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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
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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). ~.




*0QVY0100 ‘1D131S10 XD04 XI11S “3ININ ¥VYONOID
‘NOILVNYOZd NOSI¥YON 3IHL JO0 ¥IGNIW HSYM LIvVS 3HL 40 LINN 9NI¥V3IE~-3IY0 3HL

40 3SvE8 3IHL ¥V3N SY3IAVI 3INOLSGNVS NI ST70Y¥ 40 NOILO3IS SSO¥D DJILVAAVYOVIQ--°g °914

) 37VIS TVII1¥IA OGNV TVINOZ I¥OH
1 1

|
/ . 198401 G O

MO0N Q3ZITVUININ MON JINOLSANYS N3BVYYE MON . 3NCLSANYS N3¥yve MON
*30VIU3LNI "NOILNTOS 40 *H43ILVYM ILVNNOD Q3ddv¥l *NOILNTOS 3O ONIAOW 3NOLSAGNN
. NOIL1SOd G31VINLSOd 40 3NOZ Q31vINLSOd

40 3NOZ @Q3lvyINlSod €l%3iv

u. NN SR —

NO J] 1L VNV T4 X 3 .




L7

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.
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