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SUMMARY

Uranium in sandstone-type deposits

Colorado Plateau.--Geologic maps were completed of the Carrizo
Mountains 1n Arizona and New Mexico and the Capitol Reef and Red House
Cliffs areas in Utah. Mapping was also done in Utah at White Canyon, Elk
Ridge and the San Rafael Swell, and will be continued in 195L. Stratigraph-
ic studies were made of Triassic and Permian formations of southeastern
Utah and northeastern Arizona., Except for laboratory work on samples from
a hole drilled to obtain core in its original state, no further work was
undertaken on stratigraphy of the Jurassic Morrison formation, the field
study of which is complete,

Investigation of the horizontal and vertical transmissivity of
ground water in sedimentary rocks of the Colorado Plateau shows that the
average transmissivity is increased three to five times by fracturing and
that a correlation may exist between highly fractured areas and known ore
deposits,

For geobotanical research, an experimentel garden was established
at Santa Fe, N. Mex., to investigate effects on vegetation of soils con-
taining uranium and associated minor elements. Geobotanical sampling, for
prospecting, was done in Utah at Deer Flat, Elk Ridge and San Rafael Swell.

Reconnaissance resource appraisal of uranium in Triassic rocks
of the Colorado Plateau has pointed out favorsble belts for uranium de-
position, probably controlled by facies changes or cut offs in the Shinar-

unp .

The new mineral species montroseite, navajoite, and rabbittite
were established and two other new, unnamed species were identified, a
sodium vanadate and a potassium uranyl arsenate.

Geophysical investigations by gravity and magnetic methods are
being made of the entire Plateau region. Experimental investigations of
selected areas were made by seismic refraction, magnetic, electrical
resistivity, and self potential methods to determine the spplicability
of the various methods in guiding exploration. Electric logs of drill
holes give some promise of usefulness in delineating ground favorable for
uranium deposition.

Areas outside of Colorado Plateau.--Uranium was recognized in
Cretaceous and Bocene sediments in the Gas Hills area, central Wyoming,
in sandstone and carbonaceous shale, The greenish-yellow mineral is
tentatively identified as uranospinite. Some samples contain 0.041 to
1.87 percent U.
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Geologic mapping in the Powder River Basin, where uranium minerali-
zation occurs in small concreticnary masses and as disseminations in sand-
stone, has suggestgd several tentative guides to hidden uranium deposits.

Uranophane is the principal uranivm mineral in sandstone deposits
in the Browns Park formation of the Poison Basin area near Baggs, Carbon
County, Wyoming, The occurrences are distributed over a distance of at
least a mile, ’

Approximately 68 square miles have been mapped in the southern
Black Hills, South Dakota, near Edgemont. The greatest density of uranium
occurrences appears to be marginal to the steepest dips of ore-bearing
beds and the larger deposits are localized in alternating sandstones, mud-
stones, and siltstones., The localization of carnotite appears to depend
largely on structure and the variation between permeable and impermeable
lithologies of the host rocks,

Uraniom in veins, igneous rocks, and related deposits

Pitchblende and secondary uranium minerals were discovered in
the Eureks-Nigger Hill area of the Georgetown-Central City district of -
the Colorado Front Range, Cclo. Occurrences at the Two Sisters and R.H.D.
mines are in part of ore grade. The minsralization occurs in two and
possibly three vein sets. In the Idaho Springs district uranium has been
found in pyrite-quartz veins.

To date sbout 28 square miles of surface mapping and 85,000
linear feet of underground mepping has been done in the various mining
districts in the Colorado Front Range.,

Wall-rock alteration is similar to that found elsewhere in the
Front Range with successive layers of silicified, sericitic and argillic
material between the vein and fresh rock. Argillic alteration in this
area-appears more wldespread than was previously reported.

Detailed mineralogic and petrographic studies of pitchblende-

coffinite ore from the Copper King mine were made. It was impossible to
separate a pure sample of coffinite for analysis.

Uranium in carbonaceous rocks

Coal and lignite,--Ash of coal from the waste dump of the
Southern Utah Power Company's plant near Cedar City, Utsh, was found
to contain 0.0l percent eU. The coal was mined at the Webster mine near
Cedar City and two other mines at the same horizon; its ash content is
9 percent. '

-
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In the Ekalaka lignite field, Carter County, Mont,, a bed of
weathered lignite as much as 8 feet thick contains 33.8 percent ash and
0.01L percent U in the ash, About 70 square miles of this field was
mapped” on photographs. In the HT Butte and Chalky Buttes area; Slope
County, N, Dak., uranium occurs in the Slide Butte and Chalky Battes beds
in the Fort Union formation; the area underlain by the radiocactive lignite
beds is about 9 square miles., Uraniferous lignite was also found in Bul-
lion Butte and Sentinel Butte, Slope and Golden Valley Counties, N. Dak.

Drilling in the Mendenhall area, Slim Buttes, Harding County,
S. Dak., was completed in June 1953. Preliminary estimates indicate that
more than 4,000 acres in the ared is underlain by radiocactive lignite
having a mineralized thickness of more than |, feet. The mineralization
occurs in three beds: +the Mendenhall rider, the Mendemhall, and the Olesrud.

Core drilling in the Red Desert area, Sweetwater County, Wyo.,
was completed in November 1953, A total of 60 core holes aggregating
12,677 feet were drilled, as well as one 8-inch core hole. Also, 12 power-
auger holes were completed. On the basis of radioactivity determinations,
it appears that locally coal ‘6.5 feet thick contains 0,007 percent U and
0.05 percent U in the ash, though the average uranium content for the field
is about 0,003 percent or less. The distribution of uranium in the coal
beds in the Red Desert appears to be governed largely by the permeability
of the overlying rocks; it increases from west to east as the overlying
rocks become coarser-grained and more permeable.

Black shales.--The drilling program in the Chattanooga shale
completed in November, consisted of 36 closely spaced holes in the Youngs
Bend area near Smithville, DeKalb County, Tenn., and 28 widely spaced
holes in the Northern Highland Rim, the Eastern Highland Rim, and Walden
Ridge, Tennessee, and Blount County, northern Alabama.

A small sample of organic stringer from one of the shale cores
contained only 1.27 percent ash, which analyzed 2.58 percent U and L per-
cent germanium. A report describing this newly observed occurrence.of
germanium and association of germanium and uranium is in preparation.

Based on field observations that the uranium content of black
shale might be a function of color, a study was made of the correlation
between uranium content, radiocactivity, and the reciprocal of reflected
light in microamperes; the density of the reflected light was measured
in a reflection fluorimeter funnelling white light onto the surface of
shale samples. The correlations obtained in the work to date are good.
If further experiments show that the method is feasible, it may provide
a satisfactory rapid method for the determination of uranium in shales.
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Uraniunm in phosphates

The geologic drilling program in the land-pebble phosphate
district, Florida, was completed. A total of 115 holes aggregating
6,796 feet have been logged, sampled, and a gamma ray log taken in each.

Reconnaissance for uranium in the United States

At the Phillips pyrite mine, Putnam County, New York, uraninite
is assoclated with magnetite, hormblende gneiss, and possibly a sulfide-
bearing shear zone in diorite. If the uranium is coextensive with the
magnetite-bearing rock, there may be a large tomnage of uranium,

Analytical service and research on methods

During the reporting period 13,786 chemical determinations for
uranium, 15,056 other chemical determlnatlons, 169,049 spectrographic
determinations, and 13,223 radiocactivity determinations were completed
by the laboratory.

A technique for additional refinement of semi-quantitative
data derived from spectrographic determinations has been devised. The
method reported results for 51xty or more elements to narrower ranges
of concentration than formerly, i.e., 0.x- for 0,1% to 0.215%, o.x for
0.215 to 0.46L% and o.x+ for O héh to 1.0%, and similarly for other
orders of magnitude,

A new fluorimeter has been developed and constructedvthat in-
corporates the use of three electronic tubes in the circuit rather than
a single photomultiplier tube commonly used in instruments of this type.

Geochemical and petrological research on basic principles

In connection with studies of the distribution of uranium in
igneous complexes the zircon-age method has been refined and perfected
and extended to include other accessories such as xenotime and monazite,

The isotopic composition of meteoritic lead has been success-
fully determined and is found to be very different from every terrestrial
lead so far tested. Results suggest that if the earth is L.5 billion
years old, it may have originally contained lead of such composition.

Development and maintenance of radiation detection equipment

A prototype model of a new portable scintillation counter has
been designed and built. It is a total intensity type meter, weighs 3.5
lbs., has a displacement volume of 71.5 cubic inches and a battery life of
130 hours.,



URANIUM IN SANDSTONE-TYPE DEPOSITS

Colorado Plateau geologic studies

Regional geologic mapping

The geologic mapping proJjects are aimed at 'appraising the ore
deposits in the main uranium-bearing formations of the Colorado Plateau
region, the Morrison formation of Jurassic age and the Shinarump conglomerate
and adjacent formations of Triassic age. The mapping falls into two cate-
gories: strip mapping projects and quadrangle mapping projects. Strip
mapping involves the detalled study and mapping of only the ore-bearing beds
and adjacent strata; it is undertaken only in those regions where an adequate
geologlc map already exists. .Quadrangle mapplng involves not only the detailed
study and mapping of the ore-bearing beds and adjacent strata but also the
extension of geologic mapping Lo the boundaries of quadrangles as a step
toward complete understanding of the geology of the region.

Field work has been completed prior to this report period for the
following projects, and final reports are being processed: Southwestern
Colorado area quadrangle mapping project; Monument Valley area, Ariz., quad-
rangle mapping project; and Monument Valley area, Utah, strip mapping proj=-.:
(fig. 1). The incomplete results of these projects have been reported in
TEI-330.

Field work has been completed during this report period for the
following projects: Red House Cliffs area, Utah, quadrangle mapping project:
Capitol Reef area, Utah, quadrangle mapping project; and the Carrizo Mountains,

area, Ariz.-N. Mex., quadrangle mapping project (fig. 1).
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Field work has been continued for the White Canyon area, Utah,
quadrangle mapping project and field work began for the San Rafael Swell area,
Utah, strip mepping project and the Elk Ridge area, Utah, quadrangle mapping
project (fig. 1).

During the next report period field work is tentatively planned for
the following: Lisbon Valley area, Utah-Colo., quadrangle mapping project;
Abajo Mountains area, Utah, gquadrangle mapping project; Inter-River area,
Utah, strip mapping project; Circle Cliffs area, Utah, quadrangle mapping
project; and Sage Plain area, Utah-Colo., quadrangle mapping project. A TE
report summarizing results of geologic reconnaissance of the Ute Mountains
area, Colo., prepared by the distribution of elements project, will be trané-‘
mitted in the next report pefiod; 2 quadrangle mapping project involving
detailed geclogic work is planned in the .near future to subplement the recon-

naissance study.

Carrizo Mountains area, Ariz.-N. Mex., quadrangle mapping project, by

J. D. Strobell, Jr.

Geologic mapping of the Carrizo Mountains area in northeastern
Arizona and northwestern New Mexico (fig. 1) was undertaken to providevdeu
tailed information on the geologic occurrence of uranium deposits in the 30-

minute quadrangle surrounding the Carrizo Mountains. Mapping of about 900

square miles was completed by September 1951, and the field work was recessed. . . ..

During the recess, a preliminary appraisal of the uranium resources of the
area was prepared (TEM-300, May 1952), and preliminary drafts of the geologic
map were transmitted (TEM-415-430, July-August 1952). The geologic map and
accompanying text and stratigraphic sections were also prepared for publica-

- tiolm in the 0il and Gas Investigations Map series of the Geclogical Survey.
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During this report period the laccolithic complex of the Carrizo
Mountains was mapped., Except for final checking of the geologic map field
work has been completed.

Sedimentary rocks exposed in the area aggregate nearly 5,000 feet
in thickness and range in age from Permian (Cutler formation) to Pliocene (7)
(Chuska sandstone). The following variations from the general stratigraphy
of the Colorado Plateau region are notable. The Moenkopi formation (Triassic)
is absent. The Shinarump conglomerate (Triassic) is thin and exposed only
locally on the southwest flanks of the mountalns. The Kayenta formation and
Nevejo sandstone (Jurassic?) and the Carmel formation (Jurassic) thin and dis-
appear southeastward across the area, whereas the Todilto limestone (Jurassic)
thins end disappears northwestward. Four members of the Morrison formation
(Jurassic) are recognized: in ascending order, the Salt Wash, Recapture,
Westwater Canyon, and Brushy Basin members.

These sedimentary rocks have been folded and truncated, and are
overlain in places by the flat-lylng Chuska sandstone (Pliocene?) and associ-
ated basalt flows. They bave been intruded by diorite sills and 1accoliéhs
in the Carrizo Mountains and also around the margin of the Carrizo Mountains
by minette plugs and dikes younger than the diorite and younger than the

- Chuska sandstone, It was thought that the»mapping of the Carrizo Mountains
might producé direct evidence of the age of the diorite of the laccoliths,

but as no Chuska sandstone or other Cenozoic rocks occur in the mountains, the
diorite can only be dated as older than the minette (Pliocene?) and younger
than the Mancos shale (Late Cretaceous).

The uranium deposits are of the carnotite type and are contained in

the Salt Wash member of the Morrison formation. The stratigraphic position



of the ore ranges from the middle of the Salt Wash member east and south of
the mountains to the base of the Salt Wash member northwest of the mountains.
The position of the ore may be contralled by thickness or cbmposition of the
member or by some factor superposed upon it, such as a former water table.

The carnotite deposits adjacent to diorite intrusives occur beneath the
igneous rocks and do not appear to be related to the igneous rocks. No direct
 evidence of the relative age of the uranium deposits and the lgneous rocks

was found during field work. Tentatively, because of the frequency and dis-
tribution of the ore deposits with respect to the igneous rocks of the in-
trusive masses, the ore deposits are interpreted as older than tﬁe igneous

rocks,

Red House Cliffs area, Utah, quadrangle mapping project, by T. E. Mullens

Geologic mapping of the Red House Cliffs area, southwestern San
Juan County, Utah, (fig. 1) was completed during this report period. About
40 square miles were mapped since June 1953, and the Shinarump conglomerate
was examined along all accessible exposures.

No known deposit of uranium occurs in the Red House Cliffs area.
On the basis of empirical guides developed in the adjacent Monument Valley
and White Canyon areas, Utah, the Shinarump conglomeraste of the Red House
Cliffs area is apparently a favorable host rock for uranium deposits. How-
ever, the Shinarump conglomerate of the Monument Valley ares extends north-
ward only about 3 miles into the Red House Cliffs area where it pinches out,
and the Shinarump conglomerate of the White Canyon area pinches out north of
the north boundary of the Red House Cliffs area.

The Shinarump conglomerate which extends into the area from,Monu-

ment Valley fills several channel-scours at its base. Carbonaceous material,
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which is copnsidered favorable for ore, is abundant in the channel sediments.
These channels, where near a margin of deposition of Shinarump conglomerate,
are thought to be favorable for the accumulation of uranium deposits because
they contain uranium deposits in adjacent areas. The reason for the associa-
tion of uranium deposits with channels and a margin of deposition of Shina~
rump conglomerate is not known, but the association does furnish an empirical
guide to uranium deposits. Geologic evidence indicates that about 15 square
miles in the southwest part of the Red House Cliffs area, or only about 5
percent of the mapped area, is underlain by Shinarump which locally contains
channels near a margin of deposition of Shinarump conglomerate. Possibly
fsome concealed uranium deposits occur in these channels.
A final report summarizing the results of geologic study of the

Red House Cliffs d4%ea is in preparation.

White Canyon area, Utah, quadrangle mapping project, by A. F. Trites, Jr.

The White Canyon area is on the west flank of the Monument upwarp
in the west central part of San Juan County, Utah. .During this report
period the geology of about 100 square miles in Red Canyon and 100 square
miles in White Canyon were mapped on a scale of 1=h8,000. Detailed geologic
studies were continued at the Jomac claim. A drilling project based on
recommendations made by personnel of the White Canyon area mapping project
was begun on Deer Flat; the preliminary results of this expl&ration projéct
are reported separately in the section on Colorado Plateau Exploration.

Geologic studies in the White Canyon area during the 1953 field
season indicate that much of Red Canyon is unfavorable for the occurrence of
significant deposits of uranium in the Shinarump conglomerate. This con-

glomerate is present in most of the middle part of Red Canyon and is locally



as thick as 40 feet; it is either missing or extremely thin in the lower
part of Red Cenyon.

About 15 Shinarump-filled chanpels in the Moenkopi formation are
present in the ares and range from 40 to‘6OO feet wide and from 4 to 25 feet
deep. Abnormel radioactivity was found in many of these channels, but
uranium-bearing rock containing more than 6.10 percent U308 was found in
only one channel. The urenium occurs in carbonaceous sandstomes in the lower
part of this channel, associated with secondary copper minerals and miﬂor
sulfide(ﬁinerals. Abnormal radioasctivity was also found in carbonaceous
sandstone lenses and in coal seams in the lower member of the Chinle forma- -
tion, but these deposits are believed to be small and of low grade.

Detailed studies at the Jomac mine show that the uranium is con-
centrated in pleces of coal in a basal sandstone bed of the Shinarump con-
glomerate. The coal accumulated in basin-like depressions that have been cut
in siltstone beds of the Moenkopi formation end Shinarump conglomerate, and
filled by silty sandstone of the Shinarump conglomerate. The uranium occurs
in torbernite, autunite, and possibly as an orgenic uraniferous compound.

The followihg reports are in preparation: "Uranium deposits at the
North Point claim, White Canyon area, San Juan County, Utah," by A. F., Trites,
Jr.; "Progress report on geologic étudies in the White Canyon area, San Juan
County, Utah, 1953," by A. F. Trites, Jr., T. L. Finnell, and R. E. Thaden;
and "Preliminary repori on Happy Jack mine, San Juan County, Utah," by A. F.

Trites, Jr. and R, T. Chew, III.
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Capitol Reef ares, Utah, quadrangle mapping project, by J. F. Smith, Jr.

Geologic mapping in the Capitol Reef area, Wayne and Garfield
Counties, Utah (fig. 1), was completed during this report period. About
550 square miles were mapped during the 1953 field season, and the Shina-
rump conglomerate was examined at all accessible exposures.

Exposed sedimentary rocks range from the Permian Coconino sandstone
to beds of a possible Lower Tertiary age and have an aggregate thickness of
more than 5,000 feet., Volcanic rocks crop-out in the western part of the
area, Structural features include the northwestward extension of the Water-
pocket Fold, the Teasdale anticline, and numerous faults.

Radiocactive rock has been found in the Moenkopi formation, the
Shinarump conglomerate, the Chinle formation, the Curtis formation, and the
Salt Wash member of the Morrison formation. Most radiocactive rock is in the
Shinarump conglomerate in a clay and sandstone layer at the base of the for-
mation where Shinarump beds have filled channels cut into the underlying
Moenkopi formation. Uranium minerals identified from the area include beta-
zippeite, metatorbernite, johannite, and pitchblende disseminated in car-
bonaceous material from the Oyler mine in the Shinarump conglomerate., Sec-
ondary copper minerals, minute grains of chalcopyrite, and pyrite, gypsum,
and in places iron and manganese stain are associated with the uranium
minerals.

Uraniferous rock in the Moenkopi formation occurs at the base of
a cross-bedded sandstone overlying a red siltstone sbout 400 feet below the
top of the formation. Although the uranium minerals from this locality have

not been identified, a one-foot channel sample contained 0.41 percent uranium.
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No uranium deposits that appear to be significant economically were
found in the Chinle formation. Abnormally radiocactive material occurs in
widely scattered fragments of silicified wood, in scarce bone fragments, and
in one sandstone lens in the southern part of the area.

The uranium deposits at the Billy's Dream claim in the Salt Wash
member of the Morrison formation are in a sandstone and conglomerate lens
near the top of the member. Carnotite occurs along cross-bedding in the
sandstone, and along cross-bedding and as pebble coatings in the conglomerate.

At the base of the Curtis formation in the northeast part of the
area carbonaceous fragments 1 to 3 inches long and about 1 inch thick show
abnormal radiocactivity and associated copper stains. These spots are
scattered and appear to have no economic significance at present.

- During this period a report on a special phase of work in the
Capitol Reef area was prepared for transmittal as TEM-643, "Preliminary
geochemical studies in the Capitol Reef area, Wayne County, Utah," by Lyman
C. Huff,

Studies during the next report period will be aimed at the prepara-
tion of a final report. About two man-months will be spent in the field
during the late spring of 1954 to check results of the winter work and to

examine any new claims or developments in the area.

Elk Ridge area, Utah, quadrangle mapping project, by R. Q. ILewis, Sr.

The Elk Ridge area is on the crest of the Monument upwarp in the
central part of San Juan County, Utah. About 150 linear miles of the Shina-
rump-Moenkopi contact and of the Chinle-Moenkopi contact where the Shinarump
is missing were examined during this report period. The geology of two 7%—

minute quadrangles, covering about 120 square miles, was mapped.
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Exposed sedimentary rocks range from the Rico formation of Permisn
age to the Morrison formation of Jursssic age and have an aggregate thickness
of more than 5,000 feet.

The known uranium deposits are confined to rocks of Triassic age.
Most of the deposits are in the Shinarump conglomerate which crops out as
discontinuous lenses at the base of the Chinle formation. Two deposits in
other formations were examined. Uranium ore at the East Woodenshoe claim
in Woodenshoe Canyon is in a sandstone lens about 2 feet thick in the lover
part of the Chinle formation, about 30 feet above the Shinarump conglomerate.
At the Notch No. 5 claim on the south side of Notch Canyon uranium ore is in
the Moenkopi formation about 40 feet below the Shinarump conglomerate. These
deposits are significant under present economic conditions and indicate the
possibility of finding additional ore in the Moenkopi and Chinle formations
in the Elk Ridge area.

Two reports giving results of work to date are in preparation.
TEM-T13 discusses the geology of Burch Canyon, which appears to be a favorable
locality for exploration for uranium deposits. TEM-T1llk, a vrogress report,
discusses the preliminary results of geologic study in the Elk Ridge ares,

Utah. Field work will be resumed in June 195k,

Sen Rafael Swell area, Utah, strip mapping project, by R. C. Robeck

Strip mapping of the ore-bearing Shinarump (?) conglomerate and
associated formations began in the San Rafael Swell, Emery County, Utah
(fig. 1), in July 1953. About 40 linear miles, or about 10 percent, of the
Shinarump (?) conglomerate outcrop were mapped. Reconnaissance studies were
made around the remainder of the Swell. Mines, near Temple Mountain, at

AEC calyx holes Nos. 4, 5, 6, 8, and 9, and Rex mine No. 1 were mapped at a
scale of 1 inch equals 50 feet.
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The Shinarump (?) conglomerate ranges from 30 to 175 feet in thick-
ness and consists of interfingering lenticular beds of conglomerate, sand-
stone, and mudstone. Fragments of charred and silicified wood are scattered
irregularly through the sediments. The Shinarump conglomerate as previously
defined in the Swell may not correlate with the Shinarump conglomerate of the
type area. The Shinarump (?) is the principal host rock of minable uranium
deposits, although the Wingate sandstone and Moenkopl formation also contain
uranium minerals at Temple Mountain. .

The principal producing area is at Temple Mountain where the uranium
ore is in the basal one-third of the Shinarump (?). The ore, tentatively
identified as the black uranium mineral coffinite, appears to be in associa-
tion with asphalt-like material; away from Temple Mountain ore is less
commonly associated with the asphaltic material and secondary copper minerals
and carbonaceous matter are important either as locellzing agents or associl-
ates with the uranium minerals.

Geologic associations that may serve as guides to ore include ab-
normally high radiocactivity, observable uranium and vanadium minerals (Rex
mines), asphaltic material (Temple Mtn.), carbonized wood, thickening of the
basal sandstone lens of the Shinarump conglomerate (?), secondary copper
minerals (Green Vein Mesa), fracturing (Rex mines), and bleaching of rocks
by possible hydrothermal solutions (Temple Mtn.). Studies to date indicate
that the uranium minerals have gone through one or more periods of re-

deposition and that the origin of the ores is complex,

Comb Ridge area, Utah, guadrangle mapping project, by J. D. Sears

During this report period the Geological Survey completed a geo-

logic mapping project along Comb Ridge, San Juan County, Utah, under the
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. direction of J. D. Sears and financed entirely by Geological Survey funds.
The main purpose of the project was to train younger Survey geologists in
mapping techniques. Two 7%-minute quadrangles along Comb Ridge completed
the mapping of Triassic rocks north of the San Juan River and south of the
Elk Ridge, Utah, maﬁping project. Reports for the TE series will be pre-
pared by the Comb Ridge project and will afford an appraisal of uranium

possibilities on the east margin of the Monument Valley upwarp.
Photogeologic mapping

The photogeologic mepping program i1s designed to provide regional
geologic maps of specified areas in Utah and Arizona to serve the needs of
the Atomic Energy Coﬁmission end the public until more detailed ground
surveys can be made, *

Since the beginning of the photogeology project in the winter
of 1951-52, approximately 11,940 square miles of photogeologic mapping
has been completed or is in the latter gtages of production. The areas
completed, in production, or scheduled are shown on the map (fig. 2).

In addition to normal photogeolog}c mapping program, special
photogeologic ~ maps and studies (e.g. isopachous maps) of certain areas
designated by the Grand Junction office of the United States Geological
Survey are being prepared.

Continuing efforts to increase the accuracy of the photogeologic
maps produced for this program are being made by greater use of stereo

plotting equipment and techniques.
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Stratigraphic studies
by G. A, Williams

Morrison formation

Field studies of the Morrison formation have been completed except
for spot checking of critical areas. Sedimentary petrology studies, con-
tinued through this report period, are near completion. Reports presenting
results of studies of sedimentary structures, pebbles, and sedimentary
petrology are in preparation. Three TE reports, "Lithofacies of the Salt
Wash member of the Morrison formation," by T. E. Mullens and V. L. Freeman;
"Testing of graphical methods of grain size analysis of sandstone and silt-
stone," by R. A. Cadigan; and "A method of making a quantitative estimate of
silicified tuff in sandstone through the use of benzidine,” by R. A. Cadigan,
will be transmitted in the next report period. A comprehengive report
sumarizing the results of stratigraphic studies of the Morrison formation
is in preparation.

Work on the Morrison formation during the report period has been
confined mostly to the grain-size analysis of samples from a test hole drilled
in connection with the original-state core study. Textural properties of 21
samples selected from above, within, and below a mineralized horizon were
correlated mathematically with each other and with the measured dry air
permeability. Study and evaluation of the correlations yield general con-
clusions regarding textural relationships including the effect of some prop-
erties of sandstones and siltstones on air permeability and on the deposition
of calcite and similarly soluble ore minerals.

Dry air permeability in sandstone and siltstone is closely related

to the properties of the grain size distribution and the amount of cement.
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Specifically, average grain size and peakedness of the distribution curve
(kurtosis) are of primary importance; symmetry of the distribution (skewness)
is of secondary importance (negative skewness favors permeability), and .
sorting as measured by the phi standard deviation is of minér importance --
poor sorting tends to decrease permeability.

Calcite cement and other acid and water soldble,minerals, including
some ore minerals, are more often found in greater quantities in poorly
sorted sediments with an excess of fine materials than in well-sorted sedi-
ments with symmetrical grain-size distribution or in poorly sorted sediments
with an excess of coasrse particles.

The results of the mathematical tests favor the possibility that
a simple formula may be derived for translating the thousand grain-size

analyses on hand into estimated permeability data.’

Triassic and related formations

Field work on the stratigraphy of the Triassic and related forma-
tions during this report period was centered in southeastern Utah, but small
amounts of work were done in south-central and east-central Utah and north-
eastern Arizona.

The lithology of the Permian Cutler formation changes abruptly in
east-central Utah. Between the Dirty Devil River and the Green River the
Cutler is dominantly composed of clean light-colored sandstone and 1s probably
a wind-laid deposit. Between the Green River and the Colorado River, the
Cutler is dominantly composed of reddish siltstone and fine- to medium-
grained arkose and is probably a stream-laid deposit. East of Moab, Utaﬁ,
the Cutler is dominantly composed of coarse-grained conglomeratic arkose and

is probably a stream-laid deposit.
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The Hoskinnini tongue of the Cutler formation is an exceptionally
consistent marker unit among other highly variable units. The distinctive
lithology of the Hoskinnini may be traced from Monument Valley, Utah, to the
Utah-Colorado line east of Moab; it pinches out abruptly on the west along
a northerly trending line through the middle of White Canyon and through a
point about 20 miles upstream from the mouth of the Green River. The eastern
limits of the Hoskinnini are not known.

The Lower Triassic Moenkopi formation thins eastward from the San
Rafael Swell and Capitol Reef areas. The Sinbad limestone member of the
Moenkopi, which is well-developed in the San Rafael Swell and Capitol Reef,
thins eastward and is represented by several thin, possibly discontinuous,
limestone beds in the area between the Dirty Devil and Green Rivers. The
Moenkopli is composed dominantly of siltstone or very fine-grained sandstone
that probably was deposited in or bordering a sea that spread eastward across
Utah.

The Upper Triassic Shinarump conglomeraste of Monument Valley, Utah-
Ariz., is not the same as the so-called Shinarump conglomerate of east-central
Utah. In Monument Valley, the Shinarump conglomerate is a ﬁell-developed
coarse-grained sandstone that probably correlates with the Shinarump of the
type locality near Kenpeb, Utah; in the White Canyon area the Shinarump thins
and pinches out irregularly. Along the Dirty Devil River and between the
Dirty Devil and Green Rivers, the so-called Shinarump unit is composed of
fine- to very fine-grained sandstone and siltstone and correlates with part
of the "D" member o} the Chinle formation; this unit thins and pinches out
northward. Between the Green and Colorado Rivers the so-called Shinarump

unit is composed of fine- to medium-grained sandstone; it is the uppermost
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sandstone unit of the "D" member of the Chinle formation, and is provisionally
named the Mossback sandstone; this unit thins and pinches out north of Moab,
Utah. |

The Mossback sandstone can be traced southward from near Moab to
the White Canyon area where the unit forms comspicucus outcrops about 200
feet above the Shinarump conglomerste. The so-called Shinarump conglomerate
of the San Rafael Swell is probably the Mossback sandstone.

The Shinarump conglomerate is a coarse-grained, commonly conglomer-
atic sandstone whereas the Mossback is a fine- to medium-grained, commonly
conglomeratic, sandstone. The pebbles in the Shinarump are predominantly
light-colored quartz, chert, and quartzite, whereas the pebbles in thé Moss-
back are predominantly limestone and siltstone with sbundent dark-colored
quartzite and common quartz and chert.

The Shiparump contains medium-scale trough cross-stratification,
whereas the Mossback, in addition to medium—scale trough cross-stratification,
commonly contains horizontal and ripple stratification. BStudies of cross-
strata in the Shinarump suggest that in general the streams flowed north-
west; studles of cross-strata in the Mossback suggest that in general the
streams flowed west-northwest. These ‘differences suggest separate source
areas for the Shinarump and the Mossback.

The Upper Triassic Chinle formation is divided into several mem-
bers and units, some of which are local, whereas others are found throughout
northern Arizona and southern Utah., The Chinle is composed dominantly of
mudstone and arkosic sandstone. The Chinle is probabiy mostly a stream and
flood-plain deposit that had several source areas of which southern Arizona

and New Mexico seem to be the most importent.
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The uranium deposits that were once thought to occur in a single
unit, the Shinarump conglomerate, are now known to occur in three different
upits. In Monument Valley, White Canyon, Circle Cliffs, and Capitol Reef
the deposits occur in the Shinarump conglomerate. In the area between
Dirty Devil and Green Rivers and southern part of the San Rafael Swell they
occur in sandstone of the "D" member below the Mossback sandstone. In the
northern part of the San Rafael Swell, in the area between the Green and
Colorado Rivers, and possibly in Big Indian Wash the deposits occur in the
Mossback sandstone.

The deposits in each of the three Upper Trilassic units occur dom-
inantly in an interval immediately above to 50 feet above the top of the
Moenkopi formation. Deposits in the Moesback sandstone have been found
only where the Mossback lies within 50 feet of the top of the Moenkopi
formation.

In each of the three units the deposits occur in broad northwestf.
southeast trending belts near the northern limit of the unit. Possibly
these belts are related to permeability traps in areas where the units are
discontinuous.

The uranium deposits in the Cutler formation apparently occur only
in the arkosic sandstone facies. The search for deposits in the Cutler thus
probably can be concentrated on this arkosic facies which is confined to
extreme east-central Utah and west-central and south-central Colorado.

Ground-water studies
by D. A. Jobin
In the previous report period work began on the problem of deter-

mining the horizontal and vertical transmissivity relationships of the
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exposed sedimentary rocks of the Colorado Plateau. These rocks were

sampled in eight areas: Grand Junction, Colo.; Uravan, Colo.; McElmo Canyon,
Cole.; Monument Valley-Black Mesa, Ariz.; Comb Ridge, Utah; Circle Cliffs,
Utah; San Rafael Swell, Utah; and the Moab area, Utsh. |

Laboratory work during the period, although largely taken up by
assembling and testing new equipment and standardizing procedures, included
also determining the variations in permeability in one area, Grand Junction,
Colo. Grain-size analysis of the same samples is also nearing completion.

An evaluation of the effect of the present system of fractures on
the transmissivity of the Salt Wash member of the Morrison formetion has been
accomplished by use of the water consumption data from the drilling records
of four representative drilling projects: the Yellow Cat area, Grand County,
Utah; Outlaw Mesa, Mesa County, Colo.; Atkinson Mesa, Montrose County, Colo,;
and the Spud Patch area, San Miguel County, Colo. By computing the mean
transmissive rates for unfractured rock for each area and comparing this value
to the value determined by using all the data, & semi-quantitative es?imate
of the minimum increase in transmissivity due to fractures was obtained. In
the areas studied the average transmissivity of the rocks has apparently been
increased from three to five times by the presence of fractures. Maps were
prepared contouring the total transmissivity of representative bore holes
for these same areas. Preliminary results suggest that there may be a possible
correlation of the highly fractured, i.e. highly transmissi&e, areas with
known ore deposits,

Plans for the regionél transmissivity project for the next report
period include completing the laboratory measurements on the samples already

collected, and summerizing the data 1n a preliminary report.



Geobotanical studies

Geobotanical research, by H. L. Cannon

-Geobotanical research during.the report périod was largely directed
toward an experimental investigation of indicator and absorber plants in
relation to uranium and other elements in the environment of an ore deposit.
An experimental desert garden was established in Santa Fe County, N. Mex., )
under conditions of soil, temperature, and moisture typical of the Colorado
Plateau. Selected desert plants were planted in plots containing excess

amounts of several basic nutrient elements in combination with carnotite.

The pattern of plot arrangement is shown:
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Ten species of plants germinated with great variation in these plots; five
were grown to maturity and five perennials acquired first year growth. Six
additional species were added in a fall planting. Growth habits were studied
at weekly intervals, and variations were recorded. A marked increase in
germination, growth, and time of flowering was observed in certain species

grown in carnotite plots. Stanleya and Cleome, however, were inhibited by

additions of carnotite although very tolerant of high selenium and sulfur
soils. Grindelia was found to be highly tolerant of carnotite soils, and
will even germinate and grow rapidly in soils containing one-half pure
carnotite. The amounts of uranium absorbed by these plants will be of

interest.



A cooperative program of chemical research on the plot soils and
plant samples grown in the plots is planned and is expected to answer the
following questions:

In what form are uranium and vanadium absorbed by plénts?

How and where are uranium and vanadium stored in the’plant?

What is the relation of the uranium and vanadium content to the
dry weight and ash figures in sbsorbed plants versus indicator plants?

What controls the distribution of plants known to act as indicators
of carnotite ores?

An initial number of analyses will be ruﬁ this winter, The experi-
ments are planned to extend over a 2-3 year period in order to bring to
maturity perennial plants and shrubs known to be useful in geobotanical
prospecting. |

Black and white photographs of indicator plants were taken during
the 1953 field season to be used as illustrations in & handbook for geo-

botanical prospecting. Compilation of the descriptive data is continuing.

Geobotanical prospecting

The absorber plant method of geobotanical prospecting, by A. J.

Froelich

The absorber plant method of geobotanical prospecting utilizes
uranium-assay information based on the absorption and accumulation of
anomalous amounts of uranium by deep-rooted trees growing above shallow con-
cealed ore deposits. During the current report period the absorﬁer plant
method was used to prospect more than 40 miles of Shinarump congiomerate rim
at Deer Flat and Elk Ridge in San Juan Coﬁnty, Utah. Branch tip samples of

Utah Jjuniper and other evergreens were collected at 200-foot intervals where
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the Shinarump is well exposed; where covered, éamples were taken at 50-foot
intervals, Data for comparison and control were obtained by tree and associ-
ated rock sampling in areas known to be mineralized. Eight species of ever-
green trees and shrubs were sampled at Elk Ridge in order to provide back-
ground date on which to base a large-scale absorber plant prospecting project
in 1954,
' The results of 1,700 analyses have been received. Areas believed
favorable for uranium deposits on geobotanical information coincide with all
major known deposits at Deer Flat, and more than 15 concealed or previously
unknown favorable rim areas are indicated by other gecobotanical anomalies.
Physical exploration by the Geological Survey is expected to investigate the
most promising of these areas. '

Preliminary reports will be transmitted during the next report
period. A final report evaluating the usefulness of the geobotanical pros-
pecting at Deer Flat must await the results of drilling of the favorable
areas indicated by absorber plant anomalies.

The applicability of geobotanical prospecting by plant analysis
was tested in the San Rafael Swell, Emery County, Utah, in conjunction with
indicator plant studies. Fifty-two branc%itip samples were collected from
Juniper trees growing on the Shinarump conglomerate benches, The analyses
of these samples have not yet been received. If mineralized rock can be
detected through as much as 100 feet of Shinarump conglomerate, then larger
areas in the San Rafael Swell would be amenable to the absorber plant method
of prospecting.

The Grants district, McKinley and Valencia Cpunties, N. Mex., was

visited in early September to evaluate the results of the 1952 absorber
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plant sampling when compared to later physical exploration. The small
amount of recent exploratory work on the Todilto limestone for the most
ﬁart supported the predictions of favorable ground indicated by geobotanical
prospecting. AEC drilling which began in August should permit evaluation
of many of the plant anomalies and the final report on the Grants area will
be deferred until the final results of the drilling are available.

Apalytical work on geobotanical samples collected on ILa Ventana
Mesa, Sandoval County, N. Mex., showed the variations in uranium content of
trees growing on a 65-foot sandstone capping that overlies the uranium-
bearing coal. These variations have been contoured to show areas favorable
for relatively high uranium content in the underlying coal. A report is in
preparation which includes results of the study and recommendations pertinent
to physical exploration of the mesa.

A program of geobotanical prospecting was combined with soil studies
at Guadalupita, Mora County, N. Mex. Several hundred samples were collected

and are being analyzed for metal content.

The indicator plant method of geobotanical prospecting, by

P, F. Narten

The indicator method of geobotanical ‘prospecting utilizes the
tolerance or need of certain plants for relatively high concentrations of
specific elements. In the Coloradc Plateau selenium and sulfur are commonly
associated with uranium ores of the Morrison formation, and characteristic
selenium- or sulfur-requiring flora have been used as a gulde to uranium de-
posits. The distribution of indicator plants around uranium deposits in the

Shinarump conglameréte was studied in the San Rafael Swell, Emery County,
Utah, during July and August 1953. Work was begun in the vicinity of the
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selenium-bearing ores of Temple Mountain in the southeast rim of the Swell.

In this area over 12 miles of Shinarump outcrop and enclosing formations

were systematically examined. Similar examinations were extended to include
almost all mineralized Shinarump outcrops within the inner periphery of the
Swell, as well as the associated non-mineralized Shinarump, Moenkopi, and
Chinle formations, and a few Jurassic and Quaternary deposits., The examina-
tions consisted of mapping all indicator plants in selected areas at intervals
of approximately 6 miles or less; for most areas a complete list of the flora
on each formation was prepared.

Preliminary analysis of the data suggests that the use of indicator
plants in the San Rafael Swell would be best suited to the selenium-rich
rocks of the Temple Mountain-Shinarump Mesa area. Outside of that aresa
uranium-mineralized rocks are rarely défined by indicator plants on the
Shinarump benches., Pending receipt and appraisal of sample analyses and a
more complete study of the gedbotgnical significance of 125 plant species on
which data were accumulated, the use of indicator plants in the San Rafael
Swell remains possible, although at present the results are not encouraging.

Reconnaissance examination of the uranium deposits in the Salt
Wash member of the Morrison formation near Trachyte Ranch on the east side
of the Henry Mountains, Garfield County, Utah, has shown that Astragalus sp.
might be useful in delimiting favorable ground although the individual
uranium deposits in this area appear small. Reports from local prospectors
indicate that they have used the Astragalus plants effectively in prospecting.

At Poison Canyon in the Grants mining district, McKinley County,

N. Mex., Astragalus pattersoni on the Morrison sandstone clearly.defined

later discoveries of two large ore bodies and check well with radiocactivity
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anomalies discovered by the AEC. Drilling planned by the AEC in this area
will be based in part on plant distribution.

A TEM report summarizing the results of the study of indicator
plants on Carpenter Ridge and at the Jo Dandy group, Montrose County, Colo.,

is in preparation.

Resource appraisal

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

Compilation of maps showing known uranium deposits and favorable
ground within the Salt Wash member of the Morrison formationbis in progress.
Maps covering the Gateway, Uravan, Paradox, Gypsum Valley, Bull Canyon, and
Slick Rock districts are partially complete and can be examined at the
Grand Junction office of the Geological Survey. The distribution pattern
of the deposits will be analyzed to determine trends of ore concentration
and to relate the pattern to such factors as geologic structures, erosion
surfaces, and inferred ground-water surfaces.

Much information must still be compiled and studied to érovide 21
basis for valid statistical and geologic conclﬁsions but a progress report
(TEM-632, in preparation) shows the methods and scope of the work and
summarizes the preliminary study of the Gateway and Uravan mining districts.
Based on incomplete data this preliminary study indicates that nearly 4 per-
cent of the ground tested in the Uravan mining district is underlain by
uranium deposits and nearly 30 percent of the ground is favorable. Less
than 1 percent of the ground tested in the CGateway mining district is under-
lain by deposits and slightly less than 10 percent of the ground is favorable.

The "average" size of the deposits is about three times larger in the Uravan



district than in the Gateway district, and there is a greater proportion of
larger deposits in the Uravan district. The data in these and the other
districts will be compiled and analyzed further and reports prepared im such
units as may yield significant relationships. The supplementary study of
the regional distribution of uranium and vanadium grades, which was planned

to begin during this report period, was postponed.

Reconnaissance resource appraisal, by W. I. Finch

Progress of the reconnaissance resource appraisal has been.
summarized in TEI-328, and a more detailed and comprehensive report is in
preparation. A report on the geology of the Shinarump No. 1 mine, Seven-

Mile Canyon area, Grand County, Utah (TEI-287) is being processed for trans-
mittal to the AEC.

The Upper Triassic Shinasrump conglomerate consists mainly of light-
colored sandstone and conglomerate in even-bedded layers and filling shallow
and deep stream channels at the base of the Upper Triassic Chinle formation.

As shown by the stratigraphic studies, the sandstone and conglomerate at the
base of the Chinle is not everywhere the same unit although it has consistently
been referred to as the Shinarump conglomerate.

Uranium deposits occur in the lower third, and more commonly in the
basal few feet, of the Shinarump. The uranium deposits are commonly associated
with the following features that may serve as guides to ore: 1) channels
and lenses along the margins of the Shinarump deposition; 2) clay and mud-
stone; 3) carbonaceous material; U4) mudstone alteration; 5) iron stains; and

6) sulfide minerals.
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Three belts of ground favorable for better than average uranium
deposits have been outlined. In Monument Valley, Utah and Ariz., significant
deposits lie in an arcuate belt about 8 miles wide and 40 miles long. In
Monument Valley, the Shinarump conglomerate conBists of deep channels in an
irregular zone whose northern limit trends northwestward into the Circle
Cliffs area, Utah. Significant deposits occur near the bottom of deep
channels that appear to form a channel system along and parallel to the
northern margin of Shinarump deposition, In the area between Monument
Valley and White Canyon, the Shinarump is absent for the most part and,
where preseht, does not contain any known deposits. To the north in the
White Canyon, Utah, and Capitol Reef, Utah, areas the Shinarump is dis-
continuous; where present, it mostly fills shallow channels and is absent
between these channels, The majority of the significant deposits lies in a
favorable belt from 2 to 8 miles wide and about 30 miles long in the eastern
part of White Canyon., These significant deposits occur near the bottom of
shallow channels that appear to form a channel éystem along and parallel to
the margin of the Shinarump deposition. North of White Canyon the Shina-
rump consists of an even-bedded sandstone. This even-bedded Shinarump
pinches out along an east-west line north of the Jjunction of the Green and
Colorado Rivers. Channels zre srarse in the even-bedded sandstone except
along the northérn edge where channels are common., These channels appear
to form a channel system that may extend eastward to the Big Indian Wash
area and westward into the San Rafael Swell. A belt of favorable ground,
gbout 10 miles wide and 100 miles long, is formed by the alignment of
significant deposits and geologically favorable ground in the southern half

of the San Rafael Swell, the area north of the junction of the Green and



Colorado Rivers, and the Big Indian Wash area. The boundaries of this belt
are formed in part by the channel system along the margin of Shinarump
deposition.

In the course of the study, the radioactivity of modern stream
gravels was measured and studied by R. T. Chew, III. Anomalously high radio-
activity in the detritus transported by present streams is a useful pros-
pecting aid under certain conditions, and such signs of deposits can be

picked up as much as one mile downstream.

Minersalogic studies

General mineralogic studies, by T. Botinelly, A. D, Weeks, and D, H. Johnson

Samples for mineralogic and petrographic study were collected from
the Edgemont area in South Dakota, the Pumpkin Buttes area in Wyoming, and
the Colorado Plateau. The ores of the Edgemont area contain tyuyamunite,
rauvite, hewettite, corvusite, barite, and native selenium; this mineral
association 1s similar to that found in the oxidized vanadiferous ores of the
Colorado Plateau. Minerals identified from the Pumpkin Buttes area include
tyuyamunite, carnotite, uranophane, liebigite, and bayleyite.

TEI-334, "Identification and occurrence of uranium and vanadium
minerals on the Colorado Plateau," by A. D. Weeks and M. E. Thompson and
transmitted in August 1953, contains physical properties, X-ray data, and
some results of chemical and spectrographic analyses of 24 urzpium and 17
vanadium minerals of the Colorado Plateau. Data are presented on the types
of ore, and the mineral associations and distribution of the types.

The ore is classified on the basis of whether the uranium is associ-

ated with vanadium or with copper and other metals; each type is subdivided
into highly oxidized or unoxidized types.
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The oxidized uranium-vanadium ore is characterized by thewpresence
of carnotite or tyuyamunite. Other secondary uranium minerals may be present
in small amount. The most abundant vanadium minerals are vanedium hydromica,
roscoelite, and corvusite. Accessory vanadium fhinerals are secondary quin-
quivalent veanadium minerals such as hewettite, pascoite, and rossite. This
type of ore is found in the Uravan mineral belt of southwestern Colorado;
the Temple Mountain area, Emery County, Utah; and in Monument Valley, Utah
and Ariz.

The unoxidized uranium-vanadium ore is characterized by its black
color and the presence of primary uranium minerals, pitchblende and
"coffinite" (a new uranium mineral to be described). The vanadium minerals
ere montroseite and other trivalent and quadrivalent vanadium oxides., This
type of ore is usually found in the deeper ore bodies, as in the Long Park
area, Mbntrose.County, Colo., or where an ore body has been exposed recently
ﬁy erosion as in Lumsden Canyon, Mesa County, Colo., or la Sal Creek,
Montrose County, Colo., and San Juan County, Utah.

The oxidized non-vanadiferous ore contains a wide variety of
secondary uranium minerals, such as hydrated sulfates, oxides, carbonates,
and phosphates. No one mineral predominates., Copper is the chief associated
metal and occurs as secondary minerals such as malachite, szurite, and
chalcanthite,

The unoxidized non-vanadiferous ore contains pitchblende and
probably coffinite. Where this type of ore is best developed (Happy Jack
mine, San Juan County, Utah) the uranium minerals are associated with copper

sulfides such as chalcopyrite, chalcocite ,» bornite, and other sulfides.



This type of ore is found in the White Canyon mining district and at
scattered localities in the Green River, San Rafael Swell, and Henry
Mountains districts.

Any of the unoxidized types of ore may grade into the oxidized
types or may be found as unoxidized remnants in an oxidized ore body.

In the Colorado Plateau new localities were found for andersonite’
and fervanite. New minerals found include & hydrated sodium vanadate
(N62003V20503H20) and a potassium uranyl arsenate belonging to the torbernite
group. Hewettite and metahewettite which were originally described as having
the same formula with nine molecules of water are being restudied after dis-
covery that the fully hydrated form readily loses six molecules of water.

The original definition of metahewettite is not clear and none of the present
specimens have indices of refraction similar to those given for metahewettite,
Some fully hydrated material has been purified for dehydration studies.
Liebigite was synthesized to check the formula given in the literature; the
occurrence at Pumpkin Buttes suggests that liebigite is related to bayleyite.

TEI-335, "Montroseite, a new vanadium oxide from the Colorado
Plateaus,” by A. D. Weeks, E. A. Cisney, and A. M. Sherwood was transmitted
in July 1953 and is published in the American Mineralogist for November-
December 1953. Descriptions of "navajoite', & new vanadium oxide, and
"rabbittite", a new calcium magnesium uranyl cerbonate, are in preparation.

Chemical and spectrographic analyses have been completed on paired
samples of red and gray clay associated with the ore-bearing sandstone and

a report 1s in preparation on the results of these analyses,
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Study of the mineralogy of the Monument No., 2 mine, Apache Counf;,
"Ariz. was continued during the report period. Detailed maps and wall sketches
at a scale of 1 inch to 10 feet were made of important parts of the mine., A
grayish-blue efflorescent mineral was identified as ilsemannite; this is the
first molybdenum mineral found in this mine. A punch-card system for use in
mineral identification based on X-ray diffraction, chemical, physical, and
optical datae is being developed. A progress report summariging the results

is in preparation and is planned for transmittal in the next report period.

Distribution of elements project, by W. L. Newman

The distribution of elements project is divided into three phases:
(1) distribution of elements in bedded ore deposits, (2) distribution of
elements in sedimentary rocks, and (3) distribution of elements in igneous
rocks, About 1,000 samples of rocks and ores have been submitted for analysis.
Analyses have been completed on most of this group; compilation and study of
the chemical data is in progress.

A TE report, "A statistical analysis of an ore body in the Legin
Group area, San Miguel County, Colorado," by A. T. Miesch ané E. M, Shoemaker
(in preparation) summarizes preliminary.resnlts of a study of the distribution
of uranium and vanadium oxides and calcium carbonate in a single ore body.
Statistical parameters of the assays show that these compounds have definite
distribution patterns in the ore body. Uranium oxides and vanadium oxides do
not occur with large percentages of calcium carbonate; the correlation co-
efficients between the uranium-vanadium‘and calcium carbonate in this ore body
are,.in each instance, negative. The study hes developed a method for deter-
mining the standard deviation of grade throughout an ore body; similar methods

of statistical analysis should be of use to all geologists concerned with

reserve appraisals.
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Preliminary results of the study of the distribution of elements
in sedimentary rocks and bedded ore deposits suggest that uranium deposits
are surrounded by "halos" of heavy métals which may be used as guides to ore.
These metals can be rapidly detected by recently developed colorimetric
analyses. The distribution of heavy metals will be studied further in areas
of known ore deposits and in areas away from known ore deposits in order to
test the applicability of geochemical prospecting methods.

TE reports, "Reconnaissance geology of the Ute Mountains, Colorado,”
by E. M. Shoemaker and W. L. Newman (in preparation), and "Lamprophyre in-
trusions and associated uranium deposits of the Navajo-Hopi Indian Reserva-
tion," by E. M. Shoemsker (in preparation) summarize some of the preliminary
results of studies of distribution of elements in igneous rocks. Geologic
evidence suggests that uranium deposits near the Ute Mountains and in the
diatremes are closely associated with igneous activity and may be of hydro-
thermal origin. The studies suggest that many of the same minor elements that
are found associated with uranium deposits tend to be concentrated in ferro-
magnesian minerals which crystallized early in the differentiation process,

It is hypothesized that acidic solutions relatively rich in radiocactive metsals
were concentrated during the course of differentiation; that these solutioms
hydrated the ferro-magnesian minerals and thereby released some of the minor
metals, including vanadium, and carried the metals out of the igneous bodies
during the final stages of consolidation of the magma.

During the next report period compilation of data and preparation
of a preliminary report will be continued. The preliminary report will

summarize the results of all aspects of the distribution of elements project.
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Cenozoic studies -

The Cenozoic studies have been recessed during this report period,
except for the editing and processing of a comprehensive report which summd#izes
vwhat is known concerning the Cenozoic history of the Colorado Plateau. Al-
though the project has been recessed, contributions to the knowledge of the
details of the Cenozoic history have been made by the regional mapping projects.

Geophysical district studies
by R. A, Black

Field work on the district studies project began in April 1953 and,
with the exception of .the electric logging program, was recessed in Novenber
1953. Electrical resistivity, seismic refraction, magnetic and self-potential
surveys, and experimental surface-inhole electrical studies were made during
the 1953 field season. Electric logging of drill holés is being done in con-
nection with an exploration program to test directly the geologic utility of
the method in guiding exploration.

Self-potential and electrical resistivity surveys have been com-
pleted in the Deer Flat area, San Juan County, Utéh. The association of sul-
fide minerals with the uranium ore in the Hideout mine in this area suggested
the use of self-potential methods of tracing the ore-bearing channel in the
vicinity of the mine. Measurements were made on a bench behind the mine, but
no correlation existed between the small anomalies obtained and the ore-bearing
channel, Electrical resistivity horizontal and depth profiling techniques were
used in Deer Flat to locate faults or fractures, which might be associated with

the ore deposits, and to locate channel trends. "A preliminary report on
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geophysical investigations of the Deer Flat area, White Canyon district, San
Juan County, Utah," by W. H. Jackson (in preparation) summarizes the results
of this study.

A geophysical survey, employing magnetic, self-potential, and
electrical resistivity horizontal profiling methods, was made near Grants,
N. Mex. (1) to determine the cause of a magnetic low previcusly discovered in
this area with the airborne magnetometer, (2) to attempt to trace under alluvial
cover several major faults which might affect exploration drilling in the area,
(3) to attempt to detect shallow ore concentrations where associated with
hematite, and (4) to investigate a series of linear gecbotanical anomalies in
the area. The magnetic measurements showed that the magnetic low was an edge
effect of a nearby lava sheet, but no magnetic anomalies were obtained over
the shallow ore bodies or the gecbotanical ancmalies, and the faults could
not be traced magnetically. The self-potential survey showed'no anomalies
which could be correlated with the shallow ore bodies or with the faults or
the geobotanical anomalies. Preliminary examination of the electrical re-
sistivity data indicates that the horizontal profile data may delineate some of
the fault trends. A report will be prepared on the results of this work during
the winter months.

Electrical resistivity measurements were made in the vicinity of the
Monument No. 2 mine, Apache County, Ariz. to determine if the Monument No. 2
channel extends under the sand-covered Cane Valley area. An area approximately
3,000 feet by 1,000 feet was investigated. The data are being interpreted by
theoretical means, and a report on the results will be issued during the next

report periocd,
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Electrical resistivity surveys were made on Holiday and Oljato
Mesas in the Monument Valley area, San Juan County, Utah. The measurements
on both Holiday Mesa and Oljato Mesa were for the purpose of delineating the
Shinarump channel pattern on the mesas. The field data collected at Holiday
Mesa are being compiled for theoretical interpretation and a report on the
results of this work will be prepared during the winter months. The electri-
cal measureﬁents on Oljato Mesa were made in a test area roughly 1 mile by 2)
miles. Seismic refraction measurements were made in this same area. A de-
tailed comparison will be made of methods of mapping the buried contact of
the Shinarump conglomerate and the Moenkopi formation so as to delineate
channels. These data are being compiled for interpretation during the winter
months. If favorable results are obtained, recommendations for drilling in
these areas will be made, A combined report on the electrical resistivity and
seismic results will be issued prior to resumption of field activities in the
spring of 195k, |

Further tests of the ability of the seismic refraction method to map
the Shinarump-Moenkopi contact and to delineate channel trends were made on the
Hunts and Oljato Mesas in Monument Valley, Utah and Ariz. The alir shooting
method was used during these tests. The results of the tests indicated that,
with certain limiting conditions, seismic refraction surveys could be used to
map the contact of the Moenkopi formation and the Shinarump conglomerate and
to delineate channel trends.

Electrical resistivity measurements were made in the Spud Patch
area, San Miguel County, Colo., to obtain resistivity depth curves suitable
for theoretical interpretation. Electric logglng at Spud Patch in 1952

suggested that surface resistivity curves in this area should approximate a
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theoretical five layer curve, with the resistivity variations in the Salt Wash
being shown at Wenner electrode spacings between 150-400 feet. The measure-
ments made in Spud Patch will be used to test the validity of this suggesition.

An electric logging unit has been operating in Long Park, Montrose
County, Colo., in conjunction with the current Geélogical Survey drilling
project in that area. Electric logging at Spud Patch and several other lo-
calities on the Colorado Plateau during 1952 indicated that electric logs
could be used toc obtain indices of the favorability for ore within sandstones
of the Salt Wash member of the Morrison formation, as well as porosities,
permeabilities, and water salinities and saturations. The present program is
intended as an objective test of the usefulness of electric logs as explora-
tion toocls. In addition to the routine electric logging in Long Park, electric
logs of drill holes BCX-1, BCX-2, and LP-530 were obtained. These will be
used in connection with original-state core studies con cores from these drill
holes.,

A magnetic survey was completed at Temple Mountain in the San Rafael
Swell, Emery County, Utah, to determine if a buried igneous body is associated
with the altered and collapsed zone in this area. No detectable anomaly was
obtained over the altered zone at Temple Mountain itself, but a strong positive
anomaly of several hundred gammas was fourd offset to the southwest. This
anomaly is superimposed on a strong regional gradient.. Operations in this
area have been recessed pending the results of airborne magnetic measurements
to be made in this area in the spring of 1954. A preliminary report on the
results of the ground magnetic work is being prepared.

A magnetic investigation of the Round Mountain stock in Castle Valley,

Grand County, Utah, has been completed. This survey was made to determine if
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Round Mountain was connected to the La Sal Mountains by a shallow lateral
feeder. The results of the survey indicate that no shallow lateral feeder
exists, and that Round Mountain is fed vertically from a point offset slightly
to the southeast of the present igneous outcrop. Information as to the shape
of the stock was also gained from this survey. TEI-342, "A magnetic investi-
gation of the Round Mountain stock, Castle Valley, Utah,"” by R. A. Black (in
preparation) summarizes the results of this study.

Experimental surface-inhole electrical measurements were made during
this report period. Measurements were made in Salt Wash sandstone at Spud
Patch, San Miguel County, Colo., to try to delineate directional resistivity
trends from drill holes. Preliminary results indicate that directional re-
sistivity trends obtained in the Spud Patch area may correlate with favor-
ability trends in the Salt Wash in that area. Surface-inhole measurements
were also obtained in the Shinarump conglomerate at Frey Canyon, Utah, but,
although the results look promising, not enough data have been obtained to
determine that channel trends can be located definitely by these measurements.
A preliminary report on the results of these measurements is in preparation
and a final report will be prepared in the spring of 1954 after the inter-
pretation has been completed.

Present plans are to resume field operations in April 195k with an
electrical resistivity crev and a seismic refraction crew for georhysical
prospecting surveys. Specific areas to be tested will be selccted on the
basis of reports by field geologists on field work done in Morrison and
Shinarump areas during the 1953 field season., Electrical well logging will
be continued in connection with exploration projects. The electric logging

equipment may be combined with the gamma-ray logging units., Surfoce-inhole
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work will be resumed in June, possibly on an exploratory basis. Magnetic
ground surveys will be made where required to provide geologic information on
igneous intrusives and to detail small anomalous areés discovered by the
regional airborne magnetometer survey. Thermal studies will be made in the
- Temple Mountain area to determine if temperature anomalies are associated with
the altered zones in this area. Some experimental shallow reflection seismic
studies may be made in selected areas,

Regional studies

by H. R. Joesting

Regional geophysical studies of the Colorado Plateau started in ?

July, 1953. The project is concerned with obtaining and analyzing regional
magnetic, gravimetric and other geophysical gnd geological information in order
to define as completely as possible the regional structural trends, buried
intrusives, and topographic and compositional changes in the basement; and to
determine the relationship between regional geologic features and the occurrence

of uranium.

Aeromagnetic surveys

Aeromagnetic surveys of the Colorado Plateau flown during fiscal
year 1954 and earlier are shown in figure 3. Magnetic contour maps of the
Uravan area have been compiled and will be released as a Trace Elements In-
vestigations Report.

During the reporting period a total of 11,500 traverse miles were
flown, including special surveys over the Abajo, Sleeping Ute and Navajo
Mountains, and over the Boundary Butte anticline in southeast Utah. In addi-

tion, an area was flown in Arizona, south of Monument Valley, All lines,

exceplt base lines, were flown east-west and were spaced one mile apart,
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Gravity surveys

Regional gravity studies in the Colorado Plateau were initiated with
the establishment of a network of base stations; a relatively detailed survey
of the Gateway-Uravan-Egnar area of Colorado and a less detailed survey of the
area between the Green and Colorado Rivers (figs.3 and 5). A total of asbout
850 gravity stations were established, including about 70 base stations.
Approximately 630 of these stations comprise the survey in the Uravan mineral
belt area, 16 stations make up a profile from Blanding, Utah, west to Elk
Ridge, and the remainder are in the inter-river area.

A network of base stations has been esteblished as shown in figure b,

Gravity surveys are now being run in that part of the inter-river
area, between the Green and Colorado Rivers, for which topographic coverage
is available. |

Compilation of the Bouguer isocsnomaly gravity map for the Gateway-
Uravan-Egnar area is proceeding, but is slowed somewhat by the time required
to make terrain corrections. It is estimated that the map will be completed
by the end of January, 195k, Compilation will begin shortly on the map for
fhe portion of the Inter-River area surveyed,

In view of the accuracy of the survey of the Gateway-Uravan-Egnar
area it is probable that the subsequent gravity map will have a contour
interval of one milligal except in the areas where more accurate control is
available. In these areas the map will probably be contoured at an interval
of .5 milligal. It is tq be noted that an effor of 10 feet in elevation

corresponds to an error of .6 mgal. in the Bouguer snomalies.



58

Vemol /
Ya ,\ L US 40 g I l
¥ - - -
'\ p\"" = = 4 '
TRangely ' gy T L
. RIO  BLANCO § e J—J —e -
— ] N i
\J 4
!\ —_— " \, A «
{ \ .' ce Y 8 o- > °gl
IJ Ve GARFIELD e Qoo
Ve N - -___.-_.., oR EAGLE
oL
N '%% : i o,
- 4 .
VE, by

ADO
]
| ‘ . | PITK
»Castle Dale > . »‘/ A Al J
_-_i\~ k‘ s \ » J N \, qun
N .

GRAND &Rd Junction ./ I N \,
* \\ Green 4 \\Whitewater aa "\
EMERY e ] S -
/
/
1 /1
”~
l /
- I - -
( _ c,nk.wille
/7’\.,’\\ i ; ’-n‘>~
_L /S WAYNE f °
-{——— —_——
! S
" '\\ R
~o
{6 ARFIELD Hite 5 Monticeilo }
~ _._",Esculnnte /4 ‘9' '
— L \ \
. =]}
\ ) " qumg'l
—_—— — NI ¢ !
SAN JUA N\ ‘-, !
a
AN -
K A NE R o RB’“"/ IMONTE ZUMA
ol B
J e UTAH 7T O (a00
T ’ -
oL ees Ferry iAR'ZONA / -] AN BAN NEW MEXIGO )
P , A ”-‘\\ lShiprock sAztec
— i 0’:1{-:// \\ \ ‘"‘“‘--_/, °
\ ! //,— \\oy nta \‘ - ~————”
rd ' .
\ " -
cocnmo /I/NAVAJO\-‘APAQ_ J
1 7/

~- Lukcchuko. ;

!
,|,./ ,/sm JUAN | RI0O ARRIBA
)
!
;
'

\\ o Moankopu

smwumm BASE LINE LOOPED BY I-STEP METHOD
mmmmesmm BASE LINE LOOPED AT INTERVALS OVER ABOUT S0% OF ITS LENGTH
it e SELECTED BASE STATIONS WITH NUMBER

28 @  PENDULUM GRAVITY BASE STATION

FIGURE 4.--GRAVITY BASE LINES



59

Fig. 5—Colorado Plateau Regional Geophysical Studies. Gravity Coverage in the
Gateway-Uravan-Egnar Area, Colo. (See page 283.)



The direct relationship of radiocactivity with increasing spread of grain-
size distribﬁﬁion and increasing water content, and the inverse relationship
with skewness épparently holds somewhat more consistently than the inverse
relationship between permeability and radicactivity. In the more radio-
active ;ntefvals, however; the invérse relationship between radioactivity
and permeability ié very good.

Anélysis of the pore water recovered from cores indicates that;
as regards identity and relative concentration of commoner anions, ground
ﬁater éollecfed from gurface springs and mine openings are quite similar to
the pore water of the‘core samples, The water in the pore space, however,
contains much greater concentration of thé commoner anions; in fact, the
pore water is probably a saturated solution, with the high concentration
attributable to evaporation underground.

Laboratory tests of the elastic constant properties indicate
that the velocity of propagstion of sound waves in the Salt Wash member of
the Morrison formation may be greater in those localities where the minerali-
zation is poor or absent and slower where oré occurs, Because of the paucity
of éamples, this conclusion must be considered as very tentative. However,
if the Salt Wash me?ber does generally show higher velocity in poorly min-
eralized or unfavorable ground, 8 seismic survey may show a higher velocity
surface cutting across a stratigraphic horizon in the Salt Wash, rising in
the direction of unfavorable ground and descending in the direction of

favorable ground.
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Fig. 5— Colorado Plateau Regional Geophysical Studies. Gravity Coverage in the
Gateway-Uravan-Egnar Area, Colo. (See page 283.)
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Preliminary conclusions

As no systematic examination of magnetic cor gravimetric data has
yet been made, only a few tentative conclusions can be drawn,

Small, positive magnetic anomalies were observed over the lac-
colithic La Sal, Abajo, Carrizo and Sleeping Ute Mountains., These would
be anticipated from rocks of intermediate to acid composition. A small
positive anomely wes also observed over Navajo Mountain; from this it is
inferred that WNavajo Mountain is underlein by a laccolithic intrusion.

A broad, positive megnetic anomaly of relative high amplituéemb
extends south from the Abajo Mquntains to Blending. Another prominent
anomaly was found to:coincidexapproximately with part of Comb Ridge, and
still enother with the Boundary Butte anticline. There appegrs'to be no

direct and simple relation between these large magnetic features and surface

geology, and no attempt has yet been made to relate them to subsurfgce geology.

Plans
Aeromagnetic surveys of most ofy the north and vest pbrtign‘pf.ppe
Colorado Plateau {fig. 3) will be flown in fiscal éear 1955, and the re-
mainder will be flown in fiscal 1956. It is possible, however, that the
northern part of the area, including the San Rafael Swell, will be flown in
February and March,.195h, provided weather and other operating facths are
favorable, |
Compilation of aeromagnetic data equivalent to ebout 3,000 traverse
miles is scheduled for the remainder of fiscal year 1954, In addition,
arrangements have been made to compile partly the special high altitudé;sur-
veys over the Abajo, Ute, Carrizo, and Navajo Mountains in the Grand Junction

office of the Survey.
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Adequate tépographic maps of much of the\g;ateau are:either on
hand or in preparation, and plans for the regional gfavity surveys are based
on the availability of these maps, Gravity surveys of the inter-river area
between the Green and Colorado Rivers will be made during the remainder'of
Piscal year 1954 (frig. 3); and a stért will probably be maede in the Monument
Valley area in southeast Utah and northeast Arizona.

Original-state core studies
by G. E. Manger

Core samples from four drill holes have béen obtained by drilling
with oil-base mud and air as the circulating mediums, The core samples were
carefully sealed in the field to avoid loss of iﬁterstitial contents. To
date, samples of rock matrix with and without interstitial contents have

been subjected to an extensive series of physical tests, and the recovered

interstitial pore water has been subjected to chemical:tests; Significant
results obtained during the present repcrting period are described below.
Date from detailed textural analysis have been collated with de-
tailed analysis of physical properties including permeability and water con-
teht of the pore space, and with radioactivity measurements. The combined
‘informatiqn shows that radioactivity in the formatioﬁ;bears & close direct
relationship with increasing spread of the grain size distribution and with
increasiné water saturation of pore space, and a close inverse relationship
with permeability (dry air) and with departure from a symmetrical distri-
bution of grain size (skewness)., The crux of this relationship seems to lie
peither in the absolute values of the size distribution parameters nor in
the absolute values of'physical properties measurements, bﬁt in the magni-

tude of these values relative to values in immediately adjacent rocks.



- The direct rélationship of radicactivity with increasing spread of grain-
siie distribﬁtion and ingreasing water content, and the inverse relationship
with skewness #pparently holds somewhat more consistently than the inverse
, relationship'between permeability and radioactivity. In the more radio-
active intefvals, however, the invérse relationship between radiocactivity
and permeability'ié very good; |

Analysis of the pore water recovered from cores indicates that;
.as regards i@entiﬁy and relative concentration of commoner anions, ground
ﬁater éollecfed from surface springs and mine openings are quite similar to
thé pofe water of the'coré samples, The water in the pore space, however,
contains much.gxeater concentration of thé commoner anions; in fact, the
pbre water is probably a saturated solution, with the high concentration
attributable to evaporation underground.

Laboratory fests of the elastic constant properties indicate
that the velocify of propagation of sound waves in the Salt Wash member of
the Morrison formﬁtion may be greater in those localities where the minerali-
zation is poor or absent and slower where oré occurs., Because of the paucity
of éamples, this conclusion must be considered as very tentative., However,
if the Salt Wash me?ber does generally show higher velocity in poorly min-
eralized or unfavorable ground, a seismic survey may show a higher velocity
surface cutting across a stratigraphic horizon in the Salt Wash, rising in
the direction of unfavorable ground and descending in the direction of

favorable ground.
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