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SEARCH FOR AND GEOLOGY OF RADIOACTIVE DEPOSITS

SEMIANNUAL PROGRESS REPORT
June 1 to November 30, 1952
SUMMARY

Uranium deposits in sandstones.--During the reporting period the stra-
tigraphic studies program determined that the ore-bearing Shinarump conglomerate

is essentially a discontinuous basal conglomerate of the Chinle formation
and that distinctive lithologic units within the Chinle formation are trace-
able over broad areas of the Colorado Plateau. Pebble studies in the
Shinarump conglomerate seem to show changes in the pebble composition,
sphericity, roundness, and size that are probably due to paleogeologic con-
trols such as distance from source areas.

: Evidence gathered by ground-water studies of the Morrison forma-

| tion tend to substantiate the ideas that (1) rocks favorable to ore depos-

| its will readily transmit water and that (2) clusters of deposits in several
widely separated areas are localized beneath a fluviatile conglomerate
stratum at or near the base of the Brushy Basin member of the Morrison for-
mation.

. Geobotanical.studies of indicator plants and correlation of
their occurrence with drilling data have provided sufficient information
for statistical analyses. The results of these analyses show that of the
holes in the Yellow Cat area, 93 percent drilled in areas of indicator plants
were in ground classed as favorable for ore on the basis of geologic criteria.
Indicator plants were present near 8l percent of the drill holes containing
ore, near 5/ percent of holes containing mineralized rock of sub-ore grade
and near only 12 percent of the unmineralized holes.

Geobotanical studies were also made to test the use of uranium
absorber plants in prospecting the Jurassic Todilto limestone for uranium
by sampling and assaying branches of pinyon (Pinus cembroides) and one-seed
juniper (Juniperus monosperma). A content of 1.0 ppm uranium in the ash of
the branch samples was used as indicative of mineralized ground. On this
basis all known ore bodies or mineralized ground over which trees were sam-
pled were confirmed by the tree branch analyses, Mineralized ground is now
being found in the one area specifically drilled on tree branch anomalies.

The Cenozoic studies programjhas gathered evidence to show that
several stages of orogenic deformation affected the ore-bearing formations
of the Plateau during the early Tertiary; epeirogenic uplift began in
Oligocene or early Miocene; and that several stages of orogenic deformation
affected the Plateau in the late Tertiary and Quaternary.




Intrusions and volcanism on the Colorado Plateau seem to be late Tertiary
in age and are much younger than the lead-uranium ages determined for the
uranium deposits.

The mineralogic studies program continued to identify and describe
minerals of the uranium deposits of the Colorado Plateau. Observation sug-
gests that the rich black uranium ore occurs in environments protected
from oxidation., Spectrographic analysis of drill-core samples have revealed
a well-defined distribution pattern of metals normally associated with uranium
ore adjacent to a dike of comminuted minette at Garnet Ridge, Apache County,
Ariz, Reconnaissance study of the Ute Mountains showed that they contain
about 30 major laccoliths radiating from two stocks; sulfides and ore deposits
are found chiefly in one laccolith and not in the stocks,

Natural potential, electrical resistivity, and gravity surveys were
made in selected areas in Monument Valley, Navajo and Apache Counties, Ariz.
by the geophysical investigations program; all data of these studies have nos
yet been calculated but preliminary interpretation of resistivity measurements
indicate that the trend and shape of channels at the base of the Shinarump may
be traced. Electrical well-logging operations were carried out in selected
mining areas in southwestern Colorado and southeastern Utah; preliminary re-
sults seem to indicate strong contrasts between unfavorable, favorable, and
mineralized rock.

Detailed and reconnaissance geologic mapping and examination of
anomalies detected by airborne methods in the Pumpkin Buttes area, Johnson
and Campbell Counties, Wyo. show that the deposits are concentrated in a
N-S belt about 30 miles long and 15 miles wide., All but the southern limit
of this belt-shaped area has been established. Two types of deposits are
present: (1) concretionary masses with iron and manganese, and (2) dis-
seminated uranium minerals, which are more like the Colorado Plateau deposits
than any found previously in the area. Lithologic guides to favorable ground
developed during the field season are: reddish-gray to pink sandstone, pre-
sence of carbonaceous material associated with these sandstones, presence of
manganese (applies only to type(l)deposits).

Uranium in veins, igneous rocks, and related deposits.--In con-

junction with the project on the relation of uranium to post-Cretaceous
vulcanism, surveys of glassy and crystalline post-Cretaceous rocks with a
scintillation rate-meter show the crystalline rocks to be more variable in
radioactivity; alteration of glassy rocks does not appreciably change the
radicactivity indicating perhaps that uranium is deposited deeper than the
near-surface solfataric zone.

Studies have shown that the concept of zoned relations of uranium
deposits in metalliferous districts is suitable for indicating areas most
favorable for uranium prospecting for the zoned -complex base metal deposit
{dominantly of mesothermal character) in the central part of the Colorado
Front Range mineral belt.,
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In the Front Range; the zone of pyritic copper deposits,with or without
appreciable gold, is generally unfavorable for pitchblende; and the zone of
silver-lead-zinec deposits is either unfavorable or less favorable. But the
zone of copper-zinc-lead deposits appears especially favorable--pitchblende is
to be expected in the zone of overlap of copper with zinc and lead.

Field work in the Colorado Front Range disclosed abnormal
radicactivity in one third of the mine dumps in the FreelandsLamartine
district; Clear Creek ‘County; but only secondary uranium minerals were found.
Favorable areas for uranium in this district are in a transition zone of
silver-lead-zinc minerals., A pyritic-gold vein at the Golden Calf mine in
the Dumont-Fall River area, Clear Creek County, contains generally high
radiocactivity and may be a possible source of uranium, In the Central City
area, Gilpin County, recent discoveries of pitchblende have been made at the
0ld Town mine, the Spread Eagle mine and at a mine in Eureka Gulch, Uranium
minerals were found on the dumps of five mines in northern Clear Creek County—-
the Golden Calf, Martha E., Muscovite, Miller, and Ariadne. Mineralogic,
geochemical and petrologic studies indicate that the association of thorium
and uranium with bostonite previously noted in the Central City district is
apparently also present in middle and northern parts of the Front Range mineral
belt.

The fluorite deposits of the Thomas Range, Juab County, Utah are
generally radioactive (ranging from 0,006 to 0.33 percent uranium); those in
the southern part of the district are the highest but there is apparently a
sharp decrease in grade with depth. In the Comet area, Jefferson County,

Mont., moderate radicactivity anomalies were found at the Uncle Sam and Hattie
Ferguson mines; sooty pitchblende was found in the dump of several mines along
the Comet-Gray Eagle shear zone. There is a suggestion of a pattern formed

by the areal distribution of the uranium deposition associated with the
chalcedonic vein zones west and southwest of Clancey. If this pattern is true,
there is a good possibility of additional uranium deposits north of Lump

Gulch and a slight possibility of deposits east of Clancey. During field work
in the Placerville area, San Miguel County, Colo. two new occurrences of radio-
active material were discovered near the Weatherly property in the western
part of the central Placerville area., At both localities, the radiocactive ma-
terial is hydrocarbon. The total inferred uranium reserves of these two
occurrences is less than 2 tons of uranium-bearing rock that average 0,02
percent uranium,

The Shirley May (Garc), Colorado uranium deposit consists primar-
ily of tyuyamunite and carnotite as disseminations and fracture fillings in
three sandstone beds in the Maroon formation of Permian age. The ore body
that has yielded most of the uranium ore is in the uppermost ore-bearing
sandstone bed that is stratigraphically 50 and 150 feet above the other ore
horizons, The uranium content of samples from the mine ranges from 0,001
to 0.48 percent uranium. Drilliﬂg;in this area has given the following
resultss (1) A new sandstone bed was found that is a favorable host rock
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for uranium, vanadium, and copper ore bodies. (2) Potential uranium ore
bodies occur in the sandstone beds within a vertical distance of 120 feet
below the surface, (3) The area of known uranium mineralization is re-
stricted to favorable parts of the sandstone beds within highly faulted
areas. (4) Small uranium ore bodies possibly occur in the three sandstone
beds within the area explored and to the northwest and southeast of the
mine, but the cost of exploration and mining these bodies is not econom-
ical ° ; :

Uranium in carbonaceous rocks.--The reconnaissance search for
western black shales indicates that extensive deposits of uraniferous
black shale similar to the Chattanooga probably are not present., A re-
vision of the method of approach to locating deposits of uraniferous
black shales is under consideration. The approach would test, in more
detail, shales of more favorable environment of deposition; shales that,
by special processes could have acquired more uranium; and shales that
show high radicactivity in the gamma logs made by oil companies,

Thin lenses of carbonaceous material, with an equivalent uran-
ium content of approximately 0.1 percent,were found at Mulatto Canyon,
Hosta Butte, and Marianna Pass, McKinley County, N. Mex, in the lower
Gibson member of the Mesaverde formation. The caprock of Cuba Mesa,
Sandoval County, N. Mex., shows radioactivity (about 0,012 percent equiv-
alent uranium) highs which indicate the need of future prospecting in this
area,

Marine black shales of the Pennsylvanian Hermosa formation near
Durango, Colo., contain 0.002 to 0,004 percent uranium indicating the need
for further investigation of this sequence, A 3-foot bed of lignitic
shale north of Fort Collins, Larimer County, Colo. contains 0.006 percent
uranium in the ash, thus indi~ating some need for investigations of the
northern part of the Denver Basin where potential source beds overlie
coals of the Laramie formation,

The area of uranium mineralization near Lusk, Niobrara County,
Wyo. apparently extends 15 miles south into Goshen County., Samples from
copper prospects in the pre-Cambrian Whalen group contain as much as 0.02
percent uranium, One lenticular bed of coal in the Cambria coal field
near Newcastle, Weston County, contains 0,0085 percent uranium, ~£oke
from lower coals in the same area contains 0,008 percent uranium,

Several beds of radioactive lignites were discovered in the Ekalaka
lignite field, Carter County, Mont., The most highly uraniferous part of
these beds contains as much as 0,14 percent uranium in the ash; much of
the uraniferous lignite in the area contains about 0.0l-percent uranium in
the ash,

Search for possible source beds foxgupanium in the Jackson Hole,
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Wyo, area revealed a sequence of Pliocene rocks containing a total of about
660 feet of pumicite containing 0.001 percent uranium. Pliocene algal(?)
limestones totalling 1100 feet in thickness in the Jackson Hole area contain
up to 0,001 percent uranium, and may also have served as source beds for ur-
anium deposits, Ground check of airborne radiometriec anomalies in the Miller
Hill area in south-central Wyoming found Miocene algal limestones which con-
tain 0,01 to 0,15 percent uranium,

Analysis of mineralogical separates from coals of the Mendenhall
Strip mine, Harding County, S. D, shows most of the uranium is associated
with the organic components, Experiments on lignite columns indicate that
the uranium is not displaced by base exchange and is probably held as an
organo-uranium compound or complex.

Correlation of radiocactivity with minor laminae, as part of coal
petrographic studies on Dakota lignite, shows peaks of radiocactivity asso-
ciated with layers 1/2 inch or less in thickness, These peaks are obscured
by the less refined methods of sampling., Indicated reserves in the Goose
Creek district, Cassia County, Idaho, of strippable carbonaceous shale con-
taining 0,005 percent or more uranium are 3,900,000 short tons (a'total of
280 short tons of uranium), Core drilling in the Red Desert area, Sweet-
water County, Wyo., indicates large deposits of uraniferous coal underlying
Lost Creek flat (T. 23 and 24 N., R, 95 W,) and Battle Creek flat (T. 23 and
24 Noy R, 94 W,). Estimated reserves found during the 1952 field season
are about 176,700,000 short *ons of strippable coal containing about 8,500
short tons of uranium, Reserves that were calculated from surface data
compiled in 1951 from the Red Desert area are 513,800,000 tons of sub-bitum-
inous coal, containing about 11,600 tons of uranium, :

Investigations of the Chattanooga shale, in areas along the edge
of the Nashville Basin, of inliers in southern Kentucky, and outcrop areas
in Tennessee, northern Alabama and northwest Georgia make it seem unlikely
that any area studied in 1952 will be of greater economic interest than the
Block 1 area, DeKalb County, Tenn, Investigations of the organic material
of the Chattanooga shale shows that in general much of the material is too
fine to be identified, however, sporadic plant fossils indicate a marine
ecologys remains of littoral plants and driftwood of land plants are als
present. 3

Uranium in phosphate.-=Developments in the northwest phosphate
investigations include: clarification of eritical stratigraphic correla-
tion in the southwestern Wyoming part of the field and discovery at one
locality, Basin Creek, of a 123-foot bed of low grade phosphate at the top
of the upper shale member, just below the Dinwoody contact, This bed was
correlated over a fairly broad area but nowhere else was it as much as 3
feet ‘thicks houwcyver, “urthep irapn Ty e 02 g T i 5
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Studies in the Florida land-pebble phosphate district, based on
a limited number of samples, have shown that surface sands have a median
range of 0.0047 inch in contrast with a range of 0.0018 inch for leached-
zone samples. The contact between the surface sands and the leached-zone
was picked when possible. with the aid of gamma=-ray logs; a sharp rise in
radicactivity usually marks the contact.

Although the study of heavy minerals and insoluble residues of
the stratigraphic units of the land-pebble district has only recently been
initiated, study of a single mine face has revealed that: (1) phosphate
appears to be more abundant in overburden sands than has previcusly been
supposed; (2) garnet is virtually absent in surface sands, but appears to
increase in abundance downward in the section; and (3) opaque minerals
(probably including some black phosphate) increase from 1 or 2 percent in
the heavy fraction of surface sands to about 60 percent in the heavy fraction
of the underlying bed clay.

The logging and sampling of ‘the drilling on the Royster tract, .
Polk County, Florida has been completed. A subsurface contour map of the tep
of the Hawthorn formation constructed from the data reveals: (1) A trough
trending north-south which may have been part of a former river channel,

(2) Numerous sink holes superimposed on the topographic highs and the troughs.
(3) That the only relationship between the subsurface topography on the Haw-
thorn formation and present topography is in the eastern part of the tract,
where a Hawthorn high closely parallels a prominent topographic ridge. Other-
wise present topography is influenced by the Peace River drainage pattern.

Results of phosphate studies of the Survey's Eastern Gulf of
Mexico project in the offshore area between Tarpon Springs and Fort Myers,
Fla. show that phosphatic sediments are confined 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 generally contain less than 0.50 percent
P05 . Within this zone are several smaller areas of sediment with a higher
phosphate concentration (as much as 13.5 percent P205). The phosphate in
these areas appears to have been derived, at least in part, from submarine
cuterops of older formations,

Uranium in natural waters,--The streams draining uranium ore
processing plants may be an economic source of uranium; one such river is
the San Miguel in Colorade. This is the most promising possible source
found during the 1952 field season, A sample collected from the river
about 0,9 mile above the Vanadium Corp. of America's mill 12 miles from
Uravan contained 1.0 ppb, and another taken 1.2 miles below the plant con-
tained 55 ppb. The river, which has an average flow at Naturita of about
400 cfs, was in a flash flood at the time,
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Another promising creek was Naturita Creek, in the eastern edge
of the Uravan uranium-mining region., A sample from just below the forks
of the creek about 4 miles northeast of Naturita contained 9.3 ppb. The
normal flow of this stream is about 30 or 4O cfs.

Thorium and monazite deposits.--A belt of thorium and rare earth
deposits six miles long has been found in the Mountain Pass district, San
Bernardino County, Calif, The thorium content of the deposits in this dis-
trict generally rangesbetween 0,02 and 0.5 percent ThOp, with local concen=
trations as high as 5.5 percent, ThO,. In the Powderhorn district, Gunnison
County, Colo., carbonate veins near Iron Hill contain 0.02 to 0,65 percent
ThO2; other new radiocactive deposits were found in the area during the field
season. In the Lemhi Pass district;, Idaho-Montana, thorite is found in
veins with quartz, barite, and hematite and in veins with quartz and copper
sulfides, Reserves for the area, based on incomplete data, are in excess of
140,000 tons of quartz rock containing 0.8 percent ThO,,

Regional reconnaissance in U, S,--In an investigation of the "0ld
Bed" apatite-rich magnetite deposit at Mineville, N. Y., tailings from the
deposit were found to contain from 0.10 to 1.0 percent cerium, lanthanum, and
ytirium, 0.004 percent uranium and probably about 0.03 percent thorium; these
elements probably are in the apatite, About 1,300 tons of the "Old Bed" tail-
ings are produced daily and several hundred thousand tons are in old tailing

. piles,

Investigations at the Mystery Sniffer claims in the Tushar Moun-
tains, Beaver County, Utah have disclosed the presence of an essentially
tabular body composed of highly altered rhyolite and latite containing pyrite,
quartz, fluorite, and torbernite. The vein, or tabular body, strikes generally
east, dips 35-70" N, and ranges in thickness from 10 to 65 feet, Preliminary
estimates of inferred grade and tonnage of uranium-bearing material exposed
to date by expleration work are 230,000 short tons containing 45 short tons
(19 percent) of Us0g, of which 30,000 short tons contain 2i short tons (0.08

percent.) of U30g.

Regional reconnaissance in Alaska.--The so-called "Fowler carnotite
prospeet™ has now been accurately located as lying on Nikolai Creek in the
foothills of the southern Alaska Range, about 65 miles west of Anchorage.
Original samples submitted by Fowler contain as much as about 0.6 percent
uranium oxide, Natives who sampled the occurrence in 1949 indicate that
carnctite occurs intermittently, if not continuously, over a distance of at
least 6 miles along the base of an escarpment formed mainly by Tertiary coal-
bearing rocks. ;

Analytical service and research on methods.-~During the period, the
laboratory completed 11,150 chemical determinations for uranium, 9,769 other
chemical determinations; 128,958 spectrographic determinations and 18,469
radiometric determinations,

[
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A successful method has been devised for the accurate determin-
ation of the phosphorus content of sea water. The method consists of
simple separation in which the phosphorous in water is concentrated by
copreeipitation of aluminum hydroxide, Arsenic, germanium, and silicon
that may be carried down are removed by treating the precipitate with HF
and HBr and wlatilizing these elements, The phosphorous remaining is de-
termined by the molybdenum blue procedure under optimum conditions previous-
1y established,

Geochemical and petrological research on basic principles.--
As part of the investigation of distribution of uranium in igneous com-
plexes, chemical determinations on about 35 granitic rocks ranging from
granite to gabbro, carefully selected to represent the Southern Califor-
nia batholith,have been plotted on a variation diagram. The uranium de-

-7 terminations so plotted do not make so smooth a curve as do the major con-

‘stituents, The gabbros have a stromg tendency to be low in uranium (about
0.2 ppm) and the granites to be high in uranium (%.0 ppm). The estimated
average uranium content of the batholith is 2.5 ppm.

Four significant facts have been shown about the Colorado Plat-
eau uranium deposits from the isotope geology studiess (1) The ages of
the best specimens of ore from the Morrison and Shinarump conglomerates
are appreciably less than the ages of the sediments which enclosed them.
(2) The ages which have been found for these ores from the Morrison forma-
tion and the Shinarump conglomerate are essentially the same, This strong-
ly suggests that the deposits were actually formed at the same time re-
gardless of the age of the enclosing sediments, More important, this means
that the origin of the Colorade Plateau ores cannot be determined successfully
if the problem is subdivided into the problem of the Morrison ores, the origin
of the Morrison ores, the origin of the Shinarump ores, etc. (3) The age of
the uranium ore in the vein deposits in Placerville area—ore that is quite
similar in many respects to the ores in the Temple Mountain district——is alse
approximately the same as the age of the Shinarump and Morrison ores. (4)
The age of the uraninites from the Colorado Front Range is essentially the
same as the age which has been found for the Morrison and Shinarump depos-
its, This would suggest a single period of mineralization for both the
Colorado Front Range and the Colerado Plateau,

ogie and petrographic service and research.--The crystal
structure of montroseite has been determined by H, T. Evans; preliminary
structyral studies have been made on "lumsdenite", a new vanadium oxide; these
structural studies have made possible the determination of the chemical forme

unlas of these minerals,

Mineraleogic and

g services and research on methods.-=Portable

gamma-ray logging'units'fbr'smaii diameter holes have been developed, utiliz-
ing both Geiger counters and scintillation counters as the detector element.
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Airborne radicactivity surveying disclosed two new areas im which
uranium was not previously known - the Miller Hill area in southwest Carbon
County, Wyo., and the Devils Tower area in Crook County, Wyo., Preliminary
field investigation of the 10 radiometric anomalies in the 90-square-mile
Miller Hill area showed that some of the anomalies were due to uranium-

bearing limestone of Miocene age, Five radiocactive anomalies were recorded
in Crook County, Wyo.
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SEARCH FOR AND AFPRAISAL OF URANIUM IN SANDSTONE-TYPE DEPOSITS

Colorado Plateau geologic studies

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

The Colorado Plateau geologic studies dbmpriée a number of geologic
mapping and specialized geologic studies of the pre-yorrison (mainly
Triassic) and Morrison uranium-bearing formations. The principal objectives
are to determine the distribution and character of the uranium deposits and
the distribution and character of areas favorable to mineralized rock; to
determine, either from knowledge of mineral habit or mineral origin, geo-
logic relations that may be useful in ore-finding, and to appraise the
uranium resources of the Colorado Plateau region.

Beginning with this report; all the Colorado Plateau geologic
studies have been placed on a semiannual reporting basis. Rapid reporting
of findings of special significance will bé assuréd by reporting such dis-

coveries either in the Trace Elements monthly reports or in separate reports.
Geologic mapping

Southwestern Colorado project, by .F. W. Cater, Jr.

The principal objectives of the regional geologic mapping project
in southwestern Colorado (fig. 1) are to determine the geographic and geo-
logic distribution of the carnotite deposits, the broad geologic controls,
and the relations to regional stratigraphy and structure, .as wéli as to

delimit areas favorable for detailed studies and exploration.
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Compilation of geologic maps and preparation of reports for publi-
cation in the Geological Survey Quadrangle Map Series were resumed Sept-
ember 15, 1952, The status of the various phases of this work on the eighteen

74-minute quadrangles in southwestern Colorado is shown below:

Compilation of topographic base maps from air photos. » . » 100%
Preparation of structure contour maps o « « o o o o ¢ o o o 100%
Preparation of structural sectionse. = s o o« o o o o o o o o 100%
Writing of texts to accompany geologic quadrangle maps. . » 50%
Editorial reviewsnd ieritichsim. 'y i & 4. s v o v G hie v 208

In addition, preparation of a paper for publication on the struc-
tural development of salt anticlines on the Colorado Plateau was 75% com-
pleted. It is anticipated that the project will terminate with the completion
of these map reports by June 1953,

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

Geologic mapping of the Carrizo Mountains area, Apache County,
Ariz,, and San Juan County, N. Mex., (fig. 1) was undertaken to provide
detailed information on the geologic setting of carnotite deposits in the
30-minute quadrangle surrounding the Carrizo Mountains. All known deposits
in the area occur in the Salt Wash member of the Morrison formation. The
geologic mapping of this 1,000 square mile area was completed September 1, 1952,
except for the laccolithic complex of the Carrizo Mountains. Preliminary
copies of this geologic map at 1320,000 scale were transmitted to the Atomic
Energy Commission as TEM reports 415-430 in June, July, and August 1952.

A geologic map of the part of the area completed, a brief text,
and stratigraphic sections are being prepared for transmittal to the Fuels
Branch of the Geological Survey for publication at 1:48,000 scale in the 0il

and Gas Investigation Map series.
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A preliminary appraisal of the uranium resources of the Carrizo
Mountains area was transmitted to the Atomic Energy Commission as TEM-300
in June 1952,

The project will be recessed from December 1952 until about May
1953, At that time mapping of the igneous-sedimentary complex of the
Carrizo Mountains laccoliths will be undertaken to determine the relations
of the ore deposits to igneous activity in the area.

San _Juan Mountains project, by A. L. Bush

The vanadium deposits in the Entrada sandstone in the western
San Juan Mountains, Colo., contain a small but significant amount of uranium.
i 3
These deposits are in the Placerville district, San Miguel County; the

Barlow Creek-Hermosa Creek district, Dolores and San Juan Counties; and the

Lightner Creek distric?, La Plata County. In June 1952 the Geological:
Survey began a program of detailed study of the districts in order to obtain
an appraisal of the uranium-vanadium resources, to recommend areas favorable
for exploration; to determine geologic guides to ore, and to gain information
about the origin and geologic éontrols of the ore deposits.

During the field season of 1952 reconnaissance of outcrops of the
Entrada sandstone was made, mines and critical areas were mapped and sampled,
and production and assay records and available geologic data were compiled.
TEM-298, "Preliminary report on the uranium and vanadium resources of the
Entrada éandstone, western San Juan Mountains, Colorado,™ by A. L. Bush and
Leonid Bryner is being prepared for transmittal to the Atomic Energy Commis-
sion., This appraisal was summarized in Trace Elements monthly report,

October 1952, A more detailed report will be prepared after receipt of .
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analyses, study of production records, and petrographic examination of speci-
mens of ore and host rocks. Detailed geologic mapping of three 74-minute
quadrangles (fig. 1) near Placerville, Colo., will begin in the field season
of 1953 and will probably lead to some deep drilling to test for extensions
of the Placerville and Barlow Creek-Hermosa Creek mineral belts.

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

Objectives of the Monument Valley gquadrangle mapping project,
Apache and Navajo Counties, Ariz., (fig. 1) are to appraise the uranium re-
sources of the area, to determine geologic guides for prospecting, to locate
areas favorable for exploratién by drilling, and to map and study the uranium-
bearing and adjacent strata to determine regional controls and habits of the
uranium deposits.,

Geologic mapping and field studies were undertaken during the
field seasons of 1951 and 1952. Three l5-minute quadrangles were mapped.
These comprise an area of about 700 square miles on the Navajo Indian Reserva-
tion in northeastern Arizona., The mapped area is bounded by parallels of
latitude 36°45"' and 37°00' and meridians of longitude 109°45' and 110°30'.

Consolidated sedimentary rocks having an aggregate thickness of
over S,OQO feet and ranging in age from Permian to Jurassic crop out in the
area, Dikes and plugs of minette and tuff breccia are intruded into the
sedimentary strata.

The méjor strué%ural feature in the area is the Monument upwarp,
" a broad flattened anticline with a north-south axis. Structure contours
indicate that subordinate structural elements are superimposed on this

major feature, Lo
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Uranium-vanadium ore occurs in cﬁannel sediments of the Shinarump
conglomerate. Most ore deposits are of the "carnotite"™ type and the major
ore bodies are erratically distributed along a channel's léngth.

The predominant ore mineral is either carnotite (2), tyuyaminite (?),
or locaily, an unnamed uranyl vanadate, Many ore deposits have copper
minerals; such as azurite, malachite, chalcocite, and chalcopyrite, intimately
associated with the uranium minerals,

The workings of the largest mine in the area, the Vanadium Corp-
oration of America's Monument No. 2 mine, were mapped during the 1952 field
season., Major ore bodies in the mine are in the form of ovate c¢ylindrical
bodies, known as rclls, and are concentrated locally in conglomeratic sand-
stone lenses along the channel's length. Preliminary work suggests that the
rolls formed in two ways. The first appears to be by "replacement" of wood
by silts, limonite, and carnotite (?). The second appears to result from an
impregnation of sandstone by limonite and carnotite (2).

The geologic features believed to be of greatest usefulness as -
guides in the search for new ore deposits in the Monument Valley area are
channels, organic matter; and conglomerate containing organic matter; of less
or uncertain value as guides are limonite impregnation, copper minerals; a
bleached zone at the top of the Moenkopi formation, and clay boulders, cob-
bles, and pebbles. As shown particularly by the Monument No. 2 mine, the
ore is commonly in zones along the length of channels; these zones are
separated by barren'ground. That channels are barren at the outcrop does
not necessarily mean that they are barren along their entire lengths. The
common occurrence in the Monument Valley area, Ariz., of geologic features
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useful as guides to ore deposits indicates that the area is favorable for the
discovery of new ore deposits.

The Mitchell Butte Mesa area, Navajo County, Ariz., contains in
basal channel sediments an exposed seam of carnotite about 4 feet wide and
about 1/4 inch thick. The channel strikes N. 55° W., is about 350 feet wide
and has been cut about 75 feet in the Moenkopi. Recommendations of the area
for exploration by diamond drilling are being considered, but accessibility
to the top of the mesa is difficult and road construction costs would be
high, Other parts of Monument Valley, Ariz., that appear favorable are being
investigated presently by drilling programs of the Atomic Energy Commission
or await the results of current geophysical investigations by the Geological
. Survey before receiving consideration for drilling recommendations.

Preliminary geophysical results suggest that under favorable con-
ditions electrical resisitivity methods can delineate the trend of channels
and it is recommended that drilling programs be preceded by geophysical
studies., This should permit planning of exploration programs that would pro-
vide thorough tests along the lengths of channels.

Field work in the assigned program has been completed. Plans for
the next six month period include (1) completion of TEM-536 (in preparation),
a preliminary report on the results of this project, (2) preparation of a
detailed final report on the Monument Valley area for transmittal to the
Atomic Energy Commission, and (3) preparation of a report presenting the re-
sults of mapping at the Monument No, 2 mine, In addition a formal U. S. Geo-

logical Survey publication on the geology of the area will be prepared.
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vanadate (carnotite? or tyuyamunite?).

Copper minerals, mostly carbonates and sulfates, are commonly
associated with the uranium minerals, but copper minerals are also found
at many places where uranium minerals are absent. Sulfide copper minerals
are rare but small amounts of chalcocite, bornite, chalcopyrite, and
covellite were found,

Within the channel sediments of the Shinarump, the uranium min-
erals appear to be associated with zones of relatively high permeability.
These zones are marked by the presence of conglomerate, clay galls, friable
sandstone, fractional clay lenses, or open-textured woody remains.

The 'associations of uranium minerals with channels, with copper
minerals, and with relatively permeable zones are regarded as the best geo-
logic guides for use in prospecting for uranium in the area. Resultsrof
this geologic study, as well as the results of tests by mining or by diamond
drilling, indicate that the Monument Valley, Utah, area occupies a less
important position than most other uranium mining districts in the Colorado
Plateau that produce from the Shinarump. Smailtonnagesof uranium ore may
be mined from several mineralized localities in the area, and even this
small production may be severely limited by the condition of access roads
or by other economic factors.

No large scale exploration programs for the Monument Valley, Utah
area can be recommended at this time, Small drilling projects in readily
accessible ground behind known mineralized exposures might be warranted but

the risks are high and such drilling probably is not feasible at present.
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Field work for the Monument Valley, Utah, project has been completed.
A preliminary report on geologic investigations in Monument Valley, Utah,
is in preparation. Plans include petrographic studies and map compilation
leading to the completion of a comprehensive TEI report to be transmitted in
the spring of 1953.

Red House Cliffs project, by T. E. Mullens

The purpose of the Red House Cliffs quadrangle mapping project is
to appraise the uranium resources of the Red House Cliffs area by mapping
and studying rocks exposed in the area with particular emphasis on the
uranium-bearing Shinarump conglomerate.
The Red House Cliffs area is located in southwestern San Juan
County, Utah (fig. 1). The area includes the following 74-minute quad- ‘
rangless Clay Hills 2 NE, 2 SE, 2 SW, and 1 NW in the Clay Hills 30-minute
quadrangle. These quadrangles contain the area of Triassic rock exposures
on the western flank of the Monument upwarp between the head of Red Canyon
and the San Juan River,
Field work in the Red House Cliffs area started July 6, 1952,
and continued until October 1, 1952, During the field season the Chinle-
Moenkopi contact in three 74-minute quadrangles, about 20 miles of outecrop,
was studied in detail and examined for uranium minerals. These quadrangles
are Clay Hills 1 NW, 2 NE;, and 2 SE. Geologic mapping of the three quad-
rangles was about 90 percent completed during the field season. TEM-537,
"Preliminary report on geclogic studies in the Red House Cliffs area, San
Juan County, Utah,"™ by T. E, Mullens and H. A, Hubbard, is being prepared
for transmittal to the Atomic Energy Commission. It summarizes the résults .
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of the field studies.

No knoqn deposit of uranium minerals occurs in the part of the
Red House Cliffs area mapped in 1952,

The probability of finding uranium ore in the three quadrangles
mapped in 1952 is low because there are few beds favorable for these
deposits. Only five lenses of Shinarump conglomerate are present in the
area mapped in 1952, The largest lens extends about 2 miles along outcrop
and has a maximum thickness of 20 feet. e other four lenses are each
less than a quarter of a mile in outerop length and less than 8 feet wide,
Malachite, a copper carbonate, is disseminated in one of the smaller lenses,
but no radiocactive material is associated with the malachite.

‘ The other formations exposed in|the mapped area were also examined

. for uranium minerals. All these formations were barren of uranium and
copper minerals and the probability of finding uranium ore deposits in these
formation is thought to be low.

Shinarump conglomerate is well-developed in the part of Red House

Cliffs area not yet mapped. This Shin p was not studied or mapped in
detail, but because it is relatively thick and continuous, it is judged to
be more favorable for ore deposits than the Shinarump found in the area al-
ready mapped,

Geologic mapping and studies in the Red House Cliffs area have re-
sulted in correlation of a cliff-forming unit at the top of the Cutler
formation with the Hoskinnini tongue of the Cutler formation of Monument Valley.

Geologic mapping in the area has revealed two faults zones which

. may be related to localization of uranium ore north of the Red House Cliffs
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area. These two fault zones extend beyond the north boundary of the Red
House Cliffs area and into Red Canyon where they crop out near some of the
uranium mines. No uranium minerals are associated with the fault zome in
the Red House Cliffs area, and more field work is needed to prove or dis-
prove any relation between these faults and the uranium deposits in Red
Canyon.

It is possible that in addition to the four quadrangles already
assigned to the project, the 73-minute quadrangle Clay Hills 2 NW, bounded
by 37°22'30" and 37°30' north latitude and 110922'30"™ and 110°30' west
longitude, may also be mapped. This quadrangle is bounded on the east and
south by quadrangles assigned to the project, and mapping of it would com-
plete the structural pattern of the Red House Cliffs area and would test .
the possible relation between structural pattern and localization of uranium
ore.

Mapping of the Clay Hills 2 NW quadrangle would take about four
weeks and would be done most economically in the summer of 1953, The Red
House Cliffs field party will be in the general area of this quadrangle
during most of the field season of 1953 in connection with work already assigned.

Plans for the Red House Cliffs project are to prepare an interim
report during the winter of 1952-53, to complete mapping and geologic studies
in the area during the summer of 1953, and to complete a final report on
the project by January 1954.

White Canyon project, by A. F. Trites, Jr.
The objectives of the White Canyon project are to appraise the

uranium resources of the area, to determine controls and guides to ore and .




suitable areas for physical exploration, and to map and study the ore-bearing
and adjacent strata to determine habits, character, and regional geologic
controls of the uranium deposits.
The White Canyon area is on the west flank of the Monument upwarp
in the central part of San Juan County, Utah; approximately 50 miles west
of Blanding, Utah,
During the period of this report, field mapping was carried on from
May 31 to October 28, 1952, Approximately 50 square miles in the lower part
of White Canyon were mapped by plane table and telescopic alidade.. About
20 square miles were mapped on aerial photographs, and 12 linear miles of
Shinarump horizon were examined in detail, Detailed examinations were made
‘ of the Happy Jack mine and the Tiger (Hideout) and White Canyon No. 1 claims.
The Whife.Canyon area contains exposures of sedimentary rocks,
ranging in age from Pennsylvanian to Jurassic.
Three typés of uranium deposits'are recognized on the basis of
the grain size of the enclosing Shinarump bedss (1) sandstone, (2) con-
glomerate, and (3) siltstone or very fine-grained sandstone deposits. The
largest, highest grade, and most continuous ore bodies are found iﬁ coarse-
to very coarse-grained sandstone. Most of the ore from the Happy Jack Mine'
and the Tiger (Hideout) claim has come from sandstone. . The uranium deposits
in conglomerate are confined to channels and contain high-grade areas
separated by rock of sub-ore grade. Workings at the White Canyon No. 1 mine
have recently been opened on a deposit in a bed of conglomerate in the
Shinarump, Uranium deposits in very fine-grained sandstone or siltstone are

. known in only a few places., Parts of the Happy Jack mine contain deposits
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of this kind,.
Pitchblende or uraninite, previously known to occur at the Happy
Jack and Posey mines, and the Tiger (Hideout) claim has recently been
tentatively identified at the Markey and White Canyon No. 1 claims. Secondary
uranium minerals, including sulfates, silicates, phosphates; and carbonates,
have been found in many deposits. The uranium minerals occur principally
(1) in clay stringers, (2) adjacent to changes in lithology, (3) as replace-
ments of wood, and (4) as impregnations in sandétone and conglomerate.
Geologic data from White Canyon indicates that the area is favor-
able for the discovery of new uranium deposits. The Atomic Energy Commission
is exploring favorable ground near the Happy Jack mine and on Frey Point.

TEM-479, "Preliminary report on the geology at the Tiger (Hideout) claim,

White Canyon area, San Juan County, Utah, with recommendations for explor-
ation for geologic information,™ by T. L., Finnell, B, L. Renzetti, and
A, F, Trites, Jr. was submitted to the Atomic Energy Commission in August
1952, Exploration recommendations made in this report are being reconsidered
in the light of additional geologic information.

Plans for the project for the remainder of 1952 and early 1953 include
(1) petrologic study of the sedimentary rocks of White Canyon area, (2) miner-
alogical study of specimens from the Happy Jack mine and the Tiger (Hideout)
and White Canyon No. 1 claims, and (3) preparation of maps and reports on
the White Canyon area and the mines examined., TEM-540, "Preliminary report
on geologic investigations in White Canyon, San Juan County, Utah, 1952,"
by A. F. Trites, Jr, and T, L. Finnell is being prepared for transmittal to

the Atomic Energy Commission. Among the reports now in preparation are ‘
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TEI-240, "Uranium and copper deposits at the Gonway and North Point Claims,
White Canyon area, San Juan County, Utah," by A. F. Trites, Jr. and
E. P, Beroni; and a detailed interim report on the geology of the White
Canyon area by A, F. Trites, Jr. et al, Regional mapping and field study
of the uranium deposits will be resumed in the spring of 1953.
Capitol Reef project, by J. Fred Smith, Jr.

Objectives of geologic studies and quadrangle mapping in the
Capitol Reef area, Wayne and Garfield Counties, Utah, (fig. 1) are to
appraise the uranium resources of the area, to determine geologic guides:
for prospecting, to locate areas favorable for exploration, and to map and
study the uranium-bearing Shinarump conglomerate and adjacent strata to
determine the regional controls and habits of the uranium deposits.

The area in which mapping has been completed is in western Wayne
County, Utah. The complete area to be mapped includes a part of northern
Garfield County and has irregular boundaries between 38°00' and 38°30' N, Lat.
and 111°07'30" and 111°37'30" W. Long.

Consolidated sedimentary rocks exposed range in age from the
Permian (Coconino sandstone) to Jurassic Morrison formation and have an
aggregate thickness of more than 5,000 feet. Volcanic rocks occur in the
western part of the area. Structural features include the Teasdale anticline
and numerous normal faults.

Most radioactive 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 channels

contains much carbonaceous material and some stringers of sandstone and
}1,)¢g Ui ‘('Qyﬁ ISE ONI Y




RO Ty
QYRR et s

SRETCTORAN Y T OIS

30

siltstone., At the Floral Reef claims Shinarump sandstone along and near
three vertical fractures is more than normally radioactive and is heavily
stained with iron and manganese.

Metatorbernite and zippeite have been found in the Oyler mine,
and light green radicactive minerals, tentatively identified as torbernite
or metatorbernite, have been found at the Birch Spring and Floral Reef
claims, Secondary copper minerals (probably copper sulfates) are associated
with the uranium minerals, but copper staining is much more widespread than
uranium minerals. Disseminated chalcopyrite and secondary copper minerals
with no associated radioactive rock are found locally in limestone in the
lower member of the Moenkopi formation,

Radioactive asphaltite forms coatings on and blebs in the Shinarump .
in sec. 36, T. 29 S., 26 E. Non-radioactive asphaltite and petroliferous
rocks have been noted in the Kaibab limestone and the Moenkopi formation,

The habits of uranium occurrence in the Capitol Reef area indicate
that the following geologic features may be useful as guides for prospecting,
particularly where several are found together:

1, Shinarump sediments in channels cut into the underlying

Moenkopi formation,

2, Copper minerals.

3, Fractures heavily stained with iron and manganese.

4o Concentration of carbonaceous matter. :

5. Clay layer at base of Shimarump conglomerate.

6. Thick zone of bleached clay and siltstone at the top

of the Moenkopi formation,
7. Asphaltite.
Areas favorable for uranium deposits are limited to the Shinarump

conglomerate. There are no producing uranium mines in the Capitol Reef area,

but several localities with above normal radioactivity are being prospected ‘
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by private parties. At present; no parts of the area studied are considered

favorable for drilling exploration.

TEM-538, a preliminary report on geologic studies in the Capitol
Reef area, is in preparation. Dtring the ne#t six-month period, rocks and
minerals will be examined in thin section, by sedimentary analysis, and by
chemical.and mineralogical analysis, and an interim report will be prepared.

Geologic mapping, including examination of more Shinarump conglomerate, will

be resumed in the spring of 1953.

Photogeclogic mapping
by W. A. Fischer

The photogeclogic mapping program is designed to provide regional
geologic maps ‘of specified afeas;in*Utah, Colorado, Arizona, and New Mexico.
%o serve the needs of the Atamic'Energy Commission and the Geological Survey
until ‘more detailed ground surveys can be.made.

Since the beginning of the photogeology project in the winter of
1951-52, approximately 7,000 square miles of geologic mapping has been
completed or is in the latter stageé of production. These areas completed
or in active production are shown on figure 2.

As a result of conferences held in August 1952 with Larry Craig
and Fred Smith of the U. S. Geological Survey, the amount of detail pre-
sented on the photogeology maps has been increased.

The areas now scheduled for production are shown on figure 3.
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Stratigraphic studies
by Go A, Williams

Morrison formation
The objectives of the stratigraphic studies of the Morrison forma-

tion of the Colorado Plateau region are to provide information regarding
distribution, variatiﬁns in lithology, source and character of constituting
materials; conditions of deposition, and post-depositional history of ore-
bearing strata and associated formations. Preliminary results of these
studies have been summarized in TEI-180, "Preliminary report on the strati-
graphy of the Morrison and related formations of the Colorado Plateau region,"

November 1951,

Compilation of data and preparation of reports and maps for the
Morrison study were continued during the month of June 1952, Data compi-
lation isbnearly complete and is preliminary to the preparation of a final
report of the Morrison study;

Noteworthy results of the work during this period include the
following: Sedimentary structures of the Recapture and Westwater members
of the Morrison formation support the concept that the source area lay to
the south or southwest. Pebble studies suggest that, although the West-
water and Recapture may have come from a similar source-direction, they
may not have been exactly superposed wedges. Sédimentary petrology studies
indicate that; although the Recapture and Westwater did have a similar
source-direction, they were not derived entirely from the same source rocks.

The Recapture is a feldspathic orthoquartzite, whereas the Westwatef is an

arkose and feldspathic orthoquartzite.
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The Morrison study was recessed July 1 until November 30 except
for special studies conducted by the sedimentology laboratory for the
purpose of training personnel in new techniques. Pebble studies were made
in two Salt Wash localities; not previously reported, in the Capitol ﬁegf
area,

Plans for the next six months call for the completion of the sedi-
mentology and sedimentary structure parts of the final report on the
Morrison study. Laboratory studies of the Morrison pebbles will be completed
and a contribution to the finai report prepared. TEI-180, "Preliminary
report of the stratigraphy of the Morrison and related formations of the
Colorado Plateau," by L. C. Craig, et al, is in the final stage of editing
prior to publication as a formal Geological Survey report.

Iriassic formations

Stratigraphic studies of the Triassic formations of the Colorado
Plateau were planned to obtain information regarding distribution, local
and regional variations in lithology, source and character of constituting
material, conditions of deposition, and the post-depositional history of
the ore-bearing Shinarump conglomerate and associated formations.

During the 1952 field season regional stratigraphic relations
of Triassic and associated formations were studied in the Shinarump Cliffs
area, Kane and Washington Counties, Utah; Circle Cliffs and Hite areas,
Garfield County, Utah; Capitol Reef area, Garfield and Wayne Counties, Utah;
and the White Canyon, Red Canyon, and Red House Cliffs area, San Juan
County, Utah, The studies were preliminary and conclusions are, therefore,

tentative.
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Noteworthy results of the work during this period include the,

following: The Moenkopi formation thins to the northeast; east, and south-
east from the Shinarump Cliffs area. The Sinbad limestone member of the

Moenkopi was correlated from the Captiol Reef area; where it was identified
by Jo Fred Smith, southward into the northern part of the Circle Cliffs "
area, where it has not been previously reported.

The Shinarump conglqmgrate, although present in all the areas
studied; was found to be highly discontinuous. The thickness of the
Shinarump conglomerate and the depth and wiath of its channels into the
Moenkopi formation decreased eastward from the Circle Cliffs and Capitol

Reef areas to the White Canyon area. The close genetic relation of the

Shinarump conglomerate and thé Chinié fOrQAtion has been verified by ob-

. servations in the Circle Cliffs and Capitol Reef areas. At a few places
in these areas greenish-gray claystones, interstratified in the Shinarump
conglomersate, were clearly shown to be tongues of the Chinle formation.

The Chinle formation contains several lithologic units that are
distinctive over large parts or all of the area studied. Recognition of
these widespread ﬁnits will aid materially in the analysis of the history
of Chinle deposition. The lower third of the formation consists predomi-
nantly of greenish-gray claystone with interstratified sandstone, and .
corresponds to the lowest unit of the Chinle in Monument Valley (Gregory's
®D® division of the Chinle formation). In the Circle Cliffs, Capitol
Reef and the western part of the White Canyon area, a prominent reddish-

orange siltstone or sandstone unit overlies the greenish-gray unit. A

reddish-brown siltstone or sandstone unit is present at the top of the
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Chinle in the Red House Cliffs, White Canyon, and eastern part of the Circle

Cliffs area and corresponds to a similar unit in the Monument Valley area
(Gregory's "A" division of the Chinle). Beneath this top unit are inter-
stratified reddish siltstones and gray limestones that persist throughout
the area studied. These beds correspond in part to a similar unit in the
Monument Valley area (Gregory's "B" division of the Chinle).

Studies of Shinaruhp conglomerate pebbles seem to indicate signi-
ficant changes in pebble composition, size, spheriéity and roundness. The
pebble composition in the Shinarump Cliffs is predominantly fine-grained
quartz, quartzite, and chert., Eastward from the Shinarump Cliffs to White
Canyon finemgrained quartz and quartzite pebbles increase in number and
chert peﬁbles decrease; spheridity and roundness increase; and maximum
pebble-size decreases. These changes may reflect real paleogeologic
variations or may be a freak of sampling to be checked by future work.

Sedimentary structure studies indicate that the Shinarump conglom-

;grate was derived from a source to the southeast and south of southcentral

"'Utah. These studies also indicate that the prominent sandstone in the lower

part of the Chinle formation in the White Canyon area derived its sediment
from a similar source in a similar direction,

The sedimentology laboratory is processing samples collected during
the 1952 field season. Preliminary investigation'and standardization of"
new analytical procedures to be applied in the study have been completed
and will be used throughout the Triassic study.

During the next report period, the stratigraphic studies group
will compile data collected during the past field season and,‘upon completion,
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submit an interim report summarizing the results. Field studies will be

resumed in the spring of 1953 with work concentrated on the study of Triassic
formations of the San Refael Swell and Interriver areas of east-central Utah.
Ground-water studies
by L. C. Craig

Ground-water studies were begun in 1950 to determine the present
and past ground-water conditions in the ore-bearing rocks of the Morrison
formation, and the influence that these waters may have had on the genesis
and localization of the ore deposits. Results of this study have been sum-
marized in TEI-161, "Present and past ground-water conditions in the
Morrison formation in southwestern Colorado and southeastern Utah," by
D. A. Phoenix, This will be transmitted to the Atomic Energy Commission
during the next report period.

Ground-water studies during this report period consisted of field
and office investigations of the relation of conglomeratic lenses in the
basal part of the Brushy Basin member of the loci of uranium deposits in the
top sandstone strata of the Salt Wash member of the Morrison. The results indi- .
cate in the areas studied that 90 percent of thecarnotite deposits observed at
the outcrop or discovered by diamond dfilling are beﬁeath lenses of the basal
Brushy Basin conglomerate or are beneath the projection of such lenses.

Only 10 percent of the uranium deposits were not directly overlain by con-
glomerate or the projection of a conglomerate lens. These results will be
transmitted to the Atomic Energy Commission as a TEM rqpoft, "Conglomerate
strate at the base of the Brushy Basin member of the Morrison formation as

a guide to the carnotite deposits of the.Morrison,F by D. A. Phoenix.,
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Transmissibility studies made on Calamity Mesa, Montrose County,
Colo,, during 1950-51, were extended during the summer of 1952 to Outlaw
Mesa, Montrose County, Colo., and the relation of rock transmissibility
to:ore deposits was examined. The results of this work indicate that car-
notite deposits occur in rocks of relatively high transmissibility.
‘ Extension of the ground-water program during Fiscal Year 1953 was
aplanned primarily to determine the horizontal and vertical transmissibility
“relations of all the exposed sedimentary formations on the Coiorado Plateau
in order to test the capacity of the rocks to transmit ore-bearing solutions
to the sites of known deposits. These objectives may permit the definition
of routes of transportation by which the ore minerals were introduced to
the ore-bearing rocks, as well as permit partial evaluation of the chemical
character of the ore-bearing solutions., Preliminary arrangements for the
required permeability determinations have been made and the studies will be

started as soon as a geologist is available to undertake the work.
Geobotanical studies

Geobotanical research, by H. L. Cannon

The objectives of the geobotanical research project are to in-
vestigate and establish the use of indicator plants and absorber plants in
prospecting for uranium deposits. The project entails detailed field and
laboratory studies of the distribution and habits of all species of plants
found in uraﬁium districts and study of the relation of these plantawtg;ggg

geochemistry of ore deposits.
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Short reconnaissance studies were made at La Ventana Mesa, Sandoval
County, New Mexico, and on Elk Ridge, San Juan County, Utah. At La Ventana
Mesa a uranium-bearing coal bed of early Tertiary age is capped by a massive
sandstone layer 60 feet thick, which forms the top of the mesa., Prelimin-
ary samples of trees groying on the sandstone cap indicate that the trees
are rooted in fractures and that uranium is being absorbed from the coal
bed below, As a result of the preliminary reconnalssance, the vegetation
of the area was systematically sampled to aid in locating ore trends. On
Elk Ridge, the ore-bearing Shinarump conglomerate is covered for the most :
part by talus. Preiiminary sampling indicates that uranium is absorbed by
trees growing on mineralized portions of the outcrqp. Additional sampling
is planned for next summer to test further the use of tree analyses in
prospecting,

Three short reports were prepared on the results of earlier geo-
botanical reconnaissance at Temple Mountain, Emery County, Utah (TEM-482);
the Marysvale area, Piute County, Utahv(TEM-ABB); and the Great Divide Basin,
Sweetwater County, Wyo. (TEM--AS_I.)° Further gqobotanieal research is recom-
mended in the San Hafae]l Swell as a result of the relations between plants
and mineralized ground noted at Temple Mountain.

H, L, Cannon presented a paper entitled "Geobotanical methods of
prospecting for uranium" to the AIME section meeting in Los Angeles, Calif.,
on October 24, 1952,

An interim report on geobotanical results in the Yeliow Cat area,
Thompsons district, Grand County, Utah, is in preparation. The report will

present a statistical analysis of indicator plant distribution as related
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to drilling results, Of the holes in the Yellow Cat area, 93 percent of those

drilled in areas of indicator plants were in ground classed as favorable for
ore on the basis of geologic criteria. Indicator plants were present near .
81 percent of the drill holes containing ore, near 54 percent of the holes
containing mineralized rock of sub-ore grade, and near only 12 percent of
the unmineralized holes. Plans have been made for further use of geobotgnical
prospecting by exploration geologists as an additional guide to future drilling
in the Thompsons district.

Plans call for completion of a geobotanical handbook by H. L.
Cannon in the latter part of fiscal 1953. A large number of drawings of
indicator plants already have been made as illustrations for this handbook,
which is planned as an illustrated pocket guide for field men interested in
learning and using indicator plants. Preparation 6f a library of pressed
plant specimens will be continued in the Grand Junction office for use of all
geologists, Results of several reconnaissance investigations will be presented
in short reports for transmittal to the AEC, Further research on indicator
plants and their growth habits will be carried on in experimental plots near
Santa Fe;, N. Mex. Field work on the relation of sulfur-indicator plants to
soluble sulfates in the soil will be continuea in the Yellow Cat area; Grand
County, Utah, and on Deer Flats, San Juan County, Utah, in April and May.

g, by P. F, Narten

The principal objective of the geobotanical project in McKinley
and Valencia Counties, N. Mex, was to test the use of uranium absorber plants
in prospecting the Jurassic Todilto limestone for uranium by sampling and

assaying branches of pinyon (Pinus cembroiggs) and one-seed juniper




(Juniperus monosperma). A secondary objective was to evaluate the use of

indicator plants in defining uranium-mineralized ground in the Grants district.
Approximately 3,500 samples of pinyon and juniper trees were col-
lected from the following land division areas in New Mexico in which tree

roots might be expected to reflect the location of uranium in Todilto lime-

stones
Township north Range west Sec,

11 9 4,8

12 9 459533534

i 9 30

13 10 15,16,17,18,
19,22,26

13 : 11 9,10,11,13, 238
14,15,24

14 32 18,19,20,21,
28,29

14 12 13,34,15:16,17,
R21,22,23,24

About one quarter of the samples were collected for research pur-
poses or to check or define geobotanical anomalies. The results have shown
that for practical purposes tree branches are more easily obtained, more
uniform in conteﬁt, and less liable to be contaminated than any other type
of tree sample. Other parts of a tree may tend to concentrate large amounts
of uranium but the difference is not outstaﬁding. In areas of possible

contamination due to mining activity, peeled branch samples were collected.

A conteﬁt of 1,0 ppm uranium in the ash was used as indicative
of mineralized ground. On this basis all known ore bodies or mineralized .
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ground over which trees were sampled were confirmed by the tree branch analyses.
In addition, confirmation of geobotanical anomaliees was indicated in several
areas by later geoiogic exploration, and mineralized ground is now being
found iﬁ the one area specifically drilled on treeAbranch anomalies. A more
cbmplete appraisal of the technique must necessaril& await the results of the
AEC's proposed drilling program or of drilling by private industry on the
anomalies outlined, Of particular interest would be exploratory drilling on
those anomalies along or near fault trends and in areas where the probable
depth to the Todilto limestone is 60 feet or more. A few of these areas were
outlined in a field report submitted to the AEC District Geologist, District
6, on October 28 entitled "Preliminary recommendation for drilling based on
geobotanical prospecting®™, Two other field reports citing work and recom-
mendations for explorﬁtion on private leases in sec. 26, T. 13N., R.:30 W,

and sec, 30, T. 13N, R, 9W., McKinley County were also submitted to the AEC
District Geologist on August 29th and October 15.

. Detailed studies of indicator plants in the Grants district were
limited essentially to the mapping of Astragalus sp. plants on a geologic
base map in a one square mile area in secs,13 and 24, T. 13 N., R. 10 W, and
secs, 18 and 19 T, 13 N., R 9 Wo. The Morrison crops out in this area, which
is between two of the largest active mines in the Morrison sandstone. Several
favorable areas were outlined, but interpretation is complicated by the high
selenium content of the Morrison shales. A primfose (Ogngthera caesgitosa)
found to be aséociated with Astragalus plants near all known deposits and

favorable areas may prove to be an additional indicator plant.
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No further field work is planned in the Grants district at the pre-
sent time., Resampling has been completed of all significant areas except in
T, 14 N.y; R, 12 W, for which :no analytical data were available in the field.
This township, according to geologic criteria now used by the AEC in the
Grants district, is considered to be unfavorable. Recommendations on sections
or groﬁps of sections will be submitted to the AEC District Geologist as the
analytical information is available, concurrent with the preparation of an in-
terim report., Drilling by the AEC will probably not Begin until the spring
of 1953 so that an additional report summarizing the value of geobotanical
methods of prospecting in fhe Grants district will be prepared in late 1953,

Resource appraisal
by W. I. Finch

The resource studies are designed to obtain a better evaluation of
data on the distribution, reserves, and production of uranium ores oﬁ the
Colorado Plateau, to assist in providing a basis for the Atomic Energy Com-
mission's policy, to aid in preparing long=rﬁnge plans for mining and milling
operations; and to help in selecting areas for future exploration.

District appraisal studies

The objectives and functions of this project are to compile pro-
duction and reserve data, to prepare special reserve studies, and to supervise
and guide part-time resource studies by exploration and geologic mapping
geologists, The compilation of production and reserve daﬁa is being assumed
by the Grand Junction Exploration Branch of the Atomic Energy Commission,
thus eliminating, for the most part, this task from the district resource

studies. The project is also processing drill core and other assays and
ot SR day,
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distributing results to those concerned.

During this period the following Preliminary Reserve Statements were
prepareds Statements 24; 25, and 26 of reserve blocks A, B, and C respectively,
on the Dolores bench, Montrose County, Colo.; by D. A, Jobin were transmitted
in November as TEM-262, 263, and 26/ respectively., TEM-298, "Preliminary
report én the uranium and vanadium resources of the Entrada sandstone, western
San Juan Mountains; Colo.,"™ by A, L. Bush and Leonid Bryner is in preparation.

Plans c;ll for the preparation of preliminary reserve statements
as warranted by the results of exploration. The scope of the district re-
source studies is being modified to coordinate with resource appraisal plans
of the Grand Junction Exploration Branch of the Atomic Energy Commission.

Pre-Morrison resource appraisal .

The objectives of the pre-Morrison resource appraisal are to obtain
an evaluation of uranium deposits in pre-Morrison formations, particularly
the Shinarump conglomerate, and to determine habits of uranium occurrences in
pre-Morrison rocks and to compare these with habits of Morrison uranium
deposits inhope of establishing factors common to uranium deposits of the
Colorado Plateau;, with the objective of determining areas favorable for
exploration, or areas in which geologic mapping or specialized geologic studies
are desirable.

During this reporting period uranium deposits in pre-Morrison rocks
were examined in 8 uranium mining districts of the Colorado Plateau. The
Yellow John mine, San Juan County, Utah; Lucky Strike mine, Emery County,
Utah; Silver Falls mine, Garfield County, Utah; and parts of the Monument

No. 2 mine, Apache County, Ariz. were mapped in detail, Selected rock samples




were taken for thin and polished sections, stripping film, spectrographic and

chemical analysis;, and mechanical analysis.

Broad areas generally favorable for ore deposits have been delimited
on the basis of ore habits and other geologic criteria in Monument Valley,
Red and White Canyons, the Elk Ridge area, the San Rafael Swell, and the
Inter-river area. A preliminary report will be written on the general ap-
praisal of deposits of pre-Morrison formations showing these favorable areas
and including an account of zoning of deposits and other features. After
study of all available data, an interim report of a more detailed and complete
nature will be prepared. During 1953, the resource appraisal program will
continue to gather data to obtain a better understanding of the resources and

Eaty

habits of uranium deposits in pre-Morrison formations.

Claim map compilation, by N. K. Mobley
After searching of public records and making field checks to locate

claims, three claim maps were prepared in March 1952. The claims are plotted
on 74-minute topographic quadrangle maps, which are transmitted as TEM reﬁortso
The three completed claim maps are TEM-345, 346, and 347, and cover the Para-
dox quadrangle, Montrose County, the Gypsum Gap quadrangle, San Miguel
County, and the Uravan quadrangle, Montrose County, all in Colorado.

Work is nearly complete on 10 more quadrangle claim maps. With
transmittal of these 10 maps, theApreparation of claim maps.for the eighteen

73-minute quadrangles in southwestern Colorado will be completed.
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Cenozsic studies
by C. B. Hunt

The Cenozoic history of the Colorado Plateau likely has consider-
able bearing on the problems of oxidation of the uranium deposits and may
bear directly on the problems of their origin and mode of occurrence. Partly
with this in mind the General Geology Branch of the Geological Survey has
been studying aspects of the Cenozoic history of the Plateau as part of their
general geologic studies.

The objectives of the program are to learn as much as possible
abouts

1. The history of the orogenic and epeirogenic movements to
which the Plateau has been subjected,

2, The history, including the mechanics of intrusion, differentiation,
and pneumatolytic processes in and about the igneous bodies on the Plateau; and

3. The stratigraphy of the glacial, alluvial, colluvial, and eolian
deposits on the Plateau.

A summary of present knowledge of the Cenozoic history of the
Plateau is being prepared.
Orogenic and epeirogenic movements

The orogenic structures that may have contributed to localizing some
of the uranium deposits are being mapped as part of the geologic mapping pro-
gram; dating of the movements on these structures is a primary concern of
the Cenozoic studies.

Fairly good evidence has been found to indicate several stages of
orogenic deformation during the early Tertiary. Around the edges of the




Plateau are indications of several stages of late Tertiary and Quaternary
orogenic deformation. The qpeirogenic;uplift of the Plateau is believed to
have started in the Oligocene or early Miocene, Until that uplift occurred
the Plateau was a lowland, in large part with interior drainage.
Stratigraphy of glacial and other Quaternary deposits

Stratigraphic étudies of the Quaternary deposits seek to develop
information about the climatic changes and resulting changes in ground-water
level and type of weathering that may have affected the uranium deposits.
Along the Colorado River, for example, near the mouth of White Canyon, exten-
sive spring deposits were found interbedded with gravel fill believed to be
of Wisconsin age. The spring dqpositgvindicate a very high ground-water table
during that pluvial cycle.

Field work during 1952 confirmed the reported scarcity of pre-
Wisconsin glacial deposits in the High Plateaus of Utah. Quaternary deforma-
tion in the High Plateaus is indicated by faulted and tilted Quatermary
deposits and is supported by present seismic activity in the region, The
Wasatch Mountains of central Utah were uplifted about 1,000 feet in
Pleistocene time; this uplift together wifh the scarcity of pre-~Wisconsin
glacial deposits in the High Plateaus suggeéts that the High Plateaus may have
been uplifted considerably during Quaternary time.

Intrusions and volcanism 4

A geologic map of the Henry Mountains region, Utah, was published as
0il and Gas Investigations Map OM-131 in June 1952, Field mapping in the lLa
Sal Mountains, Utah, was completed during the summer and a preliminﬁry general

geologic report and map is being prepared for transmittal to the Atomic Energy
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Commission, TEM-354, "Radon in the Dillon tunnel in Miner's Basin, north La
Sal Mountains; Grand County, Utah," by Henry Faul an_dICo Bo Hunt, was trans-
mitted to the Atomic Energy Commission in September 1952, The source of the
radon in thcsDillon tunnel in the north La Sal Mountains still is not known,
Rock samples of the hydrothermal and differentiation series are being analyzed
for uranium and other trace elements; these analyses may show a pattern of
occurrence of the radioactivity., Field work in the La Sal Mountains indicates
that thé alkalic members of the differentiation series generally give a higher

than background count with a geiger counter.

Mineralogic studies

General mineralogic studies, by L. B. Riley
’ The objectives of the mineralogic studies program are to identify

the minerals of the uranium deposits of the Colorado Plateau and to determine
the composition, strﬁcture9 distribution, and paragenetic relationships of
the minerals in order to contribute to an understanding of the habits and
origin of the deposits,

A primary objective of the field season of 1952 was to obtain mineral
samples with a wide geographic and stratigraphic distribution on and near
the Colorado Plateau, in order to determine common associations of minerals
and types of ores. Mineral sample suites were collected in all the major
mining districts. This mineral sampling was combined in part with the col-
lecting of samples suitable for isotopic age determinations by L. R. Stieff
and T, Wo Stern. In addition, a special mineral collection was méde for an

intensive study by D, H. Johnson of the mineralogy at and near the Monument




No. 2 mine, in Apache County, Ariz. A preliminary collection of ore specimens
at Pumpkin Buttes, Wyo., was made for comparison with the Plateau ores.

In the course of field work, rich black uranium ore was observed

to occur in environments protected from oxidation, such as at depth, under

a considerable cover, near the heads of canyons; or well within larger oxidezed
ore bodies, The rich black uranium ore was commonly sﬁrroundgd by a black
vanadium-rich ore. Thé aﬁéociation of the black ore with sulfides was observed
in enough places to suggest a genetic relationship between the two.

The study of the mineralogy of these black ores has progressed
satisfactorily, although much remains to be done, Uraninite is widespread
and commonly assoclated with carbonaceous material. A black tetragonal
uranium mineral, tentatively named "coffinite," first discovered in a sample
collected for isotopic age studies from the Arrowhead mine, TEI-280, has been
found in several more localities on the Plateau; this mineral is a silicate,
but probably contains some arsenic and vanadium. One occﬁrrenco is at the
Bowknot locality, Green River district, Utah, in the Shinarump formation; its
other known occurrences are in the Morrison formation. Another newly-discovered
black mineral, tentatively named "lumsdenite," has been isolated from samples
from the La Sal mine; Gateway district, Colo.; it is a vanadium mineral, with
a blade~like structure.

Two other minerals that are being studied rather intensively are
melanovanadite from the mines in the Lukachukai Mountains area, Ariz., and
"zippeite" from Capitol Reef, Utah, Melanovanadite was previously known
only from Minasragra, Peru. The "zippeite"™ from Capitol Reef differs from

"standard" zippeite in its X-ray powder pattern, and its optical properties
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indicate that it is monoclinic rather than orthorhomic. The first occurrence
of novacekite in the United States was discovered in a sample collected in the
ngupa area;, N, Mex.; this uranyl arsenate may be an indicator of above-
average concentrations of arsenic, Samples collected from the Huskon claiﬁ,
inear Cameron, Ariz.; show a considerable concentration of cobalt and nickel.

Reports by A. D. Weeks summarizing the mineralogic studies (TEM-431)
and the clay studies{(TEM«AB?) were transmitted to the Atomic Energy Commis-
sion in July 1952, These reports, together with a report on a study of some
Jurassic and Cretaceous claystones and siltstones, and a note on the occur-
rence of bayleyite, were abstracted in TEI-280. A report, "New occurrences
of rauvite," by A, D. Weeks; is now being edited. Two papers being written
at present ares "Identification and occurrence of uranium and vanadium
minerals on the Colorado Plateau," by A. D. Weeks and M. E, Thompson, and
"Description and occurrence of montrosite;" by A, D. Weeks; the latter may
include or be accompanied by an article on the structure of montrosite by
Hs T, Evans; who has found that its structure is similar to that of diaspore
and geothite, and that its correct formula is VO(OH) or (V,Fe)O(OH).

A paper titled "Mineralogic studies on the Colorado Plateau® was
presented by A, D. Weeks at the Geological Society of America meetings in
Boston Nov, 12-15, 1952. An exhibit of Colorado Plateau minerals was shown
during this meeting.,

Work planned consists of continued study of the mineralogy of mat-
erial collected on and adjacent to the Colorado Plateau. Several discussions
between various members of the Geochemistry and Petrology Branch, have been

held under the direction of Robert M. Garrels; toward undertaking research




studies on vanadium clays; vanadium oxides and uranium-vanadium compounds,
especially their structure, synthesis and stability relationships, and these
studies will be integrated with the mineralogic studies.
Distribution of elements by E, M.'Bhpomaker’»

The distribution of elements project is planned to investigate the
relationship between uranium deposits, host sedimentary rocks, other types
of ore deposits, and igneous rocks in an effort to determine criteria for
recognition of areas containing ore deposits. In addition, special search is
being made for new geologic environments favorable for uranium deposits and
for new types of uranium deposits. Preliminary studies have yielded encour-

aging results which are summarized in TEI-275, "Distribution of ore deposits

and spectrographic analyses of some rocks and ores on the Colorado Plateau,"

by E; M. Shoemaker and L. B, Riley, in preparation. A map of the "Uranium
region of the Colorado Plateau," by E. M. Shoemaker and R. G. Luedke, showing
the ore deposits of the area, is being issued as TEI-279. This map was
originally planned to accompany TEIR 275, but was issued separately so it could
be placed on open-file.

The distribution of elements program is divided into three separate
phasess (1) distribution of elements in the bedded ore deposits, (2) dis-
tribution of elements in the sedimentary rocks, and (3) distribution of
elements in the igneous rocks., Although the work of the program was recessed
from May 31 to September 15, progress has been made in all three phases. A
file of about 5,000 pulp samples of ore shipments to the mills, representing

about 400 uranium deposits, has been collected and catalogued. Processing of

these samples for analysis has begun.
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A suite of 30 new analyses of Jurassic and Triassic sandstones has
been obtained from samples collected by the stratigraphic studies program.
About 70 samples of sedimentary rocks, ranging in age from pre-Cambrian to
Eocene, have been collectqd in the field. The study of igneous rocks has
included reconnaissance study of the Ute Mountains, La Plata County, Colo.,
to guide sample cdllection, as well as collection of about 150 samples of
igneous rocks representing most of the laccolithic intrusions in the northern

and central part of the Plateau, part of the lamprophyre intrusions of

‘*w;,NmV£jo—Hopé'Reservations, and most of the volcanic fields on the periphery of

the Colorado Plateau. Most of the areas of outcrop of pre-Cambrian rocks on
the Plateau have been visited and sampled.

Noteworthy results of the work since June 1, 1952 include the
delineatigh of the structure of the Ute Mountains and the discovery of a
zonal arrangement of ore metals adjacent to a dike of pyroclastic lamprophyre
at Garnet Ridge, Apache County, Ariz, The Ute Mountains contain about 30
major laccoliths radiating from two stocks. Sulfides and ore deposits are
found chiefly in one laccolith and not in the stocks. Spectrographic analysis
of drill core samples from the'Garnet Ridge area have re&ealed a well-defined
distribution pattern of méfals normally associated with uranium ore adjacent
to a dike of comminuted minette. Small pockets of rich uranium ore occur along
the dike which is related to a diatreme in an arrested stage of development.

Field work will be continued until late December 1952. During the
next six months samples collected will be prepared and analyzed spectro-
graphically and chemically. Many samples will be studied petrographically

and by other means as well. A progress reporf summarizing the results of
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this work will be prepared by July 1953.

Geophysical investigations
by R. A. Black

Geophysical investigations have been carried out in connection with
the Geological Survey's search for uranium deposits of the ColoradolPlateau
since 1949, Studies have been made to determine the applicability of various
geophysical methods of prospecting to thé solution of geologic problems con-
nected with the occurrence of uranium deposits. As a result of magnetic,
geothermal, and electrical studies, it was determined that electrical methods
are most applicable as an aid to prospecting for uranium deposits‘in the
Morrison formation., The recent extension of geologic investigations to
Triassic areas has provided new areas for geophysical investigations and
new problems to which various geophysical techniques can be applied;
. ; Natural potential, electrical resistivity, and gravity surveys were
made on Koley Black Mesa, Monument Valley, Ariz., The aim of this work was
to determine if these geophysical methods could be used to locate and trace
Shinarump channels cut into the Moenkopi formation. Preliminary interpretation

. «

of 'the resistivity data indiéates that electrical resistivity depth measure-
ments can be used to determine the trend and approximate shape of channels.
Interpretation of the natural potential data has not progreséed far enough
to permit evaluatioh of this method for channel location. Preliminary results
of the gravity data show small anomalies which may correspond with the channel
trends,

Electrical measurements using commutated current were alsobmado on

Koley Black Mesa. Difficulty had been experienced here with direct current
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electrical methods due to high near-surface resistivities. A possibility .
existed that resistivity measurements made by using commutated current and
balanced electrodes would be more amenable to solution by theoretical means.
Comparison of the two methods indicated that the curve shapes were sub-
stantially the same, but that smoother curves were obtained with commutated
current,

Electrical resistivity measurements were made in a one and one-
half square mile area near the Monument No. 1 mine in Monument Valley, Ariz.,
in order to find, if possible, a continuation of the Monument No. 1 channel.
These data have not been processed as yet.

Electrical well-logging operations have been carried out in selected
mining areas in southwestern Colorado énd southeastern Utah. Preliminary
results indicate that a definite contrast exists between unfavorable, favor-
able, and mineralized sands in one area., Results from the other areas have
not been determined.

Field work has terminated until next spring. The winter will be
spent in computation of data and the preparation of reports on geophysical
investigations at La Sal Creek, Grand County, Utah; Koley Black Mesa,
Monument Valley, Ariz.; and Monument No. 1 mine, Monument Valley, Ariz., A
summary report on electric well-logging operations is in preparation.

Work planned for the next field season includes refraction seismic
tests over channel area, gravity and magnetic surveys in connection with
regional geologic problems on the Colorado Plateau, electrical studies in
selected T;iassic areas, and electric well-logging in selected Morrison

areas.
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Original-state core studies
by G. E. Manger

The objective of the original-state core study is to provide
basic data on the physical and chemical properties of ore-bearing and
country rock where the amount and composition of the interstitial water
in the rock have not been changed radically by the flushing action of a
water-circulating drilling medium. Basic data such as the percent inter-
stitial water saturation, chemical composition of the interstitial water
and the host rock, and the porosity, permeability and electrical conduc-
tivity of the rock should assist materially in the interpretation 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 exploration,

During the summer of 1952, two holes about a quarter of a
mile apart in the Long Park area, Montrose County, Colo., were core-
drilled to a depth of approximately 300 feet., Oil-base-mud core drill-
ing was used to recover cores containing the original (interstitial)
water, and air core drilling was used principally to obtain rock speci-
mens suitable for resistivity and elastic constant measurements. Gamma-
ray and electrical logs were obtained for the two drill holes. When com-
pleted, the chemical and petrophysical analyses of the cores will be eval- |
uated for significant interrelationships and also for correlation with the
logs. Laboratory work so far has been confined to a measurement of the

radiocactivity of the core samples.
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Core recovery by air drilling was good and by oil-base mud drill-
ing was excellent, For example, in drill hole LP-530, complete recovery of
oil-base mud cores was obtained in the interval from 243 to 293 feet.

Core drilling demonstrated a quasi-perménent ground-water level
at 200 feet in the sﬁ?ucturally higher and locally well-mineralized drill
hole, whereas the structurally lower and poorly mineralized drill hole was
found to be dry to the final depth of 292 feet, The drilling demonstrated
that much or all the water causing "eollars" of drill cuttings in one of
the drill holes was derived from condensation of water vapor from the
drilling air,

A progress report, TEM-509, by G. E. Manger of the Geological

’ Surf;\éy a'ndv George L., Gates of the U, S. Bureau of ﬁ;.nes , deseribing last
summer's field results; is being prepared for transmittal to the Atomiec
Energy Commission. Laboratory tests, planned for the next few months,
will be done by the U, S, Bureau of Mines in San Francisco, Calif., and
College Park, Md., by the Geological Survey in Washington, D. C. and
Grand Junction, Colo., and probably by the Pennsylvania State College.
Another report will be issued upon the completion of these investigations,
or, if it appears advisable;, upon completion of a part of them, Whether or
not more core drilling will be done next summer depends considerably upon

the results of the laboratory investigations over the next few months.




The objectives of the work are: to study distribution of rocks in
which uranium occurs by geologic mapping and the measuring of stratigraphic
sections; to study the habit of occurrence of uraniferous deposits, and to
use such knowledge as guides in outlining areas favorable for the occurrence
of uranium deposits.

Of the 400 square miles comprising the Pumpkin Buttes area, approx-
imately 100 square miles were mapped in some detail on aerial photographs,
and 120 square miles were mapped by reconnaissance methods. About 7000 feet

of stratigraphic section was measured. Approximately 300 localities were

examined on the ground where anomalies were reported by U, S. Geological Sur- '
vey and Atomic Energy Commission planes equipped with scintillation detectors.
Some of the larger uraniferous deposits were mapped in detail., Physical
exploration in the area consisted of about 2700 feet of drilling with a jeep-
mounted auger; and excavating about 5000 cubic yards of earth by bull-dozing.
Uraniferous deposits in the Pumpkin Buttes area occur in thick,
lenticular, cross—bedded, reddish-gray to pink, medium- to coarse-grained
sandstones 500 to 950 feet above the base of the Wasatch formation of lower Eocene
age., Areally, the known deposits appear to be concentrated in a north-south
belt 30 miles long and 15 miles wide.
Uraniferous deposits discovered in the area are of two types:
(1) small irregular shaped cbncretionary masses containing much iron and

manganese and showing a high uranium content, and (2) disseminated uranium

minerals with little or no iron and manganese. Type(2 deposits are larger




but of lower grade than type (1); and were discovered late in the season., These
disseminated-type deposits are more nearly like the Coloradc-Plateau deposits
than any found earlier in the season in the Pumpkin Buttes area. It is hoped
that this type will prove to be more and extensive than type (1).

The total measured ore reserves are 60,000 lbs. containing 2000 lbs.
of uranium, The total indicéted ore reserves are 400,000 lbs. containing
about 13,000 lbs. of uranium. Inferred reserves have not been calculated
because data necessary have not been compiled and interpreted completely.

The following lithologic features are commonly associated with
uranium deposits in this érea and are useful guides to favorable ground:

1, The presence of reddish-gray to pink sandstones.

2, The presence of carbonaceous material in or below such sandstones.

3. The presence of manganese. (True only in the type (1) deposits).

More detailed geologic mapping and detailed stratigraphic work
should be done to assist in determining the origin of the uraniferous de-
posits and to outline the favorable area for future prospecting.

Black Hills, South Dakota
by W, E, Bales

The objectives of this project are to develop criteria for the
recognition of ground favorable for the occurrence of uranium within the
sedimentary formations of the Black Hills, These criteria are being de-
veloped by both detailed and regional geologic investigations of the known
occurrences of uranium in the southern Black Hills. It is hoped that through

the application of such criteria to the reconnaissance and exploration of the




Black Hills area, the known deposité may be materially extended and new de-
posits of uranium found.

The formations of the Inyan Kara group are composed of sandstone,
siltstones, and claystones deposited in a terrestrial flood plain environ-
ment, Each formation varies widely in lithology both vertically and areally.

Theruranium occurrencés are in permeable sandstones which are both
overlain and underlain by an impermeable layer of claystone which may range
in thickness from a parting to a bed of considerable thickness. The eco-
nomic carnotite deposits occur most frequently in thin continuous layers of
sandstone (from 1 to 5 feet in thickness), but they also occur in thicker,
more massive sandstone such as the deposits in the lower half of the Lakota
formation in Craven Canyon. The lattéf-deposits, however, are less likely
to be economically minable and are more likely to be spotﬁyhand of lower
grade than deposits in thinner bedded sandstone.

Thus with the extreme lateral facies changes that are known to
occur within the Inyan Kara group, and the varied sequences of deposition
it appears that economic concentrations of uranium may occur throughout the
stratigraphic section of the group and at various places within the sedimentary
rocks of the southern Black Hills,

Carbon is widely distributed within the group either as free carbon
(plant imprints, wood remains) or in the form of coal or other hydro-carbons;
however, it bears no consistent relationship with the uranium deposits.

Oxides of iron are intimately associated with the uranium oceurrences.

Iron sulfides (pyrite) have been noted in unweathered non-mineralized sediments
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and may be a source of an aeid ere=@arryiﬁg solution.

A halo of "pink" hematite stained sandstone around the deposits
of carnotite is usually more or less well developed, and may offer a
larger target for physical exploration and a usgful criterion for pros-
pecting.

Plans for future work in this area call for a continuance of
regional stratigraphic studies in the district to determine the more
significant characteristics of the uranium-bearing formations in com-
parison to the non-ore bearing formations, and determination of the
criteria of ground favorable for uranium occurrences in particular por-
tions of a formationm.,

It is planned & Hontiuie geologic investigations of the
larger uranium deposits in the Edgemont area as they are developed to
find out as much as possible about the characteristicsiof the uranium
occurrences and the relationship of these occurrences to their host rock.

Plans also call for continuance of geochemical and mineralogic
investigations of uranium occurrences with reference to (1) the mode of
origin of the ﬁetalss and (2) conditions of transportation and precipi-
tation to assiét in the continued development of criteria of favorabil-
ity for the occurrence of uranium deposits,

Detailed geologic examination of occurrences of disseminated

uranium minerals in the Minnelusa formation will be undertaken even

though the known occurrences are not, at present, of economic .significance,

These occurrences contain considerable quantities of submarginal ore and

may extend over a mmuch larger area than is now known.

A
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SEARCH FOR AND GEOLOGY OF URANIUM IN VEINS, IGNEOUS ROCK, AND RELATED DEPOSITS

Generaligoologég studies

Relation of uranium to post-Cretaceous vulcanism
by R. R, Coats

P

This project, having for its purpose the investigation of the
relationship between uranium and post-Cretaceous valcanism,was initiated
as a result of the observed apparent close geographic relation (Kaiser
and Pages TEI-168, p. 11) between Tertiary volcanic rocks and structur-
ally controlled uranium deposits in the southwestern part of the United
States, Some of these uranium deposits occur in, or appear; from the

structural relationships. to be genetically related to intrusives of

Laramide or later age (King, et al, TEI-168, p. 18).

Field work was commenced by the writer on September 16, and
suspended on November 11, Work was performed in Utah, Oregon, Wash-
ington, California and Nevada,

Because of the great scope and indefinite limits of the
project as stated, it was at once apparent that certain selected
aspects of the preblem should be attacked first, in order that results
from the earlier parts of the work might be applied later. It seemed
probable that three aspects of this problem would bé most amenable to
attack and most likely to yield results useful in further work on the
broader problem of the search for and study of uranium deposits., Studies

of each of these several aspects are not mutually exclusive, but can, in




some measure, be carried on simmltaneously. The three aspects are: (1)
regional variations in the primary distribution of uranium content of ig-
neous rock bodies and its relation to variation in distribution of other
elements; (2) primary variations in the distribution of uwranium within in-
dividual igneous rock masses; and (3) epigenetic variations in fho distri-
bution of uranium in igneous rock bodies.

Methods that are or will be used in this project include: (1) fiela
examination and sampling of bodies of selected types of igneous rock; (2)
chemical, spectrographic, radiometric and petrographic analyses on
samples collected from such rock bodies, and (3) chemical and spectrographic
studies on minerals genetically associated with post-Cretaceous vulcanisn.

Because earlier studies hawve shown that rhyolites and granites, i.e.,
the siliceous pole of differentiation, generally have the highest content of
radioactive elements, it was determined to concentrate preliminary work on
rhyolitic focks, The level of radioactivity in basic rocks is so low that
regional variations in primary radioactivity would be of the same order of
magnitude as random fluctuations in counter readings. Any study of such
rocks would require extensive and careful sampling, and field radiometric
measurements would necessarily have to be more time-consuming than would
be the case if one were dealing with rocks having a generally higher level
of radiocactivity.

Because séma possible causes of variations in radioactive content

of rock masses, such as the possible escape of radioactive elements
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during crystallization, or as a result of unrecognized post-consolidation
alteration, could be avoided by using glassy rocks, or glassy ﬁhases of
rocks, primary emphasiQ was placed upon the éxamination and sampling of
glassy rocks in the search for possible regional variations. Local var-
iations were sought in both glassy and holocrystalline or hypecrystalline
bodies, Field examination was done in part with the aid of an NICC Geiger-
Miller counter, Model 2610A, and in part with a Nuclear Research Corpor-
ation scintillation rate-meter, The latter is an instrument of a new de-
sign, and the long-term reproducibility of its measurements is doubtful.
For this reason, firm conclusions on regional variations in relative |
radicactivity must await the results of laboratory work on the samples
collected, The scintillation meter is probably more reliable in measur-
ing local variations over short periods of observation, Background with
this counter was about 0,008 mr/hr.

Rhyolitie rocks weré studied.and samples collected in the
following areass Beaver and Juab Counties, Utah; Lander, Humboldt,
Pershing, Esmeralda, Washoe and Storey Counties, Nevada; Lake, Baker
and Deschutes Counties, Oregon; Chelan County, Washington; Modoc, Sutter,
Lake, Napa, San Benito, Kern, San Bernardino, Inyo, and Mono Counties,
California. Roecks studied range in age from Eocene to Pleistocene, possibly
Recent in some cases,

Certain tentative conclusions are apparent as a result of the
work to date, but may need revision in the light of further laboratory
and field works (1) In a given small area, the younger rocks seem gen-

erally to be more radioactive than the older. (2) Total range of




Variation in certainly unaltered rocks was from 0,008 to 0,028 mr/hr.,

as measured with the scintillation rate-meter. (3) Glassy, unaltered
flows showed highly uniform radioactivity from place to place within a
single formation. (4) a@parentlylunaltered, glassy volcanic domes also
appeared very uniform throughout, but less so than flows. (5) Lithoidal
(erystalline) intrusives showed significant variation from place to place.
This may be related to epigenetic alteration, or to escape of énd-phase
fluids containing radiocactive elements. (6) Pleistocene extrusives, ai—
tered by hot spring or solfétaric action, showed either no change in
radicactivity, or a slight reduction, as compared with the unaltered rock,
This is interpreted to mean that uranium has, in general, been deposited
from hydrothermal solutions in zones deeper than the extremely near-surface
solfataric zone., Several sulfur, and sulfur-alunite or alunite deposits of
solfataric type were examined, Sulfur samples were collected with a view
of determining whether there exists any regional variation in the content
of trace elements, such as selenium, that are in some areas associated
with uranium. Radiocactivity in such deposits was uniformly low; this does
not preclude the possibility of the existence of some relation between ur-
aniwmydeposition and a deeper-seated type of alunitir mineralization. (7)
In some places, rhyoiitic intfusives, such as volcanic ﬁecks, showed appar-
ent ranges of the order of 100 percent in radiocactivity from unaltered rock
to bleached and argillized (?) rock, the position of the alteration being
controlled by post-consolidation structural features., }

The sampling and field examination of post-Cretaceous volcanie




Sl
s 2
TN
¥ s 8. % 1asse

rock, to determine the possible existence and nature of regional variation,

will be extended to possibly significant areas not yet covered. The study
of the relationship of the type of alteration to radicactivity in rhyolitic
intrusives will be continued and extended.

After the extensive phase of the project is completed, it may
appear desirable to enter a more intensive study of selected areas,

Zonal relations of uranium deposits in metalliferous districts

by B. F, Leonard
As originally stated, the objectives of this project are to:
(1) To test the validity of the writer's ideas 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 and in a talk delivered at the recent meet-
ings of the Geological Society of America by Leonard.

(2) To find and make appropriate investigations of new uran-
ium deposits., The emphasis of the project is on the development of
geologically-based prospecting guides to delimit areas most favorable
for the occurrence of uranium deposits within metalliferous districts.
Knowledge of the local geologic factors must be applied to delimit es-
pecially favorable areas within generally favorable zones., There is
little likelihood of ever being able to pin-point a specific uranium de-
posit by using so broad a concept as zoning; for, at best, knowledge of
mineral zoning is a statistically-based guide, not an infallible or abso-

lute guide, Uranium deposits are not confined exclusively to metalliferous
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districts, or at least not to districts from which considerable quanti-
ties of metals have been produced., Uranium deposits in non-metalliferous
districts fall outside the scope of the current investigation, though
eventually it may be possible to relate such deposits to broader patterns
of mineral zoning,

The factual data obtained during the report period have come
from two sources: (1) studies supervised and assisted by the writer; and
(2) studies carried out by the writer's colleagues.

(1) A systematic radiometric reconnaissance of part of the
North Gilpin County mining district, Colo., was undertaken., The re-
sults have been reported by Campbell and Schafer., They found no uranium
deposits of immediate economic interest., Uraninite was identified from
one deposit, where it was present as a trace, The district shows a com-
plex pattern of mineral zoning crudely analogous to that at Central City.
Veins of pyritiec copper-zinc-lead type have roughly three times as many
oceurrences of anomalous radicactivity as veins of pyritic gold and
pyritie goldacopbér type. Moreover, most of the highest anomaiies in
the district are concentrated in areas of pyritic copper-zinc-lead veins.,
These facts are consistent with observations made by other workers in the
Central City district, Possibly the apparent lack of economically signif-
icant uranium deposits in the area investigated by Cﬁmpbell and Schafer is
related to the scarcity of economically important base-metal deposits in
the district.

(2) Recent discoveries of radicactive deposits in the Central
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City, Fall River-Dumont, and Freeland-Lamartine districts have come from
the intermediate zones between central pyritic gold.areas and peripheral
silver-lead-zinc areas., The relations are consistent with those previously
known or inferred. (Data from P, K, Sims, R, H, Campbell, J. E, Harrison,
F. B, Moore, J, D, Wells, and members of the Atomic Energy Commission's

Denver Exploration Branch),

Results and conclusions

le In general, and mostly by indirect means, the two objectives
have been realized for a certain class of deposit--zoned complex base- ;
metal deposits dominantly of mesothermal character--for a restricted area
(central part of the Front Range mineral belt),

2., A district in which the zonal pattern is similar to that at
Central City but somewhat more complex still has the bulk of the anomalous
radicactivity, and the bulk of the faintly promising uranium deposits, in
the copper-zine~lead zone, (Inference from work of Campbell and Schafer,
1952).

3. A district may show a well-defined, if complex, zonal pattern
and still apparently lack uranium deposits of economic vélne, even in an
area generally fa#orable for the occurrence of uranium. (This is entirely
expectable, The inference is drawn from work of Campbell and Schafer, 1952).

4, Relations of pitchblende and copper sulfides are particularly
instructive, In the Front Range, the zone of pyritic copper deposits, with
or without appreciable gold, is generally unfavorable for pitchblende; and

the zone of silver-lead-zinc deposits is either unfavorable or less favorable.
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But the zone of copper—ginc»lead deposits appears especially favorable--
i.e., OVERLAP of copper with zinc and lead; pitchblende in zone of overlap.

In Cornwall, England, pitchblende deposits are definitely re-
stricted to the copper zone, Little econ8mically-significant zinc and
lead accompanies the copper, and no pitchblende deposits have been found
in the main zinc-lead zone, where copper is rare or absent--i.e., NO
OVERLAP of copper with zinc and lead; pitchblende in copper zone,

The relation of uranium and copper has long been thought es-
pecially significant. More data on this interesting relation will be
sought,

Four kinds of investigation are planned for the next report
periods

l. Continued correlation of data on distribution of anomalous
radicactivity and pitchblende deposits, relative to hypogene zoning in
selected mining districts of the Front Range mineral belt, Colorado.

2, Limited studies of the paragenetic sequence of minerals in
selected pitchblende-bearing deposits of the Front Range mineral belt.

3. Compilation of data on hypogene zoning of hypothermal, meso-
thermal, and epithermal ore deposits especially of the western United States,
Preliminary attempts will be made to relate known occurrénces of radioactive
material to the patterps of metal distribution.

Le As circumstances permit, field checking of the distribution

of anomalous radicactivity in one or more zoned districts in the West or

Southwest,
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San Juan Mountains, Colorado
by C. T. Pierson, W. F. Weeks, and F. J. Kleinhampl

Radiom;tric reconnaissance in the San Juan Mountains, Colorado
begun in 1951 by W, S, Burbank and C, T, Pierson, was resumed in 1952,

The field work was recessed on December 1, 1952,

The purposes of this work ares (1) to determine whai physical
exploration will be desirable in the search for commercial deposits of
uranium in the distriects in which uranium was found during 1951; (2) to
outline new districts wherein a detailed search for uranium might be
profitable; and (3) to determine the environments of the individual uran-
ium occurrences by field and laboratery work (petrographic, mineralogic,
chemical, and spectrographic) and relate these to the major patterns of
ore deposition within the given district, Objectives (1) and (2) are dis-
cussed below except for possible recommendations for physical exploration
which are to be given in a following report.

Radiometric reconnaissance for fiscal year 1953 was scheduled for
the Upper Uncompahgre, Red Mountain, Mt, Wilson, Rico, and La Plata mining
districts, Detaliled work ubon which possible recommendations for physical
exploration will be based has been completed in the Upper Uncompahgre and
Red Mountain districts, About three-fourths of the Mt, Wilson district
has been covered and the results are essentially negative radia;etrically.
Because of the lack of time only one radioactive locality has been visited

in the Rico district, and the La Plata distriet still remains to be tested.
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A few mines or mine dumps have been radiogetrically examined in each of
the following districts: Sneffles;, Mineral Point, Telluride, and Iron
Springs (Ophir). |

Upper Uncompahgre mining district, Ouray bountx

|
In the Upper Uncompahgre district pitchblende, found in 1951,

occurs near Bear Creek Falls in a black slate member of the Uncompahgre
formation of pre-Cambrian age. Channel sampling and detailed structural
mapping of the occurrence have been completed, but the reserve, which is
probably small, has not yet been calculated.

Radiometric traverses totalling;approximately 16 miles have
been made along the slate and quartzite bands of the Uncompahgre forma-
tion, but the only result was the discovery of very slight radicactivity
in the Dunmore mine, In addition, about 5.0 miles have been traversed along
the formations on either side of the Oura& fault, which separates the
Uncompahgre formatién from the Paleozoic formations. The results are
radicmetrically negative except for the p&eviously reported radiocactive
tufa deposit just north of the Ouray fault. About 8 more miles of traverse
will be needed to give adequate coverage of the Uncompahgré formation, but
the priority for this work is not high,

In the Mineral Farm area of silver-lead limestone-replacement ore
bodies, about 1800 feet of radiometric traverse was made, and one mine and
about 12 mine dumps were tested for radiocactivity. All results were negative.

Red Mountain mining distriet, Ouray and San Juan Counties

In 1951 pitchblende was found in the Red Mountain mining district.
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The radioactive deposits comsist of "chimmey" ore bodies in volcanic
breceia pipes, veins, and adjacent wall rocks, All of the deposits are
in rocks of the Silverton volecanic series of Miocene age and have been
mined extensively for rieh copper-lead-silver ore,

Radiometrie reconnaissance in the Red Mountain district, has
been completed, No commercial deposit of uranium has been found, but
in view of the fact that about 11 mines or mine dumps show significant
radicactivity (maximum wranium content yet known is 0,16 percent) the
possibility exists that a commereial uranium deposit may be found by
physical exploration methods, which may be proposed later.

Mt, Wilson mining district, San Miguel and Dolores Counties
Radiometric reconnaissance has been made of part of the Mt, .

Wilson mining district. Most of the mines and mine dumps in Silver
Pick, Upper Bilk, and Navajo basins have been examined. Mines in lower
Bilk, Elk, Magpie, and several unnamed basins have not been examined.
A1l of the mines examined are essentially radiometrically negative with
the exception of one mine in Navajo basin which contains radon gas.

About twe weeks will be needed to complete the radiometriec
reconnaissance of the Mt, Wilson district, including sampling of the mine
containing radon gas., Priority for the work is not high because of the
predominantly radiometrically negative character of that part of the district
already tested.

Rico mining district; Dolores County

At the suggestion of R, U. King of the Survey, the A.,B.G. mine




(at which radiocactivity has been reported by N, Harshman of the Survey)
was examined, The acecessible workings are radiomgﬁrically negative, but
a small amount of moderately radicactive galena-sphalerite limestone-re-
placement ore was fbund on the dump.

Additional radiometric reconnaissance in the Rico distriet is
desirable in view of the above noted radiocactivity.

Other mining districts

No work has been done in the La Plata mining district, La Plata
and Montezuma Counties, although this districet should be a favorable place
for radiometric reconnaissance because of the variety of types of &re de-
posits and because of the complexity of the ore mineralogy.

Several mines or mine dumps in Richmond and Yankee Boy basins,
Sneffles miniﬁg district, Ouray County, have been tested for radiocactivity.
All results are negative except for slight radiocactivity noted in the Camp-
bird mine, Additional reconnaissance in the district will be done if time
allows,

Four mine dumps have been tested in the Mineral Point mining dis-
trict, San Juan County. Three are radiometrically negative, but moderately
radiocactive ore was found on the dump of the Syracuse Pride mine, Additional
reconnaissance is planned in this district because of the radiocactivity
noted above,

In the Telluride mining distriet, San Miguel County, about 20 per-
cent of the accessible workings along the Montana vein were radiometfically
traversed. One mildly radiocactive occurrence was found. Additional radio-

metric reconnaissance in the district may be desirable.
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In the Iron Springs (Ophir) mining district, San Miguel County,

several mines and mine dumps were found to be radiometrically negative,
About ten more mines or mine dumps may be tested to provide an adequate
radiometric coverage of the district,
Plans

Work during the next six months will consist of preparation
of a report on the field work, laboratory study of radioactive speci-
mens from the districts ce#ered, and planning and preparation for new
field work,

Central Mineral Belt, Colorado
by M. G. Dings

Field work pertaining to radiometric reconnaissance in the
Central Mineral Belt has been completed in the Garfield and Taylor
Park quadrangles of west-central Colorado, which contain about 450
square miles, and in a small area of about 5 square miles centering
around Montezuma, Summit County, Colorado, which lies about 20 miles
southwest of Idaho 'Springs.

The Garfield-Taylor Park region contains many rock types,
strong geologic structures, and a variety of ofe deposits. The value
of the ores is chiefly in gold, silver, lead, and zinc contained in
replacement bodies in dolomite and in shoots in fissure veins., Four
radicactive deposits were found; however, they are of low grades and
tonnages, are widely separated in space, and occur under a vériety of

geologie conditions., The reconnaissance study indicates that there




is 1ittle likelihood of obtaining significant radicactive ores from this

region. No.further geologic studies are warranted at present.

Tae Montezuma area contains pre-Cambrian gneiss cut by a Ter-
tiary stock of quartz monzonite. A northeast-trending belt of fissure
veins cut the gneiss and stock, and these have yielded ores whose values
have chiefly been in silver, lead, and some zinc and gold. Two radio-
active anomalies along short distances in two different veins were found;
but the indicated tonnage is small and the uranium content is very low.
The immediate area around Montezuma therefore does not warrant additional

geologic study.

Distriect studies

Colorado Front Rénge

The prineipal objectives of the current investigations in the
Colérado Front Range are to (1) find uraniferous deposits, (2) determine
the geologic setting of the deposits, (3) define ore guides and controls,
(4) determine, if possible, the origin of the uranium, and (5) evaluate
the uranium resources, To accomplish these objectives an area of 65 square
miles between Georgetown and Central City is to be mapped in part on a scale
of 1:6,000 and in part on a scale of 1:24,000 (fig.4 ). Detailed geologiec
mapping of accessible mines and radiometric examination of mine dumps and
workings will be done in conjunction with the areal geoclogic mapping.

During the past six-month period geologic mapping was earried'on

by three field parties in separate areas in the region--Central City distriect,
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Dumont-Fall River region, and Freeland-Lamartine district and radiometriec
reconfaissance was done in north-central Clear Creek County. In the Quartz
Hill area of the Central City district, detailed mapping and sampling was
done in the East Calhoun mine, a DMEA exploration project. A brief summary
of each of the mapped areas and of the results of radiémetric reconnaissance
follows.

Freeland-Lamartine district, Clear Creek County, by J. E. Harrison

The field study of the Freeland-Lamartine district (fig.4 ), an
area of about 4 square miles, was completed in October. The area is un-
derlain predominantly by igneous rocks, some of which have been metamor-
phosed, and complexly folded metasedimentary rocks. of pre-Cambrian age.
These rocks are cut by bostonite, quartz bostonite, and monzonite dikes
and plugs of Tertiary age. The pre-Cambrian rocks are complexly folded
into a series of upright and slightly overturned synclines and anticlines
that trend about N. 30° E, and plunge gently northeast or southwest. Frac-
turing of this complex during Tertiary time formed a fault system that now
contains the intrusive porphyry dikes and plugs and younger pyritic gold-
copper-uranium-silver-lead-zinc-bearing veins,

The veins in the Freeland-Lamartine district are of the meso-
thermal type. Primary ore minerals include auriferous pyrite, free gold,
chalcopyrite, argentiferous galena, tetrahedrite, and sphalerite. Sec-
ondary ore minerals include chalcocite, torbernite, autunite, and urano-
phane, In gene;ai;'iwo_stages-cf hypogene mineralization can be recognized.

"

The early stage was principally aurifé;ous pyrite with some chalcopyrite in
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a quartz gangue; the late stage was pyrite, chalcopyrite, galena, tetra-
hedrite, and sphalerite with both quartz and carbonate gangue. Local
variations in mineralogy complicate this simple pattern, and hematite,
fluorite, wulfenite, siderite, rhodochrosite, and barite are ab&hdant
~in some of the veins,

Three vein systems can be recognized in the district. Although
local variations can be found, in general the N. 302 £, system is strongly
mineralized, the N, 600 E, system is somewhat less strongly mineralized,
and the east-west system is weakly mineralized. Most of the veins on all
three systems dip steeply to the north,

The radiometric examination of the district disclosed that a

third of the mine dumps show abnormal radiocactivity. The radioactivity,

so far as known, is the result of secondary uranium minerals--torbernite,
autunite, and uranophane--and radiocactive limonite; no primary uranium
minerals have been identified.

Broad regional mineral zoning is present in the mapped area,
In general, three zones can be recognized: (1) a relatively high-temper-
ature "core" of pyritie-gold veins, (2) a transition zone of pyritic veins
which have been fractured and now have silver, lead, and zinc minerals in
the fractures, and (3) an outer relatively low-temperature zone containing
prineipally silver, lead, and zinc minerais. The mapped area contains
veins that are principally of the transition and outer zone types., In
general, the anomalous radioactivity appears to favor the outer side of
the transition zone., This favorable area extends southward from the Free-

land-Lamartine district into the mining districts along Ute and Cascade ’
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Creeks, tributaries of Chicago Creek,

Dumont-Fall River region, Clear Creek County, by F. B. Moore

An area of about 1.5 square miles between Clear Creek and Fall
River was ﬁ;pped (scale 136,000) during the past field season. This
area contains the Golden Calf mine, a potential source of pitchblende ore,
and other radioactive occurrences, It lies between the Lawson-Dumont mining
district and the Fall River region, which was examined for radiocactivity by
the Commission during 1951,

The bedrock in thebmapped area is largely pre-Cambrian in age
and consists principally of gneiss and schist of the Idaho Springs forma-
tion, together with monzonite gneiss, granite gneiss, and Silver Plume
granite, The pre-Cambrian nocks'are inﬁruded lbcally by dikes of monzonite,
quartz monzonite, and syenitic bostonite of Tertiary age. The pre-Cambrian
rocks are folded into a series of anticlines and synclines that trend and
plunge about N, 30° E. These folds are nearly isoclinal at many places,
Northwest-trending faults of early Tertiary age cut and displace the por-
phyries; these faults are older than the generally eastward-trending faults
that contain the veins, It is expected that further work will disclose many
of the relations between faulting, porphyry emplacement, and vein formation
in the region.

The veins in the mapped area principally belong to the pyritie
gold type. One vein, at the Golden Calf mine near Dumont ;, is a potential
source of‘uranium. Radiocactive material was discovered in the ore bin, and

later the mine was unwatered by the Survey and examined. The examination

\
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showed the presence of a generally strong radioactive zone along the vein

for a horizontal distance of at least 60 feet and a vertical distance of 50
feet., Tater this year the mine, together with others iﬁ the region that show
abnormal radicactivity, will be mapped and sampled.

Central City district, Gilpin County, by P. K. Sims, A. A. Drake, and R.
H, Moench

During the past six-month period about 3 square miles in the
Quartz Hill and Russell Gulch areas were mapped (scale 1:6,000), and a
project of detailed mapping and sampling was carried on in the East Cal-
houn mine, The Wood vein at the East Calhoun mine is being explored for
uranium by funds supplied by DMEA,

The rocks in the mapped area are largely of pre-Cambrian age
and conéist principally of granite gneiss of variable lithology and
metasedimentary rocks that have been included heretofore principally in
the Idaho Springs formation. Porphyry intrusions of early Tertiary age--
quartz monzonite, syenitic bostonite, quartz bostonite, and non-porphyritic
quartz bostonite-—cut the pre~Cambrian rocks. The porphyry intrusives
were emplaced as dikes and small plugs and many can be traced for several
thousand feet,

The principal fold in the mapped area is a northeast-trending
anticline that crosses Quartz Hill. A complementary, sub-parallel syncline,
lies 3,000 feet to the southeast., The broad fold pattern is complicated
by drag and minor folds parallel to the major folds. and cross warps. The
dips of the foliation are moderate to géntle, except locally; the lineation

for the most part is parallel to the major fold axes, but locally plunges




southeast or northwest, parallel to the cross faults. The joint pattern
is complex,

Pitchblende is known to be present in the following mines in
the Quartz Hill area of the.Central City district--Kirk, Wood, Calhoun,
Alps, Bezant, German, Belcher, Mitchell, Scandia, Harsh, Gold Ring, and
Telegraph--and it has been reported from the Iron, Pewabic, and Gold Rock
mines in Russell Gulch, Recent discoveries of pitchblende have been made
at the 0ld Town mine, in Russell Gulch, at the Spread Eagle mine, iﬁ the
southeastern part of the district, and at a mine in Eureka Gulch, 2 miles

west of Central City, The radiocactivity at the Spread Eagle mine and at
the mine in Eureka Gulch was detected by prospectors.

The pitchblende deposits known in the Central City district
occur in the transitional zone between a core of pyritic gold deposits
and peripheral silver-lead-zinc deposits (Leonard, TEI-270). Also they
are related spatially to quartz bostonite intrusive rocks (Phair, TEI-247).
The/character, size, and structure of individual deposits is little known
because of the inaccessibility of the mines, but a few mines have been
examined in part by earlier investigators; others will be investigated as
the old mines are reopened and operated. During this six-month period,
the pitchblende occurrences in the 0ld Town mine were mapped in detail.,
The pitchblende is restricted to the 6 and 7 levels, where it occurs in
widely-spaced, small fractures between two gently-dipping veins—-the 0ld
Town and Wautaga., The uranium of the sgmples taken is far out of equil-

ibrium and radium accounts for most of the radicactivity. The uranium




has been leached by high sulfate waters that have moved through the mine,
which is drained by the Argo tunnel.

Radiometric reconnaissance of north-central Clear Creek County, by J. D.
Wells

Between June 15 and August 15, systematic radiometric reconnaissance
was carried out in the Freeland-Lamartine, Chicago Creek, and Dumont—?all
River region., Three hundred and eleven mine dumps or workings were exam-
ined with a scintillometer and a Geiger counter,

Of the 311 localities examined, 71 (22.8 percent) were found to
have abnormal radioactivity (radioactivity that cannot be accounted for by
the wall rocks), 35 (11.3 percent) have significant anomalous radiocactivity
(two times background or more), and 5 (l.é percent) have high anomalous radio-
activity.

The source of the radicactivity on most of the dumps that were
examined is limonite, Uranium minerals were identified, however, at 5
mineaéathe Golden Calf, Martha E;, Muscovite, Miller, and Ariadne, Seven-
teen percent of the abnormally radiocactive localities are associated with
pyritic gold veins; 83 percent are assoc}ated with composite and silver-
lead-2zinc veins,

Summary of economic geology and plans, Colorado Fromt Range project

The discovery of three new radioactive localities in the Central
City district makes it probable that additional new discoveries will be
made in this region even though the district has been prospected rather
thoroughly. The discovery at the 0ld Town mine is significant in that

there is no radioactive material on the duymp; also the pitchblende occurs
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at a depth considerably greater than it has been reported from the mines
on Quartz Hill,

The discovery of abnormally radioactive deposits in parts of
north-central Clear Creek Countyinot known previously to contain uran-
ium; considerably extends the area favorable for commercial pitchblende
deposits, An economic evaluation of weakly radioactive dumps and veins
cannot be made, however, until the geologic significance of their dis-
tribution is known, and this is ﬂependent upon a knowledge of the region-
al geology. Continued detailed mapping of both the surface and under-
ground should provide eventually the info:mation not only as to why de-
posits of uranium are where they are, but also should allow adequate
evaluation of areas that apparently contain only a few showings of sec-
ondary minerals and an unusual amount of abnormal radioactivity.

The information now available suggests that the pitchblende
deposits can be related to hypogene mineral zoning (Leonard, TEI-270),
the distribution of bostonite intrusives (Phair, TEI-247), and possibly
to large, cymoid vein structures (Harrison, manuscript in preparation).
The investigations in the Freeland-Lamartine district indicate that in
this area abnormal radiocactivity is restricted principally to a single
vein of a group of parallel veins,

Because so few of the mines are .or have been accessible, little
is known yet concerning the general character, size, and structure of the
known pitchblende deposits, This inforégtion cannot be obtained until
more of the mines that contain pitchblende-bearing veins are reopened and

until the veins are explored.




Field work has been recessed in the Freeland-Lamartine district,
Mine mapping still is in progress in the Central City district and Dumont-
Fall River region, During the next report period we will continue the de-
tailed work on the Wood vein in the East Calhoun mine and will follow close-
1y any new development work on pitchblende-bearing veins. Also, in addition
to the map compilation and summation of field notes, we will make intensive
petrographic studies of the rock and ore specimens collected during field
work., These studies will provide fundamental geologic information that
will materially aid in the geologic interpretation of the district. Geo-
logic reports will be prepared on the Freeland-Lamartine district and the
Albro mining area in the Dumont-Fall River region. A report on the detailed

mapping and sampling of the Wood vein in the East Calhoun mine will be pre- .

pared at the finish of the exploration.

Mineralogiec, geochemical and petrolgic studles = T
by George Phair and ‘Norman Herg

The search for centers of intrusion of radioactive porphyry
in the middle and northern parts of the Front Range Mineral Belt was
contimed during the field season of 1952 in the course of which some
162 samples of porphyry were analyzed for uranium and equivalent uranium
by the Denver Trace Elements Laboratory. Because dikes of like composition
tend to ocecur in clustér39 it is possible to outline separate centers of in-
trusion. Centers of abnormally radioactive intrusion have been found in
the Idaho Springs, Apex, and Gold Hill districts., None of these radio=-
active areas are coﬁparable in extent or in degree of uranium enrichment

to the very highly radioactive western half of the Cemtral City district
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previously studied in detail, Outside of_the clusters scattered dikes of
similar composition are found, Such dikes in the Rollensville and Jamestown
districts have been found to show at 1éast some enrichment in uranium and
in equivalent uranium over the regional average, Of the districts covered
by the reconnaissance, and these include nearly all districts in the middle
and northern parts of the minéral belt, only the complexly intruded Sunéet-
Ward district has been found to lack radicactive intrusions,

Certain generalizations previously found to apply to the Central
City district (TEI-247) have been found valid for the larger area of the
middle and northern parts of the mineral belt:

(1) Almost without exception the abnormally uranium and thoriume
rich porphyries are rocks mapped as bostonite, Much thin section work re-
mains to be done before we can say whether any of these radioactive boston-
ites are the quartz-rich variety found to be very highly radiocactive in the
Central City district. Not all bostonites afe exceptionally radioactive and
at least some of these less radiocactive types belong to the quartz-poor
variety (trachyte, syenite, bostonite) believed to represent a phase of
alkali syenite,

(2) The late stage differentiates, alkali-rich quartz monzonite,
bostonite, and syenite average at least three times as high in uranium and
equivalent uranium as the Tertiary diabase and gabbros from the same small
area,

- (3) Where dikes and small stgcks of similar composition occur in
the same small area the dikes are more highly enriched in uranium and thor-

ium than are the stocks. The difference is even more marked on a regional




scale when separate areas characterized by dike swarms are compared with
those of stocks., This evidence accords with evidence from the Central City
district and elsewhere in the Front Range to the effect that the dikes served
as flues and channelways facilitating the escape of volatiles and solutions
from larger bodies cooling at depth.

Thin sections of quartz bostonite from the Central City district
covered with alpha-sensitive stripping film were exposed for 5 months and
are now under study. Preliminary results confirm our previous opinion
(TEI-247) that much of the radiocactivity in these rocks is concentrated in
zireon. The zircon is the broﬁn, translucent, completely metamict variety
and was first pointed out to us in these thin-sections by Prof. E. S, Larsen,

As was suspected, some of the radioactivity is also present in disseminations .

of iron oxide which may or may not be supergene.

Now in various stages of preparation are the following papers:
(1) preliminary report (with P, K, Sims) on the Copper King, zinc-pitch-
blende mine, Prairie Divide distfict,vLarimer County, Colo.; and (2) a
summary and evaluation (with Kiyoko Shimamoto and P. K., Sims) of the re-
sults of recent age determinations in the Front Range including 7 new de-
terminations by ourselves, |

During the past half year our paper on "Radioactive Tertiary In-
trusives in the Central City District" was issued as TEI-247 and a brief
summary of it was given in a éo-minute talk at a meeting of the Geological

Society of Washington., Publication in Economic Geology is planned. A

paper entitled "Hydrothermal Uranothorite in Fluorite Breccias from the

\
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Blue Jay mine, Jamestown, Colorado", (TEI-1i by Phair and Shimmamoto) was
published in the July-August issue of the American Mineralogist., ‘A paper
entitled "Notes on the differential leaching of uranium, radium and lead
from pitchblende is H2soh solutions" by Phair and Levine was issued as
TEI-262 and formed the basis of a talk on the same subject given at the
Boston meeting of the Geological Society of America., Publication of this paper
in Economic Geology is planned,
Thomas Range fluorite distriect, Juab County, Utah
by M, H, Staatz and F., W. Osterwald

The Thomas Range fluorite district is in Juab Céunty, about 50
miles northwest of Delta, in the western part of the Thomas Range. Within
an area 6 miles long and 2-1/2 miles wide, uraniferous fluorite pipes cut
dolomites of Ordovician and Silurian age. The dolomites are underlain by
Ordovician quartzite, shale, and limestone, and overlain by Silurian or
Devonian limestone., The Paleozoic sedimentary rocks trend north-northeast
. to northeast, and dip 20° to 60° northwest, but they are complexly faulted,
and individual beds are repeated many times., Tertiary (?) rhyolites, tuffs,
agglomerates, and basalts underlie large areas in the eastern and southern
parts of the district, Rhyolite plugs and masses of intrusive breccia
locally intrude the sediments.,

The district has produced 68,888 short tons of fluorspar since
1943, and 5 mines--the Bell Hill, Lucky Louie, Lost Sheep, Blowout, and
Flurein Queen--are currently producing from pipe-like ore bodies. In

addition to the pipes, there are several fluorite veins that cut dolomite




88

at many places, but most of the veins are very small, and only one has
yielded fluorspar, The rhyolite contains small vugs and minute veinlets
of purple and colorless fluoriﬁe at a few localities, Light yellow tuff
contains disseminated clots and masses of fine-grained purple fluorite

at two places along the western edge of the district. Fluorspar pipes
are located: (1) along faults or in broken zones near faults, (2) near
Tertiary intrusives, or (3) in complexly faulted areas. The total fluor-
spar reserves of the district are estimated at abomt 290,000 tons.

Most of the Thomas Range fluorite is radioactive,band assays ine
dicate a uranium content ranging from 0,006 to 0.330 percent. The high-
est uranium assays are from the southern part of the district, particularly
from the Bell Hill mine. The assay data from the Bell Hill mine indicates
a sharp decrease in average grade as depth increases (fig.5 ). Final anal-
ysis and evaluation of this trend must await uranium analyses from 53 sam-
ples collected in November, Spectrographic and chemical analyses of fluor-
ine and other metallic elements besides uranium is being carried out to de-
termine whether there is a general depth zoning within individual ore pipes.

The final report on the district, "Geology of the uraniferous
fluorspar pipes, Thomas Range, Juab County, Utah", by M. H, Staatz and
F, W, Osterwald is now being prepared. It will include a map of the dis-
trict at a scale of 1 inch to 500 feet, and detailed maps of the more im-
Portant deposits., The report will present new data on the stratigraphy and
structure of the district, additional information on the petrology of the
rocks associated with the uraniferous fluorspar pipes, and a detailed de-

scription of the uraniferous fluorspar ores,
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Boulder batholith, Montana
by G. E, Becraft

The objectives of the study of the Boulder batholith district,
Mont,, are: (1) to make a éeologic map of those areas within the batholith
containing known anomalous radioactivity, (2) to extend the geologic mapping
within the batholith to adjoining areas with similar structures, veins, and
altered zones that éuggest possible additional anomalous radiocactivity, (3)
to study the alteration surrounding uranium deposits and deposits containing
no uranium in order to determine guides to ore, (4) to make a petrologic study
of the rocks within the area containing anomal&ué radioactivity, and (5) to
prospect all veins and altered zones for anomalous radiocactivity.

During this 6-month period, about 10 square miles was mapped in the
southwestern corner of the Comet area and about 40 square miles northwpst of
Jefferson City, Mont,

In the Comet area, two moderate radioactivity anomalies--the Uncle
Sam and Hattie Ferguson mines--and four weak radioactivity anomalies were
found., Analytical data on samples are not yet available, However several
radioactivity anomalies and a few specimens of sooty pitchblende and other
uranium minerals have been found on the mine dumps of formerly productive
base- and precious-metal mines along the Comet-Gray Eagle shear zone in the
Comet area in southwestern Montana, The shear zone is from 50 to 200 feet
wide and has been traced for at least 5% miles, It trends N, 80° W. across
the northern part of the area and cuts the quartz monzonitic rocks of the

Boulder batholith and younger silicic intrusive rocks, as well as the




pre-batholitic volecanic rocks, and is in turn cut by dacite and andesite
dikes.,

The youngest period of mineralization is represented by chal-
cedonic vein zones comprising one or more discontinuous stringers and
veins of cryptocrystalline silica in silicified quartz monzonite and in
alaskite that has not been appreciably silicified. In some places these
zones contain no distinct chalqedonic veins, but are represented only by
silicified quartz monzonité. These zones locally contain uranium in
association with very small amounts of the following minerals: pyrite,
galena, ruby silver, argentite, native silver, molybdenite, chalcopyrite,
arsenopyrite, and barite, At the Free Enterprise mine, uranium has been
produced from a narrow chalcedonic vein that contains disseminated secon-
dary uranium minerals and local small pods of pitchblende and from dissem-
inated secondary uranium minerals in the adjacent gquartz mpnzonite.

Undiscovered commercial deposits of uranium ore may occur
spatially associated with the base-~ and preciqus-métal deposits along the
Comet-Gray Eagle shear zone, and chalcedonic vein zones similar to the Free
Enterprise,

In the area northwest of Jefferson City, two moderate and six
weak radicactivity anomalies were detected along chalcedonic vein zones,.
Computation of reserves will be made when analytical data are available, There
is a suggestion of a pattern formed by the areal distribution of the uranium
deposition associated with the chalcedonic vein zones ("reefs"). The uranium

minerals appear to be centered in an area of a few square miles west and




southwest of Clancey, Outward from this area, although the vein zones are
common, radioactivity anomalies become less common, However, until detailed
areal mapping is done east of Clancey and norﬁh of Lump Gulch, about one
mile north of Clancey, this pattern cannot be definitely demonstrated. If
this pattern, which is nbﬁ merely a suggestion, is true, there is a good
possibility of additional uranium deposits north of Iump Gulch and a slight
possibility of deposits east of Clancey.

During the next six months period, laboratory studies on rock
alteration, rock types, and ores will be made and a report will be pre-
pared,

White Signal-Black Hawk districts, Grant County, New Mexico

by Elliot Gillerman
|

During the six months period covered by this report, work was
completed in the Black Hawk district and a fihal report is being pre-
pared containing the results of the study and a recommendation for phys-
ical exploration. Geologic mapping was resumed in the White Signal
district and to date about 9 squdre miles have been mapped. The results,
conclusions, and future plans fof each of the districts will be discussed
separately.

Black Hawk district

Geologic mapping in the Black Hawk district was completed just
prior to the start of the current six-month period. Detailed studies of
one of the deposits, the preparation of the report, and the logging of
three 1,000-foot diaﬁond drill holes was the.exﬁent of the work during the

past six months, The drilling was done under a DMEA loan and was completed




in November 1952,

The results of the work done in the Black Hawk district are being set
forth in a report entitled "The uraniumebearing nickel-cobalt-native silver
deposits in the Black Hawk district, Grant County, New Mexico" by Elliot
Gillerman and Donald H, Whitebread,

In brief, the report presents the regional geology of an area of
about two and one-half square miles within which are the major ore deposits
of the district., A pre-Cambrian quartz diorite gneiss, which contains in-
clusions of meta—sedimenﬁary and meta-igneous rocks, is the predominant rock
type in the district. The gneissic structure is primary and is not reflected
in the included rocks, Numerous pre-Cambrian and younger rocks intrude the

gneiss as dikes. small stocks, and irregular masses, Monzonite porphyry is

the chief of these younger rocks and occurs as a small stock along the .
northwest edge of the district and as numerous dikes and small masses,
Beartooth quartzite of Cretaceous age overlies the pre-Cambrian rocks
northeast of the district, .

The ore deposits are fissure veins of the nickel-cobalt-native
silver ore type, and contain pitchblende.;fThey are similar mineralogically
to the deposits at Joachimstahl, Czeékosiovikia, Great Bear Lake, Canada,
and Cornwall, England, The ore minerals include pitchblende, native silver,
argentite, niccolite, skutterudite, and nickel skutterudite. The principal
gangue minerals are calcite, dolomite, siderite, quartz, and barite, The
veins trend mostly northeast and dip steeply to the northwest, they parallel

the old pre-Cambrian structure, Radioactivity was noted at ten separate




localities, all of which lie within a belt, 1,000 to 3,000 feet wide, ex-
tending from near the éouthwest corner of the mapped area to the northeastern
edge of the distriect. This belt parallels the southeastern boundary of the
monzonite porphyry stock. All of the major ore deposits are along faults in
the gneiss in close proximity to where these faults cut>dikes or irregular
masses of the monzonite porphyry.

No further work ié planned in the district except the microscepic
studies of the rocks and the ore minerals if and when a suite of these min-
erals can be obtained,

White Signal district

The objectives of studying the White Signal distriet are: (1)
to find minable deposits of uranium, (2) to appraise the resources of ur-
anium in the district so that potential production of the area can be
established, and (3) to determine the nature and origin of the é%posits,
not only as a guide in the search for uranium in the White Signal district,
but also to aid in the search for uranium in other areas, To achieve these
objectives a radiometric survey of the district, detail mapping of individ-
ual properties, and regional mapping of about 60 square mileé within which the
deposits occur, is necessari. . 7 ;

The radiometric survey of the district was completed prior to the
start of the six-months period covered by this report, and more than 75
separate localities spread over an area of about sixty square miles, were
found to contain radioactive material, The greatest concentration of these
was within an area of about 6 to 7 square miles in the immediate viecinity of

.
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White Signal. The exposed portions of the deposits are small, but little

information is available as to actual dimensions., The uranium occurs as
the secondary minerals autunite and torbernite and analysés of some of the

deposits show as much as 0,2 percent UBOB over widths of five feet,

of a@n@eﬁtrated uranium mineralization. About 7 square miles have been
mapped, which together with about 2 square miles of adjoining territory
mwapped previously, makes a total of about 9 square miles., This 9 square

miles covers most of the area of concentrated uranium mineralization.

studies

standing of the complete regional setting can be secured. Only after this
regional picture is obtained can the uranium mineralization be fitted into
its proper setting, and the origin, paragenesis, and localization of the

uranium be understood. During the coming six months detailed studies of

allows,

copper distriet. The Phelps Dodge Corporation has sunk over 120 churn
drill holes within the past four years to test this area for copper. Some
of these holes are within a mile or two of known uranium deposits in the
White Signal district., Arrangements have recently been completed with the

Phelps Dodge Corporation and with the Radiometric Logging Unit of the : ’

During the past six months areal mapping was started in the area

Future plans consist of continued areal mapping and detailed

of the deposits. Additional mapping is needed before an under-

six of the more important deposits will be made, and the regional
will be extended. Underground studies, which should be made of

the deposits, may be done during the coming six months if time

Adjoining the White éignal district on the north is the Tyrone
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Geological Survey to check these drill holes for radiocactivity by means
of gamma-ray logging. This work is scheduled to be done in December 1952,
Placerville area, San Miguel County, Colorado
by V. R, Wilmarth

In the Placerville area, eastern San Miguel County, uranium
minerals are known to occur in bedded deposits in the Entrada sandstone
of Jurassic age and in vein deposits in the Dolores formation of Triassic
and Jurassic (?) age. July, August, September, and part of October of
1952, were spent in mapping the topography and geology of approximately
2.5 square miles (scale one inch equals 500 feet) in the central part of
the Placerville area, The primary purposes of this investigation were:
(1) to obtain data on the relationship of hydrocarbon, both radioactive
andrnon-radioactive, to the base metal sﬁifide vein deposits and to the
bedded uranium-vanadium-chromium deposits; and (2) to determine the re-
serves of uraniuﬁ and base metals in the vein deposits, Radiometric ex-
amination and detailed sampling of the vein deposits has been completed.

The geologic formations in the mapped area are conformable and,
from oldest to youngest, consist of the Cutler formation of Permian ages
the Dolores formation of Triassic and Jurassic (?) age, the Entrada sand-
stone and Wanakah formation of Jurassic age, and the Morrison formation
and Dakota sandstone of Cretaceous age., The nearly horizontal sedimentary
rocks have been complexly faulted.and intruded by an andesite porphyry
.dike of Tertiary age. Approximately a mile east of the mapped area, three

small diorite stocks and numerous dikes of diorite and monzonite porphyry




intrude the sedimentary rocks, :

Within the mapped area, two fault systems are recognized. The
more pronounced system is comprised of the west-trending, steeply dipping
normal faults, that approximately parallel the strike of the beds. The
other system is shown best in the eastern part of the mapped area; there
the faults trend north-northwest, dip steeply, and éut off the west-trend-
ing faults, Most faults in the area are normal and the displacements ére
generally less than 100 feet although a few have displacements of nearly
500 feet, Vein deposits that contain base metal sulfides and uranium
minerals are known only along the west-trending faults; mineralization
on the north-northwest-trending faults consists primarily of calcite veins,

Ore deposits in the mapped area consist of uraﬁium-vanadium—
chromium deposits of ﬁedimentary origin in the Entrada sandstone, and
vein deposits.of hydrothermal origin in the pre-Entrada sedimentary rocks.
The deposits in the Entrada sandstone have been described in detail by
Fischer (1947) and other than a close spatial relation, no evidence was
found that the bedded uranium deposits are related genetically to the vein
deposits. The vein deposits that contain uraniferous hydrocarbons at the
Weatherly and Robinson properties have been briefly described by Wilmarth
(1951). net
During the field work two new occurrences of radioactive material
were discovered ne;r the Weatherly property in the western part of the
mapped area, At both localities, the radiocactive material is hydrocarbon,

and megascopically is similar to the uranium-bearing hydroearbon at the
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Weatherly and Robinson properties, Vngqne area the hydrocarbon fills the
center of calcite veins that are, as much as one inch thick, in a 4 to 6
inch shear zone in the Cutlerlformation. At the other occurrence black,
vitreous, highly radioactive hydrocarbon occurs in a 6 to 8-inch thick bed
in an area of faulted Dolores formation, The bed can be traced along the
strike for approximately 4O feet and is within 6 feet of a fault that con-
tains copper minerals., The total inferred uranium reserves of these two
occurrences is less than 2 tons of uranium-bearing rock that &veragefoi?z
percent uranium,

The vein deposits in the Placerville area are of the mesother-
mal type. -The predominant primary ore minerals are tetrahedrite, tennantite,
and chalcopyrite with minor quantities of galena, sphalerite, and bornite in
a gangue of calcite, barite, pyrite, and quartz., Secondary copper minerals--
chalcocite, azurite, malachite, and chrysocolla~-are abundant on the sur-
face outcrops of the veins., In the Placerville area there appears to be a
broad general zoning of the ore minerals in the vein deposits--gold-quartz-
pyrite fissure veins occur in the intrusive stocks east of the mapped area;
lead-silver vein and replacement deposits in the Pony Express limestone are
within 2,500 feet of the stocks; and deposits that consist essentially of
tetrahedrite, tennantite, and chalcopyrite in a gangue of calcite and barite
are on the peripheries, The known occurrences of uranium-bearing hydrocarbon
are restricted to the copper-rich zone. |

In summary, the results of this field season indicate that (1) the

largest uranium reserves in the Placerville area are in the bedded deposits




in the Entrada sandstone, (2) uranium reserves of uranium-bearing hydro-
carbon are only slightly larger than previously thought, (3) the known
uraniferous hydrocarbons are associated with primary copper minerals, in
or near faults; and (4)’although the bedded uranium deposits and the
uranium-bearing vein deposits are closely relaéed spatially, there is no
evidence that these two types of deposits are related genetically.

A report on the ore deposits of the mapped area will be completed

this winter.

Garo. Colorado
by V. R. Wilmarth

The objectives of this project are to (1) determine the horigzontal
and vertical extent of the uranium~vanadium—-copper mineralization in
the Maroon formation of Permian age, (2) obtain data that would aid in
prospecting geoiogically similar uranium-vanadium—-copper deposits and,
(3) study the distribution of the uranium, vanadium and copper minerals
in the deposit.

The Shirley May (Garo) uranium deposit consists primarily of
tyuyamunite and carnotite as disseminations and fracture fillings inv
three sandstone beds in the Maroon formation. The deposit is on the
northeast flank of the Garo anticline, a local structure related to
Tertiary deformation. In the’immediate vicinity of the deposit the
Maroon formation has been cut by numerous northerly-trending faults
that have horizontal displacements of as much as 1,000 feet. Tyuyamunite,

carnotite, volborthite, calciovolborthite, malachite, azurite, covellite,
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chalcocite, chalcopyrite and several unidentified yellow to dark red
vanadium minerals occur in the three fractured sandstone beds. The ore
body that has yielded most of the uranium ore is in the uppermost ore-
bearing sandstone bed that is stratigraphically 50 and 150 feet above the
other ore horizons, The uranium content of samples from the ming ranges
from 0,001 to 0.48 percent uranium.. During June, July, and August 1952,
this deposit was explored by diamond drilling}

The results of the diamond drilling as outlined in the joint
report by V. R. Wilmarth of the Geological Survey and L. E. Smith of the
Atomic Energy Commission are: "

(1) A new sandstone bed was found that is a favorable host rock
for uranium, vanadium, and copper ore bodies, -

(2) Potential uranium ore bodies occur in the sandstone beds within
a vertical distance of 120 feet below the surface.

(3) The area of known uranium mineralization is restricted to
favorable parts of the sandstone beds within highly faulted areas,

(4) Small uranium ore bodies possibly bécur in the three sand=-
stone beds within the area explored and to the northwest and southeast of
the mine, but cost of exploration and mining these bodies is not economi-
cal,

A final report on the geology of the Shirley May (Garo) deposit
will be prepared this wintef. This report will present detailed information

concerning the mineralogy, petrology, and structure of the deposit,




Lost Creek schroeckingerite; Sweetwater County, Wyoming
by D. M, Sheridan

The objectives of field work at Lost Creek during the report per-
iod were: to obtain adaitional data fbf calculating tonnage and grade,
and to obtain additionai information on the controls and localization of
schroeckingerite., In order to accomplish these objectives the Survey
continued the exploration by means of trenching, mapped all trench walls
(scale 1:120), mapped the exploration area (scales 1:2400 and 1:9600)

and carried on an extensive sampling program,

The Lost Creek schroeckingerite depositg,is prineipally in
secs, 30 and 31, T, 26 N,, R, 94 W., 6th principal meridian. At the
present time the Survey does not know who the rightful owners are of
the claims covering the main portion of the deposit; the claims of two

groups of people are in conflict,

s ‘"
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During the period, July-November 1952, seven néw trenches, totalling

approximately 10,300 feet, were excavated, The trenches were examined
at night with u}traaviolet lights to determine boundaries of individual
schroeckingerite bodies, During daylight hours the trench walls were
mapped (scale 1:120), Face-cut samples of all schroeckingerite deposits,
channel samples of the host rock, samples of radioactive rock other than
schroeckingerite~bearing material, and representative petrographic samples
were obtained from the trenches,

i Approximately 4 square miles were mapped by plane table (scale

1:2400) in the main exploration areas, In addition, about 3 square miles
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were -plane~-tabled at a seale of 1%95§0b A plane-table traverse.was made
to tie in the Lost Creek geology to the synclinal structure and‘the strati-
graphic units being mapped by the Red Desert lignite préjéct. :
Schroeckingerite, a complex hydrated sulfate, carbonate, and
fluoride of calcium, sodium, and uranium occurs in beds consisting of
interfingering facies of the Wasatch and Green River formations of late
Early Eocene age. These beds strike northwestward and dip about 20° NE
in the immediate area of the deposit.
Two large schroeckingerite-bearing areas were indicated by the
exploration: (1) the main area, at least 10,000 feet long and ranging
in width from 100 feet to about 1,000 feet; and (2) a subsidiary area, at

least 8,200 feet long and ranging in width from 50 feet to 600 feet., The

main mineralized area occurs within the Cyclone Rim zone of faulting, which

trends northwest for a distance of 12 to 15 miles and is about 1100 feet
wide in the vicinity of the deposit. The mineralized portion of the zone
of faulting is apparently limited on the west by Lost Creek and on the

south by brown shale of the Green River type. The eastern limit of the

main deposit is known to lie somewhere between the last two trenches (trenches

12 and 13), but the northern limit is not well defined; small schroeckingerite

deposits were mapped in that part of trench 7 which connects the main area
with the northern area but their small size and sparse distribution suggests
that the area between the two deposits is relatively barren. The northern
deposit is also apparently limited on the west by Lost Creek and narrows

to 60 feet in trench 11 at the eastern extremity; the northern limit is not




well defined.

Schroeckingerite was found in all of the trenches except trench
13 and the southern half of trench 8 (which lies west of Lost Creek). Two
zones of abundant ferruginous-cemented sandstone fragments were found at- -
the surface in the vieinity of trench 13, These zones of ferruginous float
ore are mbo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>