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SEARCH FOR AND GEOLOGY OF RADIOACTIVE DEPOSITS

' SEMIANNUAL PROGRESS REPORT
December 1, 1952 to May 31, 1953
SUMMARY

Uranium in sandstone-type deposits.==Two of the projects of the
geologic mapping progrem, the southwestern Colorado and Carrizo Mountains
projects, continued map compilation and report preparation during the
period of this report. - Mapping in southwestern Colorado has shown that
there are concentrations of uranium ore deposits along the flanks and
axes of salt anticlines beyond the limits of the Uravan mineral belt,

" Mapping in the Carrizo Mountains has shown that the ore horizon in the
Salt Wash sandstone member of the Morrison formation may depend on the
thickness or composition of the sandstone or may depend on some control-
ling factor superposed upon the Salt Wash, such as a former water table,
that may be related to the uplift of the mountains.

- The geologic mapping projects in Monument Valley, Ariz. and Monu-
ment Vdlley, Utah, are completed and final reports are being prepared.
In Monument Valley, Ariz., the ore deposits are dominantly in channels
at the base of the Triassic Shinarump conglomerate; 58 channels were .
recognized, 17 of which have exposures of mineralized rock. In Monu=
" ment Valley, Utah, uranium ore occurs mainly in channels in the
Shinarump, but anomalously high rad10act1v1ty was also noted in the
Triassic Chinle formatlono

.Geologic mapping at White Canyon, Capitol Reef, and Red House Cliffs
in Utah is partially completed and will be continued during the summer of
1953, At White Canyon most of the uranium deposits are in the Shinarump
conglomerate, Three types of deposits related to the grain size of the
enclosing Shinarump beds are recognizeds (1) relatively continuous high
grade ore bodies found in coarse sandstone, (2) ore bodies composed of
high grade areas separated by low grade areas found in channel=fill con-
glomerate, and (3) sparse but relatively continuous low grade deposits
found in siltstone or very fine-grained sandstone., In the Capitol Reef
area most of the radioactive rock is in a claystone layer at the base
of the Shinarump conglomerate in channels cut into the underlying
Moenkopi formation. In the Red House Cliffs area the probablllty of
finding uranium ore in the part of the area mapped to date is low because
few favorable beds are exposed., Uranium resources have been appraised in
each mapped area and geologic guides to ore have been suggested. Recom-
mendations for geophysical work and drilling are being considered for
favorable areas in Monument Valley,. Ariz,, Monument Valley, Utah, and
White Canyon, Utah.
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' During the reporting period the stratigraphic'studies program
compiled data and prepared reports. Based on study of regional petrol-

- gy~ the Morrison formation probably had three general source areas:

(1) central New Mexico, (2) west and southwest of south-central Utah,
and (3) west or northwest of central Utah., ‘The uranium deposits of

the Salt Wash member in the Uravan mineral belt lie within an area
which has received a significantly larger than average amount of potas-
sium feldspar and volcanic debris from the western source during the
deposition of ‘the Salt Wash member. Tentative correlation of Permian
formations and members have been made over a broad area in southern
Utah and northern Arizona. The ore-bearing Triassic Shinarump conglom-
erate is essentially a discontinuous basal conglomerate of the Chinle
formation; the Shinarump shows regional differences in thickness and
dimensions of channels at its base. Regional study of the Upper Trias-
sic Chinle formation shows that it can be divided into several members
and units; some of these units are local, whereas others are found
throughout northern Arizona and southern Utah,

As part of the ground-water studies program, work was begun on
the problem of determining the horizontal and vertical transmissibility
of the exposed sedimentary formations on the Colorado -Plateau.

The geobotanical studies program was engaged mainly in report
writing during this period. Short geobotanical reconnaissance studies
were made in Lisbon Valley, Utah; Paradox Valley, Colo.; Gypsum Valley,
Colo.; the Inter-river area, Utah; and the Circle Cliffs area, Utah.
Additional work was recommended in the Paradox Valley, Colo., and in the
Circle Cliffs area, Utah, Geobotanical prospecting at Grants, New
Mexico has proven useful in extending known mineralized areas and has
suggested areas for further prospecting., A geobotanical prospecting
project was begun on Deer Flats, Utah.

The resource appraisal program has been engaged in compiling data
and preparing reports. Pre-Morrison reconnaissance studies have outlined
three belts of ground on the Plateau that are favorable for better than
average deposits., Preliminary results of a study of modern stream
gravels indicate that anomalously high radiocactivity in modern stream
gravels may be a useful prospecting aid under certain restricted conditions.

Review and synthesis of the literature and field study of Cenozoic
geologic features of the Colorado Plateau suggest that the intrusive
igneous rocks of the Plateau are late Tertiary and are much younger than
the lead-uranium ages determined for uranium deposits.

The mineralogic studies program continued to identify and describe
minerals of the uranium deposits of the Colorado Plateau. Studies of
clays and clay minerals from the Colorado Plateau are in progress. At .
least some of the "vanadium clay-like" mineral from Placerville, Colo.
has been shown to be true roscoelite. Study of the mineralogy of the
Monument No., 2 mine suggests that uranium and vanadium minerals as
originally deposited were generally separate, and were combined only
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after oxidation. Work by the distribution-of-elements project suggests
that metallic elements are distributed systematically in uranium ore bodies
and that the correlation between the metals can be related to the geologic
environment of the ore bodies. The average composition of the Salt Wash
sandstone was found to be close to the average composition of 32 formations
from the Colorado Plateau ranging from pre-Cambrian to late Cretaceous. .
Comparison of minor elements in bedded uranium deposits of the Colorado
Plateau with barren "ore zone" sandstone indicates that certain elements,
in addition to uranium and vanadium, are concentrated in the ore deposits.

' The district studies project of the geophysical investigations pro-
gram has been computing data and preparing reports during the last six '
months. Results of geophysical investigations on the Gramlich Group,
Colo,., show that the geologically favorable area for uranium deposits
. is defined by a broad near-uniform zone of higher resistivity than in-

geologically less favorable areas, and that the uranium deposits are as-
sociated with self-potential negative anomalies. Resistivity methods
proved applicable in delineating channels in the Koley Black area, Monu-
ment Valley, Ariz., A self-potential survey at the Happy Jack mine, Utah,
showed small anomalies that may be assoclated with sulfide: concentrations.
Seismic refraction tests to help locate channels in the Shinarump conglom-
erate have not proved generally applicable. Results of electric well-
logging operations in southwestern Colorado and southeastern Utah suggest
gtrong contrasts between unfavorable, favorable, and mineralized rock.

Studies made during the period of original-state cores from the
Colorado Plateau have provided basic data on the physical and chemical
properties of rock where the interstitial water has not been changed
radically by the flushing action of drill water. The investigations in-
clude: (1) elastic constant determinations by the Bureau of Mines;

(2) porosity, permeability, and interstitial water determinations by the
Bureau of Mines; and (3) mineralogic and petrographic examination of well-
mineralized parts of the core. Among the conclusions reached in the
studies to date are: (1) the more radicactive samples, particularly those
. from the ore zones, show a high percent of saturation in the pore space
which may be due to "water of crystallization" from clay-like minerals
assoclated with the ore; and (2) the low chloride content of the inter-
stitial water indicates that it was not derived from normal sea water nor
indirectly from brackish water. Further work will be done on original-
state cores during fiscal 1954.

In the Black Hills of South Dakota, detailed studies have shown that
the Lakota sandstone contains two principal ore-bearing zones, about 50
feet apart stratigraphically, in the Long Mountain area. In the lower
zone, a massive basal sandstone, the uranium content ranges from 0.039 to
0.47 percent and the V205 content from 0.1l to 0.75 percent; the content
of the upper zone is on the same order for both uranium and vanadium.
Preliminary study of cores.from the Edgemont area have been completed; com-
parison - of these cores with specimens from mines in the area may result
in a determination of the paragenesis of the ore.
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Work in the Silver Reef district, Washington County, Utah, will be
terminated by the end of fiscal 1953. The district has produced approxi-
mately 500 tons of ore having an average grade of 0.29 percent U.and
1.65 percent V2053 but operations are decreasing in scale and it is
increasingly difficult to mine the ore at a profit,.

Uranium in veins, igneous rocks, and related deposits.--Studies of
the relation of uranium to post-Cretaceous vulcanism point to a corre-
lation between the uranium: content of igneous rock bodies and the
content of elements known to be enriched by pegmatitic processes. There
is.also an indication of a broad regional pattern in the grouping of
most of these elements. Field work during fiscal 1954 will investigate
further this pattern of ‘regional distribution,

A

Geologic prospectlng guides to areas favorable for- the occurrence
of uranium deposits were studied in the Wallapai district, Ariz., the
Central City district, Colo., and the Gold Hill mining area, Colo. The
significant radioactive deposits at Wallapai appear to be in areas where
the metalliferous veins have a high or unknown Cu/Pb ratio and an inter-
mediate or unknown Au/Ag ratio; this conclusion is tentative because of
the sparse data upon which it is based. At Gold Hill nearly all the
veins were from 0.01 to 0.03 mr/hr higher in radiocactivity than the
country rock surrounding them, The most promising parts of the district,
based on investigations to date, are in the group of telluride-sulfide
veins peripheral to the northwestern "gold center" of the field,

At the East Calhoun mine in the Central City district, Colo., a
small pod of high—grade pitchblende ore was encountered, the highest
assay being 9.94 percent U, Pitchblende has also been identified from
three mine dumps and from several mines in the district.

Exploration work at the Martha E mine, Clear Creek County, Colo.,
financed by DMEA, was completed May 15 with the sinking of an inclined
winze 85 feet deep and drifting and crosscutting from the bottom of the
winze., Torbernite, metatorbernite, autunite, and sooty pitchblende occur
in lenses and pods along the vein, which appears to become stronger with
depth, In the Ralston Buttes district; Jefferson County, Colo., several
investigations have been made and a district-type study is planned for
fiscal 1954, Pitchblende is known from eight localities in the district.
The Ralston Buttes district also contains beryl-chrysoberyl deposits
which will be investigated.

In the Placerville district, Colo.,, a study is being made of the
relationship of radiocactive and non-radiocactive hydrocarbons to the base
metal-sulfide vein deposits and the bedded uranium-vanadium-chromium
deposits. The hydrocarbon occurs as fracture fillings, in fault zones,
and as disseminations in sedimentary rocks. The hydrocarbon in the
fracture fillings contains as much as 0,078 percent eU and the hydro-
carbon ash contains from 0.034 to 0.33 percent U; the ash content ranges
from 0,54 to 17.0 percent. Hydrocarbons from the fault zones, and the
disseminated hydrocarbon, contain as much as 9 percent U, The uranium
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.content of the hydrocarbon ash ranges from 0.64 to 9.8 percent; the ash
content from 13 to 30.1 percent. The common trace-metal constituents in
the hydrocarbon are Ag, Co, Cr, Cu;, Mo, Ni, Pb, V, and Y, In general the
hydrocarbon ash ‘that is rich in uranium also is relatively high in Cu, Pb,
Mo, and Y

At the Shirley May deposit near Garo, Park County, Colo., mining is
being carried on in two beds, 50 to 150 feet apart stratigraphically.
The ores consist of (1) sandstone in which tyuyamunite .is the principal
ore mineral, and (2) sandstone which contains intermixed uranium, vanadium,
and copper minerals° The.average grade of the ore produced from both beds
. 1s 0.16 percent U and 0,72 percent V205, The uranium content of samples
from the mine ranges from 0.001 to 0.48 percent U,

Uranium deposits in_carbonaceous rocks.--Reconnaissance of coals in
Pennsylvania has found that the lower few inches of the Freeport coal and
the upper few inches of the associated underclay in the vicinity of
Darlington, Beaver County, contains about 0,005 percent eU. At one place,
the upper 3 inches of the underclay contain 0,01 percent eU., In Ohio,
the Middle Kittanning coal at one place in Carroll County, contains 0,002
percent eU and the Pittsburgh coal at one place in Belmont County contains
0.003 percent eU. These localities will be studled in greater detail and
reconnaissance is continuing,

No 'deposits of potential commercial interest were discovered by recon-
naissance in New Mexico but minor amounts of radioactivity were detected
at the following localities: Canyon Mulatto, Hosta Butte, Satan Pass,
Mariana Pass, and Dalton Pass, all in McKinley County. The richest ma-
terial found was at Hosta Butte, where coaly shale contains 0,033 percent:
U in the ash, In Idaho, coal in the Bear River formation contains 0,03
percent U in the ash in the Caribou Mountains, Bonneville County, and
0,009 percent U in the ash in Driggs County. Fresh bituminous sandstone
in the Vernal area, Utah contains only very small amounts of uranium.

- In Wyoming, coaly shale in the Bridger formation in southwestern Sweet-
water County contains 0,012 percent U in the ash. A 4.8-foot coal bed

in the Lakota formation in the Cambria coalsfield,Weston County, contains
0.012 percent U in the ash., - Other coal beds, which have been mined in the
past, were non-radicactive. In Colorado, an impure coaly shale in the
Belden formation, Gunnison County, and a carbonaceous shale in the Laramie
formation, Larimer County, each contain 0,006 percent U in the ash.,

The Ekalaka lignite field, Carter County, Montana, contains an 8-foot
lignite bed.in which the average content in the ash is 0,017 percent. The
most highly uraniferous part of a 1l.5-foot bed contains 0.14 percent U in
the ash, Detailed mapplng of part of the Ekalaka Hills will be completed
thls field season,

A 6~inch bed of llgnite near Newhall, Los Angeles County, California, .
contains 0,02 percent U, 37.7 percent ash, and 0.054 percent U in the ash,
No other coal outcrops were found in the vicinity° Lignite in the Ione
field, Amador County, is mined for the production of montan wax and other
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industrial chemicals., The upper 9 inches of the 12-foot zone of lignite
contains 0,004 percent U, Asphaltic sandstone near Edna, San Luis County,
contains 0,002 percent U. The asphalt amounts to 10 percent of the sand-
stone, :

. Drilling by the Bureau of Mines in the Mendenhall area, Harding
County, South Dakota, is about three-fourths complete, 29 of a planned
38 holes having been drilled. The uranium content of the coal in the
drill holes is about tlie same as found on surface outcrops in holes drilled
by the Geological Survey. The mineralized part of the Mendenhall bed is
about 5 feet thick and the average uranium content of the ash ranges from
0,018 to 0.03 percent, Intervals about a foot thick at the top of the bed
contain, in some holes; as much as 0,35 percent U in the ash.

Geologic work in connection with the drilling program in the
Mendenhall area discovered a carnotite deposit in channel sandstone at
the top of the White River formation. The sandstone contains fossil
roots and stems and the carnotite is concentrated near this plant material
and also on fracture planes. The carnotite is exposed along the outcrop
for about 130 feet and is disseminated in the sandstone through thicknesses
of 2 to 6 feet. The only analyses available are of two grab samples that
contain 0,08 and 0.23 percent U, A detailed report .is being prepared.
Shallow core noles will be necessary to determine the extent of the
carnotite behind the outcrop. :

Drilling has begun in the Fall Creek area, Bonnéville County, Idaho,

- to obtain additional information on the thickness, grade, and areal extent
of uraniferous coal and associated carboniferous rocks and to test the
possibilities of finding higher grade material.

Field work is beginning in the Miller Hill area where thin beds of
algal limestone contain more than 0.1 percent U, Proposals for drilling
will be made as soon as enough geologic work has been done to provide a
sound basis for a drilling program, .

The Coyote mining dJ.s’c,I"ict,7 Mora County, N. Mex., contains uranium- -
bearing copper deposits from which weathered samples contain as much as
0.067 percent U and average about 3 percent copper. Field work is being
resumed and will include large-scale mapping of the most highly mineralized
zones and trenching to obtain fresh samples and to determine if both the
uranium and copper content increase at depth. -

Layer=samp11ng mlcroscoplc study of cores from the Mendenhall area,
S. D,, is well underway. The petrographic composition of lignite in
hole 16 has been determined by this method. No correlation is apparent
between uranium content and the distribution of the® anthraxylon,; trans-
lucent attritus, opaque attritus, fusain, and visible impurities that have
been recognized in the coal. A series of such studies will be necessary,
however, before conclusions can be reached. Cores processed since
January 1, consist of two cores from the Bureau of Mines drilling in the
Mendenhall area and six cores from the Chattanooga shale drilling in the
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Youngs Bend area; central Tennessee. About 250 samples were processed and
submitted for chemical analysis. The cores were described in detail and
sampled for research, Radioactivity profiles were made for all cores to
guide the sampling for analysis and study.

Black shale reconnaissance methods are being revised, Shales believed
to be in favorable environments as indicated by literature study will be
sampled to test specific geologic features as areas of thinness and areas
of overlap on older rocks, Shales of Pennsylvanian age in the Hartville
formation in Nebraska and Wyoming, appear promising for this kind of
examination,

The Chattanocoga shale is being core drilled in cooperation with the
Bureau of Mines in the Youngs Bend area, central Tennessee. The 36 holes
planned should be completed by July 15. -

Uranjium in phosphat oaaDuring the past six months much stratigraphic
and analytical data were compiled for release as rapidly as possible., Four
circulars presenting data on measured sections of the Phosphoria formation
were published and companion TEI reports, containing data on the uranium
content of the sections, were transmitted to AEC; nine similar pairs are
being processed., Geologic maps and structure sections for two areas were
placed on open file, and two other comparable maps were completed and are
being published. A number of other reports on the Phosphoria formation
were made available through various channels. . _ .

During the period several valuable deposits were discovered, most
noteworthy of which are a 6-foot bed of acid-grade rock in the Centennial
Range at the Montana-Idaho state line; a 12-foot bed of 33 percent P205
rock in the Caribou Range, Idaho; several strippable deposits of furnace
grade rock in southeastern Idaho; and a 12-foot bed of 20 percent P20s5
rock at the top of the formation north of Cokeville, Wyo., The investi-
gations indicate that the reserves of high-grade phosphate rock in the
Centennial Range may "total scores of millions of tons.

In connection with the study of the genesis of the phosphatic shales '
it has been found that the Phosphoria shales are enriched by a factor of
at least 2 over both the crust of the earth and average shale, in Ag, V,
Pb, Cr, Ni, and Mo. Ions of these other metals have been studied from
the standpoint of their precipitation by normal ions of sea water, precip-
itation as a sulfide, and adsorption by inorganic and organic materials,
Preliminary investigation indicates that normal ions of sea water cannot
be responsible for the rare metal concentrations, and that various metals
are removed either by precipitation as a sulfide or by adsorption., The
study is continulngo

In the Southeastern phosphate field a brief survey to test the pos-
sible use of geobotanical prospecting in the Florida land-pebble deposits
was made during the period. Several contracts to drill areas that will
be mined prior to 1965 have been let by the AEC, and drilling is contin-
uing on a fairly large scale. At the present time the Survey's projects
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in the district are being reoriented with a view toward providing the

AEC, during the next 15 months, with a series of reports that will assemble
rather fully, synthesize, and evaluate the data that have been gathered by.
the work in the land-pebble district -of Florida. ,

Petrologic studies of samples from a mine face at Homeland, Florida,
show that a definite sequence of mineralogic associations and successions
prevails in all the sections studied. The uranium content shows enrich-
ment where pseudowavellite first appears and apatite is still present;
the suggested mechanism is filtering of uranium carried in solution by
apatite in the early stages of alteration; when the apatite is soft and
highly porous.

In all samples from the Homeland and Jaynee Jay mines where mineralogic
studies were carried on, the cumulative curves of grein size distribution
were virtually identical, as were heavy-mineral studies of the 250- and
325-mesh fractions of the Jaynee Jay samples, This striking unlformlty of

grain size seems characteristic of the district.

Results of phosphate studies in the offshore area between Tarpon
Springs and Fort Myers, Florida, show that phosphatic sediments are con-

.fined to a belt about 20 miles wide which extends from shore to a depth

of 10 fathoms. The sediments in this zone are chiefly detrital and gen=-
erally contain less than 0,50 percent PQOgo Within this zone are several
smaller areas of sediment with a higher phosphate concentration (as much
as 13.4 percent P205). The phosphate in these areas appears to have been
derived, at least in part, from 'submarine outcrops of older formations.

Partially phosphatized Foraminifera occurring locally in the inshore
zone are Pleistocene to Recent in age. This suggests that phosphate re-
placement of the tests of these organisms may be in progress today.

Thorium and monazite deposits.~-Studies of the Atlantic Coastal -Plain
placers from North Carolina to Florida have shown that they contain two
distinct mineral suites. One, lacking epidote, hornblende, and garnet, is
characteristic of all pre-Pleistocene formations and of the older parts of
the Pleistocene; the other, containing these minerals, is found in modern
beaches and dunes and in some Pleistocene deposits. It has also been found
that the titania content in the ilmenite in the old Florida beaches is high,
but decreases northward and upstream. The titania content is .of primary
importance in determining whether or not a deposit is workable econcmically.

The Wet Mountains thorium area, Colo., which is being explored by the
Survey, has now attracted the attention of private companles, that have
leased several of the more promising properties. :

At least 30 deposits of thorium-bearing minerals have been discovered
since 1950 in the Powderhorn district, Gunnison County, Colo. The deposits
are in an area of about 70 square miles, and are apparently related to
alkalic dike rocks such as.-augite, syenite and shonkinite. The Little
Johnny claims, which were examined late in May in connection with an appli-
cation for a DMEA loan; have been leased by the Rare Earth Mining Company,

e aFiaeao Eoaede L o
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Placerville, Colo, Samples indicate that the vein may contain- an average
of about 0,.5ZThO,, which occurs as thorite and hydrothorite.

Reconnaissance in the Mineral Hill district, Lemhi County, Idaho, in
the 1952 field season, indicates that the area contains considerable
monazite, and a more complete study will be made in fiscal 1954. Some

development work is now being carried on in the district by the Simplot
Company of Boise, Idaho.

Regional reconnaissance for uranium and thorium in the United
States.=-A radiometric reconnaissance of part of the nepheline-syenite com-
plex near Wausau, Marathon County, Wis., disclosed two significant anomalies
over thin soil. The anomalies are believed to be caused by thoron or

radon seeping upward along a fracture system or by a concentration of radio-
active materials along fractures.

The Shattuck Denn Mining Corporation property 18 miles north of
Grants, N, Mex., has produced more than 7,000 tons of approximately 0.18
percent U ore from the Recapture member of the Morrison formation. Explo-
ration with DMEA assistance of the ore horizon -6f  the mesa back of the
working face has been recommended on the basis of good geologic possibilities.,

The placer deposits of central Idaho are growing in importance as a
possible source of radioactive minerals. It is reported that two bucket-
line dredges are to be brought into Bear Valley, Valley County, where
uranium occurs in samarskite, euxenite, and other "radioactive blacks".
It is expected that both the uranium and columbium can be recovered from
this operation. A columbite placer deposit will be worked this summer in
Elmore County, and "radioactive blacks" may be found in that area also.

Geophysical prospecting.~-As a result of airborne radioactivity sur-
veys during the period, several areas were located in which uranium and
thorium were not hitherto known to occur,

For ten areas surveyed in Florida, eight radiocactivity anomalies were
recorded, two of which, upon field examination, show uraniferous phosphatic
material to be the source of the anomalous radioactivity. Several of these
areas may represent hitherto unrecognized extensions of the phosphate
deposits in Florida., Twenty areas of abnormal radiocactivity, some new and
some previously known, were found in the survey of the Atlantic Ocean
beach; field examination showed that thorium-bearing (?) minerals asso-
clated with "black sands" were the source of the anomalous radioactivity,
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Experiments on the phy51ca1 behavior of radon, undertaken to determine
how and why radon moves in rocks and soils, indicate that there are no
differences in the distribution of radon in any combinations of air, argon,
nitrogen, distilled or domestic waters; and the distribution of radon be-
tween distilled water and air does not depend on radon content through a
range of 13 to 5,250 micro-microcuries per liter. It was also noted that
some streams draining the Wasatch Mountains near Salt Lake City, Utah, show
a high radon content, ranging from 14 to 28.5 micro-microcuries per liter.
An attempt will be made to trace the radon in these streams to its source.

During the period of November 23, 1952 to May 17, 1953, gamma-ray
logs were made of 922 holes; totalling 200,400 feet, drilled by the
Colorado Plateau Exploration project through the carnotite-bearing Salt
Wash member of the Morrison formation in the Colorado Plateau. Eight
additional holes totalling 784 feet, drilled by private companies in the
Plateau, were also logged. In the Tvrone and Blackhawk districts, N. Mex.,
177 holes, totalling 84, 502 feetg which were drlllcd by private companies,
were also logged.,

Analytical service and research on methods.==Statistical studies of
“the precision and accuracy of routine measurements of radiocactivity have

been made; these studies have led to the use of a standard counting time
of two minutes instead of one minuteo

Standard deviation and bias of chemical and radioactivity analyses
of Florida phosphate samples were determined to be & 0,00223 percent and
= 0, 00?23 percent (1ndlcat1ng that the radioactivity determination is
higher).

A method of automatic scanning of simple spectrograms is now belng
tested; it is designed to reduce eye fatigue and human error,

A rapid (one per man per week) method of making age determinations
of fresh igneous rocks older than Cretaceous has been developed-as a part
of the study of the distribution of uranium in igneous rocks, The ratio
of Pb in zircon to the activity apparently gives a reliable and reproduce-
able age determination, Studies of uranium content of minerals in rocks
indicate that zircon contains many times more uranium than any of the other
minerals of the rocks of the Southern California batholith,.

. Theoretical studies of the thermodynamic relations among the low
valence black "primary" ores of the Colorado Plateaus indicate they are
.stable under reducing conditions and the high valence uranium and vana- .
dium compounds are stable under oxidizing conditions. The geologic
implication that the "carnotite® ores are derived from the "primary" ores
by weathering will be tested in the field and in the laboratory.

Synthetic study of the stability fields of potassiumwvanadium com-
pounds, as a preliminary to the study of potassium-uranium-vanadium
compounds such as occur in the "ecarnotite" ores; is near completion.
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Isotopic analyses of the lead in 30 galéna samplés -shows that 'there
" is an appreciable variation in the isotopic composition of lead not only
from different geographical locations, but also in the lead from different
growth layers in the same crystal. Major environmegntal-differences may or
© may not be related to variations in the isotopic composition. '

Correlation of the synthetic potassium-vanadium compounds with natural
minerals and a determination of the structure of hummerite by X-ray
crystallographic methods has been completed. A chain structure is present
in the mineral and this chain is. apparently present 1n pentavalent
vanadium oxy-compoundso

"A multiple cone-and-funnel sampler was devised for'preparing splits
approximating 2 percent of the original sample for immersion work, Pre-
liminary tests indicate the 2 percent split is representatlve of the
entire sample.
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SEARCH FOR AND GEOLOGY OF URANIUM:IN SANDSTONE-TYPE DEPOSITS

Colorado Plateau, geologic studies .

Introduction
by L. C. Craig and G. W. Weir

In l9h7 the Geological Survey began a program of géologic stﬁdies on
the Colorado Plateau on behalf of the AEC. The principal objectives of these
studies ére to determine the distribution and character of the uranium de-
posits; the distribution and character of areas favérable for the occurrence
of éonceaie&f&eposits; the mineral habifg, oriéin, and other geologic relations
that may be useful in ore-finding; and to appraise the uranium resources of
the Colofado Plateau region.

The scope of the geologic studies is comprehensive and their objectives
are long-range. The geologic studies program runs the gamut of geologic
specialties and ranges from projects Vith an immediate service function to
long-range academic studies of indirect economic im.portance° ;ﬁith~this
approach, and through céordination and collation of all work,‘it is hoped to
acquire sufficient geologic knowledge to permit sound guidance of explora-
tion of broad areas for hidden deposits. The studies are intended to pro-
vide thé maximum possible insurance against a degrease of uranium production
that might result from the depletion of curfent reserves found at the outcrop
or by shallow drilling.

The apprbach and scope of fhis work is consistent with the Sufvey's
traditional role of geologic investigations. It serves to
supplemeht rether than duplica§e~the geologic reconnaissance and

detailed studies of individual deposits that is being done by the Grand
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Junction Exploration'Divisiod of AEC, and which is focused primarily on
available supplies of raw materials and'éatisfying short-range requirements.
The P;ateau geologic studies inclﬁde géologic mapping, stratigraphic'
studies, groundwater studies, geobotahical studies, resource apprai;al,
mineralogic and distribution-of-elements studies, geophyéicaldinvéatiésft

gations, and investigations of Cenozoic geologic history.
Geologic mapping

The geologié mapping projects ére aimed at appraising the ore depééits
in ﬁhe main uranium<bearing formations of the Colorado Plateau regién, the
Morrison formation of Jurassic age and the Shinarump congiomerate and ad-
jacent formaticns of Triassic age, Work on the Jurassic Entrada 'saﬁdstone
- is described as part of the San Juan Mountains project, in the section on
uranium in veins and‘related deposits, |

The Morrison mapping projects are nearing completion and geélogic
mapping of areas of Shinarump conglomerate range from the planning stage to
nearly completed projects, |

The geologic mapping projects fall into two categoriess . strip.mapping
projects and quadrangle mapping projects. Strip mapping involves the de=
tailed -study and mapping of only the ore-bearing beds and adjacent‘stratag
it is undertaken only in those regions where a complete and adequate geologic
map already exists, Quadrangie mapping invelves not only the detailed
study'and mapping of the ore-bsaring bedsAand adjacent strata but also the
extension of geologic.mabping to the boundaries of qﬁadrangles as a. step
toward complete understanding of the'geology of the region, The capécity

to complete quadrangles and to provide maps in areas away from the immediate
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vicinity of ore-bearing beds is provided by Geolcgical Survey funds.

Duxing this reperting pericd the following projectsvwere,aétivéz
Southwgstern Colorados Carrizo Mountains, Ariz,; Monument Vailey5 Ariz,;
A Monumént Valléy,'Utah° Red House Gllffs, Utahg Whlte Canyon, Utahojand
"Capltol Beef Utah. Quadrangle mapping of the Elk Rldge area, Utah and
strip mapping in the San Rafael Swell, Utah, will begin in June or July
1953, During the 1953 field season preliminary geologlc reconnaissance
probably will be made in the Lisbon Valley area, Utah-Colo, and pernapa in,
vthe Circle Cliffs area, Utaho

The Geolog1ca1 Survay is béginning a geclogic mapping projeét along
Comb Ridge, San Juan Cdﬁnty, Utah under the diféction of J. D. Sears and
financed entirely by Geological Sufvey fundso The main purpose of the prb«
ject is to train younger Survey geologists.in mapping techniques. The guad-
rangles that were selected will complete the map coverage of the Triassic
beds afound the-Moﬁument upwarp. Four 73-minute quadrangles arranged in a
north-south lihe‘along Comb Ri&ge wiil connect the complet=ed mapping of"fhe
Monument Valléy, Ariéc.project and the ares éqvered‘by the new mapping pro;
ject on Elk Ridge Utah, Reporta fo% the Tracevzlémehts séries will be pre-
pared by the Comb Rﬂdge project and will affowd an app"alsal of wranium |
possibilities of the east margin of the Monument Valley upwarp.

;ﬁ&ﬂp
'Southwestern Colorado pro;eut by F W, Ca+er, Jre

The prln01pal obgectlves.of the regional geologic ﬁapping préject in
southwestern Colorado (fig, 1) are to déterminé the geographic énd geologic
distribution of the carnotite deposits; the broad géologié;controls; and
the relations to regional stratigraphy and strﬁcture, as.we11 as to delimit'

areas favorable for detailed studies and exploration.
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Consolidated sedimentary rocks ranging#from Pennsylvanian to Upper
Cretaceous have an aggregate thickness in places of more than 15,000 feet.
Pre-Cambrian crystalline rocks crop out in the northeast part of the area.

" The major structural features in the areé are the Uncompahgre Plateau

 uplift; salt intrusioﬂ anticlines that underlie Sinbad, Paradox, and Gypsum

‘_Valleys; Dolores anticline which probably has a salt core; Dolores-San

Miguel syncline; Dry Creek Basin syncline; and Disappointment syncline,
Minor structural features include numerous faults and small flexures along
the flanks of the'Uncompahgre Plateau uplift and the salt intrusions,

Uranium-vanadium ore deposits are confined largely to the Salt Wash

" member of the Morrison formation of Upper Jurassic age, but a few signifQ

icant deposits have been found in the Brushy Basin member of the Morrison

%;formation and in the saliferous Paradox member of the Pennsylvaﬁian

Hermosa formation. Most of these deposits(are of the "carnotite" type,

~but at depth deposits containing unoxidized black uranium ore are being

found,
Geologic guides believed to be generally of greatest usefulness are
color and thickness of the sandstone strata, cross-bedded sandstone, organic

matter, and the presence of altered gray-green mudstone in and underlying

_the ore-bearing sandstone. Most of the large deposits discovered thus far

are within an arcuate belt, known as the Uravan mineral belt. This mineral
be1£ extends through the length of the mapped area, and its trend appears
to be unreiated to the regional geologic structures, Howéver, in addition
to the Uravaﬁ mineral belt there are concentrations of deposits along the
flanks and axes of the sait anticlines that éxtend beydnd the limits of the

Uravan mineral belt as defined at the present time. Geologic mapping and
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field studies indicate that theée concentrations of deposits may.be the
result of one or both of the following geologic conditions® -

1, ‘Thé‘salt anticlines are zones of intense structural deformation
and these zones may have served as channel-ways'for ore-bearing solutions,

2, The bre-bearing Salt Wash member thickéns abruptly in places along
the salt anticlines which indicates s&hé salt flowage was in progress during
depoéition of the Morrison formation, This salt flowage may have produced
sedimentafy structures favorable to the localization of ore.

With these factors in mind it appears reasonable that éxploratipn
along the trends of the salt anticlines west of the mapped‘areas may be
warranted, Eastward the litholbgy of the known oré-bearing beds is un-
favorable.

Compilation of geologic maps and preparatioﬁ of accompanying texts
for the eighteen 73-minute quadrangles in southwestern Colorade has been
completed, These will be published in the Geological Survey Quadrangle Map
Series and in a preliminary form the maps will be transmitted to the AEC
as TEM reports, !

In addition, a papef on the structural development of salt anticlines
on the Colorado Plateau and a comprehensive report on the geology of the
eighteen Ti-minute quadrangles are in preparation, With the completion of

these reports the Southwestern Colorado mapping project will be terminated.

Carrizo Mountains project, by J. D. Strobell, Jr.

Geologic mapping of the Carrizo Mountains area, Ariz, (fig. 1) was
undertaken to provide detailed information on the geclogic occurrence of
carnotite deposits in the 30-minute quadrangle surrounding the Carrizo

Mountains., Except for the laccolithic complex of ithe mountains the mapping
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was completed in September 1951. At that time work was recessed to allow
preparation of a preliminary appraisal of the uranium resources (TEM-BOO){
preparation of the completed mapping for traﬁsmittal to AEC (TEM reports
415-430). Preparation of the geologic map, text, and stratigraphic secfions
has continued through the periiodj and-this. veport’ will be transmitted for
'publicatioﬁ in the 0il and Gas Investigaticns Map series of the Geological '
Sur?eX; | |

lAll known carnotite deposits in the Cartizo Mountains area are con-
tained in the Salt Wash member of the Morrison formatién, The position of
the ore raﬂges‘frbm near the middle of the Salt Wash to the eaét and south
of the mountains, down to the base of the Salt Wash northwest of the
mountains; This may bé a function of the thickness or comppsition of the
Salt Wash, or it may be the result of some contrelling factbr superposed
upon the Salt Wash, such as a formesr water table, If this surface of ore
deposition should be related to the mountain uplift, fixing the time of up-
1ift would provide geolegic”evidence for comparison with the radicactivély
determined age of the depositso One cf the best possibilities of dating
the laccolithic intrusives of the Plateau i3 affordéd in the Carrizo
Mountains where sarndstone of possible Cenczoic age‘caps‘the highest peak.
Beyond this possib}e indirect relation of the uplift to ﬁhe ore, eﬁidence of
a direct reiation.between"igneoms.rdcks and ore may be found, as carnoctite
deposits are known to occur close to some of the sills and laccoliths at the
margins of the mountains, If the carnpotite deposits. sheuld préve to have
formed prior to the wplift, dating the uplift geéologically would determine>

an upper limit to the time of ore depositicn,
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In fiscal year 1954 the 30-minute quadranglé will be comple%ed by
mapping the remaining 70 square miles in the Carrizo Mountains: - Topographic
maps will be available during the coming report period and will provide

vertical control for analysis of geologic structure,

Monument Valley, Utah project, by D, E. Trimble and R, Q. Lewis, Sr.

Objectives of the Monument Vailey'strip mépping project, Utah are to
appraise the uranium resourcés of the area, %o determiné geologic guides
for prospecting, to locate areas favorable forlexploration, and to map and
study the uranium-bearing Shinarump conglomefate and adjacent strata to
determipevthe regional controls and habits of uranium deposits,

The area 1s bounded on the north by the San Jﬁan Rivef and on the south
by t?é ﬁtahnArizana state line, AIt is west of Monument Pass and east of
Piute Mesa and lies within the area mapped by Baker (U, S. Geol., Survey Bull,
865). (See fig. 1.) ‘

Sedimentary rocks, ranging from Permian to Jurassic (?) and having an
aggregate thickness of more than 3,000 feet, crop ont in the arsa. The
only igneous rock is a small minette diké at the south-edge of Oljeto Mesa.

The ﬁreaAis on the west flank of the Monument upwarp and subordinate
asymmetrical folds are superposed on the major structure, Joints and faults
are pfominent in the rocks, eSpecially in the sandstones,

The known uranium deposits are confined to rocks of Triassic age. Most,
deposits are in basal Shinarump sediments that fill channels cut into the .
Moenkopi formation. The channsls are as much as 250 feet deep and 2,000
feet-wide, but, most channels are 30 to 50 feet deep and 200 to LOO feet wide,
In éome places, directly below channels, the bleached upper part of the

Moenkopi is slightly mineralized, In April 1953 radicactivity ten times
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greater than normal backgrouﬁd was ﬁeasured in Chinle mudstoneso This
measurement was general over a large arsa along the road tc the Whirlwind
mine on Monitor Mesa, Similar anomalies were noted in other areas of
Chinle mndstonéo The scurce of this abnormal radioactivity‘is unknownov

The only fault in the region that is known to cut the Shinaruﬁp is .
not radiocactive, A zone of close jointing in the Cedar Mesa sandstone
member of the Permian Cutler formation was also checked for abnormal radio-
activity; no abnormal radioactivity was detecged with a scintillometer,
| Uranium minerals ih‘the Monument Valley, Utah region occur as impregna-
tions or coatings in fhé basal chaﬁnel sediments., Carnotite, tyuyamunite,,
uranoPhane, torbernite, and autunite have been identified from the deposits '
and pitchblendé has been reported from one locality, Mitten No. 1 mine.

“Copper minerals, mestly carbonate and stifates, are>commonly associated

with the uranivm minerals, but copper minerals pre also found at many piaceS'
. where uranium minerals are absenﬁ, Sulfide copper minerals are rafe but |
small amounts of chalcocite, bornite, chalcopyrite, and covellite ware
found, |

The uranium minerals are in zones of relatively high permeability in
-fhe channel sediments of the Shinarung.: These zones are marked by the
présence of conglomerate, clay‘gélls, friable sandstoné, fractureddclay
lenses, or open-textured woody reméinao

Aﬁy hypothesis of genesis of the uranium deposits in the Monument
Valley area, Utah must account for several anomalous features of apparent
age as determined from léadauranium ratlos, physical environment of the
déposité, and mineralggy cf the deposits. The youthful age of the deposits,

as compared with the‘age of the host rock, and the accordance of age
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determinations ffom many parts of the geologic column.(Siieff and others,
TEI-268, 1953) apparently requires that the ultimate source be mégmatic
hyarothermallsoluiions, The localization of the deposifs within chamnel
sediments sﬁggests that ground water is the only possible agent of trans-
port that could logically have resulted in such localizatiohcA The presence
of uraninite, bornite, 'and chalcopyrite in the deposits indicates that the -
ground water had some properties of a magmatié soluiion,l The uranium de-
ﬁosits, as they exist.today, are primarily composed of secondary hydrated
vanadates of uranium; probably the original deposits were leached and re-
deposited as the secondary minerals, carnctite and tyuyamunite, Thé
association of nodules of pitchblende in some of the mines in the regionﬁas
well as the association of the bornite and chalcopyrite suggests that the §
redeposition was essentially in place. Too little is known at present of
the source of the abnormal radioaotivity in the Chinle mudstones to relate
any depqsits in the Chinle to those in the Shinarump. .

During the month of January 1953, mining was begun at the Mitten No. 1
claim on Oljeto Meséo This mine is in a2 remnant of the Skyline channel,
Field examination of the surface outcrops at this locality made during the
summer.qf 1952 gave no indication of the presence of an ore body. Wagon
driliing, however, by the AEC during the summer of i951.showed mineralized
rock in several holes.

The preséﬁce of this%ore body, which surfaée geologic examination did
not disclose, suggests that any channel may contain an-ore.body. This con-
cept necessitates a revision of the previous appfaisal of the area and this
 region must now be considered potentially favorable for the discovery of

new deposits.
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Memoranda are in preparatlon recomméndlng physical exploration of the
bhannel containlng the newly discovered mineralized loccality on the mesa
northwest of the Oljsto Trading Post reported in TEM-353 (Trimble, 1952)9 .
‘the Whirlwind channel, and other favorable areaé in Moﬁumen£ Valley,.Utéhb”
- TEM-321, the final report covering the resuit$'of the investigation wiil be
‘trénémitted to the AEC auringfthe next vreport period, This feport will alSo
be preparsd for publication és a Gzological Sur%ey Circular, Transmittal

of the above reports will complete this project;

Monument Valley, Arizona project, by I. J., Witkind

Objectives of the Monumeﬁﬁ'Valley quadrangle mapping project,}Apache'
and Navajo Counties, Ariz. (giga 1), are to appraise the uranium resources
of the area, to determine geologic guides to prospecting, to locate areas
favorable for exploration by dr&lléng, and to map and study the uranium-
bearing and adjacent strata to determine ragional controls and hablts of
the uranium depositsn

Geologie mappwng and fiald studiss were underiaken duriﬁg the field
seasons of 1951 and 1952, An avea of abouh 700 square miles on the Wava]o‘
Indian Reservation was mapped.

. Consolidated sedimentary rocks ranging from Eermian'toAJurassic with
an aggregate thickness of over 5,000 fest crop out in the area, Dikes and
plugs of minette and tuff breccia ave intrudsd into the sedimentary roékso

The major strﬁctural feature in the afea is the Monument upwarp, a
bvoad flatucned anticline with a northwsouﬁb axis, On this major feature
four smaller asymmetv cal folds are superimposad,

Uranium-vanadiam ore 0CEuUrs in Shinarump conglemsrate that fills syme «

metric and asymmetric troughs ﬂﬂomrod ag much a3 75 feet into the underlying
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Moenkopi formation., These troughs cr channels range from 15 4o about

2,350 feet wide and up to L4 miles long. The major ore bodies are errati-

“cally distributed along the length of a chamnel, Fifty-eight channels have

been noted in the area; seventeen channels contain exposures of mineralized

rock.

3

Most ore deposits are of the "carnotite® type. The predominant ore

_mineral is either carnotite (2), t&uyamunite‘(?), or locally an unﬁamed

vanadate, Uran“n;te,'bccquereﬂxte, and uranophans also occur, Many ore

deposits have copper minerals, such as azuvite, malachite, chalcocite, and
chalcopyrite, intimately associsted with the uvranium minerals,
The major uranium deposits in the Vanadium Corporation of America's

Monument No, 2 mine appear as rolls®, flattened cylindrical hodies that

average about 3 to 5 feet wide, 2 ic 3 feet high, and 15 to 20 feat long.
The vanadium deposits form irregulsr messes thab impregnate bssal channel
sediments and in places the underlying sediments. Not all of the channel

sediments filling the Monument No, 2 chamnel are mincralized; barcen arveas

'alterxate at 1rwegulav intervals lateraily and vorfaan,\,with richly

- mineralized zones,

The geologic feotirves believad $o ha of graatest weafulness as guideé
in the search for new ore depesits in the Monumeat Valley area.aire chamnels,
observable uranium minerals and abnormal radioactivity, fossil plant matter,
conélbmerate containing fossil plani matter, Geologic features of uncertain
value are limonite impregnatlon, coppef miﬁerals, thickening of a bléached
zone at the top of the Moenkopi formation, and clay toulders, éqpbles and
pebbles. | |
Field work on éhe project is essentially completed, Plans forAthe

next six months period include: (1) field checking of maps and sampling in
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connection with preparation of a~summéry of ore reserves, (2) preparation
. of a final report for transmittal to the AEC and as a U, 8. Geological
: Surx}eyBulle'bin° When these reports are transmitted the Monument Valley,

\

Ariz. project will be terminated.

Red ﬁous&‘Cliffs project; by T. E, Mullens

The'ﬁurpose of the Red House Cliffs project is to appraise the uranium
~ resources 6§ the Red House Cliffs area by mapping and studying rocks exposed
in the.area-ﬁiﬁh particular emphésis on the uranium-bearing Shinarump con-
glomerate, o '

' The Red House Cliffs area (fig. 1) is in.the.southwestern San Juan
County, Utah, Theiarea‘inclﬁdes five 7%=minute‘quadrangles in the Clay Hills
36-mihute quadranéie; Four of these quadrangles include the area of Triassic
rock exposuresloﬁ ﬁhe western flank of the Monnﬁsnt,upwarp’bet%één the head
of Red Canyon and the San Juan River. The fifth quadrangle is included in
the projéct in order &o complete the structural patiern of the area.

Field work in thejRed House Ciiffs area started in July 1952 and con-
tinued until October 1952. During the 1952 field season the Chinle<Mcenkopi
contact in,thfee 7%~minuté_quadranglesg about 20 miles of outcrop, was ‘
studiéd in detail and ekamined for uranium minefals~and geologic mapping of
thé‘three.quadrangles was ébout 90 percent completed, A preliminary report
transmitted in November 1952, TEM=537, by T. E. Mullens and H., A, Hubbard,
summarized the results of 1952 field studies.

Field work was resumed in.early May 1953 and one 7i-minute quadrangle
has been mapped'this year, \
No kﬁown depbsit of uranium minerals o ;fé.in the part of the Red “

House Cliffs area mapped to date, MalaChite, a copper carbonate, is
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disseminated in a small lens of Shinarump conglomerate, but no'radioactive
méterial is associated ﬁith the malachite,

‘ Geologic mapping and studies in the Red House Cliffs area have re-
sulted in positive correlation of a cliff-forming unit at the top of the
Cutler formatioﬁlwith the Hoskinnini tongue of the Cﬁiler-formation. _Geo-
logic mapping has revealed two fault zones which maj be‘related to locaii-
zation of uranium ore in Red Canyon north of the Red House Cliffs area.
These two fault zones extend beyond the north boundarj of the Red House
Cliffs area and into Red Canyon where they crop out near some of the uranium
mines. No urénium minerals are assgociated with the fault zones in the Red
House Cliffs area, and more field work is needed to prove or disprove any
relation between these faults and the urenium deposits in Red Ganyono :

The brobability of finding ﬁranium ore in the part of the Red House
Cliffs area mapped to date is IOW'becaﬁse there are few beds favorable for
these deposité aiong the outcrop. Only five ienses of Shinarump conglom-
erate, the formation in which uwranium commonly occurs in this region, crop
out in the area mapped. The largest lens of Shinarump extends onlyfébdut 2
miles along outcrop and has a maximum thickness of 20 feet; the other four
lenses extend less than a quarter of a mile along outcrop and are‘le&g.than
8 feét thick,. Ofe—bearing Shinarump in Red Canyon, in_White Canyon, and in
areas south of thg San Juan River is mors persistent and fhicker fhan;the
‘shinarump exposed in the mapped part of the Red House Cliffs area. |

Similarlyithe 7i-minute quadrangle Clay Hills ZVNW is probably under;
lain by relatively thick and presistent Shinérump conglomerate which may be
favorable for ore depckits. However, the Shinarump in this quadrangle is

buried by about 1,200 feet of younger sediments and cannot be examined.
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In addition to the Shinarump conglomerste, the other formations ex- -
~ posed in the area'ﬁéré’éxaﬁined for uraniumo. No uranium minerﬁlé were noted
"in these formations, and the probabllity of finding uranium ore d@posits in
these formations is thought to be low, | v v

Plans for the Red House Cliffs projeet-arez' (1) to compléte mappimg
and.éeélOgié studies ig ﬁhe area during the summer of 1953.and (2) to com-
plete a final report on the project for tranSmittai ﬁo the AEC early in
1954, |

White Canyon pggggct, by A, Fo Trites, Jr;

- Thélﬁﬁgectlves of the Wh;te Canyon project are to appraise the uranium
reéources of the area, to determ;ne controls and guldes to ore and suitable
areas for phy51ca1 explqratxon,(and to map and study the ore-bearing and
adjacent strata to detéfmine habiﬁs, character, and regional geologic con-
trols of the uranium deposits,

The Wh;te Canyon area is on the west flank of the Monument upwarp in
the central part of San Juan County, Utah, about 50 miles west of‘Bkagdlngg
Utah.- (S@e figsrd, Y |

Work durlng the last six months has included the preparation of TEI-
240, "Uranium and copper deposits at'tha North Point claim; Wnite Canyon
area, SaﬁfJ&an Qounty,‘Utah,W by A, Fo.Tritesy Jdr.; B. Po Befonig and
J, A, Féogé5~and TEMaéhS, “Pfeliminary'report on Happy Jaék mine, San Juan
: County, Utah & by‘A F, Trites and R. T, Chew0 Diamond drilling data made
avallable by the Grand Juncticn Exploration Branch of the AEC has been com-
piled, Structﬁralfand channel data in the White Canyon area has also been

compiled.
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Fieldlﬁork was resumed in Apfilil953 and about 4O squaré>miles in the
iower White Canyon area have been mapped this year. Detailed geologic
- mgpping has been cogtinued at the White Canyon No, 1 claim, Geologic in-
vestigations héve begun at the Jomz« claim, Diamond drilling was recommendéd
in the Deer ?lats area, and geophysical work was recommended in the Happy
Jack, Frey Point, Deer Flats, and Posey areas.

Geologic studies in the White Canyon area indicate that most of the
uranium deposits are in the Sﬁinafump cohglomeréteo Three types of deposits
are.recognized on the basis:of the grain size of the enclosing Shinarump
beds: (1) relatively continuous high-grade ore bodies found in coarse
Sandstone, (2) ore bodies compesed of highcgrade.areas separated by low-
grade areas féuﬁd in chaﬁnelafill conglomeréte, and (3) sparse but relatively.
continuous.léﬁégrade deposits found in siltstone or very fine-grained sand- |
stone, |

Many of the deposits are on the flanks or near the bottom of channéis

cut in beds of the Moenkopi. rormaﬁion and.filled by Shinarump sediments. At
1east_18 channels. have been found by geological mappiﬁg and by diamond
drilling b& the Grand Junction Exploration Branéh of the AEC. These channels
range from less than 150 feet widé and 7 feet dee§ to more than 500 feet
ﬁide and 30 feet déepo_.Nd correlation has been established between the size
or shape of the channels and the amount or grads of uranium bodies, although
a broad shallow channel'appears to have been the site for uranium depoéifion
at the Happy Jack and Posey mines, the principal_uranium deposits in the
Uranium minerals in the White Canyon area include pitchblende or
uraninite, and secondary sulfates; phosphates, and carbonates., These

minerals occur (1) in clay stringers, (2) at lithologic contacts, (3) as
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.raplacemenis’of wood, and (L) as impregnaﬁioﬁs in sandstone and conglomeraté;-
The pitchblende or uraninite is associated.mnst commonly with covellite,
although it has been found with bornite and chalcopyrite. '

| Géochemical studies at the North Point claim suggest that gr@uﬁdgwéter‘
solutions have removed uranium, copper, manganese, iron, calcium, lead,
zinc, molybdenum, cobalt, and nickel from ths ore body and deposited them
‘along fractures and in the rocks adjoining the fractures.

Geologic investigations planned for the 1953 field season iﬁclude geo~

N logic mapping of a large pgrt>o£ the White Gaﬁyon area; detailed examina-
tion of the Shinarump cqnglomeraﬁe in the areaj; preparation of structural
-contour map; an. areal study of the fault and joint pattern; detailed exam-
ination of uranium deposits; and stratigraphic studies. TEMQSLO, uprelimin-
ary report on geologic investigations in White Canyon, San Juan County,
Utah, 1952,% by A. F. Trites, Jr., and T. L, Finnell has been transmitted
to the AEC. This feport brisfly summarizes results of field work in 1952,
Manuscripts are now being prdcessed to be transmitted to the AEC this
summer. After the end of the 1953 field season a detailed interim report

will be prepared.

Capitol Reef project, by J. F. Smith, Jr,

Objectives-of“gedlqgic étudies and quadrangle mapping in the Capitol
Reef area, Wayne énd Garfield Counties, Utah, are to appraiss the uranium
resources of the area, to determine geolégic guides for prospecting, to
locate areas favorable fér exploration, and to map and study the'ufaﬁium@
bearing Shinarump conglomerate and adjacent sﬁrata to determine the regional

controls and habits of the uranium deposits.
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The area in which mapping has been completed is in Western4Wéyne County,
.Utaho The complete area to be mapped includes also a part of northern
Garfield County. (See fig. 1. ) |

- Exposed sedimentary rocks range in age from the Permian Coconino sand-
étone to.possibly iower Tertiary béds and have an aggregate thickness of
- more than 5,000 feet. Volcanic rocks ci#bp out in the western part of the
- area, Structural features include the Teasdale anticline and numerous
norﬁal faults.

Most of the radiocactive rock in the area is in a claystone layer at
the base of Triassic Shinarump conglomerate beds that have filled channels
cut into the underlying Moenkopi formation., The claystone layer in the
chaﬁhels contains much carbonaceous material and some stringers of sand-
Stogeo At the Floral Reef claims Shinarump sandstone along and near thrée
vertical fﬁ&ctureslis moxe than ﬁormally radicactive and is‘heavily stained
with irgn and mamgaﬁeseo |

Beta-zippeite, metatorbernite, johannite, and specks of pitchblende
disseminated in carbonaceous material from the Oylér mine have been identi-
fied by the Geological Survey Trace Elements Laboratory in Washington. |
Metatorbernite has been found at the Birch Sprihg and Floral Reef claims.
Secondary copper mineralép minute graiﬁs @f‘chalcopyrite and pyriteg‘gypsumg
and in places iron and manganese stain are asgociated with the uranium
-minerals,

Radioactive asphaltite forms coatings on and blebs in red cherﬁ in the
Shinarump in sec. 36, T. 29 S.; R, 26 E. Stringers of red chert at the
'MoenkopiaChinle‘contagt Just south of Pleasant, Creek are'slighily radio-

activeo-
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The habits of uranium occurrence in the Capitol Reef area indicate
that the following geologlic features may be useful as guides for prospecting,
particularly.where several are found together: (1) Shinarump sediments in
channelsAcut into the underlying Moenkobi formation, (2) copper minerals,

(3) fractuﬁes heavily stained with iron and manganese, (l;) concentration of
carbonaceous matter, (5) clay layer.at base of Shinarump conglomerate, and
(6) thick zone of b;eached clay and siltgtene at the top of the Moenkopl
formation, N\ | |

Areas favorable for uranium deposits are limited to the Shinarump con-
gl@merateo A£ present, no partis éf the area studied are considered favorable
for drilling exploration.

TEM-538, Wpreiiminary report on geologic studies in the Capitol Reef
area, Wayne County, Utah, 1952% was transmitted to the-AEC during this
reporting period. | f

Ge@logie mapping and field studies were resumed in May and will be con-
tinued pfobébly until October. An interim report will be prepared during
this winter, 1953-195L, for transmittal tc the AEC,
| As.éﬁvadditional study, L. C. Huff is investigating chemically tpe
lower part of the Chinle formation to find out whether a genetic relation
exi;ts bétﬁeen blea¢hing in the Chinlé'aﬁd uranium mineralization in the
Shinafumpo Preliminary results. suggest that the bleaching at the base of
the Chinle was accomplished by acid9 redﬁcing solutions which depcsited iinc.
and copper but no uranium in the blsached zone., A3 a working hypothesis he
suggests that the bleaching solution was the same one which deposited ura--
nium in the Shinarump, This study will be continued and a TEM‘repoft on

‘the preliminary results is being prepared.
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Photogeologic mapping
by William A. Fischer
The photdgeol@gic mapping program is designed to provide regional
geologic maps of specified areas in Utsh and Arizona to serve the needs of
~ the AEC and the public until more detailed ground surveys can be made.

Since the beginning of the photogeology project in thevwinter of 1951~

L 1952,'approximately 9,500 square miles of geologic mapping has been completed

zor is in thé latter stages of production. These areas completed or in
.active production are shown on figurerQ

As a result of conferences held with representatives of the Grand
Junction Office of the U, S. GeOlogical Survey, the amount of detail pre-
sented on the photogeology maps is being increased.

The areas now scheduled for produétion‘are‘shown on figure 3.

Stratigraphic studies
by G, A. Williams

Morrison formation

. The objectives of the stratigraphic studies of the Morrison‘formétion
of the Coloradb Plateéu region are to provide information regarding.diétribu-
tion variafions in ;ithology, source and character of EOnstituting materials; ‘
conditidns‘ﬁf deposition, and post-depositicnal history of the 6re~beafing~
‘ Mofrison fofmation and associated formations. Preliminary results of these
studies have beenﬁsummarized in TEI-180, WPreliminary report on the stratig;
raph& of tﬁe Mprrison and related formations of the Colorado Plateau'regioh;mx
November 1951. This report will be made available to the general pnblic as

a U, S, Geological Survey Bulletin,
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The Morriéon study was recessed Ju;y 1,-1952 until May 30, 1953 excépt
f};; special studies conducted by the Seaiﬁéntology lébofatory, Preparation
of reports 6n sedimentary structures, sedimentary petrology, and pebble
studies are in progress for inclusion in a final report on the Mbrrison
formation. TEM-627, “Lithbfacies of the Salt Wash mémber of the Morrison
formation, ™y T, E. Mullens and V. L, Freeman is near completion; this
report is planned for publicétion in a professional journal.

Pebbles in the Salt Wash member of the Morrison show a general decrease
in size from southwestern Utah to western Colorado. Among the pebbles aré
distinctive lithologic types containing fossils that suggest the Kaibab
limestone és a source for at léast.some of the material comprisiné the Salt
Wash member. ' | ‘ ' : ‘ .;

Most of the petrologic evidence to be used in the final report on the .
investigation of the Morrison formation hés been assembled., The only work

uncompleted is the study of thin sectionsAof representative sandstones.
Based on the regional'petrology, the Morrison formation in the Colorado
Plateau area prdbably had three general source areas. The source afeas as
A idéntified from their derived sediments were: (1) a granitic igneous
terranélwith’minor volcanics and sediments possibly in central New Mexico;
(2) a sedimentary terrane west and southwest of south-central Utah; and (3)
a.gréniﬁic igneous terrane and a major source of volcanic matetial from
west orbnorthwest o: central Utahaf

Not all of the four recognized meﬁbers of the Morrison received con-

tributions from all of the sources except pbssibly in mino} amounts. Thé )

Salt Wash and the Brushy Basin members in their northern extensions, north

of the Arizona-Utah, and New Mexico-Colorado borders, represent the mixing

RS e
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of sediments which were Erought iﬂ by streams from the three soﬁrce areas.
The Recapture and the Westwater members were derived from the granitic
terrang, to the southeast and from préviously-deosited sediments to the
south. The Westwater, howevef, is much more feldspathic and contains less
éedimentary and more volcanic material than the Recapture member. The \\\
Brushy Basin contains much more volcanic material than the Salt Washj the - /)<f
major source of which may have been the source area to the west or north-
west of central Utah.

The uranium deposits of the Sslt Wash member in the Uravan mineral belt
lie within an area which has received a significantly larger than average .
amount of potassiﬁm feldspar and volcaﬁic debris from the western source
during the deposition of the Salt Wash member. The voicanic material identi-
fied includes rhyolitic tuff, fragments of rbyolite, and the heavy mineral
| apﬁtite; these components were supélied intermittently and the superimposed
strata_contain'varyiﬁg'amomnts of volcanic material that ranges from 1 to
15 percent of the sedimentary rocks., The:possible relation of the uranium
ore deposits to the tuff-bearing éandstones has been discussed by Waters
and Granger (U.S.G.S. Circ. 22L, 1952), who emphaéized the need for quanti-
tative data on the distribuﬁion of voicanic méterial in the ore-bearing
formations.
| Plans for the Morrison studies during the next six months call for
some field checks? ﬁhe completion of the laboratory studies including a
study of the relation of the distribution of volcanic debris to uranium

deposits, and the continued preparation of a comprehensivé final réport,

Triassic formations

Stratigraphic studies of the Triassic and associated formations in the

Colorado Plateau region are planned to obtain information regarding the
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areal distribltion, local and regional differences in lithology, sourées.and
character of constituting material, and conditions of deposition of the ore='
bearing Shinarump conglomerate and associa‘oed'formaiionso

Field wérk was eSsenﬁially completed in the Monument Valiey area 1#
1951 and in the<Circle Cliffs, égrfield County, Utah; Capitol Reef, Garn‘
4 field and Wayne Counties, Utah; White Canyon, and Red House Cliff areas,
San Juan County, Utah, in 1952, Prsliminary work has been started in the
Kanab'area, Kane and thhington Counties,'Utah The compilation~of date
collected in these areas is largely complete except for laboratory studieso

Noteworthy results of the work during this period are summarized, The
Permian Coconino sgndstone is inferred to intertongue and intergrade to the
eagtlir@m the Capitol Reef and Cirele Cliffs areas ir tgtr@@digh siltstene
compesing the Halgaito ana @rgan Roek tongues ef the Gu@lagifeymatiga in
'ggutheggtgra Utah, The wnit@ugam, Qedar Mesa, énd DeChelly sandstone meme
bers of the Outler prebably are tbnggeg_eﬁ the Ogeonine. The Oggonine sand-
gtone and the sandsbene members of ﬁh@ Qutler are interpreted as mainly
egli@n‘dqpesﬁtg wherose the Helgalto and Orgen Reok tongues are prebablyy
gubareal er marginal marine depoaitgg | |

| The Kaibab limestone may grade to the eash of the Oapitol Reefl and

Oirole Cliff ereas inte sandetones éhat ney corvelets With the Waite Rim
ulndatona member of the Gutlsr, The Kaibab 1o wall known 86 & marine de-
posit but in the Ospitol Reof and Oirel@ cl$££s area@ it appears to oontain
marginal marine beds,

The Hodkinnini tongue, although inolud@d in the Gu%ler formation of
southeastern Utah, showe several features that separate 1% from the rest of
the Cutler. The Hoskinnini has been trecsd northward from Monument Velley

to the:mid&le{of the Whiﬁe Oanyon area where it ebruptly pinéhps out, The

i



Hoskinnini may be a marginal marine deposit, Near ihe pinchout it contains
a basal chert conglomerate which élosely resembles a basal chert conglom-
erate in the Moenkopi and which was possibly derived from the Kaibab. Thus,
the Hoskinnini may be a post-Kaibab unit and may be actually of Triassic age.

The Triassic Moénkopi formation thins eastward from the Kanab and
Capitol Reef areas of south-central Utah., The Siﬂbad limestone member of
the Moenkopi and the underlying Moenkopi siltstone thin southward from the
Capitol Reef areég in the northern Circle Cliffs. the Sinbad lies at the base
of the Moenkopi; and in central Circle Cliffs it pinches out. The Moenkopi
is dominantly siltstone or very fine-greined sandstone and is frobably a
marginal marine deposit that was formed in a sea that transgressed from the
west to the éast.acTOSS Utah, |

Thé Upper Triassic Shinarump conglomerate in the areas studied shows
regional variations in thickness and in the depth and width of the channels
at its base, The sandstones of the Shinarump are fine- 1¢' coarse-grained
arkoses, The pebbles in the Shinarump show regional variations in composi-
tion, roundness, sphericity, and size that indicate a multiple source. The
cross-strata in the Shinarump dip dominaatly to the north or northwest. The
Shinarump is probably a stream deposit that derived its sediments, at least
in part, from source areas in southern Arizona and New Mexico.

The Uppsr Triassic Chinle formation is divided into several members
and units, some of which are local, whersas others ére found throughéut
northern Arizona and southern Utsh, The sandstones of the Chinle are
generally arkoses, The Chinle is pfdbably mostly a stream and flood-plain
deposit that had several source areas of which éouthern Arizona and New

Mexico are probably the most important.
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The JuraSsic (2?) Glen Canyon group which consists of the Wingate sand-
stone, Kayenta formotlon, and Navago sandstone is composed of a thick se=
quence of interrelated rocks. The Wlngate lies with a sharp lithologic
break on the Chinle and locally it lies unconformably on the Chinle° Tﬁe
Wingate and Navajo.are predominamtly eolian deposits Whereas the Kayenta is
probably a stream deposit. | |

. Toe uranium deposits'in.southern Utah and northern Arizona occuf dom~
inantly in the Shinarump conglomerate. Howéver, significant deposits occur
in thé.Permian‘Cutler formation andlthe TIriassic Chinle formationa/

The ore depcsits in the Shinarump conglomerate seem to be concentrated
in areas where the Shinarump changes from a continuous to a discontinuous
Pnito' No significant ore deposits'arelknown in the continuous Shinarump
of the wast@ﬂnmoqt part of Monument Valley, the southern Circle Cliffs, or
the Kanab areas, However, ore deposits are present 1n the marginal belt .
where the continuous Shinarump changes to a dlsoontlnuous unit, as in
eastern Monument Valley, White Canyon, and northern Circle Cliffs. No ore
 is known in the Red House Cliffs area where the Shinarump is almost entirely
absent, | V |

The Chinle formétion in various areas conoaims beds similar in texture

and general.character ﬁo the Shinarump oonglomerate; vThe_recéht discovery -

~of ore deposits in the Chinle as well as the recognition of greater than
background radioactivity at several places in‘tﬁe.Chinle~oupports the need
for continued study of possible uranium host rocks in the formation, Simi-
larly, some uranium has been produced from the Cutler'formation.of east- |
central Utah and study of p0asible host rocks is marrantedo

During the next report period the stratigraphio studies group will

extend the field work into central and east-central Utah. Several areas
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essentially completed will be revisited to colleét additional data and trainlf
new personnel, A special study of the Shinafump conglomerate aimed at a
better understanding of the distribution and the lenticularity in relation

to the ore-bearing parts of the Shinarump will be initiated. A more de-
tailed study of the distribution and chéracter gf the volcanic debris and

its relatioﬁ'to’the ore-bearing rocks of Triassic formations will be started

© by the sedimentary petrdlogy labofatory°

Ground-water stﬁdies
by D, A. Jobin

Ground-water studies were begun in 1950 to determine present andlpést
ground-water conditions in the ore-bearing roqks of the yorrison formation
aﬁd the influence these waters may'have had on.the geﬁesis and localization
of the ore deposits. Results of this study are summarized in TEI-161,
"Present and past ground-water conditions in the Morrison formation in
southwestern Colorado and southedstern'Utah,“fbyﬂDo A, Phoenix, December.
1952.

In March 1953, work began on the problem of determining the horizontal
and vert%c&k*ﬁ?ghsmissibility relationships of the exposed sedimentary for-
matfbﬁgﬂon the Colorado Plateau. This study will provide some basic infor-'
mation which will be used together with»the'stpatig;aphi; and structural
histories of égch/ﬁéﬁositional district to delingaté the probablé “plumbing
systems" during the Mesozoic and Cenozoic°‘ In turn these analyses may be
used £o’point out other areas of similar hydrolcgic'and geqiogie histories
whose 6re-bearing potentialities should be explored.

During this report period most of the effort has been spent in working

out methods of procedure, In this connection the Survey ground-water
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© laboratory at Linooln, Neb. and.Bureau of.ﬁines petroleum technology labora-
tory in San Francisco, Callf were visited and their equipment and procedures
studled° Information, advice and. oritioism were also obtalned from the
‘Ground-water offices at Salt Lake, Denver, and Holbrook, Arrangements for
the oxchange of pertinent information were made-during'these visits.

Plans fof thevstudy have been formulatedo The exposed sedimentary
rooks will be sampled initially in six areaéz Uravan-Gateway, Colo.;
Monument Valley, UtahaArizo, West San Juan Mountains, Coloo, San Rafael
Swell Utah; Circle Cllffs=5traight Cliffs, Utah; and an area near: the
junction of the Colorado and Green Rivers, Utah, After the permeability is
determined, oaoh sample will be disaggfegaﬁod and measurements will be made
of grain size distribution and omount and kind of matrix, Thin sections and
specially impregnated polished sections will be made‘from shb#sampies to
determine tho paragenesis, form and distribution of cementing materials, ..
composition of the rocks and geometry of the porésa An attempt will 5é made
to reiate the permeability valﬁes to other measured parameters so that the
large accumulation of sedimentologio data available from the stratigraphic
. studies group can be utilized for obtaining indirect permeability measu%eq
- ments. Drilling data will be used to supplement theoretical caiculations
on the effect of fractures. on permeabilityo

4_The plans for the reglonal iransmissibiliby project for the next period
include completing the initial sampling of the six regional sites and‘oom-

pletion of a large amount of the laboratory work on these samples.
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Geobotanical studies

Geobotanical research,Aby'H, L. Cannon

Geopotanical prospeéting research is planned to investigate the use of
indicato:’and absorbef'plants in prospecting f§r shaliow uraniﬁm ore bodies,
Objectives of work during the past reporting period have beén‘two-folds
(1) to appraise the use of’geobotanicél prospecting methods in selected
uranium districts, and (2)'to further study the application of géobotanical
prospecting methods in areas of different climatic and geologic environ- -

A mental,conditions; both on and away from the Colorado Plateau,

Short reconnaissance studies were made on uraniferous-phosphate de-
posits near Plant City, Florida; on deposits along the LiSbon'Valley;
Paradox Valley, and Gypsum Valley salt antibliﬁeé; and in uranium-producing
areas in the Green River and Henry Mountains districts in Utah,

In the phosphate fields of Florida thé4uraniﬁm is concentrated ‘in the
aluminum phbéphate fraction of the "leached" zone in the Bone Valley for-
mation of Pliocene'ageq‘ These beds are flat-lying with an overburden of
about 10 feet of sandy soil. Forty samples of pine, oak, and palhétto were
collected from mineralized and barren areas and along 'a traverse previously
tested by driilingo It is hoped that the near-surface, stégnant ground |
water will not disturb the absorption of uranium by the vegetatidn° Chemical
assays have not yet been received, |

0f the Plateau areas viéited, Paradox Valley and Circle Cliffs are
recommended as most promising for further geoboténical work., Plant dis-
‘tribution on parts of Carpenter Ridge on the northeast side of Paradox
Valley is identical to that of the'Jo Dandy group of mines on the southwest

_side of the valley. Certain indicator plants may be used at both locdlities
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~ to indicate mineralized gronnd and also to determine major fracture systems
possibly related to the location of ore tgendsov Mapping of key indica@or‘
plants’on a portion of Carpenter Ridge and in the Jo Dandy group is planned
for the next'réport period in advance of drilling. '

Small ofe bodies have been found in the Trigssic'Shinarump conglomerate
of the Circle Cliffs area of Utah. Thermrea is favorable for geobotanical
préébecting by.£he absorber and indicator plant methods. The Shinarump
forms extensive tree-covered benches which are ideal for systematic sampling
of absorber‘treesL: Indicator plants gppear to‘be present consistently along
mineralized portionsvof the outcrop and can be used in delineating favorable
portions of the Shinarump bencho’ Indicator plants also delineate major con-
centrations of seleﬁiqm in petroliferous portions of the underlying Mpenkopi
formation which.may ﬁave a sighificant bearing on the origin and distribu-
tion of the uranium deposits. The extent of this association can be inves- -

tigated by studying the distribution of Astragalus pattersonii throughout

the valley. A major geobotanical prospecting project is recommended in this

area for the summer of l95h° |
TEM«579) "Interim report on geobotanical resultS‘injthe Yellow Cat

area, Thompson district, Grand County, Utah," by H, L; Cannon will be trans-

mittéd dﬁring the next repdrting period. A report on "Geobotanical recon-

naissanée near Grants, New Mexico," by H. L, Cannon was released during this

report period as U. S. Geological Survey Circﬁlar 26lL,. TEM-575, "Geobotanical

reconnaissance at La Ventana Mesa, Sandovél County, New Mexico,"-by.H., L,

Cannon was transmitted to the AEC during this report'period and a short

report giving the results of geobotanical reconnaissance in the Craven

Canyon area, Fall River County, South Dakota is in preparation., Further
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work is élanned in the Craven Canyon area and a program of sampling recom-
mended at La Ventana Mesa was completed this spring.- On La Ventana Mesa
the absorption of uranium by trees rooted in a 65 foot sandstone is suffi-
cient to outline anomalous areas behind the rim as favorable for drilling.'

Research is continuing on the relation of plants to the geochemistry of
uranium deposits. Aé a corollary of this gtudy,:an experimental garden has
been established in Santa Fe, N, Mex.,, to study absorption phehomena under
natural conditionso Sixteen key species of indicator plants have been
planted in'lé plots which have been enriched with combinations of uranium,
vanadium, selenlum, phosphorus, calcium, and sulphur°

A handbook of indicator plants originally scheduled to be released this
spring has been postponed due to insufficient illustrative material. Addl{
tiona1 photographs and drawings are being obtained.

Studies will be made of the plant relations at Guadalupita, N, Mex.,
and on vein depésits on the Front Rangeo Reports on.coﬁparative studies of
plant relations on the phosphate deposits of Idaho‘and Wyoming and also

those in Florids will be prepared during the late summer.

Geobotanical prospecting, by P. F, Narten

ObJectives of geobotanlcal prospectiné projects on the Colorado Plateau
are. to delineate by geobotanical methods areas favorable for physical explora-
tion for hidden ore deposits. Durimg the current reporting period, the
analysis of absorber plants#hasjbeen used as a method of prospecting in an
area.near Grants, McKinley and Valencia‘Counties,'N° Mex., and in Deer Flats,
San Juan County, Utah. Reconnaissance prospeéting by a study of indicator
plant distribution will be used as a supplementary guide to mineralized areas

in the San Rafael Swell, Emery County, Utah.
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. Geobotanical prospecting by.the absorber plant method was tested and
the indicator blant'method evalﬁafed in the Grants district, McKinley and
Valencia Counties, N. Mex. between'ﬁune and.November 1952, Most,of fhis
work was done upon the broad forested dip-slope bench formed by the Jurassic
_Todilte limestone and resulted in the collection and analysis of. about 3,500

branch and peeled-branch samples of pihyon (Pinus cembroides) and one-seed

juniper (Juniperus monosperma) over about 9 square miles of the Todilto

bench from sec. L, T. 11 N., R°.9 W. in Valencia County northwestward through
seco‘17, 7. 14 N., R. 12 W. in McKinley County. Analyses of one ppm (part
per millipn) uranium and abo&e in_the ashed sample were used arbitrarily as
 an indication of mineralized éround (aﬁ anomaly).

Isopleth maps, completed for all areas east of T, lh‘No, R, 12 W;:by

- section orvgroups of sections, show.anomalies in almost every seetion.sampled,
Preliminary copies of these maps have been sent to the AEC District Geologist
at Grants, N. Mex. :

Because the systematic sampling en the Todilto.beneh included areas
which were being physically explered by private enterprise, comparative data
for evaluétion of geobotanical prospecting by the absorber plant method was
accumulated. Study of available deta shows that geobotanical anomalies
correlated well with known mineralized sress. The anomalies have proven use-
ful in extending some of the areas. Some geobotanical anomalies were also -
found in the physically proepected arees where ore had not been reported,
‘These favorable>anomelies are‘not fully understood but may represent only
ﬁeekly mineralized ground belew commercial grade. ‘It aepears that no direct
reletienship exists between the amount-of uranium in a tree sample and the

total amount of uranium present in the greund and}each geobotanical anomaly <



57

must therefore be tested for its own worth, Evaluation of énomalies found
in unpfospected areas and selection of areas for exploration may be based
on the size of the anomalies; their relationship to‘the grade of adjécent
kndwn deposits; and theif location, Many large anomalies occur in éreas of
thick colluvial.cover befond the topographic expression of the Todilto dipf
slope and cannot be-evaiuated until tested by explorations

A few samples were taken to‘ﬁést the absorber plant method in several
small areas on the benches formed by the Cretaceous Dakota sandstone. The
results of this study are encouraging and the Dakota is probably és_amenable
to this,method~of'geobotanical prospecting as the Todilto. A short report
of these results was sent to the AEC District Geologist in March.

Indicator plant studies have shown that thé indicator plant method of
prospecting is not suitable on the benches formed by the Todilto limestone
and: the Dakota sandstone in the Grants area. Detéiled mapping of indicator
plants‘on the Jurassic Morrison formation has shown, however, that a species
of Astragalus which is a selenium indicator may be useful in delimifing
favorable aréas in the sandstone members of the Morrison.

TEM-580, "Preliminary report on geébotanical proépecting, Valencia and
McKinley'Counties, New Mexiéo;” by P, F. Narten and W. H. Starrett is being
prépared for transmittal to the AEC, A final report with an appraisal of ‘
the usefulness of the géobqtanical methods of prospecting in\the Grants dis;
trict must await drilling’ on the anomalies already discovered.

Detailed sampling of juniper branch tips from trees slightly above the
top of the Sﬂinarump conglomerate was begun on May 8, 1953 at Deer Flats,
éan Juan @ounty, Utah, Samples have Been taken at Zdo-foot inpefvals wﬁere
the Shinarumpjconglomefate is well'exposed, buﬁ where it is coveredlﬁy slump

or talus, sémpies have been taken #t'SO-foot intervals. Traverses with
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samples spaced at a vertical 1nterval of from 10 to 60 feet have been made
from the top ‘of the Moenkopi formation to the top of the Chinle "D“ member
at intervals of about one m;lep About six and one-half miles of outcrop -
have been sampled, ‘The anaiyses of the'tree samples for uranium have not
been completed., Prospecting of a similar nature is planned along the re-
maining 10 miles of Shinaremp conglomefate on Deer Flats and will be even-
tually extended to the Elk Ridge area, Utah.

A project of indicator plant mapping in the San Rafael Swell, Emery
County, Utah, will be‘started_onAJune 20, 1953, and continue until fall.
It is planned to study indicator plant diStriBution near known uranium deo

posits in the Shinarump conglomerate and to extend the study by reconnais-

~ sance throughout various geologically favorable areas of the Swell. Similar

plant associations will be mapped for further geologic investigation.
‘Resource appraisal

The aim of the resource appraisal program is to synthesize available
data on‘the>distribution of uranium deposits in the_Colorado'Plateau pro-
vince in order to determihe'syetematic geologic relationships that may help
guide exploration for ore and aid‘in evaluating the total resources of the
province. In fiscal 1953 re?onnaissanee studies of the deposits in pre-
Morrison rocks were contlnueh and compilation of available information on.

the distributlon of Morrison deposits in the Uravan mineral belt was begun,

Ore distribution study, by J. D, Strobell Jr,

Compilation of maps showing known dep051ts and favorable ground in the

Salt Wash member of the Morrison formation was begun. Maps coverlng the

Uravan, Gateway, and Paradox districts have been prepared and will be
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available for exgmination at the Geological Survey Grand Junction office.
The distfibhxion patterh will be analyzed to determine regional trends of
ore concentration, and to relate it to such factors as lithologic units;
structures, erosion surfaces, and inferred ground water surfaces. The study
will be extended to the remaining parts of the Uraven mineral belt and then
to other areas containing known deposits on the Colorado Plateau. Progress
reports will be prepared covering uhit areas of sufficient size to yield

significant appraisals and relationships.

Grade.distribution study, by J. D. Strobell, Jr.

- The regionai distribution of uranium and vanadium as indicated by drill-
hole aséays‘will supplemeﬁt the ore distribution study. Drill-hole samples
.can be considered random samples and érebamenable to statistical and geo-
légic analyses; Analyses oflthe regional variations in grade'and the rela-
tive amounts of uranium and vanadium will yield patterns that may be related
to geologic or mineralogic factors, Stratigraphic variations in grade and
metal ratios will be studied, and comparisons will be made between deep-
seated énd near-sﬁrface deposits. This study is planned to begin late in

fiscal year 1953 or early fiscal year-195L.

Pre-Morrison resource appraisal, by W. I, Finch

" The objectives of the pre-Morrison appraisal are to obtain an evalua-
tion of the deposits in the pre-Morrison formations, particularly the Shina-
rump conglomerate, to determine the geologic habits of uranium in pre-
Morrison rocks; to compare Morrison and pre-Morrison depoéits in the Colorado
Plateau,.and to determine areas favorable for exploration or specialized

geologic studies,
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During this reportlng period reconnaissance studies were made in the
Cameronﬂﬁolbrook Aplzo ‘and Big Indian Wash area, Utah. Progress of the
work to date has‘been‘summarlzed in TEM-57L, "Interim report on the re-
source Appraisal of uranium deposits in pre-Morrison formations of the

Colorado Plateau,® by W. I, Finch, Three belts of ground favorable for
better than averaée deposits are outlined, One belt is formed by the aline-
ment of significant deposits and geblogically'favorable‘ground from Temple
Mountain and the southern part of the San Rafael distriét, Utah, through
the central part of the Green River district to the Big Indian Wash aren;
Utah., The segqnd belt is in the White Canyon district, Utah, and the third
1n Monument Valley, Utal and Arizona. Analyses of data obtained from de-
talled mlne mapping has beguno Results of the mine studies will be reported
in TEI 287, “Geology of the Shlnarump Noo 1 mlne, Grand County, Utah, with
a general account of uranium deposits in Triassic rocks of the Colorado

.Plateau,w by W 1,_Fincho |

Field work will be resumed during the field season of 1953 and will in-
clude further reconnaissance studles and detailed m1ne=mapping to check and
‘ reflne concepts developed durlng the last fleld season, A more detailed and
comprehensive report on pre-Morrison uranium deposits will be prepared at
the end of the 1953 field season,

A study of the radicactivity of present stream gravels was undertaken
by R. T. Chew as part of the pre-Morrison resource study. Préliminary re-
sults indicate that anomalouslﬁ high radioactiviiy in modern stream gravels
is a useful prOspecting aid under certain restricted conditions, and that
dépdsitS»can'be detected, in some cases, as much as one mile downstream,
TEM-629, "Preliminary report on the study’of’radioactivity;in modern stream

gravels," by R, T. Chew, -III summarizing fesultS‘of this study to date is
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in preparation, Plans include additional field work in selected areas and

preparation of a final report on this method of préspecting.
Cenozoic Studies

The Cenozoic studies are aimed at pro#iding a systematic understanding'
of the Cenozoic history of'the Colorado Plateau and the influsnces it may have -
lla@ on the origin or history of the sandstone-type uranium deposits°

During 1952 the stratigraphy and structure of Cenozoic formations in
various parts of the Colorado Plateau were studied, A prelimiqary neport
synthesizing existing knowledgo of the Ceoozoic is in preparation.

Evidence collected for this study suggests that the 1_acéoli{ohic in-
trusions are Middle Miocene-and therefore, are much younger than the bedded
uraﬁium_déposits of the Colorado Plateau which are dated as lotogcréiaceous
or Eocone by lead-urenium ratios. o

During the?next’repoft'period‘the preparation of the summary report will
| befoooxinued and some field investigations of selected aregs‘ond special

problems may be undertaken,
Mineralogic studies

igoneral mineralogic studies, by A. D. Weeks and L. B. Riley’

| The objectives of the mineralogic studies are to idenxify the minarals
,of the uranium deposits of the Colorado Plateau and to.determine'the com-
position, structure, distribution, and paragenetio reiafionships of the '
| minerals in order to contribute to an understanding of the habits and origin
of the deposits.

Looalities on the Colorado Plateau in which uranznite (pitchblende) has

been found and identified now total 23. These ocourrences are about.eqnally
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divided between vanadiferqus and non-vanadiferous uranium ores.

The %“zippeite® from.the Plateau Q&ili is a mineralogical problem.
Although a chemical analysis of material frbm Capitol Reef, Utah, is similar
to thét of zippeite from Europe, the X-ray patterns differ., In the Semia
annual repoft, TEI-310, it was stggested that the Plateau "zippeite" might
;bé mgnoclinic, based on optical studies, but preliminary single cryétal
X-ray Qtudy by H. T. Evans indicates that it is orfhorhombic, | |

. Two new minerals have been studiéd and their descriptions are now being
written by M. E. Thompson and A, D; Weeks. Both have been analyzed chem-
ically by A. M. Sherwood. . One, probably V205°3H20, occurs abundantly in
the Sogth:Rim‘workingS'of the Monument No. 2 mine, Monument Valley district,
Ariz, A new ufanium.carbonate,'tentatively called'rabbittite Zg;obably:
Ca3Mg3(U02)2(003)6(OH)h018H227 was found in theliucky Strike No. 2 mine,

" San Rafael district, Utah. H. T. Evans has determined one lattice constant
vpf'each of}these minerals, which seem 100 fine-grained for further single
crystal X-ray study. |

Samples of-four miherals now awaiting chemical analyses, after separa-
tion and purification, are tentatively identified as cobalt uranyl sulphate |
(2), sodium hewettite (2)s fernondiniie (?), and corvusite (2). Several
unknown minerals in samples collected from Qarious ore deposits during 1952
have not been found in sufficient quantity for chemical analyses. and cannot
be described as new minerals, In this group is a possible barium tyuyamunite.

‘R, B. Thompson, Jrolhas separated and'identified very small marcasite
crjstalslfrom a blue-gray clay associatedIWith meianovanadite and ﬁottled
red clay at the Mesa No. 1 mine in the Lukéchukai Mountains, _Ariz° He has

also identified coffinite,,pyrite,_énd a small amount of nickel-cobalt
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- arsenide, possibly'rammelsberglte, from the gray portion of a mottled clay
collected at the Corvu31te mine, Beaver Mesa area, Utah.

Several studies of the clays and the clay minerals from the Colorado
Plateau are in progress. R. B. Thompson, Jr. has made X-rdy spectrometric
patterns of about 25 red and gray clay samples associated with ore and has ‘
prepared several pairs of samples for chemical determinations.

M. D, Foster has found evidence that the “vanadium clay-like" mineral
from Plaéerﬁille, Colo., analyzed by V, North,.is trué roscoelite, This
identification has aiso been reported by Prof. William Heinrich (University
of Michigan). Thus, not all the vanadium clay mineral at Placerville is a
hydromica, Several vanadium clay samples from the Plateau are being analyzed
to detefmine whether they are roscoelite mica, vanadium hydromica, or a clay
with included vanadium oxides,

M. E. Thompson has identified the'minefal constituents, using an X-ray
spectrometer;, of the fine fraction of 96 samples submitted by R. A, Cadigan
for the stratigraphic studies group on the Plateau.

The intensive study of the mineralogy of the Monﬁment No. 2 mine and
.vicinity, Monument Valley, Ariz., by D, H. Johnson has already produced a
large amount of data, of which the following seem especially noteworthy.
Tyuyamnnite,'including métatyuyamunité, is the principal uranium ore mineral;
carnotite proper is uncommon. Many specimens of uraninite héve been found,
surrounded by such secondary uranium minerals as becquerelite énd uranophane,
Most specimens of uraninite and some of the specimens of becquerelite show
relic wood textures. Small amounts of arsenic and phosphate are present in
zeunerite aﬁd autunite. Corvusite or a close relative is the most abdndént

uranium-free vanadium mineral; no vanadium clay mineral has been recognized
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to date., 'Pyrite is relativély‘abundant;Ain somevspecimens'it appears to be
older than uraninite, in others younger. Pyrite w{th relic wood textures
have been noted. OSmall amounts of’otherﬂsulphides o;cur; some galena has
been found within a uraninite specimen and small black sPhaleritelcfystais
werevcollecﬁed'from'a "log", The considerable iroh cpntent of this sphale-
rite indicates thatcit~is éhe‘variety marmatite which suggests deposition at
an elevated temperature.

Stﬁdy of the distribution of the vanadium and uranium minerais at the
Monumént No, 2 mine suggests that as originally deposited ‘they were generally
sep@x&te>being combined only after oxidation., There.is also a suggestion
that uranium tended to be deposited stratigraphically above the vanadiumo
Much, but far from all, of the ore occurs in what have been termed "logs"
or'”rolls", that is, ore~pods.more qf less cylindrical in Shapeo These
ﬁ;ogsﬂ geﬁerélly contain ofes'of silicified wood, claystone, gray sandstone,
or conglomerate, Much of this core material is very poorly cemented. An
intefmediaté zone.of tyuyamunite‘and/or limonite surrounds the core; ahd an
outef zone of limonite imprégnation grades into barren coﬁntry rock,

Study of. the mineralogy of the Skyline mine, in Monument Valley, Ariaz,

- and of the Huskon claims near Cameron, Ariz., has also béen'started by

D. H, Johnson in part for comparison with the Monumenf No; 2 mine. Both

- thefe mines have produced sémé ﬁraninite; the ﬁuskon claims have shown some °
interesting concentrations of‘nickel and cobalt,

o - During the period of this report, TEI;285, "Mineraldgic study of some
Jurassic aﬂd Cretaceous claystones and siltstones from Western Colorado and -

Eastern Utah," by A. D. Weeks was transmitted to the AEC.
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A TEI report, “Identification and occurrence of uranium and vanadium -
minerals on the Colorado Plateaus}’by A. D, Weeks 4nd M E, Thompson,} | |
written for the use of field geologists, may be available before the end of -
"the 1953 field season. ‘

‘Three TEI reports are in various stages ‘of preparation for transmittal
to the AEC: "Montroseite, a new vanadium oxide from the Colorado’PlaueauS"

by Ao D Weeks, E. A, Cisney, and A Mo Sherwoods "Occurrences and proper- -
Tties of metatyuyamunitew by T. W, Stern° and "New occurrences of rauv1te"
by A. Do. Week,s° |

Plens for'the general mineralogic studies during the next report period

include ‘field and office investigations to further define the relatlon be-
tween the oxidlzed and unoxidized ores, particularly wlthin the Uravan
mineral belt, as well~as further 1nvest1gation of the vanadium clay probleméﬁ
The intensive study of the Monument No, 2 mine will be cOntinued'and addi-
fional mines may be mapped and suudied intensively'in order to relate the
details of the mineralogy to the habits and history of the.ores in hopes of

determining the environment of ore dep051tlon and paragenesis of the deposits.

Distribution of elements prﬁgect by E, M, Shoemaker

The distribution of elements project is planned to investigate the
relations between uranium dep051ts, other types of ore dep031ts, the<host
sedimentary rocks, and igneous rocks in an effort to determine criteria for
recogniuion of ereas eontaining_ore deposits. Special search is being made - -
for neu geologic'environments favoreble for uranium deposits and for new
tyoes of ore‘deposits° Results of preliminary studies are summarized in
‘ TEI 275, "Distributionkof:ore deposits and‘spectrographic analyses‘of

some rocks and ores on the Colorado Plateau," by E., M, Shoemaker and
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L. B. Riley, January 1953. A map of ‘the "Uranium region of the Colorado
Platea-ﬁ,W TEI-279, by E. M Shoemaker and R, G. Luedke was transmitted to

the AEC in January 1953; TEM§301, "Tectonic map of the Colorado Plateau,®

by R. G. Luedke and E. M, Shoemaker was transmitted in May 1953; -both” maps . SR

wili‘be-aVailable to the general‘public as qug;file reports.
‘The project 1s divided into three phésesz (1) distribution of elemeqts
in bedded ore deposits, (2) distfibution of elements in sedimeﬁtary rocks, |
and (3) dietributioniof elementslin igneous rocks. About 1,000 samples of
rocks and ores have been collected, prepared and submltted for analysis,
Analyses have been received on a part of this group of samples; compllatlon
and study of the chemlcal data is in progress, B
— .Colorlmetrlc analyses have been obtained fof suites of;samples prepared
from pulps of ore shipments to the uranium millso- In 66 samples, from mines
widely scattered over the 0010rade Plateau, arsenic was found to range in
concentration from 20 épm 10 2,000 ppm and had a geometric mean concentre;
tion of 158 ppm: High values of arsenic were fouhd‘chiefly in mines arodnd
the Henry Mountalns, Utah, and around the La Sal Mountains, Utahc In 127
samples selenium was found to range in concentratlon from less than O 5 ppm
'to 350 ppn and had a geometrlc mean concentratlon of 9 ppm. In some of the
mines at the Temple Mountain district, Utah, selenium is bresent in concen-
:Zitrations that under favefable conditions might be considered the threshold
for possibieleconomic value as a by-product in the-ufahium mills.,
Statietieal analysis has beeh begun on the'distribution of elements
withiﬁ‘individual ore bodies. Tentative results of this study suggest that
the metals are distributed systematiceliy in the ore bodies aﬁd that the
correlation between the-metals can be related to the-geologic environment'of

the ore bedieeo
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.The éverage composition of Salt Wash sandstone was found to be strik-
ingly close to the average composition of 32 formations from the Colorado
Plateau ranging in age from pre-Cémbrian to late.Cretaceoué° Of 17 elements
compared, 6nly four, sodium, magnesium, barium, and copper; showed more
than a two-fold difference in concentration; only one element, copper
showed more than a three-fold difference, from the average of the 32 for-
mations., Coppef was féuna to be eight times more abundant in ﬁon—granifer-
ous Salt Wash sandstone than in the average of the 32 formations. The aver-
age concentration of 30 ppm vanadium in the Salt Wash sand#tone compares
closely with the average concentration of 17 ppm in 32 formations. - The
average radipactivity of s}ightly less than 0.001% eU for the Salt Wash
sandstone also compares closely.with an average radioactivity of 0.,002% eU '
for.ll formations ranging in agé from Upper Triassic to Upper‘Cfetaceouso

Reconnaissance mapping of the Ute Mountaihs, Colo. shows a syshtem of \
faults on the nofth.side of the mountains that may be related to the emplace-
ment of the stock. Uranium deposits are found aiong<the faults chiefly where
the faults cut the SummerVille formation., Non-radioactive copper depdsits
also occur along thé faults and in a dike and laccolith that appear to lie
along part of the'fracture pattern, These geologic relations éuggest that
the uranium and copper metallization took place after of during fhevintfu~
sion of the igneous rocks of the Ute Mountains and that the metals may have

been derived from solutions reléted to the igneous rocks.

Reconnaissance studies of the lamprophyric rocks of the Navajé-Hopi
Reservation;@xg revealed that diatremes filled with volcanic debris have
been mineralized with uranium'at widely separated localities. The radio;
activity éf the unmineralized lamprophyres has been found to be uniformly

low., The average radioactivity of 38 samples of minette, whiéh is the most

radioactive lamprophyre, is OOOOhZ%‘eU° Radicactive anomalies detected with
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aifborne equipment‘oy thenUo;-S0 Geological Survey over the diaﬂremes nay
indicate'uraniun deposits wifhin the diatremes and allddiatremes of "the
Navajo-Hopi Reservation may be worthy of 1nvestigation for uranium deposits.

Comparison of the minor elements in the bedded uranium dep051ts of the
Colorado Plateau w1th barren "ore zone" sandstone 1ndicates that certain '
elements, in eddltlon to uranium and vanad}um, are enrlched in the ore de-
posits. This same suite of elements, excluding uraniun'andﬁsanadium, shows
higher concentration in the mine%tes of the Navajo-Hopi Reservation than in
the diorite porphyrles of the Ute Mountains,

A progress report summar1z1ng the results of the Dlstrlbutlon of Elements
work to date is in preparation, Two other reports, “"Reconnaissance geology
of tﬁe Ute'Mountains“ (TEM-62L) and "Lamprophyre intfusions and associated
‘uranium deposits of the Navajo~Hopi Reservation" are in preparation and will
be suomitﬁed early in fiscalxyeer 1954, Parts of the program that show
special promise will be expanded during the 1953 field season. This work
prooebly will include: (1) anleveluation of the uranium-bearing igneous
rocks as economic sources of uranlum, (2) evaluation of the use of trace
metals in the sedlmentary rocks as guides to ore, and (3) the evaluation of
undeveloped mining districts by study of the composition of the ores.

Geophysical investigations
- by R. A, Black

The_Geologica% Survey has been aotively engaged in a program of geo-
physical investigations on the Colorado Plateau since l9h9,' Geophysical
investigations on the Colorado Plateau include the development of geophysical
proSpecting methods and the application of these methods to the sesrch for

uranium ore in individual districts.
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Field work on the district studies project was recessed in December
1952 and was resumed in April 1953. [The winter moﬂ%hs were spent in com-
putation of field data and in the preparation of reports on geophysicai
investigations made dﬁring the 1952 field season. Considerable time was
also spent in study of interpretation techniques that could be applied to
electrical resistivify data dbtained on the Colorado Plateau,

TEM-589, "Geoph&sical investigations on the Gramlich Group, Paradox
district, Montrose County, Colorado," by R. A, Black is in preparétion°
Electricai resistivity‘and self-potehtial surveys were made on the Gramlich
Group during the 1952‘field seaéon in conjunction with a development drilling
project. The resistivity survey showed that the geologically favorable area
for uranium deposits on the Gramlich Group is defined by a broad near-uniform
zone of higher‘résistivity than that noted in the geologically less favofable
areas, The self-potentiai survey showéd that the uranium deposits on the
Gramlich Grouplare associated with negative.anomalies. The deposits seem to
be arranged peripherally around the negative anomalies, and tend to concen-
trate gown dip from them,

A rebdrt, "Geophysical investigations in the Koley Black aréa, Monument

Valley, Arizona;” by R. A. Black and W. H. Jackson is being readied for

transmittal to the AEC. The Koley Black survey employed electrical resistive..

ity, self-potential, and gravity measurements in an attempt to trace Shina-
rump-filled channels in the Moeﬁk0pi formation, Resistivity.measurements'
proved most applicable and were found capablé of delinea£ing the channels in
this area. |

An electripal resistivity survéy was made in the Monument No. 1 mine

area, Monument Valley, Ariz. in an attempt to find a continuation of the.

~.,
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Monument No, 1 channel. The resistivity data obtained- are beiﬁg.cqmputed
and ére being interpreted by the use of WEtzel-McMuEray.theoretiqal'resis-
tivity curves, This will bé.the first time that this interpretatibn ﬁethod
has been abpliedvtolcblorado Plateau resistivity data. | |

A file report on the‘comﬁarison and test of_electrical.résistivity
meaéurements using. commutated and direct current in Monumént.Valley in
October l952,'has been prepared bx\H; C, Spicer and R. A. McCullough., Modi-~
ficatioﬁs of existing direct current techniques are suggesteq tq:iﬁprgvéithe
accuracy of the D. C. electrical resistivity measurements.

A paper entitled "Geophysical investigatipns of uranium deposits in theAl
Cdlqrado Plateau" was ﬁresented by R. A, Black at the annual meeting of the
ADME in Los Angeles, Calif, |

Field work was begun in‘April 1953‘wi£h a self-potential survey in the
Happy Jack area, White Canyon, Utah., The uranium deposits in this area are
. associated with smail amounts of sulphides. The survey was maae to deter-
mine whether or not these uranium ore deposits with émall amounts of associ-
ated sulphides could be detected by. surface self-potentiél surveys. Prelimiﬁ-
ary examinatioﬁ of the data has shown émall énomalies which may be assogiated
-with suiphidelcdnceritrationpso Test drilling is planned by the AEC to deter-
mine the cause of these anomalies.

Self-potential, res;sﬁivity horizontal profiles, and resistivity depth
measurements are presently‘béing made in the Deer Flat area, White Canyon, .
Utah in anvéttempt to obtain geologic information prior to exploration drilling
in fhis area,

Seismic_réfractioﬁ tests were made in four localities in the Monument

Valley area during April 1953. The tests were made to determine the velocity
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contrast between the Shinarump and the Moenkopi,formation, and, in the evept
~ of a favorable contrast, to determine the ability éf thé seismic refraction
method to trace channélso In the Nokai Mesa area, excellent results werse,
obtained, probably as a. result of the much greatef Shinarump thickness and
. corresponding reméval of the upper Moeﬁkopi layers., In the Koley Black area,
the intefpretation of travel-time curves appeérs to indicate the positions
of the channels, In the Hunt's Mesa and Monument Nﬁo'l areés inconsistent
results appear to be ddg to réfractions from hard shale layers in the upper
Moenkopi.

| Field work was begun on a magnetic survey to deiermine the relationship
of the Round Mountaiﬁ stéck, Castle Valley, Graﬂd County, Utah to the La Sal
Mountains., :Field work has not progressed faf.enough‘to permit evaluation;of
the data. J

_.An electric logging prégram was begun on the Colorado Plateau during
the summer of 1552 to detefmine if uranium-vanadium mineralization in the
Morrison formation elters its electrical properties to such an extent that
such'anogalies could be used as a basis for geophysical prospectihgo Eleétric
logging operations were carried out durihg the 1952 field season in various
areas in the Morrison. Field operatidns_wefe‘recessed from becember'1952 to
‘June 1953 and a laboratofy study of the electrical properties of a group of
diamond drill cores,from the Morrison was carried out. Preliminary'results
indicafg that at least a qualitative reiation exists between resistivity and
ore occurrence. Generally the resistivity of.sahdstone lenses.in areas geo-
logically, unfavorable for ore was lower thén the resistivity of sandstone
lenses in areas favorable for oreg resistivity was highest in mineralized
holes at the‘depth at which ore occurred. TEM-608,'"Pe$rqphysicgl studies of
the'Morrison formation," by G. V. Kelier on the results of the field work has
been transmitted to the AEC. ‘

;
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Plans f§r the next‘reportingfperiod call forla continuation of fesistivf
ity and self-potential surveys in connection with e&ploration and district
geologic studies problems, . Refraction seismic surveys'will'be continued én
an experimehtél basis. . Research On,the application of surface in-hole meas-
urements to determine the extension of knéwn_uranium'deposits will-bé carried
out, invadditibﬁ to the regular eiectriq‘légging program:ntiliz;hgyﬁhepnésulﬁg-
of last year's exberimental work. The regu;ar logging program in the Morrison
formatiqn wiil be continued and the electric logging may be startéd in the
Shinarump conglomerate in the 1953 field.season° Magnetic surveys wiil-be
made to determine possible‘relationships of igneous and sedimentary structures
to ﬁranium deposits.,

Regional studies are planhed for fiscal 1954 to establish the broader
'geologic and tectonic history of the Colorado Pléteau° Such studies will; :
among other things, be concerned witﬁ analysis of regional magnetié, seismic,
ang gravity data with reference io the relationshipvbetween such featureé as’
buried ignebus'intpusives and salt plugs and the enclosing sedimentary rocké;
and between basement topography and composition and the overlying sedimentary
rocks. Graﬁity measureﬁents are planned to suppiement the broad regional '
data’that has begn hade available on a confidential basis from oil companies.
Additional aeromagneticVmeésurementsvtotaliing 10,000 square milés are planned “
for the 1953:£ield season. |

Originai4Stéte core studies
by G. E. Manger

The objective of the originai-state'core study is to provide basic data
on the physical and chemiéalfproperties of ore and country rock where the

amount and composition of the interstitial water in the rock have not been
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changed radically by the flushing action of a water-circulating drilling
medium, Basic data such as the percent interstitiai water saturation, chem-
~ ical composition of the interstitial water and the host rock, and the poros-
'ity, permeability and electrical conductivity of the rock should assist mate-
" rially in the interpfetation of data obtained by current geophysical and
geologic exploration, It is possible, too, that such data may reveal other
relationships that would suggest new or modified techniques of exploratien,

During the reporting period, laboratory investigations were made of
cores obtained by air and oil-base-mud core drilling. These investigations
included: (1) elastic consfant deﬁerminations by the U. S. Bureau of Mines
Eastern Regional Laboratory, (2) porosity, permeability and interstitial
water determinations by the U, S, Bureau of Mines San Francisco Office, and
(3) mineralogic and petrographié examinatioﬁ of well-mineralized portions of
the core.

To date, preliminary results of the porosity, permeability and inter-
stitiél‘waﬁer analyses by the U, S, Bureau of Mines have been received,
Figure i presents these data graphically. These and radioactivity analyses,
together with some data derived therefrom, are shown in table 1. Some of -
the more important conclusions ares

1, The interstitial water content of the pore space in somé samples
(column L) (sample tube numbers 66, 78, 79, 80) is very low, The percent
saturation for the samples is certainly far below the ®irreducible hinimum"
water Saturétiono In other words, water is probably present as discontinuoué
droplets in the sharper Solid angles formed by the contacting surfaces of the
mineral grains; As a consequence presentéday flow of ground water through

the “rock': represented by these particular specimens is improbable,
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Other samples (column L) contain appreciébly ﬁore wéper in the pore
space, but in these samples also the percent water ;atﬁration may be at or
belowvthe "irreducible minimum"., If so, a éontinuum of water in the rock repre-
Sgntéﬁﬁﬁy@tﬁesefsampgesaﬁ&nét«presentgandagrouﬁd;wéterrisgpfobably not moving
through the rock. Capillary pressure of othe: suitable laboratory tests

will be needed to determine the "irreducible minimum" water saturation for

- representative samples.

The more radiocactive samples, and particularly those from the oré zone .
(column L, sample tubes number 85), show a high percent saturation inbthe
pore space which may be due to contribution of "water of crystallization?
from clay-like minerals associated with the ore.

2. When the recovered soluble soiids are "dissolved" in the recovered
water, expressed as pefcent‘Saturation of pore space in column L4, some

impossibly high concentrations of soluble solids in interstitial water are

‘obtained (column 5). Some of the interstitial water solutions may be super-

saturated, or more likely, salts may be present as precipitates in the pore
spaces in the formation.

3. If the soluble solids (column 5) are hypothetically dissolved in

water occupying 100 percent of the pore space (column 6), the solution con-

centrations become more uniform and range from 9,000 to 30,000 parts per
million soluble solids. Thus it seems that the varying concentrations of
column 5 may be due to é§aporation of interstitial water.

L. The maximum chloride content in the samples studied (column 7) is
less ihan 9 percent of the total soluble solids and the aVerage is only 2
percent, whereas the chloride content of sea water exceeds 50 percent of the

total dissolved solids. It seems, therefore, that the interstitial water in
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these sedlments is not derived from normal sea water, nor indirectly from
brackish wa'tero The low chloride content of the ore rock (sample tubes 85)
may be due to chemical reaction among the ore, associated mlnerals, and the
interstitial solutions°

5. The low air permeabil;ty in the ore zone (column 9, sample tubes
number 85) may be due to cementation arising from emplacement of ore and
associated minerals, Liquid permeability (column 10) determined by sodiun-
chloride brine is roughly 20 percent of air permeabilitya Theoreticalhy,
the air and liquid permeability shoula_be equal, ReductionAof liquid perme-
ability is attributable usually to the swelling of clay minerals,

Laboratory work fér the next half year will‘include completion of
analyses by the U, S, Bureau of Mines on cores obtained during the 1952 field
season, apd further méasufements'of other physical properties sﬁch as elastic
constants and electrical conductivity, and chemical, spectrographic, r#dio-
activity, and mineralogic examination of the rock and interstitiai wat@f°
During the l95gxfield season it is planned to core-drill two holes through
unoxidized ore in the Uravan area., An oil-base drilling mud will be used.

' Physical and chemical analyses similar to those described above, will be
.made on the unoxidized ores.,
Pumpkin Buttes area, Powder River Basin,

-Johnson and Campbell'Cbuntles Wyoming
by M. L. Troyer

The objectives of work in the Pumpkin Buttes aréa are: to search for
uranium deposits; to study the distribution of the rocks in which uranium
occurs; to study the habit of occurrence of the uraniferous deposits; and to |

outline the areas favorable for the occurrence of additional uranium deposits.
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The Pumpkin Buttes area inéludessabout 650-équare miles in Johnson and
.Campbell Counties, Wyoming, During the 1952 field beason the geology of
about 100 square miles was mapped in some detail on aerial photos and 5nother
130 square mile55Wast mapped by reconnaissance methodsal

Uréniferous‘deposits in the area are of two typess (1) small irregularly
shaped concretionary masses containing‘mnch mangénese and iron and having a
very high uranium content, and (2) disseminated‘uranium minerals'with little
or no mangénese and iron. The deéositsvof disséminated uranium minerals are
similar in many ways to deposits in the ColoradoPiateau° Bbth,types of de-
posits are found in sandstones that ordinariiy are lenticular, cross-bedded,
medium- to coarse-grained and reddish-gray in color. The sandstones con=
taining the uranium depésits are in,the'Wasatch’fqrmation.bSO t0;900 feet
above the base, The presence of the reddish-gray saﬁdstone containing car—._,’
bonaceéus material is a useful guide at most places to favorable ground for
the‘concfetionary deposiis° The deposits of disseminated minerals were dis;
covered late in the field season and not enough information is available to
i&entify the features th#t would bé useful in searching for more deposits of
this type. |

TEM-572, a preliminary report on the results of the field investigations,
was transmitted to ﬁhe AEC on January 16, 19530 Since that timé all field
data has been dompiled ﬁnd a more detéiled report is about completed° |

During the field season of 1953 geologic mapping will be continued in
thé Pumpkin éuttes area, Parts of Sussex No, 1 SE, Bu‘btezNo° 2 SM& and Sussex
No. 1 NE, 73-minute quadrangles will be mapped in detaii to further study the
disfribution of the ore-bearing sandstones, and thé enclosing'roéks, and to

study the.relation of uraniferous.deposits to this distribution. The areas
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chosen for mapping include a number of the concretion-like pods and'all,~so
far known, of'tﬂe disseminated depositso More detai;ed mapping, et‘a scale
of 1 to 14200 or less,fwili be done at and in the vieinity of the more im-
portant deposits of uraniferous material, |
In addition, further studies of the stratigraphy of the_wasaﬁch for-
mation and the relation of graniferous deposits to stratigraphy will be

‘made.

BlackuHills“uSouthMDakota

The imﬁediate objectiﬁes that have governed the.type,of investigations
carried on in the.eouthern Black Hills during the past six months have been‘
to determines' (1) the stra;bigraphy ef the Lakota and Fall River sandstones,
(2) the‘relationship; if any, of the ore deposits to structural and strati-
graphic anomalies and irregularltles, (3) the relationship of uranium to its
decay products, and (L) the mineralogy of the deposits.

Detailed studles of the outcrops and of diamond drill core, have shown
that the Lakota sandstene in the Long Mountain area contains two principal
oresbearing zones, One of these erenbearing zoﬁes is a massive sandstone at
the base,of.fhe Lakota"sandstone and predominaqtlj'is composed of fine sand
and interstitlal clayo In Craven Canyon it is.about 100 feet thick but thins
rapidly both te the . east and to the west. The uranium content ranges from
0,039 to 0,47 percent and from 0.11 to»0075 percent V,0g. The other miner-
alized sandstone occurs about.SO feet stratigraphically above the basal
sendstoneo, This bed is widespread and ranges from&ééﬁto 105 feet in thick-
| hess,"lt ie composed of thin interbedded, fine- to medium-grained, sand- |

stones that contain abundant altered feldspars, chert, and carbonaceous
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fragments. The sandstones generally are light grey but locally are light

ore deposits. The uranium

purple. The color has no apparent relation to the
Aand vanadium content of samplés from this bed are comparable to those of the
basal sandstone°

Analytical data indicate that the average U303-eU308 ratlo is less than

1 in the cores and greater than 1 in the surface samples, The v2°5'U308
ratio is about 2 to 1, in the cores but less than 2 to 1 in surface sampleso

| Preliminary study of the mineralogy of the ores from the Edgemont area
has been completed, - At the Pabst No., 3 mine,  dark-red to black crysials of
msta-hewettité, a secondary calcium—vanadate; occur as isolated clusters and
as cogtings as much asAone-fqurth'ingh.thick on a.glassy; coiorless, botryoidal
nineral that is probably opal. A rounded msss of a dark brown-black mineral
that opticglly resembles raﬁvite, a calcium uranium-vanadate, is in the center
~of many of thé isolated clusters. Meta-tyuyamunite, rauvite, hewettite, meta-
‘héwetfité, cérndﬁite, and Jutunite have béen tentatively identified in speci-
mens of uranium-vanadium-bearing Fall River sandstone }rom the ore zone at the
Métias Peak No, 1 claim, Autunite occurs as thin coétings and as doughnut-
shaped masses oh a iight io dark gray, paper shale that forms an impervious
‘1ayer atvthebbottom of the ore zone, Né autunite was hoted in the sand-
| stoné; The yeliow uranium mineralé-ecarnotite and meta-tyuyamunite--were,
iﬁ genefél, the fifst deposited. They occur as grain coatihgs, as fracture
fillings, and as disseminated flakes in the sandstone, The meta-hewettite
and hewettite occur’ as thiﬁ coatings on the sand grains and almost always
coats the yellow uraniﬁm minerals, Rauvite occurs as botryoidal masses on
the other mlnerals and appears to have been the last mineral depOSlt;d Con-

tinued study of specimens from other mines in the area may result in a full

knowledge of t.he paragenesis of the ores.
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‘Silver Reef district, Washington County, Utah
by Frederick Stugard
lThe Silver Reef project will be completed by the transmittalnof TEI-
254, The report gives the results of the diamond-driliing program in 1951
and a re}examination of the mine workings in May 1953. (See TEM-21lL.)

The ge&logic conditions in the Silver Reef district are such that uranium
ore can be produced only by selective mining of smaliplenses of ore-bearing
sandStones and shales within the Chinle formation. The largest ore body
found and mined tc date was approximately 50 by 60 feet, and 1 to 3 feet in
thickness., The ore'produced has come frém 9 to 25 feet below the surface
and is in this respect similar to the silver deposits mined in the nineteenth
centufy, which were shallow and decreéséd in grade with depth. Uranium-

. vanadium minerals occur on fracture surfaces for a few feet beyond the main
ore~beéring pods, thus showing gréater mobility than the silver minerals
iQescribed in old mining reports.

The lithology of the reef-forming sandstones of the Chinle formation
is so variable that an individual bed can rarely be traced for a quarter of
a mile. Therefore, favorable ground for prospecting can only be projected
for short distances from any ore bodies discovered in the future. Detailed
exploration is needed in advancé of mining operations Ito reduce the tonnage
of waste rock removed, The remaining areas in which exploration might
duplicate known ore pods by new discoveries are the Big Hill area, and ad-
jacent to fhe recently exploited pods of cre at the Vanderbilt mine and the
Leeds Uranium_mine. The core drilling in'l951 recorded the strata around
Pumpkin Point safisfactorily and shows the difficulty of lithologic correia-
.tions over even short distances. Development work on any‘new ore bodies

would best be accomplished by wagon drilling.
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Within the Silver Reef district, fufthervprqspééting:can best be carried
on by wagon drilling on a 20-foot gfid, or closer spacing, around the already
exploited ideposits at the Leeds Uranium mine, Vanderbilt mine, and westward
from Pumpkin Point onto Big Hill. A 5-foot grid'ié required to outline any
ore bodiés prior to mining. WNear the Silver Reef district, prospecting can
best be carried on by radiometric fraversing in the Chinle formation eas£ of
the Hurricane fault, in the Cenozoic formations in contact with the Pine
Valley laccélith, and the Shinarump conglomerate outcrops southward from
Silver Reef.

The Silver Reef district méy in the future produce an additional tonnage
of uranium roughly equal to that already produced, but probably not at a
profit to the operétors. This uranium would probebly come from small lots Qf'
haﬁdééorted ore produced.by excessive labor. The possibility of the district
supporting.sustained uranium mining operations is exceedingly remote, although
hand specimens of marketable grade may be submitted from time to time.

After completion of this Geological Survey project, it is planned to
follow private deﬁelopmenté in the district informally end to make a brief

geological study of any new ore bodies found.
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U.i'ESEARCH FOR AND GEOLOGY OF URANIUM IN VEINS,

'IGNEOUS ROCKS, AND RELATED' DEPOSITS

Reconnaissance

: . Central Mineral Belt, Colorado
by C. T, Pierson, Q. P. Singewald, and M. G. Dings

© Field work in the Alma and St. Kevin districts was completed in 1953.
In the Alma district, Park County, pitchblende is associated with Tertiary
veins. Secondary uraniﬁm hinerals, as yeﬁ-undetermined, are associated
with pitchblende in several occurrences, Although none of thé known occur-
rences in the Alma district.iS'of commercial importance, . the district is
considered a favorable area in which to prospett for uranium ore because wii.
2Ly of the L3 localities examined show anoﬁalous radioactivity. Samples |
from these 24 localities.confainea from 0,001 to 1.66 percent U,

In the St, Kevin district, Lake County, 122 weak radioactive anémglieé
were found, Most of the anomalous radioactivity is in igneous and meta-
morphic rocks of{pre«Cambrian age, but some anomalous radioactivity ié in .
metalliferous veins of Tertiary age. Samplés of altered granite or schist
contain as much as 0,065 percent U,,ﬁfobab;y in the form of secondary
uranium mineralso' Samples of vein material con?ain as much as 0,013 per-
cent U also probably as -secondary uranium minerals.

At a few localities, uranium-beafing minerals have been identified,
They are found aSrdisseminationS'ahd fracturé coatings in igneous and meta-
morphic rocks, and are probably present in the ra&ioactive vein material,

Torbernite is the most common uranium-bearing mineral, but metatorbernite,

autunite (?), and a uranium variety of florencite gre sparsely distributed,
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wﬁeﬁkﬁownvunanigmiogcurrences;are hoflof commercial‘importance. How-
‘ever tbgy are for the mpst p#rt in non-glacigted tefranélwhigh has been
%.éﬁbjected to a very long period of weatheriﬁg, during which the uranium -
C§ﬁt§nt of material neér the surface may have been greatly reduced by

chefpic::él'leaChing° Occurrences of even small quantities of ﬁréhium minerals
might be related t0'stronger,'priméry concentrations at depth.

During the summer and fall of 1952, the Montezuma district, Summit
County, and the Garfleld and Taylor Park quadrangles, in Chaffee and’
Gunnison Counties, were radiometrically examined, The Montezuma district
'containé abundant fissure veins that cﬁt pre-Cambrian gneiss and Tertiary
quartz mdnzonite° The typical véin:minerals are~galeha, sphalerite, pyrite
and chalcopyrite iﬁ a quartz-barite gangﬁeo Abnormal radioactivity was
detected at 2 prospects on 2 differenﬁ veins on Glacier Mountain, but the
uranium content of both veins is too low to be commerical at-present.

In the Garfleld and Taylor Park quadrangles the prevailing structures
are northwest-trendlng folds and faults° The principal ore minerals, in-
cluding~sphaler1te,.s1lver-bear1ng galena, gold~bearing pyrite, and'limonite,"
occﬁr'chiéfly as replacehentgbodies in limestone and as shoots in pyritic
quartz veins. Anomalous radioactivity is uncommon; weak radioactivity was
detecﬁed at only L widely sgparatédvioqalities in the Garfield quadrénglef-
Madonna, Siient Ffiend, anijpn Ton mineé,'and’the Mount Antero region. The

uranium contenttof-samples from thesellocalipies is low, No further investi-

gation of the radioactive materials in the regidn is planned,



General geologic studies

Reiation of ufanium to pos£=Cretaceous vulcanism
by R. R. Coats e

‘ As‘outlinea'in TEI=310, this project was prompted by the qbserved
spatial relétionship between’the regional distribution of Tertiary vol-
canic rocks and"étructurally controlled uranium deposits in the south-
western part of the United States; and the'fa¢t that some of these
uranium"depositsﬁoccur ih, or appear to be genetically related to,
intrusives of-Laramide or.latef age. Three aspects of.thé problem were
to receive} detailed'é£udys (1) regional variations in. the primary dis-

_tribution of uranium in igheous rock bodies, and the relation to the
variation in the disﬁribﬁtipn of other elemeﬁts;.(%) primary variations
in-the dist{iyutiOn of uranium within individugl igneous rock masses;

(3) epigenetic variations in the distribution of uranium in ignebus r&ck
bodies.’ , ._ » . | »

The field work in the fall of 1952 was largely sampling and field
eiaminétiéni direbtéd toward the stﬁdy of the first of these problems.,

v The Denver laboratorieé ofvthe Geochemistry and Petroiogy Branch analyzed
about 50 samples for"QUQ;Q;ﬁgﬁaifﬁéaﬁdﬁfitative spectrographic methﬁds,
for Mn, B, Be, La, Li, Nb, Sn, Ta, Th, end W, Statistical analysis of
the results is incompleté, but there is a strong suggestion of a corre~
iatiOn between fhe uranium content and the content §f the elementsltha£
ére known to bé_enrichea by pegmatif;c processeso_hThe range of variation
found in paftsvper million for the severéllelements is Mn, 100=700§ B, .10~

100; Be, 2-10; La, €40-100; Li, 40-400; Nb, 2=70; Sn, ¢4=105 U, ¢1-40.
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There is also an indication of a broad regional pattern in.the grouping of
most of these\elements, but additional,.more widely distributed samples will
be necessary to substantiate this tentative conclusion,

Field work, to be resumed about July i, will be directed again toward
determining the pattern of regional distribution. As opportunity offers,

study-of the relation of the type of alteration to radioactivity also will

- 'be-undertaken, -

Zonal relations of uranium deposits in metalllferous dlstrlcts
: by B. Leonard

The'objectives of this project ares (1) To test the validity of the

‘present 1deas on the zonal position of uranium deposits in metalliferous

areas (TEI-270). The salient features have been presented principally in

a report by King; Leonard,; Moore, and Pierson (USGS Circ. 215) and in a

~talk delivered at recent meetings of the Geological Society of America by

Leonard (Geol. Soc. Am. Bull., v. 63, pp. 1274n1275, 1952), (2) To find

~,and make approprlate 1nvestigat10ns of new uranium deposits. The emphasis

of this project has been on-the development of geologically-based prospecting

guides to delimit areas most favorable for the occurrence of uranium deposits
within metalliferous districts (TEM-521). |

During the winter ponths,'data were compiled on the zonal distribution -
of metals in the Wallapai district, Arizona; the Goodsprings district,
Nevada; the Bohemia district, Oregon} the Gold Hill district; Colorado; and

scattered metalliferous districts og the southwestern states.

Wallapai district, Arizona
Dings (USGS Bull, 978-E, 1951) noted the rough zonal distribution of

metalliferous deposits in the district, Campbell computed metal ratios Pb/Cu,
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‘Zn/Cu, Zn/Pb Au/Ag, Au/Cu, and Ag/Cu for mines in ‘the district, using pro»
duction figures given by Dings (Bullo 978=E9 Po 147) Later work of the AEC
disciosed several interesting radioactive dep081tsq. With considerable
hesitatioupvowing to inadequate datazon metal ratios iu the critical areas,,
we might infer fhat.the siguificant radioactive deposits are‘in areas
where the metalliferous veins have a high or unknown Cu/Pb ratio
(Cu/Pb, x*¥/x) and an intermediate or unknown Au/Ag ratio (Au/Ag, 1/xx).

This is crudely analogous to the pattern at Central City, Colorado, though
at Central City the intermediate zone carrying pitchblende presumably had
a higher Cu/Pb ratio and a Au/Ag ratio closer to 1/1. Data on the Zn/Cu
and Zn/Pb ratios are lacking for the critical area at Wallapai. Dings )
(Bull°978=E,,p@ 142) noted that chalcopyrite is one of~the more important
primary minerals'and apparently'the most important primary copper'mineral
at Wallapaio |

At least one other area in the Wallapai dlstrlct» centerlng about

1.5 mlles southeast of Chlor:.de9 shows a 51milar.highACu/Pb ratio and an
intermediate Au/Ag ratio. Though this area was also covered by the AEC's

' systematic radiometrio reconnaissance; significant.anomalous radioactivity

was not detected.

CentralMCitnwdistrict“,Colorado

Recent discoveries of pitchblende suggest that the limlts of the inter--

- mediate zone, favorable for pitchblende depositsy'should be broadened
;Aslightly from those suggested earlrer in Circular 215o ‘However, the general

relatlon of pitchblende to mineral zoning still 1s.applicable.as originally

~ stated.
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Field work in the Oregon Cascades, eariier planned for the summer of

1953, is cancelled as the project will probauly be recessed on July 1.

A report summarizing existing knowledge on the zonal distribution of

uranium deposits may be prepared next winter°

Radiometric reconnaissance of the Gold Hill mining area2 Boulder County,

Colorado, bv R, H, Campbell

The month of April was spent in radiometric reconnaissance in the

Gold Hill mining area, Boulder County, Colcrado. Thils area was selected

because it shows some lateral zoning of sulfide minerals associated with
telluride ores of gold and silver. In addition, the reported occurrence
of pitchblende in the Black Cloud mine is in the area of mixed gold-leéd—

silyer=tellurium,veins0 Thus it seemed reasonable that further radio-

© metric reconnaissance in the district might disclose additional Significant

radioactivity and occurrences of pitchblende that might be related in some

way to the pattern of sulfide zoning, or to the distribution of the

telluride-bearing veins. This zonal pattern is described below.

Two small centers (the area of thé Twin and Klondike veins in
the northwest part of the arsa, and the area of the Grand Republic

mine to the southeast) contain veins in which the ores were predom-’

.. :inantly pyrite-gold and/or free gold. These "gold centers" are

~ partly surrounded by veins containing tellurides accompanied by bhase-
metal su’"!‘fidesp including sphalerite and &alenaa A belt of telluride
veins lacking important quantltlea of sulfide minerals trends north-
east between the two "gold centers" and their perlpheral telluride~
sulfide vemso

Several local radiocactive "highs®™ of from 0,10 to 1.50 mf/hr were
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observed in fhe area, but most of them could notvbe related to any Qisible
uranium mine'rél0 The present investigation disclosed four occurrences of ,
vradioacfivityg'associated with %isible black minerals tentatively identified
as pitchblendép which had not been reported previously. All four of these
occurrences aﬁd_all the preyiously reported occurrences of pitchblende are
within the belt.of mixed bASeometal sﬁlfides and tellurides that is periph-
‘eral to the northwestern "gold center”., .

Nearly all of the’veins in the Gold Hill area are from 0.0l to 0.03
mr/hr higher in radioactivity than the country rock éurrounding them, The
rédioactivity'of'ﬁhe country rock in the area, predominantly Boulder Creek
granite (Goddard; 1940, Colo., Sci. Soc. Proc., v. 14, no. 4), averages
;ama 0,020 'to‘ 0,025 mr/hr,, rising to 0.04 locally, and reading as high
“as 0,08 on fhe,most radioactive of the pegmatites obsérved° A1l thé véins_
'havé-radidactivity of 0,03, at least locally, and most of them average. '
QOOAAto'O°06-mr/hr.along their entire exposures. In -some véins, radioui
activity éppears to increase in direct proportion to the amount of vein . -
ﬁaterial present, That‘isy radioactivity increases in or near stopes and
visible swells .on the vein. ﬁowever9 this relationship is not consistent.
throughout the district, as»maﬁy of the local "highs" appear to have no
relationship to the amounts of material present in the veins in.which_they'.
occur, Another feature of some of the veins ié an inéreased radioéctivity

atAsplits and intersections. This relationship, also, is not consistent

~ throughout the district, and is apparently a feature 6f particular individual =

‘veins: There is no apparent relatidﬁship of these radiocactive veins, or of .
" the local "highs" not associated with visible uranium minerals, to the

lqterai zoning present in the district.
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The results of the present investigation suggest that the more impor-

tant concentrations of uranium in the district are in the group of

~ telluride-sulfide veins peripheral to the northwestern "gold center".

However, the relationship of uranium to this telluride-sulfide zone is
still not clear. As radiometric sampiing of the district as a nhole nasi
not as complete as would be desirable, it is quite possible that signif-
icant concentrations of uranium minerals might be present throughout the
area, w1th a more random distr;bution than that suggested by present data,

Therefore, if further prospecting for uranium is done in the Gold
Hill area, the northwestern "peripheral zone" is‘probably the most favor=
able area for intensive work. However, the remainoer of the district
should not.be oisregardéd° If the size and extent of the known deposits
is considered indicative of the size and extent of the deposits remaining
unknown, it is inferred that very few, if any, uranium ore bodies in the
district éro of sufficient size and extent to be economically important
by themselvest However, if the district should again become active in
mining gold and silver, lead and/or zinc, then possihly some nranium could
be produced as a byaproduct°

Frequency distribution of uranium'with relation to

enclosing wall rocks
by J. W. Adams

During the period investigations have been continued on the uranium-

‘bearing deposits in the Golden Gate Canyon and Ralston Buttes areas,

Jefferson County, Colo. A brief~field study was made of the rocks and

structural features in the vicinity of the Golden Gate Canyon. deposits,
but most of the work has been a laboratory study of previously colieoted

material,
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Ofifhe eight known uranium oécurrences in Jefferson County, only‘the
Schwartz or Ralston Creek mine is being acti&ely prospected and an appli-
cation for DMEA assistaﬂ;e has been made by the lessee., Recent work at
the mine has-éxposed'a 7;foot width of pitchblende-torbernite ore that
contains 1.68 percent U, A 2-foot channel sample in this zone contains
4o32 perqent‘Uo -The éxtent of the ore is not known, but the occurrence
is iﬁ a strong shear zone that is known to be radicactive along several
hundred feet of strike length. As much as 0,14 percent vgos was found in
samples of the 6re, but the nature of the vanadium mineral has nof‘been
determined. The ore in this deposiﬁ is more siliceous and contains less
carbonates than the other pitchblende=bearing breccias examined in the
areaj a crystalline pota%h feldspar, rare in the other deposits, is a

common gangue mineral at’the Schwartz mine., A detailed study of the wall

rocks and ores from this mine has begun.,

District studies

‘Colorado: Front Rahige
by P. K. Sims

The Central’City district in the Front Range has been the principal
domestic source of high-grade pitchblende ore, and accordingly in fiscal
year 1953 a detailed study of an area of about 65 square miles between
Georgetown andbceniral City was undertaken fo evaluate the potential of
- this area for new production. The objectives of this investigafion are
mainly tos (1) find uraniferous dep/d/sitsp (2) determine the geologic set—
‘tins of the deposits,.(B) define ore guides,and controls, (4) determine the

origin of the uranium, and (5) evaluate the uranium resources.
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During thé past half-year, laboratory investigations were bégun on
the ores and the country rocks, the exploration projects were followed and
detailed geblégic—méppingnénd éampling were dofie in critical areas.

‘Explorafion financed by DMEA or the AEC is;nor has been, in progress
at the East Calhoun, Gold Rock (Springdale), Cherokee (Spread Eagle),
»Martha E, and Golconda mines. Highfgrade lustrouss7pi£§hblendé?ore was
found 'in the:East Calhoun and Cherokee mineé; but no ore has been shipped

’

- as a result of this work.

Central City district, Gilpin County, by P. K. Sims, A. A. Drake, and
Ro Ho MoenCh . . 4 N

Exploration of the Wood vein at theAEast Célhéun mine, financed by
DMEAQ continueavduring this feport pefiodol A small pod 6f highmgrade
pitéhbleﬁdé ore,’8 feet long; 8 feet high, ana 1 to 6 inches thick was
encountered in the wést drift on the 583-1evel, 506 feet west of the cross-
cut'fromifhe Calhoun vein to the Wood vein., Thé ore is high-»gféde9 massive,
ana lﬁstrous; The highest assay (6-inch channel sémple) gave 9.30 percent
el and 9.94 pércenf U, The pitchblende is on the footwall side of the vein .
intimately associated with white pyrite. A 3-inch layer of chalcopyrite
and yellow pyrite occurs on the hangiﬁg wall side of the vein. In the
-vicinity of the'urani;m ore small amounts of sphélerite and galena are
found around chalcopyrite cryétalsp and vugs conﬁain.sphalerite crystals
and comb quartz., Some tetrahedrite is present, and a brittle wire mineral,
tentatively identified as the bi’Lsmu‘chjbellurfide‘9 tetradymite, was found-in
. one vﬁg° The vein in the area of’the pitchblende pod contains considerable
good grade copper ofe and, at places, gold ore. According to the mine

superintendent, free gold.is>present in this part of the vein,
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The pitchblende pod appears to lie on the projeétion of the shoot
outlined in the Wood mine (Moore and Butler, USGS Circular 186, 1952),
which rakes about 45° to the west. Accordingly, it has been recommended,
to DMEA that further exploration be done to explore this favorable ground
above the 583-level.

The recent discovery in Bureka Gulch of L4 mine’dumps~¥Bulliong Boodle,
Carrol, and Rare Avis (2)--with significant radicactivity makes this area
& potentially important source of uranium that should be explored. The

following assays were obtained from grab ssmples of selected dump material.

Mine Equivalent uranium Uranium
‘Bullion a S 6. T T 6.87
Boodle .013 .003
Carrol. . ' 1.7 .029

Do. .93 ' .68
Rara Avis (?) .80 +59
Do, L7 .15

Do, . 4 .22 .03

Do. | 1.7 0.94

' Pitchblende has been identified from the Bullion, Carrol, and Rara
Avis dumps. To judge from dump msterial, it is asgociated_principally with
galens and ephalefité, |

~ The Bureka Gulch area is wifhin the intermediate zone, as outlined by
L2onard (abstract) 1952, on the north side of the central pyritic area
centéfing around Quartz Hill, and it is expected that further reconnaissance
in this region will diéclose additional pitchblende occurrences. .The area
also ie near the Nigger Hill bostonite dike (Phair, TEI-2L4T).

Pitchblende is present in the Cherokee (Spread Eagle) mine in Pleasant
valley, ané.the mine is béing opened and explored By AEC° The pitchblende
is exposed for a vertical distence of about 25 feet in the shaft wall over a
width of 3 to 6 inches. A grab sample of dump material contained 3oh8vper-

cent U,
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Exploration by the AEC of the Gold Rock (Springdale) mine, exposed a
small lense of pitchblende ore on the second level west,

A yellow uranium mineral, identified by the AEC as zippelte
LTU02)2(80£)O nH2=79 has been @bserve& at placss on the walls of the
Diamond Joe adit in Virginia Canyon. JMn interesting feature of this mine
is the occurrence of small amounts of ﬁative_COpperp heretofore not

described from the district.

Dumont-Fall River area, by F. B. Moore

Sampling of the radioactive vein at the Golden Calf mine near Dumont
indicated that the vein is not of ore grade. The samples collected were
outAof,équilibrium by a ratio of nearly 2 to 1 and assayed in the order

| of 0,0X percent U over a 1-foot width,

' Freeland-Lamartine district, by J. E. Harrison

Exploration work at the Martha E mine, Clear Creek County, Colo.,
financed by DMEA, was concluded on May 15, 1953. The inclined winze was
extended 85 feet to a point 100 feeb bélow the adit level (TEM4291) as
measured in the plane of the shear zone; and 66 feet of drifting and cross-
cutting was done on the new level at the botiom of the winze. DNo ore of
minable grade was encountered, |

Torbornite, metatorbernite, autunite, and sooty pitchblende occur
along the vein in a zome that ranges from 1 to 26 inches wide. Torbernite,
metatofﬁérnite and autunite occur along the footwall of the main vein
and are concentraued neia'4ntcrme iong betweea the main vein and
minor shears. Sooty pitchblende occurs along crosscutting fractures in the
maip vein, in thin stringers parallel to the main vein, and disseminated

through gouge near vein intersections and spiits. The main vein appears to
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become stronger with depth and contains quartz, pyrite, chalcopyrite, galena,
‘and sphalerite below 49 feet in the winze. Because of post-mineral shearing,
these minerals occur only intermittently as lenses and pods in the shear

.Zone °

Summary

Although there has been no new production from the mines in the
Central City-Idaho Springs disirictpkseverél radioactive veins have been
‘discovefed during the'past haif=jeér9 and some of these appear to be
potential sources of higﬁ«grade.uranium ofe° At the East Calhoun mines,

é few tons of highmgraae ore has been stockpiied° | ,f‘:\

Aii the ﬁew discoveries of potential importance are within the'inter-
mediate (favorablé) zone of Leonard and are near radioactive bostonites
(Phair, TEM=247)0 The detailed field studies of these favorable areas.
indicate -that the fadioactive deposits occur in "élusters"a |

It is anticipated that the Eureka Gulch and the Pleasant valley araas
» eventually will be of comparable importance to the Quar¥§~Hill area, but
.an evaluation of these new areas cannot be made until(ééveral of the mines
afé bp.ened° - }{

The limited study of individual pitchblende dqéosits suggests that
the pitchblende occurs as small pods within 1arger1"ore shoots™; and delin-
.eation of these shoots within tﬁe active mines for exploration should
materially reduce explorationland development costs, Little yet is kngwn

ot

concerning structu;;1 and lithologic controls and the nature of the wall -«

rock alteration,
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The plans.for the next half-yea;hére tos (l)'Continue aérial geologic
mappirg in the Céﬁfral City-Georgetown area. The mapb&ng in the Central
City-region~Wi11 be extended northward beyond Eureka Gulch, eastward to
the Justice Hili éfea9 and southward to Pleasant Valley and Gilson Gulch;
the mappiﬁg in the Dumont area will be extended northward into Fall River,

and also westward; and the mapping in the southern part of the region

will.be extended into the Chicago Creek area and will include the Martha E

area. (2) Contihue.systematic radiometric reconnaissance. It is pianned
to complete this fiscal year & quantitative survey of the entire 65 square

mile area, (3) Continue geologic mapping and study of all accessible

- mine openings, particularly those known to contain pitchblende-bearing

veins. (4) Continue fundamental geologic studies of the ores and country

- rocks to provide data on ore guides and controls, paragenesis; and source

. of the uranium, (5) Begin an intensive study of wall rock alteration

associated with the ore deposits.,
Mineralogic, geochemical and petrologic studies, by Georée Phair -and
Norman Herz ‘ , " '

The petrographic study of samples collected in 1952 from the middle
and norfhefn parts of the Front Range Mineral Belt indicated that -the re-
lationship between petrographic typé and radioactivity observed in thé
Central City district holds tfue for the broader region. Good quartz
bostonites are scarce outside the Central City district, but these few
include nearly ail dikes of medium to high radicactivity in the region.
We canpbt at preéent say for certéiﬁ that all quartz bostonite dikes in

the region are radioactive. We do know that many porphyries lumped as

)
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"bostonite" in the past are actually quartz—ﬁoor trachyte, and/or monzoniteo

X-ray spectrometerbstudies of the phenocrysts in the various pbrphyriéssv
have confifmed our obséfvﬁtién thét the phenocrysts in the quartz bostoniteé
are of potash i"eldsparo The potash feldspér contains‘an average of 30 percent
sodaclase and iébtherefore a potash cryptoperthite. This helps to explain -
"the discrepapéy.betWéen the norm‘and mode in these rocks. Phenocrysts frém
the other porphyries tested to date yield much more variable results but all
'are’on’the highwsoda‘side (soda-cryptoperthites). The hethod used'ﬁas that
described by Bowen and Tuttle in 1950, |

In order to find éut whether there 1s any éonnection between uranium-
. and thofium-ridh centers of intrusion in the Front Range'aﬁd the isotopic
composition of the associated vein, leads of 12 selected galena samples
collected during 1952 have been analyzed. The lead iodides separated from
these have been sent to Oak Ridge. Of these 8 are Tertiary and 4 are pre-
Cambrian., This reconnaissance study is being carried on in active cooper-

ation with L. R, Stieff and Ralph Cannon,

Ralston Buttes district, Colorado
by D. M, Sheridgn
Because the Ralston Buttesvdistrict appears to be potentialiy important
as a'producer of uranium ores, éeveral investigations have already been
started and a district—fype study is scheduled to start in fiscal 1954.
During the past four months E. P, Beroni has continued intérmittent radip;'
metrié reconnaissance in the district (see section Regional Reconnaissance

in U, S., Colorado-Wyoming district, by King and Beronilg'and J. W, Adams
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has Qontinued his investigation of the ores of the pitchblende veins,"

Pitchblende, associated with-base-metal sulfides, is known from eight
localities in the Ralston Buttes district, Jefferson County, Colo. (Adaﬁs,
Gude, and Beroni, TEM-154). The knownAdeposits are in #arbonate_rich
‘shear zones that cut pre-Cambrian igneous and metamorphgc rocks. One
ipossibility is that uraﬁium deposition in the Ralston Buttes district may
be geneticaliy_related to the Leyden carnotite deposit, which occurs in
_or near a fault in sandstone and silicified coal iess than four miles
east of the district (Gott, TEM-132).

The main objectives of the district-type study Qill be: (1) to
evaluate the uranium poténtial of the quadrangle, (2) to search for new
uranium deposits, (3) to investigate the geological and structural factors
that controlled the localization of pitchblende mineralization, (45 to
study the possible genetic relationship of the pitchblende to the nearby
Leyden carnotite deposit, and (5) to investigate siénificant beryl-
chrysobéfyl pegmatite deposits.

During the first part of fiscal 1954, geologic and radiometric recon-
naissance will be undertaken in the district, «Maﬁping of the known
significant areas will be at scales of 136,000 and 1:240, This initial
large scale mapping will be followed by areal mapping at 1:18,000 scale
for the entire Ralston Buttes 7% minute quadrangle=~mgpping:tha@lﬁilllbe
continued in fiscal 1955. Any signifiéant deposits or areas found during
the areal mapping will be mapped in detail later in the project, OSpecific
plans for limited physical exploration--bulldozing orltrenching, and minor
ming rehabilitation—=wi11 be submitted after the first six months of

fiscal 1954,
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San Juan Mountains, Colorado

Reconnaissaﬁziglby_co T. Pierson

Laboratory analyses of the most radioactive samples colleéted in
the western Saanuan Mountains show that the uranium contents range from
0,002 to 0,35 percentp‘ None of the occurrencé;'is of‘commercialbinterest9
but_the analysis showing 0.35 percenf U; from thelLark mine, San Juan
County; indicates that further éearch for a commeréial uranium deposit is
warfénted in the viéiniiy of this mine. A sample of handpicked radioactive
hydrocarbon from the Smuggler mine, San ﬂiguel County; contains 0,29 per-
\\cent U,.gﬁd fhis occurrence may be of importance in interpretihg the |
.regionalbgeologicbseﬁting of the uraniferous hyérocarbon—ﬁearing vein
aeposits near PlacervilleD-Coloo |

‘Réconnaissance«in the.eastern and central San Juan Mountains will
bg continuéd auring fisCai 1954, to locate possible uranium occurrences
and to determine what phyéiéal explﬁration will be desirable in the‘search
for éommercial'uranium deposi‘ts° ‘The reconnaissance is planﬁed to include
work in the Bonanza, Beidellg Embargo; Stunner, Gilmorep‘Plaforog Jasper,
.ngmifvilleg Creedep and Lake Cify'mining districts. In the laboratory,
pet;ogfgphic and mineralogic work, supplemented bylchemical and spectro=

graphic analyses, will be done in the attempt to discover clues useful in

the search for uranium depositéo

- Western San Juan Mountains, by A. L. Bush
The uranium-vanadium depoéits of the Entrada sandstone in the western
part of the San Juan Mountains and the adjacent northeastern part of ﬁhe

Colorado Plateau contain large but low;grade reserves of uranium. The
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géographic proximity of these deposits to the base and‘precious metal
'deposits»of the main San Juan igneous province allgws for detailed study
of their relationships. The work in this area is plahned~to appraise
‘uranium and vanadium reserves and resources, to determine the continuity
of uranium-vanadium deposité betwéen districts, and to investigaté the
origin, source of the metals, depositional controls, and relationship to
the San Juan mineralization mentioned abovéo
A preliminary resourcé study was completed'dufing the field seasbﬁ
W%f.1952 (TEM-298), The work was recessed November 1, 1952, and will be
resumed about June 1, 1953, During the coming field season, aregl geo=
logic mapping'of three 7%aminute quﬁdrangles in the‘Pléeéfville district
will begin. This distriét contains the largest'kﬁown resources of uranium -
and vanadium. The aréal mapping will bé tied iﬁy to. the east;, with the
- geologic mapping of the Tellﬁride mining districto Spme‘detailed mapping
in‘both uranium-vanadium and base=meta1'deposits probably will also be done.
' Boulder bathoiithleontana
by G. E. Becraft
The objectivés.of the Tracé Elements studies in‘the_Bqulder batholith
areé ares (1) to determine the distribution'and‘geologic setting of radio-
active minerals, (2) to formulate ideas that mightblead to the diséovery of
‘new sources, énd (3) to evaluate the resources of uraniumok To accomplish
these, the geology of selected areas known to contain deposits of'ﬁranium
‘has been‘mapﬁedg in@ividual deposits of uranium_have béen mapped in defail,
petrologic and mineralogié studies are now in progress; and radiometric
ﬁraverses have been méde; | v |
Petrographic studies of the quartz monzonite of ﬁhe Clancy Creek

area support field evidence that this quartz monzonite méy be separated
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into.four mappable units according to tenturel and modal differences that
are apparent in hand specimens., Two of these units--the eommon nedium—
grained9 Bietitemhernblenée quartz menzonite and a porphyritic quartz
monzonite that appears te have been permeated before cemplete crystalli-
zation by solutlons rich in potash and silica=—are of considerable areal
extent. Chalcedonic vein zones and anomalous radioactiv1ty are much more
numefous in the common quartz monzonite but a few have been detected in
the porphyritic quertz‘menzoniteo
o Analitieal data:and detei}ed studies of the mine workings on pro-

perties mentioned in TEI-310 permit cqnpntation.of_some reserves, However,
the economicApotential and reserves fer the entire Boulder batholith area
are not yet knowno |

Analyses of . two samples from the Uncle Sam mine in sec. 27, T 7 NQ,
"R, 5-We, indicated a»uranium content of 0,069 percent eU - 0.054 percent
ﬁ and.00025 percent el - 0,015 percent U, The first samplelwas chosen as
thepmost radioactive specimen found on the mine dump and the second was
from’a small vein that hed been stoped for an unknown distance below and
‘to the east ef a Shoff drift aboup 265 feet from the porfal of the mine.
The.radioaptiyity‘was detected for only’a_short distance along thewveino

Analyses of two specimené from the outcrop of a chalcedenic vein
zone in sec, 1, T, 8 N., R, 4 w09 indicated a uranium content of 0.17
percent el = 0,14 percent U and 0,15 percent eU -~ 0,12 percent U. The
lvein zone, about 8 to 10 feet wide, comprises a few tan to dark-gray
chalcedony veinlets in intensely silicified quartz monzonite. ‘Anomal-
ous radioactivity was detected for 400 feet along the vein zone. Two

secondary uranium minerals, identified as metatorbernite~ and uranophane,
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. were found in the altered quartz monzonite near the western end of the

vein zone. The strength of the radioactivity~and.the results of the two
analyses ‘indicate tﬁat this chalcedonic vein zone should be considered
for exploration, 4

Field work in the'nor£hwestern part of the Jefferson City,quadranglé
will bevfesumed in June 1953. The geology of about 75 square miles
adjacenf to the Clancy Creek area and near thé BéuldereComet areé‘is to
be mappedo' This area is underlain élmost entirely by rocks of thé batﬁow
1ith and is known to contain several radioactive basef and'pfecious«
metél deposits;' Also.it'is anticipated that radioactive "reefs® of the
Clancy type maj:be found in the northern part of the area. .Detailed petroe'
logic studies wiil.be cantinued that will include studies of distribﬁtion
of uranium in different types of iﬁtrusive rocks, petrologic variations
in the batholith and relatéd ignéous rocks, and alteration associated
with different types of mineral deposits.

Thomas Range, Utah
by F. W. Osterwald

'The Thomas Range fluorite district is approximately 50 miles north-

west of Delta, Utah, in Tpsoyiég 13 Ney Ro 12 W.; Salt Lake principal -

meridian. The uraniferous fluorite pipes cut Paleozoic dolomites along
a ridge known as "Spor's Mophtain"; The final report on the district, by

M. H. Staatz and F, W. Osterwald, will be completed probably by late summer ,

~ No further work in the distriect 1s planned.

The Paleozolc rocks of the district have been correlated in part with'
previously known stratigraphic<sections by fossil content and lithology.

In order to delineate the structure of the district the rocks assigned to
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the Middle Silurian were divided into five new formations. The strati-
graphic section of Paleozoic rocks is summarized below:

top covered

{ Simonson and Guillmette formations, o

Devonian undivided - 350 ft. |
Sevy. dolomite 1,122 ft.
upsday dolomite : . 330 ft.
' Lost Sheep dolomite ‘ 125 ft.
Silurian Harrisite dolomite ' 2135 ft.
Bell Hill dolomite 410 ft.
Floride dolomite - 235 ft.
; ish Haven dolomite o - 190 ft.
Ordovician Swan Peak formation . .- 978 ft.
: -~ \Garden City formation : ' 7130 ft,

. base covered

Locally the sedimentafj récks are intruded by plugs of acid igneous
rocks, énd'by masses of irntrusive breccia. Large areas around the flanks
of Séof}s Mountain are underlain by flows, tuffs, and aggldmeraﬁeso On
the basis of microscopic étﬁdy the volcanic rocks have been'subdiﬁided'
as follbﬁéél | |

S o ‘rhyolite -

- Acid igneous rocks- - ldellenite
‘ L dacite

Intermediate igneous trachyandesite
" rocks augite-andesite

‘Basic igneous rocks trachybasalt
: : augite-enstatite basalt

Devitirification is_evident'in many thinasectiéns; and late ihtroductioﬁ
"of F, K, Aip and Si, as a'reéult of.endastage or fumarolic éctivify,,has
been shown by chémical enalyses and microscﬁpic work, Thé tuffé_are made
“up of‘crystal, iithic9 and vitric matérial, and range in cémposition from
.andesite through décite gnd dellenite to fhyolite° ' |

The district is cut by hundreds of faults, but all rocks strike north-

- northeast to northeast and.dip‘20° to 60° northwest. The tilting is believed
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to be closely related to the movements .thavtvproduced the prominent set of
northeast trending antithetic faults., This‘movement probabiy Qas a
differenﬁial uplift of a block southeast of_Spof“s Mountain relative to
the northwest block, Volcanic rocks and tuffs, similar to those of the
"Spor’s Mountain area, are reléti?ely undisturbed in the main mass of tﬁe
Thomas Range one mile easf°

During the past year, analyses Qf fluorite have shown lower percent
U than those made in other yéars° This was attributed at first to depth
zoning within the fluorité pipes, but is now believed to be the result of
secondary'enrichment near the surface, for the following reasons:
(1) carnotite is visible in the fluorite only near the surface; (2) samﬁles
with highest percent U were taken &ery near the surface; (3) no relation
was found betweeh-percentvU and.percent fluorite in the pipes; (4) some
bodies show no change in percent U with depth;ltﬁese are located in canyons
or on steep slopes where erosioﬁ is‘rapidj and (5) ﬁipes with the highef
urahium content are generally distributed about the south end of Spor's
Mountain, where the topography is more subdued.

A definite decrease in grade below the surface is shown by the Bell
Hill, Lucky Louie; Fluorine Queen, Floride, and Lost Sheep south pipe.
The Blowout pipe contains nearly the same uranium contéﬁt at 240 féet
dépth as it does at the surface. - No significant change in percent U with
depth was foﬁn@ in the Lost Sheep main pipe, though individual analyses
vary greatly. The fluorite‘ét fhe‘Belthill and Lucky Louie mines contained
silica at depth; and the Blowout ore contained much Ca-Mg montﬁqrillonite

at depth,
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Placervilie hydrocarbbns,.Colorado
by V. R. Wilmarth
.The primary objectives of this project are: (1) tg study the relation
of hydrocarbon, both radicactive and non-radioactive to the base-metal
sulfide yeih deposits and to the bedded Vanadium%uranium=chromium deposits, .
and (2) to determine the uranium reserves in the vein deposits.

The geology énd ore depoéits in the part of the Placerville area,

San Miguel County, mapped duriﬁg the 1952 field season, was summarized in
TEI-310, (pp. 96-99). During this period a study of the mineralogy of the
hydrocarbon veins showed that the first minerals deposited wére calcite,
barite; and pyrite, followed by thé hydrocarbons, and the base-metal sul-
fide minerals., | | .

The base-metal sulfide vein deposits can be.divided into those that
contain abundant hydrocarbon and those in which only minor quantities of -
hydroéarbon were found. The order of deposition of the sulfide minerals
in'the two'types of vein deposits ﬁ% pyrite, chalcopyrite, bornite,

//;etrahedriteg galena,'and sphalerite., Tetrahedrite contains minor quan-
tities of silver and ié the most abundant sulfide mineral. Galena and
sphalerite are rarely found in the vein deposits of type No. 2,
Spectrographic and X-ray analysés of the vein gangue mineral s--
calcité and barite--were made to determine the‘distribuiion of trace
beleﬁents in these minerals from various parts of the vein depositso The
results indicate that the calcites contaig greater quantities of lead,
cobalt, nickel, scandium, vanadium, and the rare-earth metals than the
barite., In general; lead and copper are preseht in calcife from the veins

in the vicinity of the Robinson property, whereas rare-earth metals and
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zirconium are‘more abundant in the calcite frpm the veins west of the
Weatherly prépertyu The mode of occurrence of these metals in the cal=
cites is not-known,

In the Placerville area hydrocarbon is both non-radiocactive and
réxdioactive° It'occuré in fault zones, as fracture fillings and'as.
disseminations.in the sedimentary rocks of ﬁhe Cutler and Dolores for-

" mations. Hydrocarbon as fracture fillings is generally soft, soluble

in organic reagents and by spectrographic analysis contains smalier
quantities of trace metals than the non-soluble hydrocarbéns from the
fault zones and disseminatlions. in general the trace-metal consfituents
of the hydrocarbon;,in the Placefville area are more like those found

in oil than in coalo. |

The hydrocarbon as fracture fiilings~contains as much as 0.078 per-
cent eU, but the hydrocarbon ash contains from 0.034 to 0,33 percent U;

- the ash content ranges from 0.54 to 17.0 percento Hydrocarbon from ﬁhe
fault zones amid&ssemfnatianscontains‘as much as 9 pefcent U, but in the
hydrocarbon ash, the uranium content raﬁges from 0,64 to 9.8 percent; the
ash content ranges from 13 to 3001 percent,

| The common tracéametal constituents in the hydrocarbon from the‘
Placervilié aréa are. silver, cobalt, chr#miumg copper; molybdehump nickei,
lead, vanadium;, and yttrium. In general the hydrocarbon ash that is rich »
in.uranium also coﬁtains relatively more copper, lead? molybdenum, and
yttrium, The trace-metal confenﬁ in the ash from the fault-zone hydfow
carbon is characterized by more lead and holybdenum and less copper than
the.asﬁ from the disseminated hydrocarbon in the sedimentary rocks. The
trace metal constituenté are believea to occur in the hydrocarbon as dis-

crete grains of coffinite and as metallo-organic compounds.
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Garo, Colorado
by V. R. Wilmarth

The primary objectives of tﬂis project are: (1) to determine the
horizontal and vertical extent of the uraniumavanadium-coppef minerals
in the Maroon'formation of Permian age at the Shirley May mine, and
(2) to study the mineralogy, genesis, and localization of the ofe min-
erals in.the deposit,

The Shirley May deposit near Garo, Park County, Colo., is on the
northeast fiank of the Garo anticline; a local structure probably relaped
to Tertiary deformation. The sedimentary rocks have been broken by
several nérth to northeast-trending faults that have displaced the rocks
as much as 19600 feet horizontally., At the mine, tyuyamunite and
carnotite;, the principal uranium minerals, are associated with volborthite,
calcovolborthite, azurite, malachite, chalcoéitep covellite and complex |
vanadium oxides; they occur as disseminations, as cementing material, and
as frécture fillings in three separate medium- to coarsemgrained sandstone
beds. The ganguq'minerals are calcite, manganite§ and hematite, Most of
the 272 tons of ore produced from this deposit were mined from bed No. 1,
which is 50 to 150 feet stratigraphically above the other orembearing.sanda‘
stone bedso The average grade of the ore produced is 0.16 percent U and
0.72 percent V305, Theluranium content of samples from the mine ranges
from 0,001 to 0.48 percent U,

Tﬁe ore'from this mine can be classed as: (1) sandstone in which
tyuyamunite is the principal ore mineral; and (2) sandstone thch contains
intermixed uranium; vanadium, aﬁd cdpper minerals.  Type Noo.l is found
only along faults; is rich in calcium; and contains from 0.001 to 0.5 per-

cent U; type No. 2, the principal ore type,. is foﬁnd in all three sandstone
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beds, and varies from hematite-manganite rich sandstone that contaiﬁé
QOOQZ percent U to sandstone that has abundant yellow»greén vanadium-
‘uranium minerals and contains as much as 4.34 peréent V205, 0.3 percent
U, and 1.34 percent Cu. Distribution of the ofeiminerals in the sand-
stone beds is well shown at this deposit. The calcite-rich, well cemented,
outer zone ofvfhe sandstones containé generally morekyéllow uraniﬁm
minerals, whereas the core of the mineralized bed is soft, contains less
calcite, and is rich %p hematite, manganite and the green to dark-brown
vanadium minerals.,

The localizationvof ore at the Garo deposit is, controlled principally
by faulting and the porosity of the sandéﬁonésadjacent to.the faults,

Lost Creek, Wyoming
by D. M. Sheridan, J, T, Colllerg and C., H., Maxwell

Exploration and field work were cempletéd-af the Lost CfeekA“
schroeckingerite deposits in November 1952 (Sheridan, TEMsslé)o The major
objective of office work during the past'six months has been to compile
all the geologic and ecomonic daté that were accumilated. at Lﬁst-Creek
intefmittently during the period 1949-1952, The calculation of reserves
‘and most of the map compilations have been coxﬁple‘tedo '

'Two large areas containing schroeckiﬁgerite deposits were indicated
by the exploration. The main mineralized area, at least 10,000 feet long
ahd as'muéhvas 1,100 feet wide, occurs within the Cyclone Rim zone of
faulting, a structural feature which trends northwest for a distance of
12 to 15 mllesnA A subsidiary mineralized area, about 8,200 feet long and

as much as 600 feet wide, lies north of and sub-parallel to the main areao'
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Thé subsidiary area is connected to the main area by sparsely mineralized

ground r :ar the westérn end. The two mineralized areas are on the south-

western 1limb of a syncline,'the axis of which trends northwest. Several

major lineaments intersect the‘Cycloné Rim zone of faulting in the

immediate vicinity of the mineralized areas.
The calculation of grade and tonnage was completely revised according

to new data obtained during the past field season.. These data Supercede

the preliminary tabulations reported in TEM-288, by Sheridan, Collier,

and Sears. (See TEI-331.).
White Signal - Black Hawk districts, New Mexico

by Elliot Gillerman
. The.objectives 6f the investigations in fhe;White Signal district
ares (1) to find minable deposits of uranium,.(2) to appraise the uranium
resources of‘the district so that the production hpdtential“ can be
established, énd.(B) to determine the nature and origin of the deposits,
not only as a guide in the search for uranium in the White Signal district;

but also to aid in other areas., To achieve these objectives a radiometric

survey of the district, detailed mapping of individual properties, and
regionai mapping of about a 60-square-mile area was planned. Results of

the radiometric survey, completed last fall, were discussed in TEI-310,
- Dpring the past six months regional mapping, at .a scale of 1:12,000, -

was completed of the central and most important part of the White Signal

_Aistrict, an area of about 16 square miles (fig. _5)° Three of the most

promising deposits were mapped in detail.
A final report of the project is now being written, and will be sub-

mitted early in fiscal year 1954. The project will be. suspended and no
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further work is planned in the area for the near future. Although only
16 square miles of the originaliy scheduled 6OAsquare miles have been
mapped, it is felt that inasmuch as thej comprise the central and most
important part of the uranium-bearing afea, little additional pertinent

information on the uranium deposits would be obtained by additional

mapping.
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SEARCH FOR AND GEOLOGY OF URANIUM IN;CARBONACEOUS ROCKS

Reconnaissance -

Eastern sfatee
by S. W. Welch and J, W, Huddle

Field work was conducted during parts of January, Fepruaryz Apfil and
May by S. W, Welch, J. L. Snider and J. C. Ferm. Most of the locakities
examined were coal mines, either operating or abandoned.. Several long
stratigraphic sections exposed in road cuts were measured and checked for
radioacﬁivity with the scintillation meter. Field work was done in the
anthracite fields in eastern Pennsylvania, and in Jefferson and Beaver
Counties in western Pennsylvamao Additional field work is planned in June
in western Pennsylvania, Alabama and northwesterp Georgia,

Channel samples were taken of coal beds of commerclel'thickness and

.extent, At most localities, the coal bed wes sampled by benches and the_{

{,

samples tested separatelynto determine if uranium were present'in one beiph
and absent in the rest of the bed. In addition to the sampling; - the coals
and associated rock were checked for radloactlvaty with a 501ntlllanlon
meter, Clays and shales whlch showed greater than norm37 radloact1v1ty
also were sampled. Samples were crushed later in a jJaw crusher and their
radiocactivity measured with a Berkeley 5caler equipped with an assay cup.
Readings of samples were paken fer periods'of two or three minutes and eomf
pared to readings of standard samples havmng O 015 and O 020 percent eU.,|
Samples were then shlpped to the Washington Trace Elements Laboratory’for

further radiometric analy51so These analyses have not yet been completeﬁi°

i

SIS RSN
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Samples from 8 of the localities examined have shown radioactivity of

potentlal interest. These are listed below:

* Equivalent :
Sample No. uranium Location
200 SWW - - -0,001 ‘Northumberland County, Pennsylvania. Abandoned
o ' strip mine 2.5 miles northwest of Mt.. Carmel
town limit and 0.4 miles northeast of State -
Route 5L. Lykens No, 2 coal - lower 2 feet.
23L sww ' .001 - Schuylkill County, Pennsylvania. Road cut 1.0
. 235 Sww .001 mile northeast of Frackville town limit and 0.1
mile southeast of State Route 92L. No. € i
coal - upper 3'10"; two samples. -
22 Sw . - ,001 . Schuylkill County, Pennsylvania, Abandoned
1 mine opening 0.2 mile south of Delano. Buck
Mountain coal - lower 1 foot. o
323 swW . 001 Carbon County, Pennsylvania. - Strip mine 0.4
: mile east of road junction at Tresckow and 0.1
mile south of all-weather road. Buck Mountain
coal - middle bench 2'L",
11 JLS .001 Jefferson County, Pennsylvania. Road cut on
‘ north side of Worthville., Lower Kittaning ...
| coal ~ lower 1!},
L3 JLs .005 Beaver County,APennsylvania. Road cut 1.5°
L J1s - : ,006 - miles southeast of Darlington., Lower Freeport
coal - lower 3 1nches and upper 2 1nches of
underclay.
L5 JLS : .010 Beaver County, Pennsylvania.' Strip mine at
L6 JLS . 006 same locality as L3 and L4 JLS. Lower Freeport
, - .coal - upper 3 inches of underclay and lower
6 inches of coal.
5l JLS | .005 Beaver County, Pennsylvania. Road cut 2.0 miles
55 JLS .00k southwest of Darlington. Lower Freeport coal -

upper L inches of underclay and lower 5 inches
of ‘underclay.

" .svAndlyses have been received for samples from Ohio, collected in October
1952. Only two samples of coal showed as much radioactivity as ‘0,002 percent
eU‘-’
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\
- : Equlvalent ; .
Sample No, . uranium __ ‘ Location

90 SW  0.002, 0,002 Carkoll-Gounty, Ohio. Abandoned strip pit of

© James Bros, Voal Company., SW-SE-SW sec. 33,

- T. 16 N., R. 7 W. Mjddle Kittanning coal -

| 316" coal, | L
105 Sw# - 0,002, 0,003 Belmont County, Ohio, Truck mine of Bradford

Coal Company. C=N-SW sec. 25, T. 7 N. -y B 3 w.
Pittsburgh coal - S'lO" goal w1th two 5 inch
shale partlngs. )

The only occurrences of radioactivity of potential interest are the two
localities in Ohio, and the basal few inches of the Lower Fréeeport coal and
its underclay at three localities in Beaver County, Pennsylvania. Further
work seems warranted in the vicinity of these localities in the form of de-
tailed sampling and field checking of the coal and associated rock with a
scintillation meter in an attempt to determine the type of churrehqe and
its extent, = e

In addition to the above localities coal at some localities gives radio-
act1v1ty readings equlvalent to about 0.001 percent U. Chemical anglyﬁ@gu
for uranium are being made of these samples to check the field radioactivity
measurements. Pending the results of these analyses, further work might be

warrgnted in the vicinity of some of these localities.
Western states

Eéw’M§§§gg, by G. O. BaChman,‘Ee H. Baltz, Jr., and R. B, O'Sullivan
Reconnaissance work on coal and black shale in New Mexico-during 1952

wag largely-an extension of work initiated during the 1951 fleld season,

No uranium dep051ts ofteconbmlc Lnterest were found although minor amounts

of uranium were noted at several localities. These localities include

-

e
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~ Canyon Mulatto, Hosta Buﬁﬁe; Satan Pass, Mariana Pass, and Dalton Passy
McKinley County,‘New Mexico. The highest percent uraniun was found in coaly
material from Hosta Butte which containéd 0,033 percent in the ash.

A brief rebbhnaiésance study was made of carbonaceous rocks and associ-
ated coppér minerals in northern Texas and southern Oklahoma but no radio-

activity of potential interest was discovered.

Parts of Colorado, Utah, Idaho and Wyoming, by J..D.Vine

“Reconnaissance investigations were made for uranium-bearing carbonaceous
irocks in 23 areas in Colorado, Uiah, Idaho, and W&oming; Uranium occurs in
small quantitieé in several of the areas examined but no deposits were found
that appéar to havé commercial'péssibilitieso

Uraniqmpbégring cdrbonaceous rocks in the Bear River formation of Lower
‘Cretaceous age Qere found over a widespread area in southeastern Idaho and
aajaéenﬁ parts of wyoming° Coal in the Bear River férmation contains as
much a8 0.03 percent U in the ash in the Caribou Mountains about 10 miles
sbpthwest of the Fall Creek area in Bonneville County, Idaho. Coal in the
Bear River formation contains as much as 0.009 perceﬁt U in the ash about
110 miles west of Driggs in Teton County, Idaho. |

- Coaly shale in the Bridger formation of Eocene age contains as much as
0,012 percent U‘in the ash in .8outhwestern Sweetwater County, Wyo. 'Seven
additiogal areas were examined in which beds of coal or carbonaceous shale
| coptéined morevthan 0.002 but less than 0,0Q7 percent U in thé ash, Efesh,
bituminous sandstone from the Vernal area, Uintah County, Utah, contains
only sméll quantities.of uranium,

Eurther investigations of.these occurrences are not planned at the
present time. However, additional ngconnaissénce 6f the Bear River formation

in Idaho will;pe made at the first opportunity.
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Parts of Coiorado, Wyoming and Montana, by J,.R° Gill
- In Colo_x;ado, ghe South Park, Crested Butte, Paonia, Trinidad, Colorado

Springs; and Canon City coal fields were examineda Coal-bearing rgck'in
the vicinity of Mancos and.Durangé, Montezuma and La Plata Counties,~as,
well . as cogl in the Denver Basin, were also'examineq° thy two samples
contained m@fe than 0,002 percent U in the ash, A éémple of impure cbaly
shale in the Belden formation of Pennsylvanian age,:lSUﬁﬂiés-southeaSt of
Crested Butte, GunniSbn County, and a sample of'parbonaéeous‘shale in the
Liramie formation of Cretaceous agé 12 mi;es north of Fort Collins, Larimer
County, each contained 0,006 percent U in the ‘a.sh,v |

In wWyoming, the éambria coal field, Weston County, was examined. A
L.8-foot bed of impure coal contained 0.0085 percent U in the ash, This bed
is probébly the stratigraphically highest coal in the coal~bearing,Lakota'
. sandstone. Other coalé, stratigraphically lower, and .that were commerciail'
mined in ﬁhe past do not contain detectable‘radioactivity°

The reconnaissénce in Montana was concentrated in.fhe Ekalaka lignitel
field, Carter County, and several Beds of uraniferous lignite were found in
the southern part of the field about 10 miles south of Zkalaka. |

The uranifefoﬁs lignites occur in the Ludlow member of the Fort Union
forﬁation of Paleocene age, which.is uﬁconformably.6verlain‘by massive
tuffaceous sandstones of the Arikéree fgrmation of Miocene‘ag'e° The lignite
bedls are lenticular, but it is possible to follow their outcrop for three or
more miles and they are thouéht to have‘a minimum areal extent of'thrée br.r
‘more square miles, Before the clése of thé field season, several éectioﬁs,
ﬁere measured and 94 samples of lignite were cbllected, of which 65_c§htained
0.005 percent U in the ash, or more. At a locality in the SEZ, sec°‘25,
T. 1 N,,,R° 58 E., Carter County, one 8-foot bed of lignite contains an

P
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average of 0.017 percent U in the ash and about 3L percent ash. A 1i5&fobt

bed about 100 feet above the 8-foot bed contains an average of 0,057 percent

U and about 34 percent ash. >Other lignite beds, stratigraphically below
the 8-foot bed do not contain detectabie radioactivity. Analcite is abun-
dant in the uraniferous beds.

IDetailed‘mapping will begin in the 1953 field season. A few exploratory
drill holes probably will be necessary to evaluate the potentialities of

the area,

California and adjacent states, by G. W. Moore

Coai was.éxamined at most of the localities mentioned in the literature
or listed in the files of the California Division of Mines but most con-
tained little uranium. Those coalscontiaining more than 0.003 percent U are
discussed below,

| The most highly uraniférbus material found in this investigation was a
bed of lignite in the NEZ, sec. 9, T. 3 N., R, 16 W., south of Newhall in
Los Angeles County, California, The lignite is only 6 inches thick but it
containle.OZO percent U, 37.7 percent ash, and 0,054 percent U in the ash.
No other cﬁal outcrops were found in the area.

Uranium-bearing ligniteadbbﬁwésuﬁphﬁdjiﬂtheﬂbne coal field in Amador
County of central Califorﬁia° Thié material is -the only coal being mined
at the present time in the state. The lignite from the two operating mines
is used as a raw material for the production of montan wax and other indus-
trial chemicals. The richest lignite sampled contained 0.004 percent U,
59.8.percent ash, and 0.007 percent U in thé ash. Other samples from the
sams bed contain as low as 6.68 percent ash so probably the ash of this

- sample was increased by surface wash. The sample quoted is the upper 9

s

I3
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inches of a 12-foot lignite zone and the uranium content decreases progress-:
ively doﬁnward through the zone, It is believed thet the uranium was intro- -
duced to the lignite by solutions which passed through the_overlying Valley.
Springs formation-éa unit composed primarily of volcanic eeh of rhyolitic
composition. To the west of the mines sampled the lignite beds are direcilz
overlain by the Valley Springs formation and though no exposures were;found.
in this portion of the coal field, possibly'physical exploration might show
that the lignite there is more_highly mineralized than that examined. If

, somewhat greater concentrations of uranium could.be found the uranium might .
be recovered as a byproducta .

At the abandoned Fireflex coal mine (NW;, sec, 21, T. 17 S., R10 E,)
north of the Stone Canyon coal fleld San Benito County, Calif,, the S-foot
coal bed contains ‘less than 0,001 percent U, Nine feet above this bed, how—
ever, there is a 6=inch coal bed which contains 0.005 percent U, 25.1 pefcent
ash, and 0,021 percent U in the ash.

Several coal mines were examined in the Corral Hollow coal field,
Alameda County,:bufvthe only uranium-bearing coallfound was in a lo—inch
bed in a road-cut in the NW%, sec, 25, T. 3 S., R, 3 E. It contains 0,003
percent U, 5L.L percent ash; and 0.006 percent U in the ash.

uiﬁdﬁccel;gé&&éiﬁﬁﬁ@feéTmncﬁaasﬂO;OQB'percent U was found in southern
Oregon or in western Nevada.
| An oil-saturated sandstone collected from a quarry for road material
l'mile south of Edna, San Luis Obispo Count&; Celifornia, contains 6,062
percent U, r The sandscohe hae 90 percent ash so if all the uranium is present
in the oil and this material could be leached from the rock the oi% would
contain 0,02 percent Ue A p0331ble further concentratlon of the uranium
could be effected by aehlng the leached oil,

P
/l/
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No further work is planned on these deposits in Californie until more
promising areas in other states have been investigated. Further field:
examinations may be made of the Jone lignite and the Edna oil-saturated

sandstone by parties engaged in other work in these arees.

Mineralogy and geochemistry of carbonaceous rocks
by I. A. Breger, M. Deul, R. Meyrowitz, and S. Rubinstein

Uraniferous coals

Investigations of the minerélogy and geochemistry of the uréniferoﬁs
lignite from Harding County, South Dakota, were reported in TEI-EBH'vhich
appearéd in March 1953, It was shoWn that the uranium is retained by the
coal in the form of an organo-uranium compound or complex which is insoluble
at pH's above 2.2. The urénium is notvassociated‘to any appreciable extent
with the minerals of the lignite. .

Miscellaneous carbonaceous substances

A coordinated effort is being made to establish the nature and structure
of complex organic uraniferous substances other than those which are defin-
itely coals or asphalts. Employing electron‘microscopy, spectrographic
analysis, micro organic ultimate analysis, and determinati&e X-ray mineralogy,
a number of "asphaltic" pellets from the Permian of Oklahoma have already
been studied in some detail. These pellets, which were provided by J. W.
Hill of the Mineral Deposits Branch, were previously examined microscopically
by‘J.vM. Schopf of the Coal Geology Laboratory of th USGS. It is hoped that
further work on substanceé of this nature can be carried out during the coming
months, and that it will be possible.to report in detail on the structure and

compogition of these pellets,
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Carbon-hydrogen ratios were obtainedi.on a number of samples of uranifer-
ous carbonaceous materials obtained from the Colorado Plateau in an,eﬂfqrt'. ‘
to chemicaliy establish their‘aSphaltiqun"agahy‘character. This work, which
is still in progress, has led to:the development of . a simele field technique .
for the differentiation of asphalts, coals, and other carbonaceous substances
based on solubilifyland,specific gravity,' It 'is hoped that proper inter-
pretation, based on chemical and physical anelyses, of the nature and origin
of the varled vanadium- and uranium-bearing carbonaceous substances foundc
on the Colorado Plateau will contribute to the determination of the geo-
chemical conditlons under which these elements were transported and depos1ted;

Black shale
by I. A. Breger, M. Deul and S Rublnsteln

Studies on the composition and structure of black shales have been
initiated recentlyAin response to.requests for a comparative study of solid,
stratified carbonaceous material isolafeu from the Chattanooga shale and of
the radioactive Kolm lenses from Swedeu. |

Appropriate -splits have been made of a 250-1b. sample of Chattanooga
shale representative of 5 tons of the material sent to Battelle Institute
in 1919, Following‘careful crushing, grinding, and sieving operations,vﬁhe
<325 mesh fraction has been further fractionated in an air elutriation system
for the collecti;n,of subsieve sizes., Selected fractions are now.being
analyzed. ' It is hoped that the shale may be:separated into'organic and in-
organic concentrates and that further study of these fractions may make it
possible:to establish the structure of the organic material and its relation-

ship to the uranium in the shale.
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District studies

bakota region
by J. R. Gill
On October 1, 1952 ~a 10,000 foot diamond core drilling program for
uraniferous lignlte was begun in the Mendenhall area, Harding County, South
Dakota, by the Mlnlng Division, Region V, Bureau of Mines. A total of 38
holes were scheduled for drilling, and 29‘h§les have been completed. A total
of 6,910 feet wgggdrilled in é period_of eight months. The nine remaining
holes éré expectéd to be completed by July 15, 1953.
Considerable difficﬁlty has been experienced in recovering core from
. the uraniferous lignite-begring Ludlow formation. Core recovery in non-
coal roéks is about 60 perce‘nt and recovery of the minexjalized 11gn,i"ce beds
is ébout 80 percent, ; '
Anglyseé of samples from 10 df the 29 holes drilled thus far show that
the upper mineralized bed excégds 5.5 feet in thickness and the uranium
coﬁtent of tpe ash ranges from 00018 to 0,030 percent, In a few holes the
upper foot or so of lignite éqntainé’as,much as 0,35 percent U§1@$the ash.
In addition to the drilling program, the Bureau of Mlnes collected .

. fiveeton bulk samples of lignite from five localities within the Mendenhall
l‘ area.. The uranium.content of the ash for these samples ranged from 0,027 to
‘,b,OSB percent., . | |

Upon completion of the current drilling program and analysis of samples,
& report will be'prepéred to include estimates of reserves of uraniferous

‘lignite in the Mendenhall area.

Co TR e -
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Uranium minerals in Cedar Canyon, Harding County, South Dakota, by J. R. Gill |

During the geologic 1nvest1gations supplemental to the drilling program
in the Mendenhall area, Slim Buttes Harding County, S. D,, a small deposit
of a yellow uranium mineral similar to carnotite was dlscoveredo The de-
posit is in. channel sandétone at the top of the White River formation of
0ligocene age and 1s at the head of Cedar Canyon, NE4, sec. 8 T. 16 N., R
8 E., Slim Buttes, Hardlng County, S. D., within the Custer National Forest

The channel éandstones containing the uranium mineral are very fine—
grained, pé&riylfo moderately indurated, and contain sparse carbonaCeous’
remains of roots or stems. Numerous thin lentiéular sandstonestihat range
in thickﬁess from 0.7 foot to more than eight feet are exposed for about
250 feet'along'the outcrop with uranium minerals visible for at least 134
feet élong this ouférop. The thickness of the uranium-bearing rock ranges froﬁ’
twomoﬁubrethan&ﬁidbet,with the mineral being ﬁost abundant in‘the sandstone
in the loweét part of the éhannel, The yellow uranium mineral is concen-
trated near foésii rbetsior’stems and on the sﬁrface of the rodkAalong fraci;;”
ture planes, Lesséf.amounts of the mineral permeate the sandstones. About
30 feet of tugfaceous‘sandstone of the Arikaree formation of Miocene (7) age}
overlie this deposit. | |

The mineraiiéed chanﬁel sandstones are at the base éf the perched water.:
table that exists th?oughputlthe §lim Buttes, and water from the nearby .
Summit Spring contains 51 parts per billion of uranium. The base of this
peréhed Waterlﬁaﬁle ié céhtrolled by impervioué bentonitib cléys at the top
of the White River'formationo .The water that issues from springs at this
borizon‘has passed downward through the tuffaceous sediments‘of:the Arik#reé

formation. The Arikaree formation is postulated to be the source of the
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uranium and downward and laterally moving ground water the transporting
medium, The Sparse carbonaceous remains are thought to cause the chemical
or physical reactions responsible for. uranium deposition at this locality.
A sketch map and cross section of this deposit are shown in figure 6.
The only analyses of samples available are of two grab samples of the éar-
notite-beafing tuffaceous sandstonejiihe samples contained 0,08 and 0.23
percent U, respectively. A detailed geologic map is how in preparation.
A few core holes less than 50 feet deep will be hecessary_to determine the
underground extent of this deposit.

Coal petrographic studies on Dakota llgnlte, by J. M. Schopf R. J. Gray
and J, G, Warman

Review of resefve materiais from exploratory drilling, which was under-
taken by the Survey in the Slim Buttes2area, South Dakota,uinfTQE%nand 1952,
for uraniferous lignite led to the selection of material from four holes as
most suited to petrographic investigations. The purpose of thié study is
to determine the association and correlation of uranium with the organic
constituents of the coal, Petrographic coal studies also serve to define
one of the three important variables of coal (Type, as distinguished from
Grade and Rank) which may be significant in téchnologic utilization of the
.coal, I |

Locations of the four core holes, Nos, 3, 16, 17 and-18, from which
more or less'adéquate reserve samples were available, is shown on the sketch
mep (fig. 7). Sbme'correlativeistudies aiso were undertaken on weathered.
coal available from the. abandoned Mendenhall strip mine, also located in
figure 7. Holes 16, 17 and'18 all are deeper than 300 feetj hole 3 reached
the coal at a 1little mére fﬁan 88 feet. At this shallower depth the upper
coal bed showed some sighs of weathering. |,

7
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The uppermost (Mendenhall) coal bed in all four core holes shows a marked

top-preferential distribution of radioactivity. Uranium determinations have

been made on all coal sampies and are generally consistent with the radio-

metric values, expressed as pulses pef minute per gram (P/M/G), that are

shown in figures 8-11. However, P/M/G determinations were obtained for both
coal and non-coaly straté and, in a number of instances, were,dbtained fibm?

shorter intervals of core thickness than seemed justified in sampling for

- the more cbgﬁly chemical determinations. The relative significance of these.

P/M/G values seems satisfactory and generally will approximate the parts per.
million of uranium, chemically determined, if multiplied by a factor of frdm'

fifteen to twenty times. The considerable variation in prominence and loca-

‘tion of subordinate_péaks of radiocactivity also seems to be supported by the .

analytic data but the actual accuracy pf radiometric determinations at lower
levels of activity (less}than .5 P/M/G), probably is not so good. However,
the lowér values seem to exhibit considerable relative consistency. The .
irfegularities and differences between the radiomef;ic‘profiles,of the four
drill holes evidenﬁly are real, ‘ r

The P/M/G profiles have been used as é guide in planning more detailed’
petrographic study of the coals, These studies are incomplete_gnd_cgnnot
be reported at this time. One objective has been to define the "oécurrence
unit" of uranium in the coal," The P/M/G profiles show that in samples of a
foot or greater thickness substantial undetected irregularities of uranium
concentration‘may océur.

The amount of core mater%%l available for study, and the nature of the
instrument used, require the study of samples thicker than about 2% mm.

(1/10 inch) by radiometric methodé, using a well-shielded end-window type
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SUMMARY P/M/G RESULTS, HOLE 3
SLIM BUTTES AREA, HARDING CO, SOUTH DAKOTA
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SUMMARY P/M/G RESULTS, HOLE 16
SL'M BUTTES AREA, HARDING CO, S.D.
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SUMMARY P/M/G RESULTS, HOLE I7
SLIM BUTTES AREA, HARDING CO, SOUTH DAKOTA
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of Geiger.Counter (Victoreen 1867/VG-10A Thyrode tube with 2.3 mg/cm? mica
window)o? Some abrupt variations in radioactivity appear between some of
the adjaceht 2 mm and 3 mm thick samples, but more commonly gradational
values are encountered to suggest that minor frends of distribution range
ﬁhrough thickneéses §f.coal greater than half an iﬁch.

Ninety;one such saméles have been prepared from reserve portions of the
more radioactive uppef-part of Hole 3; 1L9 samples from the upper portion
of reserve core from Hgle'lé and 130 samples from Hole 18. Samples from
Hole 3 have been subﬁitted for ash and for fluorimetric determination of
uranium to the Tracé,Elemeﬁtg washiﬁgfon Laboratory; P/M/G readings for
samples from the other holes are in process of being rechecked for accuracy
by ordinary radiometric methods in a shielded ;:ountero Significant deter-A
minations require a long period of fﬁn ahd a background count of somewhat
comparable duration to attain a probable‘errorrof3Z§ percent on samples of
low activity. B |

The samples from Hole 18 should prove of considerable interest from the
standpoint of corfelation with organic composition of the coal. Twenty-
two thin sections were prepared from the core réserve material and th;

"heel blocks", remaining after thin sections were obtained, have been care~

fully split and crushed, after drying, to provide pulverizéd sambles'accuﬁﬁzﬁ ;

R

rately correlated with the adjacent coal of the thin section and most
appropriate for detailed microscopic study.

Both microscopy and radiometry,for~this series from'Holé-ls are not
far enough advanced to suggest what resultslmﬁy be obtained. The same plan
of operationdalgo may be utilized for coal from Hole 17, from which about

18 thin sections have alreédy been prepared.
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: Both series of thin géétions élsb'éfe applicable to standard types of
coal pétrographic feporting that refieci the type4com§6§i£ionjpr0perties of
coal, significant in utilization. These interrupted series of éections'are
most suitable for study by thevlayer-samplingjﬁéihqd,' By this method an -
accuracy can be obtained that is proportional to fhe relativé amoﬁnt of
éttrital coal that is examined microscopically., Thus with a few sections
the 1ayef-sampling method may. yield only a relativelj semi-quantitative
indication of the layer-by-layer variations. The accuracy increases with
the increase in number of sections used to sample the coal. Studies now
plannéd fér superior material presently available in reserve. from recent
core holes SD-lO and SD-19, in the Slim Buttes area, include virtually
complete thin section coverage.

Essentially, the layernsampling method consists'of utilizing megascopic
transects for quantiﬁative estimates of pre-vitrain (woody lenses and streaks)
megascopic fusain, pértings and evident impurities. The scattered thin
sections are used to sample and determine the nature of attrital coal in
which megascopic entities are dispersed. Both megascopic and microscopic
determinations are combined in computing the petrographicncgmposition of all
the more or less distinctive layers of coal, Microscopic‘composition of
attrital coal in each layer is determined by relating the quantities of
microconstituents in attrital coal actuélly sectioned to the thickness of
the layer and to the known amounts of megascopic ingredients that also are
present. A layer-by;layer profile of'the coal bed that can be presented by
this method is most ihstructive but the layer results also can be averaged,
‘in proportion to their tﬁickness, té give the average composition of the

bed as a whole.
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For micrégpopi@ déterminapions,the:constipuents utilized by.Tpiessep
and his cowofkérs at .the Bureau of Mines seem most suitable. ‘However, since
much of the anthraxylon (an-thra-xy'-lon) consists of megascopic woedy bands,
‘two fractions of this constituent afé recognized--bands. and lenses of mega-
scopic sizes (thicker than § millimeter or 1/50th of an inch) may belplassed
- as pre-vitrain, since these are the (megascopic) vitrain equivalents of ﬂ%
higher rank coal. Thinner anthraxylous strands represent éttrital constit-
uents that have to be estimated by microscopic measurement. Standards of
anthréxqun defermination established by Thiessen and long utilized by him
and his éoworkers exclude from the anthraxylon fraction of coal any materials
in shards .or strands of material less than lhflin vertical thickness, even
though the smaller fragments, as judged from other criteria, are similar,

To this extent anthraxylon also has a miéré-texturél connotation and is
used in this report in that sense.

In addition to tranélucent hﬁmic matter which; except for its high
degree of micro-degradation is similar to anthraxylon, trénslucent’attritus,
. in the sense Thiessen used it, also includes translucent waxes and resins
énd spore or poilenycoats.and cuticles, Opaque attritﬁs may be represented
by three éomewhatAdifferent types of components--granular opaque matter, |
amorphous opaque matter and shards of fusinized material too tiny to be
systematically dete:mined.with fusain in practical petrographic procedurs.
As may be inferred by its very different compositioﬁ, opaque attritus has
- a vastly differing significénce from translucent attritus for coal utiliza;
tion purposes. . |

Fusain when observed megascopically is a charcoal-like material. It
can be measured_megascbpically, like pre-vitraih, down to a thickness of
abqu@ half a millimeter, ’Smal;er fusainAparticles are also dispersed in a

e
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complete range 6f sizes in-attrital coal and were counted 2§’£g§ggg by
Thiessen when they e#ceeded a thickness of about LOw. This microscopically

_ determined portion of tHe fusain fractiop of a coal can best be distinguished
as attrital fusain. Both megasdopie and attrital fusain have similar chemi-
cal properties but the size distinction has importance in relation to the
physiéal properties of coal; a plane covered by unminéralized megascopic
fusain splits readily and is subject to much degradatibn in handling where-
as fusain dispersed in attrital sizes is retained in the coal to a much
greater exteﬁt, Thicker layers of fusain may,‘on occasion, also be relatively
'impure bécause their great porosity, inherited from the uncompressed cellular
tissues of original plant materials, forms a natural site for the deposit

of secondary mineral matter. |

A chart showing ﬁetfégrﬁphic composition of the Mendenhall coal bed in’
Hole 16 is presented in figure 12, A profile of ash ahd,uranium'content, as
chemically determined, also is presented in correlation with the petrographic
1ayefs° The uranium profile has beenerunded for better comparison with the .
P/M/G_profilg, based on about twice as many sample divisions, thét has pre- |
viously been given as figure 9.

Study of this chart reveals some interesting relationships., Wood mate-
rial dominates the lower portion of the bed--a relﬁtively small amount of
attrital anthraxylon is present. Translucent éttritus also is present in
relatively small quént‘ity° It is most unusual for a bed of lignite to in-

- clude as much as 25 percgnt of opaque attritus; the fusain content, while
not excéptional for Paleozoic bituminous coal, is also relatively abundant
with regard to the usual COmposition of lignite. No specific correlation
exists between ur#nium content and these standard coal petrographic constit-

uents, Although the upper layers seem to show a direct relationship between

Nt
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ash content and uranium this does not hold for other layers of this coal

bed and other studies have shown that a ‘truly dependent relationship between.
ash and uranium content in the Mendenhall coal is highly improbable;ﬁh$he
apparent ash~ufanium relationship in samples TES and TE6 is more likely to
be only coincidental. Our other studies have strongly suggested that neither
ash nor uranium is actually present in such smoothly "rounded" distribution.
The profile of actual occurrence for both materials pfobably would present
an extremely ragged and unrelated saw-tooth outline, in comparison with

bulk average values?that these samples represent.

A possibly sighificant, but tentative, conclusion may be suggested re-
garding utilization of lignité of this character. It is not as likely to
produce on charring or destructive distillation as large a tar or oil yield
as lignite containing a greater proportion of translucent attritus rich in
various_typés of waxes and resins. Batch hydrogenation tests performed at
the Bﬁreau,of Mines suggest that mbst of the fusain accumulates as résidue
. by this method of treatment and that nearly half of the amount usually iden-
‘ tified as opaque attritus is similarly non-reactive under these conditions.
" Translucent components may liquify nearly completely. Normally one would
consider the presence of So much of these constituents adverse to hydro-
genatibﬁ possibilities.' The presence of uranium could conceivably alter
this if it should prove possible to concentrate uranium in a hydrogenation
" residue along with one of the opaque components.

Goose Creek district, Cassia County, Idaho
by W. J. Mapel

Thispperiod was devoted to the compilation of data gathered since 1951
oﬁ the occurrence and distribution of urénium in carbpnacéous shale and lig;

nite in the Tertiary rocks of the Goose Creek District (see fig.'lB). A

;o
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report is being prepared on the geology and uranium deposits of the district.

The richest known occurrence of uranium.in,the district is the top”ww.“m_.
foot of an 8-foot bed of carbonacepus sﬁale. The top foot contains as muchl°
as 0,12 percent ufanium. Beds of carbonaceous shale‘l-foot thiok or'more
contain 0.0l percent or more U at 18 additional locaiities. 

About 1,200 feet of core drilling is plammed in the Goose Creek dis-

trict during the 1953 field season with the objectives of (ll) testing the

principal mineralized zone underground in the area thought tolbg més£ favor-
able geologically, (2) testing‘stratigféphically lower zones bf ca?bgnacequs
shale beneath the most uraniferous shales exposed at fhe surface,:gnd (3)
obtaining fresh samples of carbonaceous shale for cémparison of the distribu-
tion of uranium in fresh and weathered material, .
Red Desert area, SWeétwatér Count&, Wyoming
by H. Masursky
A report on the results of explofatory core drilling for uranium-
bearing coal in the northern part of the Red Desert area, Sweetwater County,
Wyoming, is in preparation. The data from the driliing emphasize: the.im-

portance of the geologic guidés in physical exploration. Two features are

\

- notable: first, the area of maximum coal deposition was the E@cene swamp -

. which lay between the Wasatch stream-deposited sandstone on the northeést

and the Green River shale which was deposited in lakes to the southwest

(fig. 14). Second, the subsequent upanium;mineralization of the coal was

related to the permeability of ithe sandstone beds adjacent to the coal.

The most favorable area for coal lies in the central part of the zone of

coal deposition where the coals are thickest., Since the uranium content is
greater to the east, however, the most favorable area for uranium is the

eastern part of this coal zone.

-
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Fig. 14 —Sketch map showing results of exploratory core drilling in 1952 and
area to be tested by drilling in 1953, Red Desert Area, Sweetwater County,
Wyoming,
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About 8,000 feet of core drilling is planned for fiscal year 195k to
outline reserves in the favorable area extending 20 miles southward from
.the’area drilled in fiscal year 1953 to U. S. Highway 30. Both reconnais-
sance and detailed geologic mapping will also be done in the area west of
that shown in figure 8. A search will be made for other uraniferous coais
in the zone of interfingering between the Wasatch and Green River formations.

Fall Creek area, Bonneville County, Idaho
by J. D. Vine

Geologic mapping in the Fall Creek area, Bonneville County, Idaho,
durihg the 1952 field season provided new data on the extent of the deposit
and increased the inferred reserves of uranium. Within this area the Bear.
River formation of Lower Cretaceous age is repéated at the surface by folding
and faulting about 12 times. Uranium-bearing carbonaceous rocks in the
Bear River formation were found at several localities in addition to the
Fall Creek coal prospect. Howevef, natural exposures of the zone of uranium-
bearing rocks are limited to a few outcrops of the carbonaceous limestone
bed that overlies the zone of ﬁraniferous coaly shale. Evidence that the
zone is uraniferous throughout much of the area mapped consists chiefly of
the fact that increased radioactivity 1s nearly always detected in crossing
the soil cover that conceals the zone. In addition, soil samples collected
from this zone are uraniferou55

Core drilling will begin in June 1952. The drilling is planned to
obtain additional information on the thickness, grade, and areal extegt of
the uraniferous zone and to test the possibilities of finding higher grade

material,
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A detailed report on the Fall Creek area is in pfepé;apionwand‘will be
completed when the results of core drilliﬁg are aiailableo ;Plans for future
.ﬁork will be made if results of’t#e,core;drilling indicate that gdditioﬁal
. work 1s warranted, .. B =~ . . ., |

‘Coyote mining district
by H. D, Zeller and E}‘H,~Baltz,_Jr€

Uranium-bearing coppér’déoOSiﬁé in steeply dipping beds of the Sangre
de Cfisto formation'of Pennsylvanian aod Permian ages were mapped in the
Coyote Mlning District, Mora County, N Mexo' The copper and uranium occur
in lenticular carbonaceous zones in shale and ark051c sandstoneo Samplos
of weathered-maﬁerial from these'ionos contain as much as 0.067 percent U
-andﬁé@érageiabog$_3.p%fgoptlpoppengf.Meﬁatyuyamnﬁite'is disseminated in
some of the arkosio sandstone beds and uraninite was identified in some of
~ the copper sulflde nodules in the shalea

The prelimlnary results of thls work are 1ncorporat°d ‘in TEM=556 trans-
mitted to AEC May 15, 1953. A more complete report is in preparation.

Mapping on. a ooalo)of 151200 of smail areas around the individual de-

- posits will begin in'the 1953 field season. ,A ngmber of tronghes will be
dug to obtain fresh séﬁgles and to determine if both the uranium and,coppef
content increqago_at doptho'
.EMiller'Hill'area
by J. D. Vine

Thin beds of algal llmestone contain a -little more than 0.1 percent U~
in the Mlller Hil11® area, Carbon” County, Wyo° TEI-315, ”Prellm;nary report
on uranium depoéits in the Miller Hill:éfea,:Carbon'Couhﬁy, Wyoming"vby

T I
Sy S
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J. D. Love was transmitted to AEC April 20, 1953. Field work is planned to
begin in June 1953.  Airborne radiometric surveys, previously scheduled as
the initial phase of field work,,éannot be undertaken until the present
high level of atmospheric radioaCtiVity-resulting from the atomic bomb
tests in Nevéda has decreasedf Howéver, detailedtgeologic mapping and
regional stratigraphic stidies of the Browns Park énd other formations has
begun, Physical explofation to sample promising areas will be'planned as

soon as geologic studies can provide avgalindebasis for the drilling.

Black shale investiggtions

Reconnaissance

TEM-LLl, "Results of reconnaisSénce for uranium in nonmarine carbon-
aceous rocks in parﬁs of California, idaho, Nevada, Oregon, Utah, and
Washington during 1951 and 1952," by Dénald C. Duncan was transmitted to
AEC June 5Q>l953. The report‘cohtains analyseé of samples of nonmarine
carbonaceous rocks ranging in age fromACarboniferoﬁs io Quaternary and from
about 30 localities. Most of the samplés contéined essentially no uranium,
but samples of a thin carbonaceous shale néar Hagerman, Idaho, and a small
' peat deposit iﬁ Davis County, Utah, contained.more than 0;003 percent U.

A report on results of reconnaissance in marine carbonaceous shale is Being
prepared. Thin beds of marine shale in several formations contain as much
as 0.005 percent U in Surface.sampleé but none of these shaleé'at localities
now known appear to offer much promise, However,.shale zones. about a foot
thick in the Hartville formaiion penetrated by wells drilled for oil and

gas in easﬁern Wyoming and western Nebraska contain as ﬁuch as 0,011 per-

cent U. The surface outcrops examined in the Hartville uplift'did not
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contain uraniferous shales such as are found in the Hartville formation in
the subsurface. However, in the reconnaissance, uraniferous copper minerals
were found at 19 of the 25 localities examined at the baée of the Guer;sey
formation of'Missiésippian age and along the uppef surfacerfithe underlying
Whalen group of pre~Cambrién age. Samples from seven localities contained
as mach as 0,031 percent U, No deposits of commercial impértance were dise
covered'butﬁihe widespread occurrence of radioactive copper minerals suggests
that a more detailed examination of the area would be desirable,

A review of possibilities ofjfinding uranium in biack shales in equiva-
lent or higher grades than in the Chattanooga is being undertaken. Literature
on a number of black shzliss is beingkcollected and studied, From this pre-
liminary survey,\bﬁéggﬁéha%as'qn~whi¢h considerable informaﬁion is available
as to diétribuiion, thickness,; and geologic setting, and whiqh are known to
be uraniferous in at least some parts of their extent, will Be chosen for
more detailed study. Samples'can then be collected to tesththe uranium con-
tent of geologic features such as areas of thin shale, or'areas of overlap-
‘on older formations, or areas ﬁear the source of sedimentso‘ bhen this infor-
‘matien is synthesized, it not thy may péint to areas where &eposits con=
taining uranium in commercial amounts may be found but also it.wiil contribute
to an understanding.of the geologic controls that affect thé oriéin and dis-
tribution of wranium in black shales. |

Chattaﬁooga shale investigaﬁions
by L. C. Conant

During the current develépmental drilling program by the Bureau of
Mines, the Geological Survey has assisted in planning hole sites and iﬁ

selecting the sites on the ground, predictéd depths to the shale, and helped
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collect the cofes:of the shale. The cores have then beén sawed 1ongitudinaliy
into quafters, logged, and one quarter broken into 1-foot sample units and
sent to the Survey's Trace Elements Laboratory for uranium determinations.
Other quérters havé been'variouslj déiivered to the University of Tennessee,
to James Schopf of the U, S, Geological Survey for paleobotanical studiés,

to T.«F;:Bates .of Pennsylvania Sfate College, and to the Bureau of Mines for
storage at Mt, Weather. By the end of May about 25 of the 36 designated
holes had been completely drilled, and most of the cores had been submitted
to the Sﬁrvey'laborafbryo Present indications are that most or all of the
hoies will be finished by June 30. .

All the recent analyses suggest that for a north-south airline distance
of about 60 miles along the Eastern hHighland Rim, ﬁhere is no great difference
in uranium content. |

- Conant and Rowe (TEM-6L9) submitted recommendations for a further
'driiling‘program désigned to find areas,where the urahium content of the
shale may bg somewhat higher than in the Block 1 area, It is alsc proposed '
that, if such dfilling iéicérried on, the Survey will do some geologic
mapping in'areas of mest promise in order to supply information on structure,
and depth of overburden. A considerable number of sidewall samples will be
taken from the projected experimental mine tc study the continuity or vari-

ations in the uranium content of the shale, both horizontally and Verficaliyq

Organic matter of the Chattanooga shale, by J. M. Schopf
~ Quarter cores of three holes from the current drilling program in the
Yoﬁngs Bend area in Tennessee are being made available for study with likeli-

hood that two more may be made available later,
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An item of basic interest with regard to £he'bleok shale concerns the
nature of its laminae and the period of'their.deposiﬁiOn;‘ Two of the por-
tions of cores now available have provided material suitable for determininé
whether a correlation between leminae exiStsxfor'a distance of half a mile.
The most highly‘oréénic laminee‘just-above ﬁhe'Bentonite layer, Snd others
from the base of the nUpper Black" beds, have been traced on transparent
plastlé=by(means of microseOplc oBservation,. No oeriodlcity of thick or
thin bands has been noted and variation in'uhe persistence of microlaminae
can be demonstrated in individual core specimens,

The general relation other investigators‘have’reported between orgsnic
content and radioactivity Suggest‘an additlonal posSiBle’meens of'deternining.
wnether a similar relatlon exists within the laminae. The sPeéiméns pre-
viously studied have been covered ﬁitﬁ-huéleéfitypé autoradiographic film
to determine {1) whether radioaotivity is distributed in accordence'wlthA
thefevident‘lamination and (2)0£6idetermine‘whe£her any'battern.havlng.
mlcrostratlgraphlc significance may be observed Judglng from prev1ous
trials an exposure period of several months w1ll be required for suff101ent
track density to accumulate so that it can~be recorded on the fllm, The |
specimens are now.being maintained under refrigeratlon tonminlmiie‘back-
ground fogging. R

Other recent results of this'investigation nay be summarized eszfollows:;

Identifiable plant materials, from which-derivetion of phe‘degreded
organic matter in the shale must be inferred include Foefstis, a gfbup of
planktonic marine algae that may be dlstantly related to modern Phaeophyceaea
Abundanblmmaterlal has beer prepared for paleontologlc purposes to illus-
trate features of Spe01es of Foerstia which are w1dely dlspersed in the

lower parts of the Ohlo ‘and Chattanooga shale in Tennessee Kentucky and
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Ohio. Although individuals of Foerstia are small they occur in such num-
bers that they are next to "spores" in contributing identifiable plant
remains, | |

Some of the first material abundantly évaiiable was obtained at Flint
Park; a few miles north of Columbus, Ohio, in the lower portion of the Huron,
- or Ohio,'shale. ‘The laminated black shale here is not known‘to‘bé higbly
radioactive but it seemed advisable to prepare as pufe a sample of Foerstia
as possible for chemical’determinations, in view of the lack of any coms
p‘grable data,

The shale was dried and crushed. A rough separation of Foerstia thalli
was made by floating them on CCl) at Spegific‘graQity of 1.59."Individual
thalli were subsequently picked from the "Foerstia concentrate" until about
three grams were accumulated, The flakes of coaly algal tissue, showing
very little evident.min®rélmatter, were crushed in a mortar until reduced
to pass a 65 mesh screen. This sample wa; divided into two and bottlednon"
the assumption fhat béth samples were equivalent.

One of these bottled samples wés agéin subdivided and half of it
treated with cold analytical grade hydrofluoric acid in a wax vessel for
approximately three days in an effort to further reméve any mineral matter
pfesent. To complete the suite of samples a portion of the original organic
shale matrix, stiil ‘containing some fragments of Foefsltia, was also crushed
to -65 mesh to pro%ide contrasting'data.

Thevshaie matrix sample and about 1% grams of the hand picked'Foerstia
were sent te the Washington Trace Elements Laboratory for ash, colorimetric
oil assay, uranium.énd semi-quantitative spectrggraphic‘qeterminations.,

A portion of somewhat lesé than a gram of the "natural" hand-picked

Foerstia, and the portion that had been treated with hydrofluoric acid,



149

were sent as samples 3 and to. the Clark Microanalyfical_Laboratory in
Urbana Illinois, for detefﬁinetion of ergsnicvelemehtd esbfox1mating those
included in the "ultimate" type of coal analy51so,

The results of these four sample determlnatlons are glven below 1n.
tables 2 and 3, )

Data from the two‘sets of determinatiens are less in agreementlon ash
.content than was anticipated, the "Hand Picked Foerstia®" and "Natural
Foerstia®.of the two tables presumably representing duplicates.of the same
material.A Difficulties are mult lplled in attemptlng analyses of such
small samples and one probably should not expect closely compatible results Q
in an initial effort of thls type. Evidently it 1is much more difflcult to
reduce the mineral matter to relat1Vely low levels than was flrst ant1c1~
pated even with hydrofluorlc treatmento' |

These data are presented now because they‘apparently are unlqueo
ﬁmhrwn%ofmwmmmmmfmmmwmﬂo%umd%afwomw
localities would aid in ‘showing whether anyAef the‘trends'ofvvafiefien be-
tween the organic conceﬁtrate and matrix ere consistentiasd:whether any
systematic variation oceurs in the prganic elements as- it does inlcoel
formed from lend plants in a different depositional enylfoﬁmenfg

Other identiflable remains of plants in the Chattaseega'shale inelude

drift wood of Calllleon, both ql]lleled and as bltumlnous coaly streaks,

One large alg01d plant Prototax1tes has been morerrarely identified.
Materials of both types have been obtained for study'and.illustratioeq In
a few instances chemical determinations. will be obtained on £he hearly
pure coaly mineral-.free streeksnthat probably represent the bituminous re-

mains. of Callixylon, Some of these have proved unusually radioactive,
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Table 2.--Results of ash, oil assay, uranium and spectrographic
determinations of matrix and hand picked organic
matter (Foerstia) A

SHALE MATRIX - HAND PICKED FOERSTIA..
(1) ASH (air dry basis) -=18l.5% —=eemmemmecoecccona- 55.8%
(2) omw ASSAY‘(air dry) ~= 1.,6% ~==-memee-esceaeeaa= 10,0%
(3) URANIUM (air dry) ---- 12 ppm (0.0012%) ==-==n-- 16 ppm (0.0016%)
~ URANIUM (in ash) ---- 15  ppm (0.0015%) -=------- 28 ppm (0.0028%)

Semi-quantitative spectrographlc determinations of ash or incinerated samples

(L) COPPER (Cu) concentrated about ten times in ash of picked Foerstia
Matrix = ,0l - .001% Foerstia = .1 - .0l%

(5) Other elements that may be slightly concentrated in ash of Foerstia

Molybdenum (Mo) 1 - .01% magnitude of occurrence
. Manganese ’(Mn) .1 - .01% " "
Vanadium (V) .01 -.001%3 . "
Yttrium  (Y) .01 - .001%  m "
Uranium (u) .0015% (matrix) - .0028% (Foerstia)

(Uranium determinations not spectrographic)

(6) Elements that may be to some extent deficient in ash of picked Foerstia

Strontium ESr) 1 - .01% magnitude of occurrence
Chromium Cr) .1 - ,01% noo n

(1) Elements present in about the same apparent concentration in both samples
Si, Al----more than 10%; ------------- ---magnitude of occurrence
Fe, K, Mgeemm-mn= 10. % to 1.0% u "
Ti, Ca, Na, Ba--- 1.0 . to 0.1% n n
B, Pb, Ni, Co, Zr- 0.1 - .to .01% n "
Ga, SN, SCe-e-==- .0l to .001% n "
Yb, Bewmmmwcaeeaa .00l*to " .0001% n n

(8) Elements in lower than threshold quantities in both samples -
4 4 Analytic Thresholds

Ag =m=m-mommommemmoommeo oo oo e bt less than ,0001%
Bi, Ge, IN ~-s-omsmmsm—me e oo oo less than .001%
Au, C4, Dy, Eu, Er, Gd, Ho, La, Lu, Nb) L e

Nd, Pd, Pr, Pt, Rh, Ru, Sb, Tb, Tm, Zn)~ . less than ,10%

As, Ce) HE, Hg: II', Lix, OS ) B less than .1% -
P, Re, Sm, Ta, Te, Th, T1, W) -1
% No special methods were used to determine Li, Cs, Eb, or F.

(9) About twenty-three elements are unstable or otherw1se unsuited to
~ spectrographlc determination,

Analytlc déﬁnrmlnatlons by Washington Trace Elements Laboratory; USGS,
under “Gfrection of John C. Rabbitt: Chemistry by Maryse Delevaux; Spectro-.
graphy by Charles Annell.

e
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Table 3.--=Results of organié element microanalysis of Foerstia

WNATURALY Foerstia

Foerstia, HF Treated

_ , Vaguun ‘| Calc, Vacuum Calc.

Constituent Dried 56° C |[Ash Free Dried 56° C | Ash Free
' Wb: Loss 1,71 ' Wt. Loss 1.71 ' '

Ash 80.75 L1.53

Carbon 11.19 58.13 36.88 63.07

Hydrogen 1.80 9.35 3.81 6.52

Wt. Loss .1LO ; Wt, Loss .122

Nitrogen 1,15 - 5.97 1,03 1.76

Lol Wt, Loss .71 | - simri. Wt. Loss 1,62

Sulfur 3.L2 17.77 8.89 15,18

Oxygen, +

determinative

errors 8.78 13.47
Total Ldglis s mm e e 100,00 S - 100,00

Analytic determinations by Clark Microanalytical Laboratory, Urbana,

Illinois:

D, Dickenson, Chief Chemist,
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Seveﬁ varieties of anomaloué spore-like bodies are‘distinguished among
organic constituents of the Devonian black shale; in addition spores of
undoubted land plants have been found in some abundance in beds of Chagrin
age in Ohio, These contifast strongly with the spbre;iike microfossils whose
affinity is uncértain and which are best referred to the form genus Tasman-
ites. Usually the latter types are dominant and land plant spdres'are rarely
seen. New material from core sectors recéntly supplied from drilling in
Tennessee should assist in making a more systematic survey than has heretb-

fore been possible,

Uranium in asphaltites

Reconnaissance for uranium-bearing asphaltites
by W. J. Hail

The reconnaissénce investigation for uranium-bearing asphaltites will
consiét of: systematic sampling of known asphaltite deposits; a’study of
thé basic geology of these deposité; and a regional reconnaissance to dis-
cover new deposits.,

It is planned first to viéit'areas known to contain large deposits of
asphaltites similar to those near Vernal, Utah, and to sample these deposits
systematically for their uranium and other trace element content. Smaller
depoéits known to be uranium-bearing will also be sampled systematically.
The basic geology of those areas found to contain uranium-bearing asphaltites
will be studied with a view to determining the geologic structure or sétting
which appears favorable for the concentration of the uranium and other
trace elements. This knowledge will then be<app1ied when other areas are

prospected. The field reconnaissance will also be extended to other areas
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in which asphaltites have been reported, in order to’determine the extent
of such rocks, aﬁd whether or not they contain uranium,

If the-reconnaissance'field investigation discovers areas containing
depesits of uranium-bearing asphaltites which are of eeoﬂomie interest,
these areas will be outlined for more intensive and detailed work.

Core processing
by J. M. Schopf

}Cofes ofﬁﬁe&o;;ﬂllgnite

Since January 1, 1953, eighty-five and}oneehalf linear feet of core
from Holes SD-10 and SD-19 in the Slim Buttes area of South Dakota have been .
described and sampled in detail for radiometric determinations, Seven bed
samples have been prepared for standard coal analyses includiﬁg real specific
gravity, proximate, ultimate, Btu, forms of sulfur and ash fusibility deter-
minations. About ZSolsamples, representing two to eix'inches of core thick-
nessg were studied as a basis for establishing a radioactivity profile of
both the coal and non-coaly eores that were shipped to the Coal Geology
Labora&pfy from the drill site. The detailed radioactivity profiles ‘also
were used as a basis for determining how the small samples should be com-
bined for sake of efflclency in analysis, in submlttlng samples for accu-
rate determinations of uranium at the Washington Trace Elements Laboratory

One hundred thlrteen samples of coaly and non-coaly rock were sub-
mitted for this purpose° Coaly samples, ow1ng to the notable 1nitlal con;
centration of mlneral elements in their ash, appear to represent a simpler
problem for analysis with precision (w1th reference pe the raw coal) than
semples compoeed dominantly of mineral matter. The samplee were divided

o

into these two classes; coaly samples may be analyzed with good accuracy by
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routine procedures and results obtained sooner. Non-coaly samples will re-
quire a longer period for analyses of equivalent.precision. It is not ex-
pected that‘results of immediate eeonqmic value will be.obtained in analysis
of the non-coaly rocks in this region but it is highly desirable that this
data be obtained from these two drill holes, which have afforded better
thaﬁ usual material, as a matter of basic geologic information.

Six laboratory reports have been issued in description of the lithologic
features of these cores and as a record of detailed sampling ana radiometric
determinations, C0pies'of descriptive reports'have been provided to those
immediately concerned with the field prOJeCt Charts illustrating radio-
metric profiles from these drill holes are included in this report as
figures 15,16 and 17. A

Results are plotted on these three charts in units.of pulses per minute
per gram (P/M/G). Calibration in terms of equivalent uranium is difficult

owing to diversity of samples studied but most recent analytic results on

' comparable matérials usually have shown 15 to 20 parts per million uranium

for each P/M/G. Of greater geologic~significance is the generally good
relative accuracy of the P/M/G results.
Cores of Chattanooga shale from the
Youngs Bend area in central Tennessee
One hundred and eighty feet of black shale core from six Youiigs Hand - =
holes has been sllced and accurately sampled at the Coal Geology Laboratory
for chemical determlnatlons and to prov1de correlative materials for re-

search by different 1nvest1gators and for a Bureau of Mines core-llbrary

reserve. One hundred forty-four samples have been shipped to the Trace -

Elements Laboratory as a result of this work,
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SUMMARY P/M/G RESULTS,HOLE SD-10
SLIM BUTTES AREA, HARDING CO.,, SOUTH DAKOTA

Top ’ Lower Port
281.70 380.40
282.25 381.07
282.507
283.35-

Core not sent
311.20 382.92

312.94
313.42 >
386.56
316.00 . ,
White River
316.27 Ludiow .
388.5 f
' 317.40 /
3896
Bottom of Core
320.17

TE Som‘ple@P/M/G Sample
322 56 Boundaries Centers

Clay Shale or Coaly Shale or
B LIS 1Tstone impure Coal R Coal

, Scale of FYM/G Values
325.82—““ not sent ?_'i'f'i 2 3 4

8|
| | 1 1 )

Fig. 15
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Samples from other sources

A series éf tﬁirty core chip samples, representing a thickness of 106
feet of Mississippian agé black shale from an oil test well in Alabama, were
submitted by Wilbert C. Hass for radiometric survey, None of the samples
were sufficiently rédioacti&é‘té suggest higher concentrations of uranium
than about ten parts per miilion, and for this reason no further analyses

- were requested.

Core from Hole SD-10 was regévered traversing the unconformity between
White River beds (above) and the coal-bearing Ludlow formation (fig. 15).

The characteristics of these non-coaly beds are of interest in view of evi-
dence which shggests concentratién of uranium in coal by downward percolating
ground w§terso"‘ ‘ |

Distribution éf:radioactivity in the topmost coal bed belbw this uncen-
formity is of considerable interest also, since it differs from. the typical
distribution of uranium in the Dakota.ﬁnanifereus lignite beds previously
examined., It compares much more favofably with‘the distributioh previouély
noﬁed for sﬁb-bituminous coal beds of the Red Desert region in south central
Wyoming. According to J. R. Gill, geologist in charge of the Dakota project,
this is not the Mendenhall coal bed that contains the chief resources of:
uranium in the Slim Buttes area.

The radiometric profile established for Hole SD-19 is felativ;ly typical
of -the top~prefereﬁtial pattern of radioactivity that has been established in
other drill.holes and from weathered outcrop samples of the Mendenhall coal
bed. This cqmpérison hblds even for the high radioactive values found in
the impure top layer of the bed, Some secondary peaks of radioactivity also

. are observed in the coal at depths of about 336 feet and at 342 feet.
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Owing to about 7 inches core loss above 342 feet it is difficult to know

. whether a top-preferential or a/ceﬁtrally placed anomaly is indicated by
the moderate radicactivity in the sample just below this depth.

All fhe purer coal samples below 343 feet depth in Hole SD-19 show.
levels of radiocactivity les‘»s, than half that of the associated clay shale,
siltstone and sandy beds. In this respect these coals are typical of coal
in general which is known to be chafacteristically deficient in radiocactivity:
This also serves to further emphasize the exceptional nature of certain
western coals that do show significant concentrations of uranium.

. Research investigations on the petrographic‘cgmposition of reserve
poftions of these two coal cores are now in progress and will be reported

N

subsequently in another connection.,



SEARCH FOR AND GEOLOGY OF URANIUM IN PHOSPHATE

.Norﬁgwest Ehosphate
by R. W.. Swanson

 During the last six months principal §rojed£ éffofts.yefe devoted to
compilation of strétigraphic an& aﬁalyticéi‘dataoi The format fbf compila;
tion of stratigraphic data forldolumnar sections was revised and to déte
nearly 70 seétions have béen prepéred; Other efforts durlng this perlod
have been devoted chiefly to report preparatn.on°
Progress toward release of data in the last 51x months is as follow5°v
Circulars 208, 209, 210, 211, presentlng analytlcal data onAmeasured sectlons'
of thevPhoSphoria_formétion;‘were publiéhed and fhe compaﬁion TEI reports |
183, 18.)4,T 185, and 186, containing data on fhé uranium c§ntent-6f these
' sections, were transmitted to AEC. Three similar pairs of reports have
been submitted for publication, and six other pairs are prepared and will bel
 submitted for processing soon, A report summarizing datafdn samples collected
“in 1952 will be placed on open file shortly. The geologic map ‘and structure
séctions of the southwest quarter Willis quadrangle, Beaverhead County,
Montana has been placed on oben file and will be transmiited as'a TEI; and
the geologic map and text of the Centennial Range, Montana~Idaho has been
-transmitted as TEI-323 and placed on open file, Geologlc maps and reports
of the Johnson Creek and Dry Valley, Idaho, quadrangles have been completed
and are being reviewed prior to transmittal for publication. A progfess
feport, summarizing work accomplished over the whole field thus far, was
transmitted to the AEC as TEI-246, will be placed on 6pen-file in-June, and
then published as a‘circular; A chart showing the stratigraphic section in

the Soda Springs quadrangle, Idaho, and a paper on the Phosphoria formation



161

in southeastern Idaho and western Wyoming were prepared and transmitted‘to
the Intermountain Association of Petroleum Geologists for publication in its
guidebook in June, Because of the availability of these reports, now orlin
the near future, as well as their volume, it is not desirable to summarize
all of them here, but summaries'of those reports of most significance and
interest as well as summaries of other investigations that have not reached
pubiication stage are presented below.

Plans for the summer field season includes (1) stratigraphic correla-
tion stﬁdie&ﬁof Phosphoria formation strata ttroughout the field; (2) limited
sampling and description of stratigraphy at critical spots such as the type
locality of the Park City formation near Cottonwood Canyon, Utah, near B;aqk—
foot Reservoir, Idaho, and in the northern part of the field in Montanavnear
Philipsburg, Maxville, and Elliston where our data are sparse but valuable phos-
Phates deposits arelmomtooccur; (3) limited reconnaissance in unexplored parts
of the field such as northeastern Nevada and north-central Wyomings (L) con-.
tinuation of geologic mépping in the Aspen Range-Dry Ridge area of Idaho;
(5) mine mapping, section measuring, and field checking in the NW: Willis
quadrangle, Montana; (6) completion of mapping and field checking in the
Virginia City and Eldridge quadrangles, Montana; and continuation of petro-
logic, géochemical, and palebntologic studies°

Phosphoria formation in southeastern Idaho
and western Wyoming
by V. E. McKelvey, R, W. Swanson and R, P, Sheldon
.(partial abstract of paper to be published in the 1953 I.,A.P.G. Guidebook)
The sections of the Phosphoria formation described from southeastern

Idaho and western Wyomlng illustrate the transition from geODyncllnal to plat~

form facies,’ This tran51tlon between the two facies took place along a
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northward-trending zone that fluctuated from west to eaét in the vicinity of
“the Idaho-Wyoming boundary. The rocks deposited in this area are consequently
- of divérse lithologic types but they display an eastward decrease in total
thickness of the Phosphoria; eastﬁard'overlap and wedgeouts; and facies%§+
changes that result in an eastward decrease of phosphate rock, carbonaceous
mstter, and bedded chert and in an increase of carbonate rock, nodular chert,
:aﬁd'sahdstoneo
Progress repért on investigations of western phosphate deposits
by R. W. Swanson, V, E, McKelvey and R. P, Sheldon;
(partlal abstract of TEI- 2h6)

The Bear River region of:southeastern Idaho and adjacent parts of
Wyoming and Ut#h'contains the greafest total amount of phoéphate as well as
the thickest beds of high-grade phosphate, . #licugh<Some high-grade beds of
minable thickness oé@ﬁr in other barts of the field, particularly western
Montana. Several valuable deposits have been discovered during this inves-
tigation, most noteWorfhy of which are a 6-~foot bed of acid-grade rock in the
Centennial Range at the Montana-Idaho state line; a 12-foot bed §f 33 percent
_ Pecbgmék in the Caribou Range, Idaho; several strippable deposits of furnace-
grade rock in southeastern Idaho; and a 12-f60t bed of 20 percent PZOS rock
at the top of the formati§n north of Cbkeville,.wyoo |

Stratigraphy of the Phosphoria formation
in northwestern Wyoming -
by R. P. Sheldon
(partlal abstract of paper in preparatlon)

The Phosphoria formation consists of three major lithologic facies; a

bedded éﬁ%rt, dark pelletal phosphorite;, and dark phosphatic mudstone faéies;

a cherty limestone, sandstone, and sandy phosphorite facies; and a red bed,
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carbonate, rock evaporite facies. The general distribution of these facies
was controlled by depth of water and configuration of the Phosphoria Sea
which was in turn controlled by the major structural units of the area, which
were: a miogeosyncline in southeastern Idaho, a platform area in western
Wyoming and a lahd area in central Montana° Thus the chert-phosphorite-
mudstone facies is found in the miogeosynclinal area and the limestone and
sandstone facies is found on the piatform area, The gradatién zone between
these two structural uniis showseacomplex interfingering of the two facies
types which was determined by oscillating structural movements. |
Stratigraphy of the Phosphoria formation
in part of southwestern Montana
by E. R, Cressman
(abstract of paper read before GSA at Butte, Montana, May 8)

Ih much of southwestern Montana the Phosphoria formation of Permian age
is divided into five members. These are, in ascending order, a quartz sand-
stone-dolomite member (not discussed), a thin lower phosphatic shale member,

a dolomite-chert membef, an upper phOSphatic shale member, and a chert-quartz
sandstone member, |

The lower phosphatic shale is 30 feet thick immediately west of Lim#,
but it thins to a feather édge 60 miles to the north and east. A thin basal
phosphate bed is continuous over most of the region. |

The doloﬁiteachert member is 290 feet thick immediatel& east of Lima,
bedded chert coﬁprising the lower 110 feet. The dolomite grades westward in--
to dolomitic sandstone, and both chert and dolomite thin north énd east, sand-
stone beds becoming more prominent. i

The upper phosphatic shale member is generaliy 60-80 feet thick, but it

ranges from possibly as much as 150 feet west of Lima tb five feet in the
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east. The thickness of the member is governed largely by the amount of fine-
grained detritals. The phosphate content is independent.of the abundance of

fine-gradned detritals. | |
The chert-qparti sandstone member is slightly more than 100 feet thick,

Facies changes between chert and sandstone are common and abrupt. Chert may

intertongue with or grade into mudstone both on the extreme east and west.

Members behave as units, facies changes occum@ﬂglargely within rather
than between members. The source of fine-grained detritus is not known, but

quaftz sand was apparently derived froﬁ'the east, northeast, and west.

Permian phosphate deposits of Montana
by R. W. Swanson
(abstract of paper read before GSA at Butte, Montana, May 8)

In Montana two of the five members of the Phosphoria formation are phos-

phate shales; both shale-members contain most total'phOSphate in the southern

part of the're'gion° Acid-grade rock of the lower shale is restriéted tokthe
Centennial Range. Attractivé upper shale phosphaie_occurs only north of |
Dillon., Phosphate occurs aS'brownish-biack oolitic carbonate fluor-apatite
interbedded with dark mudstbnes, locally oil-rich, ﬁhose thickness andZSpacing
control the grade of minabie units, OSandstone interbeds are important in the/

Centénnial Range, Besides the active Garrison and Melrose fields, attractive

areas for mining include the Centennial Range, the Elliston area, and the area

- between Anaconda to Maxville{

Preliminary report on geology of Centennial Range,
Montana-Idaho, phosphate deposits
.by~F, S, Honkala
(partial abstract of report to be placed on open file in June)

-~

In the Centennial Range the Phosphoria formation is divisible into five

members, designated A to E, from the bottom to the top of the formation. The
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B and D members'contain phoséhate rock. The B member contains six feet or
more of high-grade phosphate rock, mostly in one layer, and is the chief
potential minable bed. The formation dips gently southward and is overlain
a by:ﬁarying amounts of overburden. Undergrpuﬁd‘mining would seemlto be the
best method of potential expleitation of the deposit, but'core;drilling and

further trenchigg are needed.. High-grade phosphate rock reserves in the

- Centennial Range may total scdres of millions of tons,

Control of rare element concentrations in sea water _
by K. B, KrauskOPf
(abstract of report. in preparation)

The ions of thirteén,metals, Cu, Zh, Cd, ﬁg, Ag, Pb, Bi, Mo, W, V, Co,
Ni, and Cr, were studied erm the standpoint of their precipitation by normal
ions of sea water, precipitation as sulfide, and adsorption py inorganic and
organic materials., | |

Preliminary conclusions indicate that equlllbrium with the normal ions
'of aerated sea water in the ranges of temperature and pH recorded for the
oceans cannot be responsible for the observed rare metal concentrations,
Sﬁlfide ion is a possible control for the consentrations of Cﬁ, Zn, Pb, Ag,
Hg, Cd, Bi, and Cr; though Cu9 Zn, Pb, Cd, and Bi are also quite effectively
removed by various adsorbentso Co and Ni'will probably be adsorbed on many
things. Ag and Hg are very effectively adsorbed by dead plankton. W is very
?trongly adsorbed by MnO,, and V by FeZOBO No very effective mé&hanism for
removing Mo is obvious from the experiments. Cr is precipitated‘in the pres-

ence of HQS as a hydroxide; so the control here is not a sulfide formation

. / )
~ but reduction of chromate to the tervalent form. An especially effective

~ adsorbent of Pb is freshly precipitéted calcium phosphate,



Averages of spectrographic analyses of samples of the Phosphoria
formation show a clear enrichment, by a factor of at least 2 ovel both the
crust and average shale, of Ag, V, Pb, Cr, Ni, and Mo, All of the elements -
show maximum enrichment in certain horizons far greater than their avérage'_
enrichments. Any element is seldom enriched above average by itself. The
most freqﬁently occurring pair-is V and Mo, the most frequent triplet is V,
Mo and Cr, the most frequent quadruplet is V, Mo; Cr, and Ni, Silver in

- many samples‘shows special enrichment with.one‘or more of this groﬁp; Cu and
Zn are also common associates, Léad shows the least relationship of its zoneé
of special concentration with those of other elemeﬁts°

Uréniumihas'not yet been studied because most of the work to date was
done in Oslo, Norway, where the apparatus necessary for uranium analyses was

not available,

Southeast phosphate

. Geologic studies
by C. B. Hunt and J,-B, Capﬁbart
It is planned tc provide the AEC during the next 15 months a series of

reports that will assemble rather fully, synthesize, and evaluate the data
that have been gathered by the Geologiéal Survey's projects in the land-pebble
district of Florida. Thése data when assembied in accessible form shbuld
provide a basis for: (1) the'AEC to plan further operations in the district,.
‘and (g) determining ﬁhat gaps fhere are in the‘infqrmation in order to judge
the degree to which the Survey has compleied its mission for the AEC in the
district. With theée objectives in mind the Survey's projects in the dis-

trict are being reoriented.
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There will be a comprehensive summary report Wy Cathcart and others on
"The economic geology of the laﬁd=pebble phosphate district, Florida",‘ The
first draft of the part of this report on the aluminum phosphate ?one, in-
cluding recommendations for prospecting, will be ready on or before June
1954, Data from mine face samples and prospecting is being assembled and
the first results from the Péuway Mine indicated that high-grade leached zone
material might be found to the south'and east, down slope, Two drill holes
were, therefore, put down in sec. 139 T, 29 S;, R, 2L B,, to explore this
possible trend, Both holes kad high peaks 2 to L feet thick of over LOOO
counts per minute (LOOO counts is equal to 0,025 % €U). Furiher trends may
be picked up that will be incorporated in this first report.

The general scope of the comprehensive report, to be transmitted some-
time later will be as followss

Introduction: location, physical and human geography, previous work,
history of this project, annotated bibliography.

Stratigraphys

Pre-Miocene deposits: brief ressume only.

Miocene deposits: Tampa, Hawthorn, Duplin; Buckingham, and
Tamiami, For each: distribution, lithology, thickness,
paleontology, »age, correlation, repg%ﬁ%n$ative sections
in and around the land-pebble district.

Pliocene deposits: Bone Valley, Alachua, Citronelle, Caloosshatchee,
General descriptions ag for Miccene formations but stressing
relationship to and bearing on the Bone Valley formation

. and its resources,

Pleistocene and Recent deposits: marine terrace deposits, -fluvial
terrace deposits, soilg, weathering profiles and the weath-
ering processes that have been operative.

Structure: folds: Ocala uplift and minor folds; faults related to the
- ' foldsg faults and joints related to sinkhole collapse,
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Eeonomic goologxs

General discussion of phosphate deposits in the southeastern
- statess river pebble, land-pebble, hardrock and softrock de-
posits in Floridaj depos;ts in CGeorgia and South Carolina,

Deposits in the land@pebble district: general description of
the deposits. , . : ‘

Deposits in the Miocene formations. .
Deposits in the Bone Valley formation. -
Deposits in other Pliocene and in Pleistocene deposits.
Relation of the deposits to the structural features.
-Relation of deposits to weathering profiles.
Mineralogy and chemistry of the.dsposits° Content of F ﬁ
U, and other; distribution of these in the deposit°§
nodular, platy, and colloidal apatite; aluminum phos-
phate; clay minerals; carbonate minerals, heavy minerals.
Mining .and productlon° index of mines: mine methods, early
hydraulic mining, modern dragline mining; history of
mining, exploration, and production, types of ore; mine
costso
Orlgln of the deposits: review of various theories, residual,
depositional, other; evaluation of the geologic relations
and preferred theory of origin.
Reserves. |
It is expected that this report will be accompanied by maps of the miness
‘maps ShOWing areas mined, drilled, or otherwise explored; and maps showing
variations in thickness and grade of the deposits in the district. The re-
port will include the results of drilling, sampling, and gamma-ray logging to
date and the results of the several hundred exploration holes that will be
drilled,
In addition to this gederal comprehensivé report it is planned to pre-

pare a series of more detailed reports.on specific geologic problems.
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A study by Z. S. Altéchuler,fasgisted by F. P, Oﬁens, R. Berman, and
E. Young will be directed towards the petrology and stratigraphy of the ore
deposits iﬁ the Bone Valley formatiomo (See following section.) This sﬁudy
aims at understanding the origin and occurrence of the phosphate and uranium
deposits in'the‘different facies of the Bone Valley fprmation, the redistri-
bution of uranium by weathering; and theé relation of this weathering to post- .
depositiqnal basement collapse and to the weathering history of possibly
related coastal piain sediments that are under investigation in other projects.
. To achieve this will require stratigraphic separation of depésits représented
by residual weathering of the Miocene limestones, Pliocene fluvial and/or
marine depositg, and Pleistocene fluvial and/or marine deposits, Tﬁe des-
| criptive petrography involved in this project, including optical, X-ray, and
chemical sﬁudies, is already well under way., The stratigraphic studies ﬁill
involve additiénal mapping during the coming year. A report on this study
will be cqmpleted‘about June 1954 and a final report in form suitable for
publication as a bulletin or professional paper would be ready about June
1955. |

Four other studies are intended to.determine the limits of the Bone
Valley formation, which is the one containing the principal resources, and
" to determime its strétigraphic relationship to deposits in adjoining -areas
that have been correlaﬁed.with the Bone Valley, The northern limits of the
Bone Valley formation and its relationship to the Alachua formation will be
'studied‘gnd reportgd.upon by Ketner. The eastern limits of the Bone Valley
‘formati§n énd its relationshiplto the deposits that have been mapped as
. Citronelle formation will be studied and reported upon by McGreevy. The
western limits of the Bone Valley formétion; its relationship to the Pleisto- ‘

cene marine terraces and deposits, and the relationship of the weathering
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profiles to these Qill be studigd and reborted upbn by Petersen. The southern
limits of the.ﬁone Vélley formation and its relationship to the Callosahatchee
and'Tamiami formatiéns.wili be étudied and reported upon b&'Bergendahlo These_
studies, :1ike that of the Bone Valley formation, will involve considerable
attention to mineralogy; geochemistry and sedimentary petrology. It is ex-
pected to drill, log, and,zas necessary, sample a few hundred test holes,
using the mobile drills, The bedrock types will be correlated with the types
of surficial sediments to‘determine the degree'to which the mineral bearing
deposits are the product of trénsportation and deposition and the degree to
which thejvare the product of residﬁal.weathering of oider rocks; Each of
these studies will be the subject of a report that is to be completed about
~ June 1954 and thereafier be used ;s‘basis for a manuscript to be publiShedl
as a U.S.G.S. bulletin. o

-Still another study, by Carr and Alverson, will goncentrate.on the strati-
graphy and potential resources in-the Miocene and other pre-Bone Valley forma-
. tions on the southwest flank of the Ocala uplift, mostly along the west edge
of the land-pebble phosphate district. Ihis report also is to be completed
about June 195k énd thereafter be used as basis for a manuscript to be pub-
lished as a U.S.G.S. bulletin, o

All these studies will involve soﬁe additibnal field work but to a con-
siderable degree they will be based upon_field work already completed,l Addi-
tional information, for example, can be expected from the 120 holesvthat will
be drilled radially across ~ edges of the district. This drilling‘séarted.
on May 26, about one mile north of Plant City, Hillsborough County, Florida,
and the radial lines will be drilled inra counter-clock wise direction

~around the district., The holes will be logged and sampled as a part of the
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geologic studies of the edge of the Bone Valley formstion, Gamﬁa-ray logs
will be obtained of these holes.

A brief survey to test the possible use of geobotanical prospecting in
the Florida land-pebble deposits was made during this period but;the assays

have not yet been received. (See section on_sandstone-typé &qposits,‘eeo-"

‘botanical research, by H. L. Cannon,)

A contract for drilling areas to be mined prior to 1965 have been let

by the AEC to Swift and Company, and about 10 holes have been drilled and

logged In the next few months similar contracts will be arranged with

Coronet Amerlcan Agricultural Chemica1 Company, and American Cyanamid

Compan.yo

~ Southeast, phOSphate mineralogic and petrolcgic studies
. by &. S. Altachuler .

. This report‘summafiieﬁ studies on southeast phosphates for a period of
spproximately 10 months from August 1952 until May 15, 1953, Work during

the first eight months of this period was concerned mainly with problems of

-variation in the mineralogy of the leached zone ard the work done between -

April 1 and May 15 was devoted to field geologic studies of the Bone Valley

'forﬁationo_

Alteration studles

' Petroldgic'StudieS of seven sections in a mineface at Homeland are beiﬁg

- made by comparing the mineralogy and chemistry of'étratigraphically equivalent

samples. It had been found (TEM-237) that the aluminum phosphate zono (leached

zone), transgressed the origlnml stratigraphy in th R mlne thus making possmble

 a comparison of the same rock 1n various stages of alteratlona Gextain~,
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mfneralogic assdciations énd successions were observed to prevail in all seven
sections., At the base of each section, in apparently unaltered material,
montmorillonite and apatite occurred. Going up, in each section, with the
onset of vesicularity and secondary white discoloration, both pseudowavellite
and kaolinite occur together with apatite and montmorillonite. Closer to
surface, as the alteration becomes more intense; pseudowavellite and kaolinite
are the main components. Millisite may occur in the zone characterized by
pseudowavelliteo- At the top of the column wavellite appears as a major

phase in the more altered sections but is present also in the less altered
ones, In addition quértz which is a majof constituent of aillthe samples
increases regularly upward in each section, as expected. The succession
described above can be found also in some singlé beds or units traced
laterally from less through more leached sections.

The uranium contents of these sections show an enrichment occurring
approximately at that part Qf the section where pseudowavellite first appears
and apatite is still present. This corresponds to secondary downward énrichu
' ment in uranium and has been also demonstrated in other studies (TEI-102).
The mechanism suggested for this downward enrichment is the filtering of"
uranium carried in solution by apa%@te in the earliest stages of alteration,
Thus the first appearance of pseudowavellite is an index to that stage in
the alteration in which the apatite nodules, only very slightly replaced, are
nevertheless sqftened and highly porous and act, in effect, like sponges upon
the uraniferous solﬁtionso

Mechanical analyses and heavy-minera; studies were made on samples
-straddling the boundary between the pure quartz surface sands and the immedi~
ately underlying clayey quartz sands in the several mines of the land-pebble

district. This work bears directly on two major problems of the land-pebble
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field, ?he orlgin of the surface sands, and source -of thé uranium in the
aluminw phosphate zone (leached zone) .  Field ev;dence that part of the-
loose suriace sands may derive residually from material such as underlles
it, exists in the form of irregular and'gradational con.tacts° On the other
hand, it is possible that an erosional contact was once pfesent which was
later irregularly altered and obliferat.ed° In elther case, the wranium now
present in the aluminum phosphate zone could be the concentrated product of
'an originally thioker section of s;ightly phosphatic, clayey, quartz sando
Meohanioal.analyses were therefore made of the lowermosf looseAquartz sand
and the uppermost phosphatic quartzvsand.in each of the seven Honeland sec-
‘tions described above (the Homeland anaiyses.were made in 1951)5'of a similar
pair of samples in the Varn mine and a grouo of sampies'throuéh several feet
each of loose'quartz sands and phOSphafic,and clayey quartz_sands in'a singie
section oﬁ‘the'daynee Jay mine., |
In.the secﬁion in the Jaynee Jay mine a ground;water podzol occurs in
the loose surface sands and the underlylng clayey sands contain a hardpan
and several color zones. The section thus appears to have several district
breaks particularly as weathering ﬁas etchedmout these zonal differences,
. Samples were taken in all of the apparent unitso
g In the Homeland samples the cumulative curves of the graln slze dis-
tributlon for all of the samples were vnrtually identlcai\ as - were the indi-
v1dua1 size paramesers such as the medlan and quartilg\ualuesa The Jaynee
Jay samples showed the same strlklng unlformity in size charactenstlcso
B Heavy-mineral studies of the 250 and 325 mesh f;actlons of the Jaynee_
Jay samples showed the same uniformltyol In the results shown in the table

below samples S through 7 represent approx1mately the top. foot of clayey.and

phosphatlc quartz - sand and -8 through 12 represent the entire loose quartz

sand here L feet thick° ‘

- - o
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The two samples studied at Varn represent the case of an apparently
regular.contéct between the loose quartz sands and the underlying ciayey
sands. It is interesting to note therefore that the size analyses reveal a
displacemént towards the finer size in the loose surface’sands, the median
grain size shifting from 0.3 mm. in the clayey sands to 0.2 mm. When com-
pared with the identity that prevails at Hoﬁeland and other mines this
slight change seems significant., It ihdicgtes, at least, that both residual
and depositional relations may obtéin between the upper loose quartz sands
and the underlying clayey sands over the field and that‘many'more such

‘analyses.aust be.made before'ihe.prevailingtfelétiGQSucanybe‘éspablished;
- Field work

With the expansion of the aims of the laboratory groué to'includé study
of the stratigraphy and field,relations of the Bone Valley formétion, field
work during the period April‘l to May 15 was devoted mainly to stratigraphic
mapping(and section description. Due to a slowdown in the mining at the
Sydney mine it was possible fo study in deéail the reiations among‘the Haw-
thorn formationo"Of grgatest interest was the fact ihat different types
- and déérees of bedding‘and bedding extent could be seen in the Hawthorn and
Bone Valley formationsalln addition, at that position at which the change
occurred, - both crossbedding and extensive units of uniform lithology occurred
and extensive and lithologically uniform deposition characterized mdgt of the
superincumbaﬁt-deposit, Below this change in thé section, the Hawthdrn
" formation consisted of irregularly altered dolomite and clay with'disconn'
tinuous bands or beds and containing poorly sorted and irregularl& dispersed
sand and pebbles. Discordant patches and seams of pebblés of clay are common :

$

NS O



176

and individual original beds or wéathering zones are uncénformébly over=-
ridden by the more extrusive and uniform deposit above° |

Work during the next 6 months will be done on stratigraphic co;rela-
tion and the construction of cross séctional maps.

Phosphate studies in the eastern Gulf of Mexlco
by H. R. Gould

Investigations of bottom sediments in the Eas%érn Gulf of Mexico were
undertaken in July 1951 to determine the areal distribution, quallty, source,
and mode of formation of. phosphatlc sediments in this region., Earller obser-
vations, supplemented with notations of bottom type on nautical charts of thé
U, S, Coast and Geodetic Survey, suggested that phosphatic sediments were |
fconflmed chiefly to the inner 25 miles of the continental shelf between
Tarpon Springs and Fort Myers, Florida° Profuse dinoflagellate blooms (red
tide), which are thought to bg ‘spawned by phoéphate-rich waters; develop
peribdically iﬁ this same gen;ral area. This cprréspondencé in'distribution
suggested that the red tide and the phosphate in the bottom sediments might
have a common origin, and that the phosphate might be in the process of for-
mation today. On the other hand, it seemed possible that tbevphosphate on
the sea floor might be a submarine extensioﬁ (or reworked submarine exten-
éion) of Tertiary deposits on the Florida peninsula, or that the phosphate
.might have.been‘contributed by riveré draining the peninsulér deposits,

Field studies, which were completed in Febfuary 1953,.have providéd'a
total of 3,000 bottom sediment samples, 3l dredge hauls, 9 qores; and 169
water samples, Of these, 2,6So.bottom samples, l core,.3h dredge hauls; and
1l water sémples were obtained from the continental shelf off the west

coast of central Florida, from adjacent beaches, and from rivers entering
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the Gulf in this area, The remainder of the samples were obtained from other .
regions of the Gulf.

To obtain adequate information on the quantity and distribution of phos-
phate and uranium in the bottom sediments, 572 samples have been forwarded to
the Trace_Elements Laboratory for phosphate and uranium determinations. Approx-
imatel& half of these analyses have been completed; and the others are in |
progress. Analyses of total salinity, phosphate, and uranium have been com-
pleted”for'all water samples. Micropéleontdlogical studies of 370 bottom
samples and 9 cores, undertéken to determine, inlpart, the age of Foraminifera .
that‘have been replaced by phosphate, are about 75 percent complete. Paleéﬁp
tological analyses of Several phosphéte-bearing rocks dredged from the sea
floor are in progress, Studies of the physical properties of all samples
‘and analyses of inscluble residues and organic carbon contents of 150 selected
samples have been completed. Mineralogic and petrographic examination of
representative samples is currently in progress.

Preliminary results show that the continentallshelf sediments between
Tarpon Springs and Fort Myers &dnsist of: (1) detrital sands madg up chiefiy
of quarﬁz which aremconfined_to thé iﬁner 20 miles of the shelf and (2) cal-
careous sands of organic origin which cover the outer 100 miles off the shelf
area, |

Available analyses and binocular examihation of all samples show that
higher than normal phosphate occurs only in the detrita1 sediments of the in-
shore zone, Mosf of the samples from this zone contain oniy a trace of phos-
phorite, generally in the form of well-rounded ovules 6r as .a replacement of
Fofaminifera or other calcareous debrisof From visual comparison with chem-
ically analyzed samples, it is eétimated tﬁat most of the samples in this

area contain less~than‘0050'percent P_O. and less than 0,000l percent U,

2°5
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However, in a few scattered areas within the detrital zone, phosphorite
ovules and phosphatized Foraminiféra make up an appreciable parp of the
bottom sediments, Chémically‘analyzedisamples from these éreés contain as
mﬁch as 13.L4 percent P50y and 0,0040 percent U. These aféas of‘phoSphate
conéentration occur in nearshore waters between Englewood and Venice,
Florida and between St. Petersburg and Tarpbn Springs, Florida. An arsa
of lesser concentration is located in the southeastern part of Témpa Béy
near the.mouths of the Little Manatee and Alafia Rivers. .The unconsoli-
dated §§diments'in>these arsas of high phosphate concentration are either
underlain by older phosphate beaiing limestone and coquina or are intimately
associated with adjacent outcrops of phosphatic formations on land,

No phosphorite has been detected in any of £he samples from the
outer zone of calcareous organic sediments. Chemically analyzed’Samples
from this fegion have anvaverage'P 0

25
a U content of less than 0,0001 percent.

content of less than -0.15 percent and

RS

The general dissemination of phosphorite in the detrital sédiments
‘of the inner zone and the absence of phosphorite in the organic sediments
of the outer zone‘suggest that most of the phosphorite is of detrital origiﬁ,
and that it is being supplied by rivers draining the peninéular phosphate’
depoéits.and by adjacent phosphatic beaches,

...The small areas_of phosphate concentration within the inshore zone
do not appear, however, tq be entirely of detrital origin, Their corres-
pondence with submarine oﬁtcrops of older phosphate beéring formations
suggests that weathering of these older beds has produced much of the phos-
phorite in the areas of high phosphate concentration.  Geologic dating of
these formations must await the results of paleontological studies cur-

rently in progress.
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Paleontological examinations made by OQ_AL° Bandy of severai samples .
~containing partially phOSphatized Foraminifere show th#t the phosphatized
species are Pleistocené to Recent in age. It is possible, thersfore, that
replacement of Foraminifera tests by phosphate may be in progress at the
present time. An attempﬂ is being made to determine the source of the
phosphate and the mechanism of replacement. |

Work on”this‘project will be suspendéd from June 1 to September 15
owing to the assignment of.personnel to other projects during the summer
field season., Laboratory work, which is now about 75 percent complete,
will be finished by January 1954, Completion of the final report on the

project is scheduled for June 195L.
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SEARCH FOR AND GEOLOGY OF THORIUM AND MQNAZITE DEPOSITS
by J. C, Olson

The project for the genérai study of the géology-of'thorium deéosits
has the following objectives: to:determiné the distribution, mineralogy,
geologic relations; and economic potéhtiélitiés'qf'thorium deposits, and by
geologic study of selected thorium districts to find guldes to thorium that
mlght be applicable to areas in which the element is not now gnown°, N

Work during the: flrst part of 1953 consxsted chlefly of compilatlon
and report work., Two reports on the rare earths and thorium in the Mountain
Pass district; California are-near completion; Geologic and economic'
data.on thorium occurrénces and deposité are being assembled.

Mdnaéiﬁe plac¢r~deposi£s, the'prinéipal source of thorium in ﬁhe.past
and at preéept, are being studied by several projects. Hard-rock thorium
deposits, pract%gally unknown untii a few years ago, are becoming bettef
known throﬁgh geologié studies .in such diétricts as the Wet Mountains,
Bo%ﬁérhorn, and St. Peteré Dome,“gploradog Lemhi Péss, Idaho-Mcniégéggﬁ?“
Mineral ﬁill, Idaho; Mountain fass, California; and Bear Lodge Mounﬁains,
uyoﬁing; Severél of these districts are known to contain alkalic igneous
- rocks, and such alkalic rock provinces are promising areas for prospecting,
 In most of these areas the thorlum occurs in. thorlte or a hydrated form of
thorite, The hard-rock thorLum deposits have promlse as potential. sources -
of thorium, but in general. the recovery of thorlum from the rock is more
complex thap from the placer monazite deposi.tso

As a result of brief reconnaissance studies in 1950-52, the Powder-
horﬁ distriét, Colorado, was selected for more detaiiéd study in a project

to begin in fiscal year 195L. The proposed investigations are described in.
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a separate section of this semi-annual report Knowledge gained from a
study of this district will also have appllcatlon in other dlstricts wherev
thorite-bearing dep031ts occur.
The Little Johnny claims in the Powderhorn dlstrict; colorado; were
examined late in May in connection with an application for a DMEA loan
The Rare Earth Mining Company, Placerv1lle, Colorado, has leased these
claims and proposes to explore the property W1th a view to benef1c1ating
the thorlumJbearing rock in a mlll they plan to establlsh in the zeglon
Seven representat1ve samples taken by the Geologlcal Survey indicsete the.
Yveln may contain an average of about 0.5 percent Th02, wh1ch occurs in ;
thorlte and hydrothorite. Additlonal samples have been'obtalned for analysis.
General study and collation of data on the geology'of‘thorium‘deposits
will continue'during fiscal 1954 as part of the Trace Elements Resources

Unit.

Southeastern coastal plain

by Lincoln'Dryden

During the last B8ix months, the work of the.progect has been in 3
major phases: (1) Reconnalssance of the coastal plain from ﬁorth Carollna
to Florida.for heavy-mineral placers likely to contain mona21te Much of
thls work was concentrated at the 90 -100 foot level, on features supposedly
associated with the Surry scarp of Plelstocene age. . Although‘no important
finds were made during this reconnaissance, the experience and knowledge -
Jgained from the Surve&'s work and from commercial geologists in the samé
tppe of exploration are invaluable background necessary for further work; "
(2)'Separation of heavy-mineral'suites, and sufficient study to outline:

the problems met, and to help in planning further work; and (3) Collections
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not only from Pléistocene and Recent déposiié, but from aimpst all the for-
nations of the coastal plain, with partiéulaf'emphasis:on the Tuscaloosa
formation. These collections are now being examined for monazite cohteﬁt;'
‘and the results of this work will be presented in a 1ater" rep-ort;"

The work to date has cenférea largely on‘the part of the coastal piain
~underlain by P;eistocene "tefraces"; aﬁd ﬁithin thisuaréé the seafch has :'
emphasized the finding ana study of lafge;scale sand bodiés, with iesé :
atténtion'given to the typically unsortéd méterial of the Pleistocehelde;
posits. In.general,'fopogréphy has beén the‘only guide to such sand bodiés;
topqgraphiq "ogyuides! have led to thé discovéry of all the producing énd
potential ore bodies knoﬁn to the writer. | |

: The'possibility‘of_finding monazite placers as such has been képt in,
mind, but the chances seem to be very Small. Mohazite may comprise‘abqut;
one percent of the heavy-min;ral suite,.as in several‘placefs, but (for an
unknoﬁn reason) it is seldom pfesent in'amouﬁts much greater than this.
Generally, ﬁonazite is obtained only as a by-product in operations for
'other-minerélé. Thé absence of monazite in certain plécers has not Been
exblained,‘élthoﬁgh suggestidns_ﬁave been made for onetcase, that at Tré&l
Riage,lFlorida.

It has been found that there are two distinct and different suites of
minerals in the coastal plain, at leas£ in and south of Norttharéiina.ﬂ
One, .lacking epidote, hornblende, and garnet, is chafécteristic_af all pre-
Pleistocene formations and of the higher, and presumably‘older_parts of the

Pleistocene as well. The other, containing these three common minerals, is
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found in modern‘beaches'éno dunes, and in Pleistocene deposits lying below
an altitude of about 50 or 60 feet, The}latter{suite is noﬁ'being trans- "
. po:ted by numerous streamg coming from the giedmoqtf The_cauges;oﬁ thel
change in type‘of suite during the Pleistocene ;ro pot clear, but a few
oentative explangtions have been’offered.in the report,

The significance of titanié contént oflilmenite héo been discﬁssed at
‘some length, as this coﬁtent may be a critical factof in the working'or
‘neglect of a potential ore body, .and may therafore affect the production of .
monazite. Tltania iz high in almost a1l Florida llmenite, but it decreases
. northwaid along‘the coastal plainp and upstream, toward the Piedmont. A
few placers, in easiérn North Carolina and one in Virginia, maj have titania

content higher than normal for- their geographic settlng, | |

A report in preparation includes 1nformation on the two large produclng
bodies at Trall Ridge and Jacksonville, Florlda, and on seven placers not
previoosly described; two of these, in Virginia, are finds.made by project
personnelA Three of the seven placers are rnpoxtpd to be 1n the process of
.development and monaz*te ﬁmll be recovered at all three. Monazite reserves
at these seven placers are sstimated roughly as between a few and_ten -
thousand tons.%

Work is now under'ﬁéy on the estimation of monazite-content in pfe-
‘Pleistocene fofmations”of the coastal_plaingi Samples are being split,l
sooarated in hegvy»liquid, and toe suites areﬁbging made into permanent
_ inourits° Mona;ite is calculated by gfain couﬁtso At present, study is
beinglmade of the possibility of achieving the same.enés by use of a
scinﬁiliometer on the original sa@ple, thus Speeding the operation many-

fold. A report will be submitted duringithis summer.
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A limited amount of additibnal,rapid reconnaissance wili be doné in
parts of‘Eirginia,'Maryland, Delawaré, and New Jersey, in a search for
placers similar to or larger than those already féund° The project probably
will be concluded by the end of the summer, and pléns will have to be made
" to terminate it, or possibly to Eontinue it along certain lines that will

be suggested in the report being prepared.

‘District studies

Southeastern monazite exploration’
by W. C. Overstreet

SOutheastefn Monazite Exploration is a reconnaiésance study of monazite
placers in the streams of the western Piedmont in Virginia, Nérth Carolina,
South Carolina, and Georgia. The object of this study is'ﬁo describe local
‘monazite deposits, to determine geologic controls of monaziﬁé placer deposi-
tion in the southeastern Piedmont, and to evaluate placer potentialitiés of
ﬁhe area,

Work toward completion of the project can be divided.into field'studies;
cooperative physical exploration of selected sites with the U, S. Bureau of
Mines, and report writing.

Field studies include.reconnaissancé of the western monazite belt and
the detailed study of one stream, Recbnhaissance of the western monazite
bel£ ﬁas completed Decemﬁer 5, 1952. Preliminary results of the reconnéis-"
sance have been reviewed in the semi-annual report preceding this one, in
two memofandum reborts (TEM-502 énd TEM-539) recommending ‘areas for explora-

tion, and in a progress report which is being prepared.
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Field work on the detailed study of Knob Creek, Cleveland County, Noqo,
was closed for the'seasbn on October 27, 1952, and wWas resumed in April
v1953, The study is giving data on grain‘sizes of detrital ?articles
available to streams, mode of transportation and deposition of detritus
and relation to placers, and rate of downstream migratién of ﬁonaziteo
- From these data'aifuller understanding will be had of geologic procésses
operative in the monazite placer district of the southeastern Piequnto

The field phases of cooperative physical exploration of selected |
placers with the U. S. Bureau of Mines was completed in Februgr& 1953,
Final drafting of maps of the areés drilled and prepération of reports
is still under way. During the period Deceﬁber 1952 through May 1953
the maps and text of the Survey'svpart‘in the joint reports on the following
~ four drilied placer sites were éransmittedg

Site 1, South Muddy Creek, McDowell County, N. C,

Site 2, Silver Creek, Burke County, N, C,

Site 3. Junction of Buffalo Creek with the Broad River, Cherokeé

County, S. C. _

Site 5, Thicketty Creek, Cherckee Courty, S. C.

Since December 5, 1952, collation of field data and preparation of the
final report haé beenithe-chief task of the field party. Because of the
large area éovéred by reconnaissance and the mass of data accumilated, a
single‘final report would be unwieldy, thus for convenience in reproduction
and to make the material available as rapidly as possibie, the final reporﬁ
on reconnéiséance is being prepared in sections. The sections will‘be
presenied as an integrated series of separate répbrts-under the general

title "Southeastern Monazite Exploration®, Eight of the separate reports
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will be divided on a basis of drainage'systems; the other two will consist
of introductory material,‘and summary and geology of the régioh;
Studies completed to date in the southeastern Piedmont indicate that |

stream deposits'eiceeding 10 million cubic.yards ih7VOlumé will contain

"less than one pound of‘monaZite pér cubic yard at;best}‘the average is

\,

c¢loser £o 0.5 pound than to one pound. Only trace amounts of dolumbium,

tantalum, and tin have been detected in the plagers; Tungsten is absent.,

Gold will locally add a few cents pér.cﬁbic yafd'to the value of placer
ground, Deposits ranging in voluﬁe from one to five million cubic yards of
alluvium can be éxpected £0 contaiﬁbfrom~on§~to two pounds of moﬁazife to
the éubic yard, Hundreds of smail:placérSvcoﬁtaining less than oné million

cubic yards of sediment will exceed two pounds of monazite to the cubic

" yard,

Unless there is interest in lafgq-vélume grounq.cqnﬁaining about 0,5
pound of monazite per cubic yard, it is recommended thét no further physical
exploration be undertaken in' the wéstern monazite belt.

Reconnaissance field work;.which has covered 7,200 square miles of
drainage in the western monazite belt, is_an adequate sampling of the area,
It is récommended that no further recoﬁnaissance be undert#kén'in the beit;

.,*Between June 1953 éndﬁDeoember.l953’the field'party‘will complete its
parﬁ'bf £he joint reports with the Bureau of Mines, Work will continue on
the study of Knob Creek. Preparation of text and maps for sections of the

final report will be continued,
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Wet Mbuntains,«Colorado
by Q. D. Singewald and R, A, Christman

A report.gﬁtitled "Thorium investigations 1950-52, Wet Mountains,
Colorado", was transmitted in April as TEI-250, The report brings together
all resuits of the first'phége of the project, i.e. preliminary feconnaisf,
sance of moré than 2 dozen radioactive localities, detailed;plane-tablé
mapping of three (Haputa, Tuttle, and Greenwood), and physical exploratién
of one (Haputa). Conclusions, including inferred fonnage and grade at
E Haputa Ranch, are set‘forthlin TEI;égof -

Other'accomplishments of the offiqg‘seasqn weré: (1) compilation from
field sheets and data of a map and of tentéti&e geologic cross-sections of
© the S-Squaré-mile area systematically mapped:last summer and (2) petfb-
graphic stud& of 50 thin sections, including modal analysis of 25, The
petrbgraphic.étudy will coﬁtinue as édditional thin sections are returned
from the laboratory. vThe first stage of the petrogréphic ﬁorkmhas con-
firmed that moSt of the light-colored dikes are éyenitic in composition and
revealed that most of the -dark-colored dikes are andesitic. The granites
vary cénsiderably in composition, so that some irsconsideration of field
units may be desirable.

The Wet Mountains thorium province has now atiracted the intefest of
private companies. The Rare Earth Mining Coﬁpany (Placerville) has leased‘
‘Haputa Ranch and several other of the more promising properties,

During the current field seaéon, systematic geblogic mapping at
1:6,000 scale, accompanied by methiodical search for hew.radioacﬁive locali-
ties, will be.contiﬁued northward from the area mapped in 1952, at leaét

far enéugh to delineate and deciphér the large brecciaizpne and the mildly
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radioaétiﬁe stock that were discovered toWard the close of the last field
season, Concurrently, field work will be extended southward from last
season's area toward a gfbup of the more promising known localities. It
is hopéd to determine the overall stratigraphic‘and structural'settihg
needed to indicate district-wide trends of the mineralized areas and to
guide geologic prOSpecﬁing at individual localities,

Lemhi Pass, Idaho-Montana

by W. N, Sharp and W, S. Cavender

The ultimate objective of this project, which will be tgyminated
July 1, was the geologic definition of the Lemhi Pass thoriuﬁ district, phe
evaluation of the thorium and related rare-earth reserves and of the,possié ‘
bilitjes for similar materials in the region as a whole (fig. 13). gapre-
liminary summary report (TEM-560) on the geology and thorium déposifs of the
district was transmitted to the AEC. in February.

The Lemhi‘Pass disfrict_is potentiélly a source gof medium-grade
thorite-bearing material; but it shows no evidence of significant uranium
concentrations., Rareeearth metals may be considered a seoondafy product.

The possibility of finding other deposits of thorium-bearing material
in the districts adjoining the Lemhi Pass is ﬁbt remote. However, the
'1ocus of this mineralization seems to have been covered by the mapped
district. No definite geologic boﬁndary or limit has been established for
the type of occurrence,

The period Decem?er 1, 1952 to May 31, 1953, has been speﬁt in com-
pletion of maps, compilation of field data on maps, and laboratory study
of rock spéaimeﬁ%, The final report on the project is being cdmpleted;

no further work is planned for the Lemhi Pass district.
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Powderhorn district, Gunnison County, Colorado
By J. C. Olson

Brief reconnaissanﬁe by Adams and Moore in 1950, Burbank in 1951
(USGS Circ. 236), and Olson in 1952 showed the presence. of thorium concentra-
tions in at least 30 deposits in the Powderhorn district. The depdsits have
been found in an area of about 70 square miles, in which they are spatially
" and probably genetically related to alkalic-dike rqcks such as augite syenite
and shonkinite. The largest area of alkalic igneous rocks in the district is
the Iron Hill complex (fig. 19), but some of the richest concentratioﬁs of
thorium thus far found are 2 to 8 miles northwest of Iron Hill near areas in
which smaller dikes of alkalic rocks occur.

The bbjecti#é§~of the- Powderhorn project are to.determine the dis-
tribution, size, and geologic relations of mineral deposits, particularly
thorium, in the district, and to map the geology of the region in order
to throw light on the origin of the deposits of rére metals and the
associated rocks. In addition to thorium, other minerals, particularly
columbium and rare earths, may occur in the area, as there are numerous
examples in other regions of the copcentration of such elements in alkalic
rock provinces.

Among the areas in the district where thorium deposiﬁs are known are

the vicinity of the Lot mine, 3 miles northeast of Powderhorn; the Dubois
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area, 6 miles northwest of Powderhorn; and the area between these and Iron
Hill. Completion of plane-table mapping of one of these deposits is
scheduled for the summer of 1953, and the area will be studied geologically

and radiometrically, sampled, and evaluated as a possible source of thorium.

Mineral Hill district, Lemhi County, Idaho
by W. N. Sharp

During the 1952 field season a significant occurrence of monazite
in the Mineral Hill district, Lemhi County, Idaho, was brought to the
attention of the Geological Survey (fig° 20). .After identification of
considerable monazite in the specimens, preliminary examinations were
made of the area. The Simplot Company of Boise, Idaho, has an option
on the claims and has begun development work.

The monazite deposits in the Mineral Hill district (TEM-286), are
vein-like deposits, mostly within a pendant of metamorphic rocks of the
pre-Cambrian Belt series about 30 miles long in the Idaho batholith
of.Late Cretaceous age. The minerals include calcium and iron carbonates;
blagioclase feldspar, riebeckite, magnetite, rutile, epidote with monazite
and allanite as acce;sbries°

.These veins‘are as much as 20-30 feet wide and 50 to several hundréd
feet long. One vein of this'gnoup crosseé the metamofphic—
granitic contact info the granite., Approximately 10 deposits had been

located in the pendant when exploration stopped for the winter.
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Five samples were analyzed from the initial discovery deposits,

Silver King claims 1 and 2, as follows:

Percent.. Percent Percent
el Re203 & ThO2 Th02
0,068 21.51 0.42 High-grade ore zone 1 foot wide.
0,040 38,04 0.31 High-grade ore zone 10 feet wide.
0,008 2,33 - General sample across mineralized
zone, 20',
0,001 0.34 | - Sample from muck pile.

0,008 5.02 - Sample from muck pile.

Objectives o% the project are:. (1) to determine the distribution
of the monazite depoéits in the Mineral Hill district and their relation
to the pendant of metamorphic rocks and to other nearby mineral deposits,
(2) to assess the economic potentialities, (3) to determine the mineralogy,

structure, and origin of these unique deposité.
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REGIONAL RECONNAISSANCE FOR URANIUM AND THORIUM

IN THE UNITED STATES ..

‘The objectives of the regional reconnaissance in the United States
are: (1) to search for new ﬁranium and thorium deppsits based on geologic
relationships; (2) to make detailed examinations of selected uranium- and
thorium-bearing deposits; (3) to make reconnaissance‘and detailed exami-
nations.of uranium occurrences reported by the publiéy or requested by the
AEC andeurvéy -= particularly requests fér advice on DMEA loan applications,

The fundamental app;oach to objective (1) ié to search for new
deﬁosits on £he basis 6f lithologic occurrence in relation to the regional
geologic picturesgearches guided primarily by knowledge of geologic guides
to and habits:of deposits éf a specific lithologic type. On this basis,
.most of the work is focused on reconnaissance of areas in which no trace
elemeﬁts investigations are in progress but which are regarded as broadly
favorable for the occurrence of radioa?tive deposits.,

This work is being conducted in tﬁe.nine districts.of the Survey“s
Mineral Depogits Branch that are divided geographically into thes North-

eést9 Southeast, South-Central, North-Central, Colorado-Wyoming,-Southwest,

. 3

U&athevadagaNOrfhwest, and California districiss The agtivities =~ . «

in each of these districts during the report period are discussed below.

Northeast district
by F. A. McKeown and H. Klemic
Laboratory work during the period has not materially changed the
significant conclusions expressed in TEM-551, "Preliminary report on

reconnaissance for radioactive materials in the northeastern United States."
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Available data indicate that the apatite-rich magnétite of the 0ld
Bed pfe @éposit at Mineville, N, Y., may bé a significant potential source
of thorium and rare earths. HoWevef, much more adequate sampling, planned
for June 1§53, must be aone before.anj legitimatg evaluation can be madep
Fluorapatife has been the only radioactivé minefal in the tailings
observed to date.

A urgniferoﬁs‘shear zone in Cambrian limestone at Mulligan quarry;
Clinton, Hunterdon County, N. J., may warrant pﬁysical exploration,
Several other ra&ioactivity ancmalies within a distapce of 1,500 feet of
the quérry exposure,vhoweverp indicate that minéralized'roék is more |
wideépreadvthan apparent from the quarry alone., Moreover, although the
known surface anomalies are weak; the rock beloﬁ_themy'where weathering
has not had the chance to leach uranium compounds, may be more strongly '
radioactive;; Fluorapatitep which is probably radiocactive, has been the
only mineral other than normal rock=fo£ming minerals identified in the
mineralizéd zones. It occurs as an incrustation on joint surfacesband
possibly is disseminated in the gouge of the shear zone., No study of this
unusual assbciation»has yet been médeo

On Marble Mountain, 2 miles north of Phillipsburg, Warren Coﬁntyp
N, Jo,'is a poorly expolsed‘9 perhaps disconﬁinuous radioactivevzone about
1,500 feet long, Florencite (), with fhprium substituting for cerium,
#nd.hematite have been thelonly radioactive minerals obsérved° They occur
in.an_aphaniticy greenish-gray seficiteequartzzschist that looks like a
metamofﬁhosed rhyolite. No further work in the immediate future is planned.

for this area.
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In May, sixteen copper deposits in the Triassic Newark group and
several iron deposits rich in apatite 6r zircon were examined in New
Jersey. None was sigpificantly radioactive. Inh general the copper
deposits haveré very low radioactivity.

Three gadioactivity'anomalies in Hunterdon Coun:t;y9 N, J,, and
Carbon and Bucks Counties, Pa., were discovered, however, and they may
pfové to be significant; further work is planned for them., A sandstone
quarry at Raven Rock, Hunmérdon County, N, J., z miles north of the
Stockton torbernife occurrence, contains rédioaétive clay. The clay has
been reworked into underlying fine-grained sandstone neaf the top of the
~ Stockton formation of Triassic age. It occurs as a lenticulér mixture
of clay galls and sandstone 10 to;ls feet in diameter and about 6 inches
thick, Pyrite, gypsum, and limonite are common conétimuents in:addition
to the quartz and clay. The claf appears to by hydrothermélly altered°
A sample of it contains 0.28 percent eU. Two samples of the sandstone
mixed with clay contain 0.034 and 0,017 percent eU.

The second occurrence of radioactive rock was discovered with a car-
borne Geiger counter along U. S. Highway 611 about 1.5 miles north of
Pipersville9 Bucks County, Pa., about 10 miles west of the Raven Rock
locality., Shale and mudstone near the top of the Triassic Lockatong for-
mation aré exposed in a roadcut. A 3-foot layer of dafk=gray shaly mud-
stone is fadioactive'the extent of its outcrop, which is about 500 feet.
Outcrop radiometry indicates that it may contain from 0.005 to 0.0l per-
cent eU., Two channel samplesg each one foot long, from the most fadio=
active part of the mudstone contained 0,027 and 0.010 percent el,

The third radioactivity anomaly occurs along Pennsylvania Highwayikﬁy
about 2 miles east of Hometown; Carbon County, A l-inch layer of organic-

rich clay and sand on top of gravel along the shoulder of the road is
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radioactive, eThough field{radiometry_indicates it may contain about
0,02 percent eU, one sample contained only 0.006 percent eU, The area
is underlain by red shale of the Mauch Chunk formation, but no outcrops
were oi)served° Float of Potteville eonglomerate is abundant. The source
Qf'the radiocactive elements; which apbéreﬁtly have been absorbed by.the
£Opsoil, is not known, The locality will be further examined in the near
future. . | |

~ Regular field work was resumed ebout;the,first‘efvane by two field
parties; Arrangements have been made with the Republic Steel Corporation
at Minevi11e9 N, ¥, to examine the underground workings of the 01d Bed
mine. Additional sémples will be co.lected tofbetter evaluafe'01d Bed
tailings as a potentiel source of thorium and rére earths, The Clinton,
N, J, deposit will be mapped, and a rather detailed reeoﬁnaisSance made
of the Triassic rocks in western New Jersey end easferﬂ Pepnsylvaniao
‘The Catskill, Pocono and Pottsville formations willgbe.exaﬁined at as many
places as possible, working east and west from Mauch Chunk. In addition,
many mineral deposits; which on the basis of geologic reasoning or actual
reported occurrences of uranium minerals, are favorable for the presence of
uranium ore, will be radiometrically examined. If time permits, field
work will extend as far as southwestern Pennsylvania. |

.Southeast district
by H. S. Johnson

Field Qork began in December 1952 and has been carried on throughout
the winter and spring. Brief;exeminaﬁions were made of different geologic
environments in widely scattefed localities in order 1o obtain sufficient
information about the fegion to allow the rating of certain areas as favor-

able and worthy of more detailed inireetigation°
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Radiometric investigations were made at thirty-three different
localities; these include gold-bearing quartz veins in South Carolina
‘and Georgia, molybdenite and tungsten-bearing veins in North Carolina,
barite, zinc, red iron ore, and brown phosphate in Tennessee, and asphélt
rock in Alabamaou‘Carbérne écintillometer traverses were made at several
places in Alabema, Tennessee, North Carolina, Kentucky? Virginia, and
West Virginia, Also, several taxpayer leads were investiéated in
Tennessee, Kentucky, and West Virginia. These were in Devonian,
Mississippian, and Pennsylvanian rocks of the Cumberland and Allegheny
Plateaus and were usually black shale or earthy limonite masses in sand-
stone or siltstone. No significant radiocactivity was found at any of
these localities?

Although no deposits of potential economic importance were found as
a result of these investigations, the information obtained to date sug-
gests that cer£ain areas in the Southeast are worthy of further attention.

The Mississippian and Pénnéylvanian rocks of the Cumberland and
Alleghenj Plateaus in West Virginia, Virginia, Kentucky, and Tennessee are
in many Qays favorable for uranium deposits of the sandstone type found in
the Colorado Plateat ., About thé only thing that seems to be lacking is a
source of uragium; In this respect, it is possible that carbonaceous shales
associated with phe coal beds might, under favorable conditions, release
uranium to grpuna water or low=temperature thermal solu‘pionsu These carbon-
aceous shales afé‘widéspfead throughout the coal-bearing formations and are
estimated to contain from 0.002 to 0.004 percent eU at many places,

The Cranbérry and Beech granites in Western North Carolina and Bast

Tennessee are rather uniformly radioactive over most of their outcrop.
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Saﬁples show the rock to contain about 0.003 percent eU. _Furfher recon-
naissance in the area pf Cranberry and Beech outcrop is considered desirable
in the hope;Of“findingwsegreg&tionsrdf;radioébtiveﬁmateriéls,

Among other_possibilities worthy of investigation_are a body of
syenite near Concord, North Carolina that may have associated radioactive
materials, and uranium—bearing tuffs that may exist in the Cérolina
Slate series.

Plans for the ééming field season include: (1) reconnaissance in
the Tfiassic'Basins of North Carolina and Virgiﬁia; (2) carborne scin-
tillometer traverses inAthe Cumberland and Allegheny Plateaus in West
Virginia, Virgiﬁia, and -Kentucky; (3).investigations in the Ducktown
copper diéfrict of East Tennessee; and (4) reconhaissance investigations
of the gold-and copper-bearing veins of the Piedmont in Virginia, North
Carolina, and'Sépth Carolina.

South-Central district
by J. W. Hill

During the period field work consibted'lérgely of reconﬁaissance
and examination ofé (1) Ozark Dome in northern Arkansas and Missouri,
(2) Tri-State mining district, (3) Céntral Kansas Uplift, (4) Nemaha Ridge
in northern Oklahbma, (5) Ouachita Mounﬁains and_(é) Wichita Mountains in
southern Oklahoma, (7) Wichita-Amarillo Uplift extendihg into the Texas
Panhandle, (8) Permian Basin in nbrtthentral Texas, (9) Llano Uplift in
central Texas and (10) Houston Salt Dome region. |

Reconnaissance of these 10 areas resulted either in the finding of‘
new deposits or in the accumulaﬁion of more iﬁformafion about known de-

posits in the following localities:

IO



201

Fredericktown lead—mihing region of Madison County, Missouri.
fﬁrther study of previously reported uraniferous albertite, which conﬁains
3.79 percent U in the 20.42 percent ash (TEI—BIO), showed that the quantity
of similar uraniferous asphaltites was below commercial importance and
apparently was not genetically related to fresher, more viscous oil that
occurs in small quantities as cavity fillings in the overlying Cambrian
Bonneterre dolomite. |

In the Picher field of Wyandotte County, Oklahoma, tar seeps
from the overlying Pennsylvanian Cherokee formation into zinc mines were
found to contain 0.04 percent U in the 05073 percent ash, The quantity
of tar in the seeps was reported to be below commercial significance but
the mode of uranium enrichment is Stili under study for its geological
significance. |

Wichita Mountains of southwestern Oklahoms. Recdnnaissahce
study and geological mapping of previously»feported.asphaltic pellets,
which contain as mucH as 9,38 percent U in the 9.20 percent ash of
unweathered pellets, (TEI-310), reVealéd suggestive information., In brief,

the pellets are restricted to the Permian "red beds" (shale, sandstone,

and argillaceous limestone) of the Hennessey, Garber, and Wellington for-
mations or to equivalent formations along the Wichita-Amarillo Uplift
aceupying a distance of over 200 miles. They were found most concentrated
’and.in larger size--up to two inches in diameter--in the flat-lying sur-
face'exposures overlying or-adjacéht to steeply-dipping Paleozoic limestones
"and dolomites along the north flank of the igneous uplift. Exposures away
from the Uplift5contained‘smaller pelleté; Study of these asphalfic pel-’

lets and other oil residue revealed that tﬁey were not related to the
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bedding planes. Consequently, it is probable that the‘oil residue in
the Permian formations was.depositediiater than those formations and was
derived from underlying or nearby’Péleozoic rocks.‘ The Qriginai source
of ﬁhe uranium may be related to the nearby igneous rocks--as suggested
by the geographical occurrence of the deposits. Although the'quantity
of asphaltic pellets exposed in,surface outcrops apparently can not be
economically recovered today, thé possibiliﬁy exists that an o0il trap

or oil residues in greater quantities may be located in the underlying or

"nearby Paleozoic rocks., Study of subsurface samples is being continued

to explore’ that possibility.

=#. Lubbock County, Texas, of the Permian Basin area, a small
deposit of radioactive caliche was sampled. Although analytical results
have not been received it is estimated that the maﬁerial contains 0,01
to 0.02 percent eU. Although-the:deposit is small, it has geological
importance béCause,apparently?it'oWés the radioactivity enrichment
to present-day stream drainage;‘rThiéﬁﬁféinagé feature éay aid in °
locating sourde=rwaterials aﬁ&fin+fe53§ﬁi§ihg.similafﬁenribhe&#
deposits.

“%p In the Houston saltrdomes area of the Upper Gulf Coast many. oil
fields contain surface and subsurface deposits of radioactive precipitatés
from radium—bearing brines. Initial study of this problem was begun by
Garland B. Gott (TEM-27) in 1949 when he collected samples coﬂtaining_as '
much as 0.21 percent eU from the Bgrbers Hill Field in Chambers County,
Texas. Recent information from oil compénies,and Well—loggihg companies

has revealed that similar precipitates also are being deposited in ‘the

following salt dome oil fields: Batson, Fannett, Goose Creek, High Island,
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: Homestegd, Pier&e Junctio% and Spindletop. The exact s§ﬁr¢é of the
" radium is nndetermined buf\if‘it represeﬁts a uranium concentration
‘associated with the salt domes and related evaporites then it may be
significant. |

- The Lee D, Uto‘mineral claim in Pawnee County, Oklahoma, was exam-
ined for its prospects as a IMEA venturé° It is a bedded deposit of‘
secondary uranium minerals associated with thin lignifié lenses in
cupriferous sandstone of basal Permian agé° Selected samples contained
16;3 percent U, Previously it has been examined by both AEC and USGS
geologists (USGé PRR-51 and AEC PRR DEB;RR-419) who have discounted its
present worth as}a commerciai‘véﬁture'largely on the grade of channel
'samples and on the lack of surface exposures of the mineralized sandstone.
Nevertheless, geologicélly it.should not be overlooked because it repre-
sents a ﬁranium deposit &n an otherwise barren area of northern Oklahgmao
Also it lies over the Nemaha Ridge that underlies many‘oil fields pro-
ducing radium-rich brines (USGS'Bull° 988-E),

E§aluation of published information and available analytical data
suggests that radicactive materials iﬁ'the south-central statés are most
likely to occur associated with carbonaceous and asphaltic rocks., The
fact that the region also contains ﬁhe'largest.oil potential withinvthe
United States certainly suggests the need for an expanded study of subsur-
face samples. Therefore, tentative plans fér fiscal 1954 includé ;fudy of
subsurface samples from the following areass Wiéhita Mountains, Arbuckle
Mountains, Némaha.Ridge, Central Bésin Platform, Arkansas Tertiary intru-

sives, and Gulf Coastal Plain salt domes,_ In addition surface reconnaissance
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and mapping, as needed, will be performed in the following areas: Wichita
Mountains, -Ouachita Mountains, Ozark Dome, Llano Uplift, and Trans--Pecos

Region=-alil of which contain known minor deposits of uranium minerals.

North-Central district
by R. C. Vickers

During the period‘covered by this report, work consisted of:
(1) Mineralogical and geological study of the Hufoﬁ River pitchblende
occurrence, Baraga County, Michigan. (2) A DMEA examination of the Leitch
& isham uranium prospect, Dickinson County, Mighigan° (3) Preliminary
reconnaissance of the nepheline syenite complex, Marathon County,
Wisconsin. = (4) Library.study of-selectéd areas in the North-Centfal
States.wheré work is planned during the 1953 field season.

. . e e v .
s e gAY et &

Huton River pitchbl " . Baraga Céﬁntf, ﬂichigan

- The ngon River piﬁchblende occurrence was examined in August 1952,
and a. subsequent laboratory study of selected specimens togeﬁher with an
evaluation of the drilling data was undertaken (TEI-303, in preparation).
The prospect was discovéred in 1949 by a geologist of the Jones and
Lauéhlin Ore Company along the East Branch of the Huron River, sec; 1,

T. 51 N., R. 30 W;, Baraga County, Michigan. Subsequent diamond drilling
of the prospect by the Jones and Laughlin Ore Company and the Ford Motor
Company disclosed only minor amounts of radioactive méterials at shallow
depths in.the immediate vicinity of the surface showings.

The radioactive minerals, pitchblende and secondary'uranium minerals,

occur as very small discontinuous stringers and pods in quartz and calcite
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~ veinlets within a low-angle shear zone that dibs about 9 degrees to the
southweét° Thétshear»idne is 10’to 30 fegt £hick and cuts black, locélly.
graphitic, slates of the Michigamme slaté of Upper Huronian (pre—Cambrian)
age.

Mineral.deposition du;ing two,hypogénelstages and one supergene
stége was identified in polished surfaces. The first phase consisted of
the introduction of quartz and minor hemaﬁite»into the éheared slate,
The second stage was initiateajby fracturing of thé Quartz and depoéition
of.calcite, pyrite, pitchblgnde, native copper, and tennantite, followed
by bornité and ch,alcopyrite° The supergene stage consisted of the develop-
ment of chalcocite, cdvéllite, cuprite, and malachite., In addition to
coppér, uranium has been enriched near the surface by the development of
secondary uranium minerals énd secondary (?) pitchblende. The mineral
: asseﬁblage and paragenetic sequence are similar to some of the pitchblende
deposits Qf the Front Range, Colorado; the nickel-cobalt minerals
characteristic of many of the Canadian pitchblende occurrences Qere not
observed.,

‘-Because very 1itt1e information is available concerning the geology .
of the area adjacent to the Huron River pitchblende occurrence, a limited
amount of work will be done;during the 1953 field season to determine the
relation of the shear zone and associated mineralized rock to major
structural featufes aﬁd to investigate the possibility of other occurrences
or to e#tend‘the limits of the known occurrences.,

The mineralogiqal‘study of the Huron River pitchblende occurrence
indicates that uranium and copper minerals are closely associated, Many

small occurrences of hydrothérmal metallic minerals conteining copper, zinc,
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lead, silver, gold,.bismuth, and.cobalt have been fepbrted.in the literatﬁre
of northern Michigan, énd tﬁese localities will be eiamined during the 1953
field season. ) | |
'Leitch and Isham uraniwm claim,
- Dickinson County, Michigan

A field examination for DMEA was made of the Leitch & Isham No, 2
claim, Dickinson County, Michigan. The prospeét consists of Archean (?)
granite containing a 5-foot wide band éf biotite schist that‘has been
mineralized.by small amounts of uranium and thorium and also has been
locally altered to sericite. An unweathered sample of the most radio-
active material present contained 0.016 percent eU and 0,007 percenﬁ U,

No further work is plannedo
Nepheline syenite éomplex, Marathon County, Wisconsin

During May 1953, the nepheline syenité'complex and associated rocks
about 6 miles northwest of Wausau, Marathoh County, Wisconsin, were
examined. A road traverse of part of the area, using a car-mounted Geiger
counter, was made, and two large anoﬁalies (NE%NW% sec. 27, T. 29 N.,
R. 6 E.) werevfound about ild feet apart along an east-west country road.
One of the‘anomalies was mapped in detail ﬁsing é scintillometer and
showed four peaks that ranged from 1.6 to 2.3 mR/hr (background 0.03
mR/hr). The’anomalies have a prominent westward-trending alignment and a
less’prominent"horthward;trending aiignmean There are no outcrops iﬁ'the,
immediéte viecinity, bgt the bedrock'is-beliéved to be greenstone (unpublished

report of the Wisconsin Geological and Natural History Survey). ‘Because of
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the rightmangle alignﬁent of the anomalies, they are believed to‘be con=
trolled either by a fracture system along which thoron or radoﬁ is seeping
upwérd or by a fracture system along which there is a concentration of
radioactive minerals. The anomalies are about one mile south of a
thofiumpbearing zircon-fich pegﬁatite area and may be the result of a
similar thorium-bearing body.béneath or in the greeﬁstoneo

The nepheline syénite coﬁplex near Wausau,‘Marathon County; Wisconsin,
is an area of potential thorium-rare earth deposits. Zifconnbeéring
pegmatites coﬁtaining‘more than 50 percént.zircon have béen mined to a
small extentp‘ahd severa1 rareméarth minerals (bastnaesite, eucolite,
marighacite) have been reported. Because of the scarcity of outcrops,
the mi?eral occurrences have received little attention in recent years.
The small amdﬁnt of wo;k done thus far in tﬁe Wausau area has shown that
rédiometriéatfaVersihg is effective in butlining ﬁew localities of p?ssible
ecohomic significance., Further work in the Wausau area is ﬁlanned,during

June 1953, the results of which will govern additional work during fiscal

1954,
Other'areas

During the 1952 field season, anvOCcurrence of autunite was found in’
the northern part of the Black Hills,‘South Dakota, in an area of Tertiary
igneous activity and mineralization (TEM-559)°, Because little is known
concerniﬁg this type of aeposit.in thé northern Hills and because of the.
poééibility of finding higher-grade deposits or large‘tonnages of iowera
grade material, the one-half square mile surrounding the deposit will be

mapped geologically at 1:1,200 in order to appraise the tonnage and grade

o
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of the aﬁtuniteebeariﬁg rogky to study‘thé geologic relationships of the
pccurrencenin order to apply the geology to othef favorable areas in the
northern Hills, and to make a detailed radiometric reconnaissance in the
vicinity of the occu}rencé to extend the limits of the autunite’zone'and
to find new depoéité°

Radiometrié reconnaissance'of'the Lakota,tDakota, and Minnelﬁsa forf
mgtiohs in selected areas around the northern perimeter of the Black Hills
 also will bé undértakeno |

The occurrenég of pitchblende in fracturea lamprophyre dikes near
Theano Point, Canéda? 120 miles east of the Huron River occurrence; and
abnormal radioactivity (as mﬁcﬁ as 0,014 percent U)‘in a lemprophyre dike
about_25 mileé to the sou#hwest, suggest a possible genetic relation'
between.the dikes and ufénium depdsitioﬁ in the Lake Superior region, A
field study of éelécted areas containing iamprophyre dikes in fhe Lake.
Superior region will.be undertaken during the'l953 field season.

At present detailed information is being compiled concerning all of
the known oCcurrenées of radibacfive minerals in northern Michigan. Detéiled
geological and minefalogical studies of the occurrences will be continued,
to determine the origin and the féctors controlling uranium deposition in
that area so that other favorable areas in the Lake Superior region can be
prediétedo H |

Colorado-Wyoming district
by R. U. King and E. P. Beroni

During the second half of fiscal 1953 reconnaissance was made of the_

following localities and areas in Colorado and Wyoming (figs. 21 and 22):
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1) Coal Creek-Rollinsville area; Jefferson and Boulder Counties,
Colorado,

2) Hosa copper prospect--sec. 10, T. 4 Se, R. 71 W., Jefferson
County, Colorado.

3) Kerr Gulch copper prospectmseco 21, T. 4 S.; R, 71 W., Jefferson
County, Colorado,
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