metrical syncline or in proximity to high-angle faults (fig. 35).
Geologic mapping during the report period has shown that the synclinal
structure with which the deposits are associated continues to the east
and that a similar structure is present in the vicinity of Cedar Mountain
(fig. 34). Numerous high-angle, northwest-trending normal faults with
displacements of 50 to 400 feet were also mapped in the Browns Park
formation in the eastern half of the Maybell-Lay area. Uranium occur-
rences are indicated by water samples with abnormally high uranium con-
tents, and in addition several occurrences are present in the Browns
Park and Wasatch formations in the area shown on figure 34. Uranium
occurs as disseminated meta-autunite in conglomeratic sandstone of the
Wasatch formation of Eocene age at two places in the southern part of
T, 8 Noy Re 91 Wo (fige 34). Both areas are from 100 to 250 feet below
the restored Wasatch-Browns Park contact and could be reconcentrations of
uranium from the Browns Park formation which once covered the area. The
occurrences are significant because they indicate that the Wasatch forma-

tion, which is of large areal extent in northwestern Colorado and
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southwestern Wyoming, may contain uranium deposits.

It is believed that additional prospecting along faults, near the
axes of the synclines, and in areas where water samples contain ab-
normally high amounts of uranium (shown in fige 34) may lead to the

discovery of additional uranium deposits in the Browns Park formation.

Thomas Range, Utah

By
M. H. Staatz

Results of previous geologic work in the Thomas and Dugway Ranges
in central Juab and Tooele Counties, Utah, were given in the last semi-
anmual report (TEI-620, p. 223-224). During this report period, most
of the effort was devoted to: (1) measuring and studying the strati-
graphic sequence of the Paleozoic rocks in the Dugway Range, (2) areal
mapping in the Dugway Range, (3) detailed study of individual mining
properties in the Dugway mining district, and (4) mapping new properties
and keeping abreast of the work in the uraniferous fluorspar and uranium
deposits in the western part of the Thomas Range.

The sequence of Paleozoic rocks in the Dugway Range is different
in part from that in the Thomas Range, and includes rocks ranging in age
from ILower Cambrian to Mississippian. Sections were measured of these
rocks to familiarize the field party with the stratigraphic details and
the thickness of these units, and to determine the formations to be
used in mapping. Stratigraphic sections were measured on rocks also
present in the Thomas Range to determine variance in thickness and strati-
graphic details.

During the report period the Paleozoic sedimentary rocks in the
Dugway Range l5-minute quadrangle were mapped on a scale of 1:24,000,
completing field work on the project involving an area of about 323

square miles.
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The Dugway mining district is a small, principally lead-silver
distriet, although a little zinc, copper, and gold have been recovered.
About two-thirds of this mining district lies within the Dugway Range
quadrangle, and one-third in the Dugway Proving Ground SW quadrangle
to the north. At present no mines are operating. The ore deposits
consist of narrow fissure veins in quartzite and somewhat larger
replacement veins in dolomite. The dumps of the various properties
as well as all the accessible underground workings in the Dugway Range
qQuadrangle were checked with a Geiger counter. No abnormal radio-
activity was noted.

On Spor Mountain in the western part of the Thomas Range, the
newly-discovered pipes of the Dell No. 5 and the Floride No. 5 mines
were mapped. These uraniferous fluorspar pipes contain between 0.02
and 0.03 percent uranium. Additional sampling was done on some of the
other uraniferous fluorspar pipes.

Tunnels 20 feet long driven into the uraniferous ore body at the
Good Will property, about 1 mile east of Spor Mountain, were sampled
during the period. The chief ore mineral at this property is beta-
uranophane; the deposit is in a lens of tufféceous sandstone in a series
of volcanic rocks.

Tucumcari-3abinoso area, New Mexico
By

Re. L. Griggs
The uranium occurrences and the significant geologic features of
the Tucumcari-Sabinoso area have been summarized in preceding semi-

annual reports (TEI-590, p. 191-195; TEI-620, p. 209-212).
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During the period covered by this report, mapping on a scale of
1:62,500 was continued, and a total of thirteen 15-minute quadrangles
had been completed at the close of the field season. Within this
area about 2,000 feet of nearly flat-lying sedimentary rocks of Triassic,
Upper Cretaceous, and Tertiary age are exposed. The entire sequence has
been subdivided into 14 stratigraphic units (see TEI-620, p. 209-212)
which are delineated on the map of the thirteen quadrangles.

A significant uranium discovery was made 50 miles east of the pro-
ject area during the report period. A moderate-sized ore body was dis-
covered by personnel of the AEC'on the Hart-Mansfield ranch, 12 miles
northwest of Vega, Oldham County, Texas. The ore occurs in a gray sand-
stone in the Triassic Dockum group. This'sandstoné is correlative with
part of the Santa Rosa sandstone of the Tucumcari-Sabinoso area, and
the discovery indicates the potentiality of a large region in eastern
New Mexico and northwestern Texas where very little prospecting has been

done.
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Pacific region

Turtle Lake quadrangle, Washington
By

Ge. E. Becraft

Geologic mapping of the Turtle Lake quadrangle, Washington; was
begun in 1955, and slightly more than one-half of the quadrangle has
been mapped (fige 36). The oldest rocks in the area are Precambrian
in age and include phyllite, quartzite, dolomite, limestone, and argil-
lite. These rocks have been tentatively separated into four formations
along the northern boundary of the quadrangle; in this vicinity, the
Precambrian rocks are overlain by a medium-gray marble that is probably
Paleozoic in age.

The metamorphic rocks in the southeastern nart of the quadrangle
(fig. 36 are largely hornfels, limestone, and phyllite. The age of
these rocks is unknown, except that they are older than the Loon Lake
batholith, and they have not yet been correlated with the metamorphic
rocks along the northern margin of the quadranéle.

The Precambrian and Paleozoic(?) rocks were intruded by the Loon
Lake batholith, probably Cretaceous in age. The batholith consists
largely of quartz monzonite and granodiorite and is cut by many small
dikes of alaskite and a few lamprophyre dikes.

In the Turtle Lake quadrangie, the batholith has been separated into
three major units: porphyritic quartz monzonite, equigranular quartiz
monzonite, and granodiorite. In the northern part of the quadrangle, the
batholith consists largely of porphyritic quartz monzonite containing
large phenocrysts of potash feldspar ana less than five percent biotite,

and equigranular quartz monzonite containing about three percent biotite.
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In the southern part of the quadrangle, the batholith is largely equi-
granular granodiorite containing as much as 20 percent biotite and horn-
blende in approximately equal amounts.

Post-batholith rocks include Oligocene andesitic flows, dikes,
sills, and pyroclastic rocks with associated sandstone, conglomerate,
and carbonaceous shale; Miocene basalt flows; Pleistocene Palousé loess;
and Pleistocene gravel and sand. Plant fossils collected from the pyro-
clastic rocks in the vicinity of the Northwest Uranium mine have been
identified as of probable Oligocene age. The pyroclastic rocks are
probably part of the Oligocene Gerome andesite.

Uranium deposits have been found at five localities in the Turtle
Lake quadrangle. The largest deposit is at the Midnight mine (fige 356).
The uranium occurs in several large ore bodies near the contact of the
porphyritic quartz monzonite and Precambrian phyllite and schist. The
uranium agppears to be largely in intensely faulted zones in the phyllite
and schisty The ore bodies above the water table contain only secondary
uranium minerals coating fractures and grain boundaries in the metamorphic
rocks, and, locally, in the adjacent quartz monzonite. Diamond drilling
has indicated that the ore bodies below the water table contain black
uranium minerals ccating fractures in the metamorphic rocks. No black
uranium minerals have been observed in the quartz monzoniteg Uraninite,
and possibly coffinite, have been identified from core samples of the
black ore by Robert G. Coleman, U. S. Geological Survey.

The uranium deposits at the Lowley Lease and Deer Mountain (fig, 36)
are apparently similar to the Midhight deposits. Only relatively sparse

uranium minerals have been observed at these deposits.
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The uranium minerals at the.Lowlqy Lease are in an intensely
faulted zone at the contact of biotite-hornblende grénodiorite and a
dark-gray to reddish-brown quartzite. Coffinite was identified in
one specimen from t§is deposit.

The uranium deposits at the Northwest Uranium mine and the Big
Smoke mine are in the Oligocene pyroclastic and sedimentary rocks.

The rocks include interbedded tuffs, tuffaceous sandstones and conglom-
erates, sandstones and conglomerates which contain little or no volcanic
debris, and carbonaceous shales. The beds generally strike northwest
and dip gently southwest. Shallow bulldozer cuts expose secondary
uranium minerals in carbonaceous shale, and in sandstone and conglom-
erate. Drilling has indicated a large, relatively low-grade uranium
deposit with a highly irregular outline. The top of the ore body is
from about 30 to 90 feet below the surface of the ground, and the_thick-
ness of the ore ranges from about 2-1/2 feet to about 40 feet and averages
about 5 to 10 feet. The ore is apparently not confined to a single bed
or horizon in the rocks.

The northwest end of the ore body is cut off by a steeply dipping,
northward-trending fault. The west side of the fault moved down, and
although low radiocactivity was found in a single drill hole west of the
fault, insufficient information is available to determine‘definitely
whether all of the movement was pre- or post-mineralization.

The only uranium mineral identified from surface exposures is of
the metatorbernite group, but the principal mineral in the ore body may
be finely disseminated uraninite.

Uranium minerals are exposed in only one bulldozer cut at the Big

Smoke mine. The uranium minerals appear to be in carbonaceous shale and
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tuffaceous sandstone that have been intensely sheared by a northward-

trending fault along the contact between the sedimentary rocks and
biotite-hornblende granodiorite.

Similar pyroclastic and sedimentary rocks occur south of the
Spokane River, but no radioactivity anomalies have been detected south

of the river.

Jarbidge, Nevada-Idaho

By
R R. Coats

During the report period, work on the Jarbidge quadrangle, Nevada-
Idaho, was chiefly in the field, including study of the distribution of
radioactivity in the rhyolitic rocks and collection of samples for
laboratory work.

Mapping of the quadrangle is now completed, about 70 square miles
having been mapped this summer. About one-fourth of the quadrangle was
mapped on a scale of 1:24,000, and the rest on a scale of 1:48,000.

Six distinct series of volcanic rocks were found and mapped; they ranged

in age from late Miocene to early Pliocene, according to provisional
dating thus far, and in composition from rhyolite to quartz-latite. In

a general way, it may be said that the content of uranium and some other
trace elements, chiefly beryllium, niobium, zirconium, tin, lead, and
fluorine, increases with decreasing age, although the trends are irregular.

Argillically altered rhyolitic rocks examined underground near quartz
veins are slightly less radioactive ~ than the unaltered equivalents. It
has not yet been determined whether this decrease in radiocactivity reflects

an actual removal of uranium from the wall rocks.
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Eastern region

Mauch Chunk, Pennsylvania
By

Harry Klemic and J. C. Warman

Geologic mapping of the Pohopoco Mountains and East Mauch Chunk
7-1/2-minute quadrangles was started in July 1955, and continued in
1956. Narrow strips of the adjoining Nesquehoning, Weatherly, and
Mauch Chunk 7-1/2-minute quadrangles are included in the area studied
because of proximity to uranium occurrences along the Lehigh River.
Field work is about 85 percent completed. Stratigraphic sections
were studied, and preliminary petrographic studies of samples of the
“rocks have been completed (TEI-620, p. 212-214).

Stratigraphy

The stratigraphic units in the area range in age from Middle
Devonian to Early Pennsylvanian; of these units oﬁly the Pottsville
formation of Pennsylvanian age and the Cherry Ridge member'of the
Cétskill formation of Late Devonian age are known to contain uranium
deposits, A description of the formations followsa.

Hamilton formation (Middle Devonian).--The lowest stratigraphic

unit in the mapped area is assigned tentatively to the Hamilton forma-
tion (Willard, 1939). The base of the formation is not expoéed, but
the portion seen is about 1,400 feet thick. The rocks are dark-gray
shale, locally silty or finely arenaceous. Southeastward-dipping,
closely spaced cleavage masks the bedding. Brachiopod, pelecypod,
coral, trilobite, and crinoid fossils have been collected, and their
more precise identification:should assist in recognizing Hamilton sub-

divisions and in locating the Hamilton formation-Portage group contact,
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Portage group (Upper Devonian).--Overlying the Hamilton formation

is a sequence of about 3,100 feet of gray and brown sandstone and shale
that is assigned tentatively to the Portage group (Willard, 1939, p. 207).
In general the sandstones and shales of the group have well developed
bedding planes, and the rocks are lighter in color and more coarse-
grained in the upper part of the unit. At the base gray to dark-gray
shale with closely spaced cleavage planes and indistinct bedding resembles
Hamilton lithology, and the contact between these units is poorly defined.
- Marine fossils including brachiopods, corals, trilobites, and crinoids

are abundant in some beds. As in the case of Qhe Hamilton formation,
subdivision of the Portage and location of its base await identification
of the fauna. The uppermost rocks containing marine fossils in this

area are mapped as the top of the Portage group.

An occurrence of galena, sphalerite, pyrite, and chalcopyrite was
found in rocks of the Portage group near the south-central parﬁ of the
area. The sulfide minerals occur in quartz-encrusted ffacture fillings
almost perpendicular to beds that are nearly vertical and
slightly overturned. Only minor amounts of these minerals were fqund,
but some of the galena crystals have faces as much as half an inch across.

Catskill formation (Upper and Middle Devonian).--The Catskill forma-

tion consists of about 5,900 feet of non-marine rocks overlying the marine
Portage group. A subdivision of the Catskill into three units (Willérd,
1936)~~the Damascus red shale, the Honesdale sandstone, and the Cherry
Ridge red beds--~has been used by the authors in this area.

At the base of the Catskill and immediately overlying the Portage |
is a sequence of red sandstone and shale sparsely interbedded with gray

and greenish-gray sandstone and shale. Except for a few fossil plant
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remains, these rocks are unfossiliferous. This sequence of predominantly
red rock is the Damascus red shale (Willard, 1939, p. 291) which is about
3,100 feet thick in this area.

Overlying Willard's Damascus red shale is the Honesdale sandstone
(Willard, 1939, p. 291) composed of about 1,900 feet of unfossiliferous
gray and brown sandstone. A few thin beds of red shale and sandstone
occur near the base of this unit and some of the uppermost beds are reddish
gray. Willard's Honesdale is generally coarser-grained than any of the
underlying rocks in this area, and contains some conglomerate and conglom-
eratic sandstone beds.

The uppermost 900 feet of the Catskill formation is the Cherry Ridge
red beds (Willard, 1939, p. 284). This is a sequence of predominantly
red or reddish-gray beds of shale, sandstone and conglomerate, with some
gray units interbedded with the red. Along the northern boundary of the
quadrangle the uppermost red shale of Willard'!s Cherry Ridge is missing
and the gray quartzitic sandstone of the Pocono formation of Mississippian
age is in contact with the red sandstone of the Cherry Ridge. Willard's
Cherry Ridge unit near Pemn Haven Junction, except for soms red shale in
" the upper part, is gray rather than the usual red.

Pocono formation (Lower Mississippian).--Overlying the Catskill forma-
tion is about 1,100 feet of gray sandstone, conglomerate, énd shale of the
Pocono formation. The upper part of the Pocono is commonly coarser-
grained than the lower part (Winslow, 1887). Plant fossils are common,
and locally thin coaly partings are found.

Mauch Chunk shale (Upper Mississippian).~-The Mauch Chunk shale

(Winslow, 1887) overlies the Pocono formation and is composed of about
24200 feet of red sandstones and shales, although gray and brown sandstones
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are interbedded with red sandstone and shale near the base of the
formation., Traces of malachite or chrysocoila occur in a thin layer
of gray shale near the base of the Mauch Chunk in the north part of

the quadrangle. Although these occurrences of copper in gray shale

are not radioactive, they are similar to occurrences of copper which
include small amounts of uranium in Upper Devonian rocks in other parts
of Pennsylvania.

Pottsville formation (Lower Pennsylvanian).--—About 900 feet of gray

conglomerate and sandstone with some interbedded red sandstone and shale
comprise the Pottsville formation (Winslow, 1887) overlying the Mauch
Chunk formation. The top and some intermediate units of the Pottsville
are coarsely conglomeratic. Gray sandstone and conglomerate lenses are
interbedded at the base of the formation. Carbonaceous material is
abundant in some beds and some of this material resembles fossil logs
which are elongate to the southwest.
Structure- :

Southwest-plunging4anti§lines and synclines are the major structural
features in the northern half of the Mauch Chunk quadrangle. Some of
these folds in Upper Devonian and Mississippian rocks terminate eastward
in the central or western part of the area, but the Call Mountain syn-
cline and the anticline south of Indian Hills persist across the area.

No major faults have been recognized in the areaz. Bedding plane
faults are numerous, and, although displacement along individual faults
appears to be minor, the aggregate adjustment was sufficient to prevent

more severe faulting even in the tightly folded rocks in the western part

of the area.
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Cleavage is well developed in shaly layers between sandstone beds.

Minor faults with little displacement are found in intraformational
structures. Jointing is prevalent in more competent beds. Roll-type
structures are common in thick sandstone beds in the Catskill, and
occur locally in other formations.

Ursnium occurrences

The uranium occurrences in the area are in lower beds of the Cherry
Ridge member of Devonian age in the gorge of the Lehigh River (fig. 35).
In areas away from the river these beds are generally covered by over-
burden. No additional uranium occurrences have been found within the
quadrangle; however, buff shale at the base of the Mauch Chunk formation
is slightly radioactive in twé places in the northern part of the area.
Assays of samples from these localities are not completed. Rocks in the
lower Cherry Ridge member and upper Honesdale sandstone would appear to
be favorable ground for prospecting on the basis of known uranium occur-
rences; however, reconnaissance in some of the area underlain by these
rocks has failed to disclose additional uranium occurrences. Uranium has
been found in rocks exposed in roadcuts in what are believed to be beds
of the Cherry Ridge member in the Stoddartsville quadrangle a few miles
north of the mapped area. A yellow secondary uranium mineral, either
renardite or dewindite, and an interstitial black cubic mineral, probably
uraninite, have been found at one of these occurrences.
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Phosphate deposits and their ™leached zones"
in northern Florida

By
G, H. Espenshade and C. W. Spencer

The program of core drilling to obtain stratigraphic data and
phosphate samples from the Hawthorn formation at selected localities
in northern peninsular Florida was ended in early June. The last
drill hole (No. 46) was completed since preparation of a short pre-
liminary report on the program (TEI-620, p. 271-278); the data
obtained from this hole, however, do not change the preliminary report.
The drill samples have since been studied in the laboratory on a
part-time basis. Completion of these studies and preparation of final

reports on the project are scheduled for the next six months.
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"GEOLOGIC TOPICAL STUDIES

Colorado Plateau region

General stratigraphic studies
L. C. Craig zgd Carl Koteff

General stratigraphic analysis of formations other than the major
uranium-bearing formations was continued during this report periode The
coincidence of uranium occurrences with certain stratigraphic features in
the major uranium-bearing formations has been established by the work of
many observers. Analysis of the distribution of these characteristics in
stratigraphic units not previously studied may permit delineation of new
areas favorable for the development of new uranium mining districts.

During the report period work was started on the Paleozoic of the
Colorado Plateau. Tentatively the Paleozoic study will be divided into two
parts, lower and upper. The top of the lower Paleozoic is placed at the top
of the Mississippian for the following reasons: (1) outcrop information is
and will be sparse for the geologic section from the top of the Mississippian
down to the Precambrian as compared with the section from the top of the
Mississippian to the top of the Permian; (2) this twofold division recognizes
a natural grouping: the Pennsylvanian and Permian rocks in the Colorado Plateau
represent a transition from marine to continental sedimentation and contain
many facies changes and exceptional thickness irregularifies. In contrast,
the lower Paleozoic units are relatively thin formations of marine origin;
(3) the Mississippian limestone appears to be the most extensive correlative
rock unit in the Plateau, and provides a convenient reference and division

line for the twofold study of the Paleozoic section.
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Field work for the lower Paleozoic study has consisted of brief
examinations of the section at Glenwood Canyon and in the San Juan
Mountains, Colorado, and the Uinta Mountains, Utah.

Methods for recording data on the Paleozoic were adapted, for
the most part, from the methods developed by E. D. McKee and associates
for the Paleotectonic Map project of the Geological Survey. Variations
on McKee's methods were found necessary for the purposes of this study.
Work on a bibliographic card file, a cross-reference file, and accom-
panying index maps was started; some isopach and lithofacies data were
recorded. Stratigraphic reference sections were made for twelve areas
in and around the Colorado Plateau for the lower Paleozoic. Except for
the Grand Canyon area, the lower Paleozoic is exposed only on the margins
of the Plateau, and most of the more reliable information obtained has
been from the published literature on these particular areas. The sections
for the Colorado Plateau proper are mainly from published drill hole infor-
mation, and are considered somewhat less reliable than the sections from
the areas bordering the Plateau. A preliminary isopach map for the
leadville limestone and equivalents of Mississippian age was started.

A number of problems have been recognized;

1. Differentiation of the lower Paleozoic formations from published
drill hole information have proven difficult.

2. Preliminary isopachs of the Leadville limestone-Madison lime-
stone showed large thickness discrepancies in northwestern Colorado and
northeastern Utah. It i1s suspected that overlying units are not dif-
ferentiated in places from the leadville-Madison rocks.

3. The age of the Ignacio quartzite in southwestern Colorado has

been questioned. Recent work (Barnes, 1954) suggests that it is Devonian

instead of Cambrian in age.
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The study of the Upper Cretaceous rocks of the Colorado

Plateau was started and first attention was directed to the San
Juan Basin and some adjacent areas. The methods used for the
Cretaceous study will be modifications of methods developed through
the preliminary study of the Paleozoic rocks. A bibliographic card
file was started. Tentative standard reference sections have been
made for the Cretaceous column in various areas of the Plateau.
Uranium mineralization in the Mesa Verde group of Black Mesa,
northeastern Arizona, appears to be associated with a particular strati-
graphic sequence. The mineralization is in an area of intertonguing
marine and continental deposits. It is possible that the distribution
of continental and marine sediments may prove significant in predicting
other areas of uranium potential in beds of Late Cretaceous age.
The following report on Jurassic strata was published duriné the
report period:
Craig, L. C., and Dickey, D. D., 1956, Jurassic strata of
southeastern Utah and southwestern Colorado, in
Geology and economic deposits of east-central Utah:
Intermountain Assoc. Petroleum Geologists, Field
Conference Guidebook, p. 93-104.
Reférence
Barnes, Harley, 1954, Age and stratigraphic relations of

Ignacio quartzite in southwestern Colorado: Am. Assoc.
Petroleum Geologists Bull., v. 38, no. 8, p. 1780-1791.
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Triassic studies

By
Jo. He Stewart, F. G. Poole, and R. F. Wilson

During the report period studies of the Triassic rocks were
extended into northwestern New Mexico and into northwestern Colorado
and northeastern Utah., In addition, specific study was made of cor-
relations of the Moenkopi formation in southeastern Utah and of the
Wingate sandstone between southeastern Utah and west-central New Mexico.

Moenkopi formation in southeastern Utah and west—central Colorado

The Moenkopi formation in the San Rafael Swell, Capitol Reef, and
Circle Cliffs areas (fig. 38) can be divided into five units; some of
these units can be recognized in other areas of southeastern Utah. The
fiv? units are well defined in the Capitol Reef area where the Moenkopi
is thicker than in any other area in southeastern Utah. In Capitol Reef,
the Moenkopi units (fig. 39) are, in ascending order: (1) a lower slope
forming unit of horizontally- and ripple-laminated siltstone, about 50
to 100 feet thick; (2) the Sinbad limestone member, 100 to 150 feet
thick; (3) a ledge forming unit of siltstone and cross-stratified sand-
stone, 200 to 300 feet thick; (4) an upper slope forming unit of
structureless or horizontally-laminated siltstone unit about 200 feet, thick;
and (5) a cliff-forming unit of horizontally- and ripple-laminated silt-
stone about 125 feet thick.

Eastward from the vicinity of Capitol Reef in the Dirt; Devil River
area (fig. 39,, all but the highest cliff-forming unit can be recognized.
The Sinbad limestone member is thin and discontinuous in the Dirty Devil
River and Orange Cliffs areas. Along the Green River, the ledge forming
unit loses its identity by interfingering with siltstone, becoming in-

separable from the overlying upper slope forming unit. The easternmost
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extension of the Sinbad limestone member is along the Green River.

Along the Green River, the Hoskinnini tongue of the Cutler forma-
tion is present. There it is separated from the White Rim sandstone
member of the Cutler formation by a thin unit of yellowish-gray silt-
stone and fine-grained sandstone that is lithologically similar to some
rocks in the Moenkopi formation. A short distance east of the Green
River this thin unit pinches out and the Hoskinnini is in contact with
the White Rim sandstone member. In west-central Colorado, a unit
probably correlative to the Hoskinnini tongue is included with the
Moenkopi formation (fig. 39).

In west-central Colorado and east-central Utah, the Moenkopi forma-
tion has been divided into four members by E. M. Shoemaker and W. La
Newman (written communication). The highest member has a small distri-
bution and is not shown on figure 39; the other three members are
referred to as the lower, middle, and upper members. The lower and
upper members are mostly reddish-brown siltstone,whereas the middle
member consists mostly of pale red conglomeratic sandstone. Fossils
collected by G. A. Williams and E. M. Shoemaker at a locality about 10
miles north of Moab probably came from the upper member and may be of
the same age as those in the Sinbad limestone member. This fossil evi-
dence suggests that the lower and middle members of the Moenkopi formation
of west-central Colorado and east-central Utah are probably equivalent in
time to the lower slope forming unit in the Capitol Reef area.

Wingate sandstone between southeastern Utah and west-central New Mexico

During this report period an investigation was continued of the cor-
relation of the Wingate sandstone between southeastern Utah and the type

locality at Ft. Wingate in northwestern New Mexico, utilizing outcrops
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along the north and east sides of the Defiance uplift in northeastern
Arizona. The results of this investigation are shown in figure 4O.

In southeastern Utah the Wingate sandstone consists of light brown,
fine- to very fine-grained sandstone predominantly composed of planar
sets of high-angle medium- to large-scale cross-laminae. It is believed
to be wind-deposited. The Wingate is underlain by a reddish-brown
horizontally bedded siltstone unit, the Church Rock member of the Chinle
formation. South of Laguna Creek in northeastern Arizona, the Church
Rock member is assigned to the Wingate sandstone and called Rocl. Point
member. In northeastern Arizona the unit equivalent to the Wingate sand-
stone of southeastern Utah is called Lukachukai member.

At Poncho House, on Comb Ridge in southeastern Utah, the Church
Rock member of the Chinle formation is 180 feet thick. Its equivalent
in northeastern Arizona, the Rock Point member of the Wingate sandstone,
thickens southward to 460 feet near Round Rock and to 573 feet near
Lukachukai. South from Iukachukai the Rock Point thins progressively
to approximately 310 feet at Ft. Defiance, Arizona. At least part of
this thinning is due to pre-Entrada erosion, for south of Lukachukai the
Rock Point is overlain, apparently at progressively lower levels, by the
medial silty member of the Entrada sandstone (fig. 40).

South of Round Rock, the Rock Point member contains several beds of
cross-laminated sandstone, similar in composition and appearance to the
Inkachukai member of the Wingate sandstone. Some of these beds in the
upper part of thé Rock Point at ILukachukai are tongues of the Lukachukai
member; when traced northward toward Round Rock they merge with the
Lukachukai member. Several beds are not continuous with the ILukachukai

member along the existing northwest line of outcrop, and either merge with



M3IN IVILN3D LS3IM OL HVLIN NY3ILSVIHLINOS

NOY¥4 INOLSANYS JLVONIM 30 SNOILVIIYY0O—" 0% 914

*OJ I X3IN
(SS90 W) Uil ue ‘Burwaday °2eE10qusIoH 10438 r .-.8. .-...o-_..-: v J
Pesv3 O Apues 100N o sseuNdIy) re $3 UM o2 L ] [ 1
(9661)° 1048218 £G PEINESE 4011208 01838 199130
AQe9dy Whsj POUINIQO SUCOWIO) SO COL J0 TSI, — L B T 1
‘(S804 W) Mmsy pus ‘G % 0N 1049 Sy 4334 00¥ (] [ .11
v © + 4 o0 w 2 o 3 o /1 % ! 4 2 J o s 8 ¢ w o w y o9 e ¥ ;] « o
= ] voraw 0,
; Z)
e spuss — duojspuos o)
sobuim ' yo0y /0 Joquidw
SO soquidw TS .200:.3 T.xe qanys
==&
&J1oynyseyny ”;,o ||||| %u.‘.tl: <
= L
20015puDS oveispuos au0yspuns Y |auosspuos
{Spu
opoJjuU] #u0/spuos ! s10buipm a10buipm
ouo/spuds
A3LVONIM - 406u1pm s
‘14 IONVI430  ANuvd ! 40 soquiow
1 ‘14 017001 X ouo spuos toynyaoxyn7
"o NG N .
39000 3 > 10ynyaoyny
33HO &l | v
0 ,
wm E| &= uoIDWIO) DIUSKOY
N uojspuos ofoaop
LAOHOTI Il UOCIIDWIO) [dWJDY
(auoispues djebuim v Ao umoys) a dUCiSpuds DpoJU]
SLNN 031 411781S-SS0ND NO0N .
ONAON s31nvere
9 $07
e

i



167

the Lukachukai member in a northeast direction, or do not represent
tongues, but are merely lentils of wind-blown sand in the Rock Point
member. Some of these sandstone beds are fairly persistent along the
outcrop. The lowest cross-stratified unit at Chee Dodge is probably
correlative with cross-stratified units at Todilto Park and Ft. Defiance,
and may merge eastward into the larger cross-stratified mass of Wingate
sandstone at Ft. Wingate (fig. 40).

At Ft. Wingate, the Wingate sandstone is largely composed of
cross~stratified sandstone with lesser amounts of horizontally strati-
fied sandstone and siltstone. The entire Wingate at Ft. Wingate has
been placed in the Lukachukai member by Harshbarger, Repenning, and
Irwin (in press). However, the Lukachukai member at Ft. Wingate is
probably not equivalent to or continuous with the type section of the
Lukachukai member at Los Gigantes, but rather is equivalent to the
Rock Point member in the Defiance uplift area.

At its type section at Los Gigantes, the Lukachukai member is 480
feet thicke It this rapidly southeastward to 250 feet at Lukachukai
and pinches out between Lukachukal and Toadlena. Part of the southeast-
ward thinning of the Lukachukai member is due to its intertonguing
relationship with the underlying Rock Point member, as the base of the
Lukachukai member rises in the section in a southward direction. However,
much of the thinning of the Lukachukai member is probably due to pre-
Entrada erosion, for the medial silty member of the Entrada sandstone
overlaps the Lukachukai member south of Lukachukai.

Triassic rocks in northwestern New Mexico

The Triassic rocks in northwestern New Mexico consist of a unit

tentatively considered to be the Moenkopi formation of Early and Middle(?)
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Triassic age and of the Chinle formation and Wingate sandstone of

Late Triassic age.

The Moenkopi formation(?) consists of grayish-red structureless
and ripple-laminated siltstone and interstratified lenses of pale red,
fine-grained, cross-stratified, locally conglomeratic sandstone. The
Moenkopi(?) is 36 feet thick at a measured section near Ft. Wingate,

26 feet thick near Thoreau, 212 feet thick in the Lucero uplift, and

101 feet thick 16 miles northeast of Socorro. The Moenkopi(?) is absent
in the Nacimiento Mountains. C. T. Smith (1954) in the Thoreau area
includes the Moenkopi(?) in the Chinle formation and V. C. Kelley and

G. H. Wood (1946) include it as part of the Shinarump conglomerate in

the Lucero uplift area, If present correlations prove correct the
Moenkopi formation extends much farther eastward than previously realized.

The direction of dip of the cross-strata in the Moenkopi(?) of
New Mexico, is in general northwesterly, indicating northwestward flowing
streams, and a possible southeastern source for this unit.

The Chinle formation in the west-central part of New Mexico consists
of (1) a possible correlative of the Shinarump member, (2) a lower member,
(3) the Petrified Forest member, and (4) the Owl Rock member. In the
Nacimiento Mountains and Abiquiu areas, the Chinle formation consists of
(1) the Aqua Zarca sandstone member, (2) the Salitral shale tongue,

(3) the Poleo sandstone lentil, and (4) the Petrified Forest member..

Near Ft. Wingate and Thoreau in west-central New Mexico, thin sand-
stone and conglomerate units are present at the base of the Chinle
formation. These units have a peculiar mottled purple and white color.
They may be correlative with the Shinarump member. The lower member of

the Chinle formation in west-central New Mexico consists of variegated
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claystone and siltstone and interstratified sandstone and is about

200 feet thick. The member is locally inseparable from the overlying
Petrified Forest member. The Petrified Forest member consists of
variegated claystone and siltstone and minor amounts of clayey sand-
stone. It forms the main part of the Chinle formation and is 1,400

feet thick near Thoreau. This thickness is the maximum known for this
member. The Sonsela sandstone bed, a light colored conglomeratic sand-
stone, is present in the middle part of the Petrified Forest member in
west-central New Mexico. The cross-strata in the Sonsela dip dominantly
northeasterly indicating northeastward flowing streams and a source area
south of west-central New Mexico.

In the northern part of the Lucero uplift, a cross-stratified sand-
stone unit has been named the Correo sandstone member of the Chinle
formation by V. C. Kelley and G. H. Wood (1946). This unit is a local
sandstone within the sequence of rocks here called the Petrified Forest
member.

The Owl Rock member consists of reddish brown siltstone and pale
red limestone,. It is about 30 feet thick and probably reaches an eastern
limit near Thoreau.

In the Bluewater Creek area of New Mexico, Caswell Silver (1948)
recognized a red siltstone member of the Chinle formation. This member
is lithologically identical to the Rock Point member of the Wingate sand-
stone. The red siltstone member is known to be present only in a small
area and is not known to be physically continuous with the Rock Point.
The member may represent a deposit similar to Rock Point in lithology and
timé of deposition but may have been laid down in a separate basin of

deposition.



170

In the Nacimiento Mountains and Abiquiu areas the Agua Zarca
sandstone member is the basal deposit of the Chinle. In the northern
part of the Nacimiento Mountains, the Agua Zarca consists of purplish
and grayish coarse-grained conglomeratic sandstone about 40 feet thick.
In the southern part of the Nacimiento Mountains, the Agua Zarca con-
sists of yellowish gray fine-grained sandstone and a few lenses of
conglomerate and is about 100 feet thick. Cross-strata studies indi-
cate that the Agua Zarca in the northern Nacimiento Mountains was
derived from the north,whereas that in the southern Nacimiento Mountains
was derived from the south. The Agua Zarca is divisible laterally,
therefore, into two different lithologic units which probably were
derived from different source areas., The two units interfinger in the
middle part of the Nacimiento Mountains.

The Salitral shale tongue consists of greenish and reddish clay-
stone and siltstone. It is recognized only in areas where the overlying
Poleo sandstone lentil is present. The Salitral is about 120 feet thick
in the middle part of the Nacimiento Mountains area, thins to the north
iﬁ part by interfingering with the Agua Zarca, and is locally absent in
the northern part of the area.

The Poleo sandstone lentil is composed of fine-grained sandstone
and minor conglomerate and ranges in thickness from a wedge edge in the
middle part of the Nacimiento Mountains to 160 feet in the Abiquiu area.
As the Poleo sandstone lentil thickens to the northeast, the underlying
Salitral shale tongue thins and pinches out. In the Abiquiu area the
Poleo sandstone lies directly on the Agua Zarca. Cross-strata studies

in the Poleo indicate a northerly direction of transportation.
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The Petrified Forest member in the Nacimiento Mountains area

" retains its usual characteristics. In the Abiquiu area, however, the
top'200 feet of the Chinle is composed of reddish-brown siltstone that
does not contain any detectable amount of the swelling clays typical

of the Petrified Forest member. This part of the Chinle although
laterally equivalent to the Petrified Forest member to the south, prob-
ably represents an influx of material from a different source, possibly
the Ancestral Rockies of Colorado.

The Wingate sandstone in New Mexico is composed of light brown,
cross-stratified, fine- to very fine-grained sandstone. It has been
assigned to the Lukachukai member by Harshbarger, Repenning, and Irwin
(in press) but is probably laterally equivalent to the Rock Point member
of the Wingate (the description of this correlation is given under the
heading "Wingate sandstone between southeastern Utah and west-central
New Mexico"). The Wingate sandstone is 235 feet thick at Ft. Wingate,
thins to the east, and pinches or grades out eastward in the ILucero
uplift irea. It is not believed to be present in the Nacimiento Mountains.

Upper Triassic stratigraphy of northeast Utah and northwest Colorado

The Chinle formation of northeast Utah and northwest Colorado repre-
sents the Upper Triassic series. The Chinle, as defined by previous
workers in this area, is composed of six distinctive lithologic units
which include: (1) basal sandstone and subordinate conglomerate; (2)
purple and red sandy mudstone and mottled siltstone to sandstone; (3)
ocher and lavender mudstone; (4) red, pink, and green mudstone, sand-
stone, and mudstone pebble conglomerate; (5) brick red siltstone with
~minor siltstone-limestone pebble conglomerate; and (6) yellowish-orange

sandstone with subordinate red and green mudstone. Lower Triassic
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redbeds underlie the Chinle unconformably and Navajo (Nugget) sand-

stone of Jurassic and Jurassic(?) age overlies the Chinle, of earlier
workers, conformably.

The bas@%gsandstone is composed of subangular to rounded grains
of quartz with minor chert and rare feldspar. The pebbles andvmincr
cobbles occur as lenses, layers, and isolated pebbles and are rounded
to well rounded. The larger pebbles and cobbles are, in general,
more rounded. The pebbles and cobbles are composed predominantly of
quartz with minor chert and rare quartzite and feldspar. This basal
unit is cross-stratified in most places and contains many fossil log
fragments. The nature and orientation of the cross-strata indicate
that this unit was deposited by northwest flowing streams originating
in central Colorado. This basal unit is present throughout most of
northeast Utah and northwest Colorado although it is discontinuous in
many areass.. It averages between 20 and 60 feet in thickness. Thomas
and Krueger (1946) named this unit the Gartra grit in northeastern
Utah, whereas most geologists refer to it as the Shinarump conglomerate
in that area and in northwest Colorado. It is believed that this unit
is younger than the Shinarump of the central and southern Colorado
Plateau and hence this term is undesirable for northeast Utah and north-
west Colorado.,

The overlying purple and red sandy mudstone and associated mottled
siltstone to sandstone is the most widespread Chinle unit in northwest
Colorado and is present throughout most of northeast Utah., It is nearly
always associated with the basal unit and in places is part of the basal
unit. It is present at the base of the Chinle formation where the basal

unit is absent. This unit grades upward into the overlying unit. Swelling
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clays, iridescent iron oxide, and bedded chert and jasper are common

constituents of this unit. The mottled siltstone and sandstone is
usually structureless and cemented with silica. According to L. G.
Schultz (written communication) many of the clays contain abundant
illite with subordinate mixed-layer montmorillonite which suggests
possible mild voicanism following the initial late Triassic uplift.

In the Uinta Mountains, ocher and lavender colored mudstones occur
between the preceding unit and upper Chinle brick red siltstone unit.

The ocher beds commonly contain analcime oglites and carbonate nodules
which are not characteristic of the Chinle in this area, but are

typical of the Popo Agie member of the Chugwater formation in the Wind
River Mountains of west-central Wyoming. The analcime was probably
formed in a widespread basin or lowland and according to Keller (1952)

in a marsh or connected series of playalike lakes under a particular

set of chemical conditions., This unit is limited to the Uinta Mountains
and averages between 70 and 100 feet in thickness. It pinches out south-
ward and eastward.

Many geologic sections in the northern and eastern Uinta Mountains
contain a red, pink, and green mudstone, sandstone, and mudstone pebble
conglomerate sequence above the ocher beds. Many of the conglomerate
beds contain sparse vertebrate remains. These beds differ lithologically,
in many respects, from the Chinle formation is this area. This unit
ranges fgom a feather edge to over 100 feet at ILily Park and Cross
Mountain in Moffat County, Colorado. This unit appears to interfinger
and be laterally'équivalent to the brick red siltstone unit of the upper-
most Chinle of northwest Colorado. The beds are lithologically similar

to the Jelm formation of Wyoming and the Chugwater formation in North
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Park, Colorado and are believed to represent the southwestern extension
of these formations,

Throughout most of northwest Colorado and the eastern Uintas a
brick red siltstone unit with minor siltstone-limestone pebble con-
glomerates represents the uppermost Chinle formation. This unit is,
for the most part, structureless and varies irregularly in thicknesse.
Southeast of Eagle, Colorado, this unit is nearly 1,000 feet thick and
thins erratically northwest and pinches out in the eastern Uintas,

The erratic thickness in northwest and west-central Colorado is probably
due to pre-Entrada uplift and erosion. The lower Glen Canyon interval

may be represented in the upper part of the uppermost Chinle in north-
west and west-central Colorado. The brick red siltstone unit is very
similar to the Dolores formation of southwestern Colorado and is cor-
related with it. This siltstone unit directly overlies the basal two
units of the Cﬁinle throughout northwest and west-central Colorado except ’
in the eastern Uintas where "Popo Agie and Jelm beds" are sandwiched in
between.

Overlying the "Popo Agie beds" with apparent unconformity in the
central and western Uintas is a unit of yellowish-orange sandstone with
subordinate red and green mudstone considered to be uppermost Chinle by
previous workers. In places, a few of the sandstones are cross-stratified
and indicate an easterly direction of transport. The unit appears to be
of near shore or perhaps continental origin in the central and eastern
Uintas and may be largely marine in the western Uintas. In sections
where this unit was examined the lithology is more closely related to
the‘overlying Jurassic and Jurassic(?) Navajo (Nugget) sandstone than

the underlying beds. This unit grades upward into the Navajoe. All
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geologists who have worked in this area considered this interval a
part of the Chinle formation. Kinney (1955),who mapped in the Vernal
area, Utah, called this unit the upper member of the Chinle, It is
possible that these beds represent the lower part of the Glen Canyon
group. This unit is tentatively considered Glen Canyon and is removed
from the Chinle formation.

The lower part of the overlying Navajo, or Nugget, sandstone is
dominantly horizontally bedded suggesting deposition by water. The
middle and upper part is cross-stratified with many large scale planar
sets indicating eolian conditions with the prevailing winds blowing
southwesterly.

The Triassic-—Jurassic boundary in the Uinta Mountains, as in many
areas, is disguised by continuous deposition.

The following reports were published during the period:

Poole, F. G., and Williams, G. A., 1956, Direction of sediment

transport in the Triassic and associated formations of the
Colorado Plateau, in Page, L. R., Stocking, H. E., and Smith,
He. B., Contributions to the geology of uranium and thorium
by the United States Geological Survey and Atomic Energy Com-
mission for the United Nations International Conference on

Peaceful Uses of Atomic Energy, Geneva, Switzerland, 1955:
U. S. Geol. Survey Prof. Paper 300, p. 227-231.

Stewart, J. H., 1956, Triassic rocks of southeastern Utah and
southwestern Colorado, in Geology and economic deposits of
east-central Utah: Intermountain Assoc. Petroleum Geologists,
Field Conference Guidebook, p. 85-92.
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Entrada studies

By
Je Co Wright and D. D. Dickey

This report period has been almost entirely devoted to field
measurement of stratigraphic sections throughout southern Utahe This
area is eritical to the study of the San Rafael group over the entire
Plateau because it is the area in which the widespread terrestrial and
littoral sediments of Colorado, New Mexico, Arizona, and southeastern
Utah merge with thick fossiliferous marine sequences which extend north-
ward from western Utah.

The Carmel formation, as mapped by most recent workers in the San
Rafael Swell and Henry Mountains area of central Utah, has been found
to include a lower limestone-bearing unit and an upper gypsiferous
unit. These units persist through most of southern Utah, At.Mt. Carmel,
the type section in southwestern Utah, both units are present and were
originally included in the Carmel formation. More recently the upper
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gypsiferous unit was mistakenly correlated with the Curtis and Entrada

formations; the Carmel formation was then restricted to include only
the lower limestone-bearing unit. Detailed stratigraphic study in an
area extending 40 miles northeast from Mt. Carmel has demonstrated the
correctness of the original works. Re-establishment of the relations
at the type section was necessary before the study of the San Rafael
group could be extended throughout the rest of the Plateau.

A number of critical sections have been measured at the south end
of the San Rafael Swell and on the Waterpocket fold. In this area it
also has been possible to incorporate the stratigraphic work of other
U. S. Geological Survey workers (notably that of Hunt, 1953; and un-
published sections by members of the Morrison stratigraphic project).
This series of sections provide  close stratigraphic control for a dis-
tance of nearly 100 miles. Along much of the Waterpocket fold a three-
fold division of the Entrada sandstone is possible; the upper and lower
units are sandier and more resistant than the middle unit. Northward
in the San Rafael Swell the upper and lower units become fine-grained
and the division is much less distinct. To the south, near the Colorado
River, all of the units become sandy, and division here is also difficult.
Near Capitol Reef there is a thick and very distinct section of the Carmel
and Entrada formationse. This section may include units not weil repre-
sented at the type section of the Entrada sandstone on the north end of
the San Rafael Swell, and thus will be of value in establishing detailed

correlations of the formation into other areas.
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Lithologic studies

By
R. A, Cadigan

The laboratory has been engaged in petrographic and petrologic
analyses of sedimentary rocks submitted by the stratigraphic studies
and other Colorado Plateau district projects. During this report peried
this work on samples from formations of Triassic and Jurassic age con-
sisted of routine analyses without evaluation or study of any particular
results.

Previous investigations of the Morrison formation of Jurassic age
were reviewed as part of the preparation of the final report. Among
these was a brief geochemical study of Morrison sandstones made as a
check on the mineralogical studies. Sixty samples of disaggregated,
acid-leached, silt-free sand comprising 15 samples from each of the
four members of the Morrison formation were analyzed for their sodjum,
potassium, and calcium content, These 60 samples were selected from
4,20 samples of Morrison sandstones each of which had been disaggfegated
and analyzed for mineral content by microscopic study and count of loose
mineral grains mounted on a glass slide in balsam. -The mounted loose
grains were cut from the size fraction consisting of the half-phi size
interval on the fine side of the modal grain size for each sample.

The results of the mineralogic analysis divided the grains into

percentages of quartz, feldspar, tuff plus chert, and miscellaneous.
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The samples selectedvfor chemical analysis were paired by location.

The samples from the Salt Wash member were paired with those of the
Brushy Basin member and the samples from the Recapture member were paired
with those of the Westwater Canyon member. Replicate analyses were run
on some samples to check the mathematical significance of the results of
the flame photometer method used in the analysese.

The tests for significant differences applied to the replicate
results of potassium determinations show significant differences between
two successive runs, but also significant differences between samplese
This means that the differences between results of replicate analyses
are unidirectional but not large enough to obscure the differences between
samples; thus the mean results of the analyses of the replicated samples
may be used on a comparative basis. The sodium analyses show significant
differences between samples and no significant differences between repli-
cates of the same sample, the ideal situation.

The calcium analyses show significant differences between replicates
of the same samples and no significant differences between samples indi-
cating that differences between reruns of the same sample are as great as
differences between samplese. A possible reason for the poor results of
the calcium analysis is that there are only small amounts of calcium
present (around O.1 percent) in most samples.

The Recapture and the Westwater Canyon sands' are both conspicuously
and significantly higher in.potassium and sodium content than the Salt
Wash and the Brushy Basin sands.

The Brushy Basin sands are significantly higher in calcium content

than the sands of the other three members,
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To permit evaluation of the data in a petrologic sense, the
three elements were reconstituted as feldspar, that is, the potassium,
sodium, and calcium percentages were converted respectively to per-
centages of orthoclase (potash feldspar), albite (sodic feldspar), and
anorthite (calcic feldspar). Table 1 gives a summary of the average
Table 1.--The mean, the standard deviation, and the expected range
of the mean of the chemically reconstituted feldspar

content of sands of the Morrison formation and its
members (X) is the mean; (s) is the standard -

deviation
Expected
Stratigraphic Calculated percent range of
unit orthoclase albite anorthite feldspar mean
(x) () @ () & () (% (s)
Morrison 501} 3!2 2.6 203 006 003 806 i&oé 9.8 to 701&
formation
Salt Wash L.0 1.7 le2 1.3 0s5 0.1 567 1492 74l to L9
formation
Brushy Basin 2.0 1.3 1.3 1le5 069 0.3 Le2 le7 Le9 to 34l
formation :
Recapture 8.5 203 3.[{, 103 Oph Oel 1203 205 13.LF to 1006
member '

Westwater Canyon 7.1 2. Lo 2.8 0e5 0a3 1260 Leb 1he5 to 945
member

and standard deviation of the proportions and the expected range of the
mean or average for each member and for the Morrison formation of the
Colorado Plateau region as a whole,

As seen in table 1 in the column entitled “expected range of mean®
in terms of feldspar content, the Salt Wash and Brushy Basin members are
each significantly different from the other three; the Recapture and
Westwater Canyon are not significantly different from each other, but
are both significantly different from the Salt Wash and Brushy Basin

members.
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Within the sandstones of the Morrison formation, the average
albite-orthoclase ratio is about one to two (1:2) with no significant
differences between members. This ratio is compatible with the sodium-
potassium ratio in an "average' sandstone as determined by Clarke (1924).
However, using the averages in figure )1 and figure L2 the average ratio
of albite to orthoclase and albite to total reconstituted feldspar is
8:5 and 8:3 in the upper Morrison and 8:3 and 8:2 in the lower Morrison.
This is compatible with the evidence of a large volcanic contribution
to the upper Morrison which theoretically should be higher in sodic
feldspar. Area VI on figures 41 and L2 has the highest average albite
ratios and therefore probably the highest proportion of volcanic
detritus of any area. Unfortunately, variances in the proportions of
both orthoclase and albite in the samples are too high to permit
acceptance of the above ratiés with a high degree of confidence.

No apparent regional ratio between albite and anorthite can be
established due to the large variances caused by procedural error and
the presence in the sample of other calcium minerals and possibly traces
of the original caleite cement.

Regional distribution of reconstituted anorthite, albite, and
orthoclase in the upper and lower Morrison sands is as shown on figures
L) and 42, The feldspar content is higher in the southern and lower in
the northwestern parts of the Plateau which suggests a southern source
of feldspar. In this respect, the geochemical study generally confirms
the results of previous mineralogical studies. Two samples from the
Westwater Canyon member in area III in figure 41, specifically at Todilto
Park, were found to contain 0.2 percent calcium in detrital minerals.

This computed in terms of feldspar would give l.4 percent anorthite;
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however, the mineralogical study indicated a high (about 4 percent)
content‘of radioactive dahlite plus apatites This suggests that
relativeiy high values of calcium may well indicate above average
amounts of calcium phosphate minerals, rather than calcic plagioclase.
The main source of apatite in the Morrison formation is probably
volcanics The significantly larger amount of calcium in the Brushy
Basin correlates with the larger amount of volcanic material present

in the Brushy Basin and is, therefore, probably an indicator of calecium
phosphate rather than calcic feldspar.

The amounts of feldspar determined mineralogically generally
averages 25 percent greater than the amounts determined chemically.

As this average holds true for both the upper and lower Morrison sands,
the error is probably a systematic one.

A computed correlation of the results of the geochemical deter-
minations with those of the mineralogical determinations, sample by
sample, yields highly significant correlation coefficients of
r = 0.682 and 0.838 for lower Morrison sands and upper Morrison sands,
respectively.

Several other general conclusions are based on the results of
this geochemical study. The study confirms the fact that calcic
plagioclase constitutes probably less than 1 percent of the average
Morrison sandstones Little was observed in the minéralogical study.

Dug to wide variations in albite-orthoclase ratios of individual
samples in the same area and to the small number of samples used, it
1s.not possible to differentiate particular igneous sources with a high
degree of confidence. However, it seems apparent that there was a

particular northwestern igneous source which affected the albite-
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orthoclase ratio in area VI and possibly a southeastern source which
affected the ratio in area I. These two sources were probably largely
volcanic. The high total feldspar in areas I, II, and III is evidence
of a granitic igneous source to the south.

The results of the 78 flame photometer analyses have been of
much assistance in the Morrison sandstone investigation. In addition
to adding more information to that already on hand, the geochemical
analyses served as a valuable check on the 420 loose grain mineralogic
analyses.

Reference
Clarke, Fo We, 1924, Data of geochemistry: U. S.-Geol. Survey
Bull. 770, p. 34.

Regional synthesis studies

The regional synthesis studies are designed to compile and syn-
thesize all available geologic and economic data on the relation of
known uranium deposits on the Colorado Plateau to stratigraphic units,
lithologic character of host rocks, tectonic structures, and geochemical
environment, Such a synthesis will make possible a comprehensive appraisal
of the uranium resources of the region, and point to areas in which com-
binations of geologic factors suggest the presence of concealed deposits.
For purposes of the regional synthesis program, the Colorado Plateau
has been divided into three arbitrary geographic areas. Results of work
in two of these areas are reported below.

Northwest New Mexico, by L. S. Hilpert and A. F. Corey

Special attention has been given during the report period to the
selection and processing of samples of the Todilto limestone to learn

the relations of the trace elements and the thermoluminescent characteristies
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to known uranium deposits. Such a program should contribute to a
better understanding of the origin and controls of uranium deposits,
possibly develop guides to ore, and assist in evaluating the uranium;
bearing potential of the Todilto limestone in areas that are remote
from known deposits.

The trace elements analyses, which were done in the Denver labora-
tories of the Geological Survey, have been partially completed on 45
samples. Although the samples are relatively few in number, they show
that, of the elements related to uranium deposits, a few may occur in
anomalously high concentrations in rather broad zones away from the
deposits. These are vanadium, lead, and possible fluorine and selenium.
Uranium also may be distributed in above-background amounts for fairly
large distances away from what are generally considered M"deposits'.

Uranium, fluorine, and vanadium occur in the deposits and host
rocks in sufficient quantities to permit their listing in ranges and
averages in parts per million. On table 2 they are listed for the 45
samples in 4 groups, namely (1) within deposits, (2) within 100 feet of
deposits, (3) more than 100 feet and less than 1 mile from deposits,
and (4) more than 1 mile from deposits.

Of the three elements listed in the table vanadium shows the ﬁost
uniform decrease away from deposits. Ii also seems to be more abundant
than expected for "barren" limestone; the 14 samples selected more than
1 mile from known deposits average 35 ppme The lowest content of any
sample was 15 ppme Both fluorine and uranium as shown on the table show
lower average amounts within 100 feet of deposits than in the interval
of 100 feet to 1 mile from them. This probably is the result of too few

samples,
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Table 2.,--A preliminary listing of the ranges ( ) and averages
in parts per million for uranium, fluorine, and
vanadium for groups of samples of the Todilto
limestone, northwest Neir llexico

Sample group relations Number of —— GContent in parts per million

to uranium deposits samples Uranium &/ Fluorine ®/  Vanadium &/
Within deposits 12 (9-2,900) (80-1,400) (30-1,500)
600 290 500
Within 100 feet of deposits 8 (4=29) (70-150) (150~700)
15 100 365
More than 100 feet and less 11 (4-90) (60-280) (30-700)
than 1 mile from deposits 20 150 225
More than 1 mile from AV (1-10) (30-220) (15-70)
deposits L 120 35

a/ Fluorimetric analyses
b/ Colorimetric analyses
¢/ Semiquantitative spectrographic analyses

Lead and selenium occurred in most of the samples in less than or
immediately above analytical threshold amounts. The lead was determined
by semiquantitative spectrographic methods, having a detection threshold
of about 10 ppm. Selenium was determined by colorimetric methods, having
a threshold of about 0.5 ppm.

For the same four sample categories as used for uranium, fluorine,
and vanadium, the samples containing detectable amounts of lead ranged
from 15 percent of the samples from "barren'" rock through 30 and 60 per-
cent, respectively, of the samples from the intermediate categories, to
75 percent of the samples from depositse. This is a suprisingly uniform
relationship and compares favorably with the similar relations shoun by

vanadium.
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Selenium appears to be much more spotty in distribution. It
ranges from 30 percent of the samples having detectable amounts in the
"barren" rock through 75 and 25 percent, reépectively, of the two inter-
mediate groups, to 100 percent of the samples from depositss
Obviously, more sample results are necessary before the relation-
ships can be firmly established for any of these elements to the uranium
deposits. On the basis of the samples now analyzed, however, vanadium
and lead seem to occur in greater than background amounts in rather
broad zones around uranium deposits in the Todilto limestone, and uranium,
fluorine, and selenium show indications of having a similar relationship.
The following report on the appraisal of uranium ore deposits in
northwest New Mexico was published:
Hilpert, L. S., and Freeman, V. L., 1956, Guides to uranium
deposits in the Morrison formation, Gallup-Laguna area,
New Mexico, in Page, L. R., Stocking, Hs E., and Smith,
He Be, Contributions to the geology of uranium and
thorium by the United States Geological Survey and
Atomic Energy Commission for the United Nations Inter-
national Conference on Peaceful Uses of Atomic Energy,
Geneva, Switzerland, 1955: U. S. Geol. Survey Prof.
Paper 300, p. 299-302.

Utah and Arizona, by He S. Johnson, Jr., and William Thordarson

Most of this report period was devoted to field investigations of
the uranium¥bearing sedimentary rocks in the Moab, Monticello, and White
Canyon districts of Utah and the Monument Valley district of Utah and
Arizona. Although uranium occurs in minor amounts in other formations
in these districts, by far the greater amount of indicated, inferred,
and potential reserves are in thé Chinle formation of Triassic age and
the Morrison formation of Jurassic age. Whatever the origin of the ore-
bearing solutions, significant ore deposits and ground especially favor-

able for them appear to be related to sedimentary features such as facies
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changes and local pinchouts on the flanks of salt anticlines, regional
pinchouts of blanketlike sandstone units, and the traces of ancient
channel systems and channels. Appreciable potential reserves of low=
grade uranium ore and uraniferous rock may be present in the Brushy
Basin member of the Morrison formation in tuffaceous siltstone and mud-
stone beds. These beds are thought to contain minor amounts of
carbonaceous material and were probably deposited in ponds and small
lakes. Figure 43 shows areas of ground inferred to be relatively
favorable for significant uranium deposits in part of southeast Utah.

On the southwest flank of the Lisbon Valley anticline significant
uranium deposits appear to be clustered in a narrow northwestward-
 trending belt of ground in the basal unit of the Chinle formation. The
lower part of the Chinle in this area is greenish-gray in color and may
correlate with the Moss Back member of the Chinle. Channels in the ore-
bearing unit within the favorable belt trend northwesterly and esseniial-
1y parallel = the anticlinal axis in such a way as to suggest the
deflection of basal Chinle streams by the structure.

North and northeast of the Lisbon Valley fault, which approximately
coincides with the long axis of the Lisbon Valley anticline, the nearest
exposures of basal Chinle are about 10 miles away in Lackey Basin on the
south flank of the La Sal Mountains. In Lackey Basin the lower 100 feet
or more of the Chinle is composed of conglomeratic quartzose grit and
mottled purple, red, and white siltstone and sandstone which apparently
is equivalent to the basal grit and mottled siltstone and sandstone unit
present at the base of the Chinle over much of Grand and Emery Counties,
Utah, and known in the San Rafael Swell as the Temple Mountain member of

the Chinle formation. No greenish-gray rocks like the ore-bearing unit
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at Lisbon Valley are present in the Chinle outcrop in Lackey Basin.

Somewhere between the axis of the Lisbon Valley anticline and
Lackey Basin the Chinle loses the greenish-gray Moss Back type rocks.
In this respect the Chinle of the Lisbon Valley area seems to be similar
to that between the Moab anticline and the first exposures of basal
Chinle a few miles up the Colorado River to the northeast of Moab, Utah.
There too, all exposures of the Chinle northeast of the anticliﬁal axis
are lacking in greenish-gray Moss Back type rocks whereas these greenish-
gray rocks are well represented on the southwest flank of the Moab anti-
cline. It seems reasonable that the Lisbon Valley and Moab anticlines
(which are known to have risen intermittently during Triassic time) may
have acted as barriers keeping greenish-gray Moss Back type sediments
largely on the southwest side of the two anticlinal axes,and that the
pinchout or facies change in the basal Chinle on the southwest flank of
the Lisbon Valley anticline may be largely responsible for the belt of
ore-bearing ground there. By analogy to the Lisbon Valley area, the
basal Chinle on the southwest fiank of the Moab anticline is also inferred
to be favorable for significant uranium deposits. Exposures of basal
Chinle are lacking here, however, and so far there has been insufficient
exploration on the southwest flank of the Moab anticline to prove or dis-
prove this concept.

In the vicinity of the Dugout Ranch near the north end of Elk Ridge,
San Juan County, Utah, the thick blanketlike sandstone unit characteristic
of the Moss Back member of the Chinle formation on FElk Ridge gives way
northward to thin lenticular sandstones which are relatively favorable for
significant uranium deposits. This change from blanketlike Moss Back to

the more favorable non-blanketlike deposits is thought to be possibly
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