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INTRODUCTION

This report is a stabtement of progress during the six-months
period from June 1 to November 30, 1955 on investigations of radio-
active materials in the United States and Alaska, undertaken by the
U, S. Geological Survey under the sponsorship of the U. S. Atomiec
Energy Commission.

During the period the Geological Survey's program has been
directed to an increasing extent toward the understanding of geo-
logic conditions favorable for the concentration of uranium, rather
than the search for minable deposits as such. This shift in emphasis
is reflected in the decreased amount of exploration drilling during
the period, and the accompanying increase in geologic programs of a
long-range nature.

The program is now directed toward a comprehensive understanding
of the many factors involved in uranium geology, and the publication
of reports that will make available information on all phases of the
uranium program. Many investigations have progressed to the point
where final reports are in preparation for future publication with the
permission of the Atomic Energy Commission; for other investigations of .
a continuing nature it will be several years before final reports can
be prepared. Formal publications (as distinguished from administrative
Trace Elements Reports) published during the period include 10 Geological
Survey Bulletins or Bulletin Chapters; 116 Gedldgical Survey maps; 15
reports published in scientific journals; seven Trace Elements Reports
sent to the Technical Information Service of the Atomic Energy Commis-
sion for distribution and sale to the public; and four Trace Elements
reports placed on open file. In addition, a large number of papers by
geologists in the program were presented before scientific societies,
and the 61 papers prepared for the United Nations International Confer-
ence on the Peaceful Uses of Atomic Energy during the preceding report
period were published by the United: Nations.
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HIGHLIGHTS,
GEOLOGIC INVESTIGATIONS OF RADIOACTIVE DEPOSITS
" JUNE 1 - NOVEMBER 30, 1955

Uranium in sandstone-type deposits in the Colorado Plaleau
Geologic mapping

Geologic mapping and related office workwere conbinued during the
period in the following areas: Scuthwestern Colorado; Western San Juan
Mountains, Colorado, Ute Mountains, Cclorado; La Sal Creek, Utah-Coloradoj
Lisbon Valley, Utah-Colorado; Moab and Inter-River areas, Utah; Orange
Cliffs, Utah; San Rafael Swell, Utah; Circle Cliffs, Utah; Elk Ridge,
Utah; Abajo Mountains, Utah; East Vermillion Cliffs, Arizona; Grants,

New Mexico; and Laguna, New Mexico. The disgtremes on the Navajo and Hopi
Reservations, Arizona, were also studied during the pericd.

In the Bull Canyon district of the Southwestern Coleradc area, trace
elements studies show that lead, zinc, copper, selenium, melybdenum,
silver, tin and barium are asscciated with the uranium deposits. A
structure contour map of the district shows a possible relationship
between the distribution of uranium deposits and the tectonic structures.

In the Slick Rock district, Southwestern Colorado area, carbonate
studies suggest that a spatial relationship of carbonate and uranium ore
exists, and that this relationship may be a useful ore guide. Fracture
studies may help in interpreting the geclogic history of the district.

In the Uravan district of the Southwestern Colorado area, surface
and mine mapping in the Sharkey area, northwestern Long Park, indicates
no genetic relationship between fractures and the early ore minersls.

A1l faults that intersect ore bodies displace the ore layers. In several
places uranium and vanadium apparently have been leached from faulied
ore layers and redepcsited in fault zones and along joint surfaces.

Sedimentary rocks of the Placerville district in the Western San
Juan Mountains, Ccloradc have been warped into folds of northwest trend
that appear to be continuous with the salt anticlines of southwestern
Colorado and southeastern Utah. These rocks have been intruded by sills
and stocks of andesite and diorite probably during s single period of
intrusion, apparently during mid-Tertiary time.

Fossil and lithologic marker zones in the Mancos shale, found
during recent stratigraphic studies, may be useful in interpreting the
structure of the Ute Mountains complex.
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Deposits in the Brushy Basin member of the Morrison formation,

in the Sage Plain area, consist of uraniferous claystones about 20
feet below a lens of conglomerate and about 150 feet below the top
of the Brushy Basin member.

In the La Sal Creek arsa, Utah-Colorado, the structures mapped
reflect the interplay of tectonic forces invelved in the intrusion of
salt on the east side of the area and igneous rocks on the west. The
distribution of uranium within one and possibly three northwest-trending
belts has no apparent relation to the tectonic structures or the igneocus
rocks, but the deposits appear to have been localized by sedimentary
structures within the ore-bearing sandstone of the Salt Wash member of
the Morrison formation.

Copper and manganese deposits along the Lisbon Valley fault in the
Lisbon Valley area, Utah-Colorado, are in part localized by faulting,
but uranium deposits in a somewhat similar structural setting do nct
show a demonstrable genetic relation to faults.

In the Orange Cliffs area, Utah, uranium occurs in the so-called
Moss Back or the Monitor Butte member of the Chinle formation.close to the
Moenkopl formatidn. Copper miherals, in places associated with uranium,
ogecur at the base of the Chinle formation.

The Chinle formation in the San Rafael Swell area, Utah, has been
divided, from bottom to top, into a "mottled siltstone®” unit, the
Monitor Butte mudstone member, the soc-called Moss Back sandstone member,
and the Church Rock shale member. These units are cut by diabase dikes
and in places are breached by small elliptical collapse structures.
Uranium occurs in all stratigraphic units of the Chinle formation but
the largest mines in the area are in sandstone and conglomerate of the
so-called Moss Back member,

Field work in the Circle Cliffs area, Utah, has shown that the
larger Shinarump channels are more favorable for uranium deposition
than the smaller channels.

In the Elk Ridge area, Utah an easterly trending belt of continuous
Shinarump conglomerate swings abruptly to the northeast under South Elk
Ridge. This entire belt is believed to be favorable for uranium deposits.
Known deposits are associated with asphaltite, iron and copper sulfides,
and oxides of molybdenum.

In the Abajo Mountains area, Utah sedimentary strata ranging in
age from middle(?) Triassic to late Cretaceous have been intruded by
latite and diorite porphyry. Small deposits of copper, gold, and silver
occur along the contact between the igneous bodies and some of the sedi-
mentary units or in localized zones of quartz-filled fractures that cut
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the igneous rocks. Uranium-vanadium depﬁsits are in sandstone in the
Salt Wash member of the Morrison formation, but they show no obvious
relation to the igneous rocks.

Uranium deposits in the Grants area, New Mexico, occur in the
Todilto limestone and Morrison formation (both Jurassic) and in the
Dakota limestone (Cretaceous). The ore in the Morrison occurs in gray
sandstone whose color may be a guide to favorable ground. Ore deposits
in the Todilto are associated with small-scale folds in the limestone.
Deposits are most numerous where favorable parts of these formations
are intersected by wide northeasterly trending fault zones.

The Laguna area, New Mexico is known to contain one pre-Dakota and
two post-Dakota systems of folds. Coextensive with the pre-Dakota folds-
are concentrations of vertical sandstone pipes in the Summerville, Bluff,
and Morrison formations, and relatively intense minor folding in the
Todilto limestone. These relations may be significant, as uranium ore
occurs in one sandstone pipe and in some of the Todilto folds.

Of the two types of uranium deposits in the diatremes of the Navajo
and Hopi Reservations, Arizona, one consists of sandstone impregnated
with various copper, uranium, vanadium, and arsenic minerals; the
mineralization occurs in the sandstone walls of dikes extending out from
diatremes filled with mica-serpentine tuff. The second type consists of
limestone, claystone, and monchiquite tuff impregnated with uranium-
bearing minerals, and occurs in beds deposited within diatremes filled
chiefly with monchiquite tuff. About 35 diatremes in the area are known
to contain uraniferous material.

During the report period nineteen photogeologic maps of quadrangles
within the Colorado Plateau were completed and 44 such maps were piblished.

Stratigraphic studies -

Stratigraphic studies of Triassic formations have been conducted
in the San Juan Mountains, Colorado; the Defiance uplift and the St. Johns
area, Arizona; the Uinta Mountains, Utah; and in southwestern Utah and
southern Nevada. Between Cedar City, Utah and Las Vegas, Nevada, the
Moenkopi formation was found to be 1,800 feet thick. Six members are
recognized in Utah, but only three can be distinguished in Nevada. The
Chinle formation recognized by Longwell and Hewett in Nevada contains
correlatives of the Moenave and Kayenta formations in its upper part.
Triassic rocks of the San Juan Mountains are assigned to the Dolores
formation, which contains the equivalents of upper Chinle and lower
Wingate strata.
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Stratigraphic studies of the Entrada sandstone during the report
period confirmed the identity of the fossiliferous Carmel formation of
the San Rafael Swell with the non-fossiliferous reddish sandstone com-
prising the Carmel near the Utah-Colorado border; indicated that
deposition of crossbedded sands like those of the Entrada sandstone
began in the Moab area during Carmel time; and showed that the Carmel-
Entrada contact is complicated by pre-consolidation slumping, folding
and faulting.

Studies of the petrology of the sandstones of the Morrison formation,
made in the sedimentary petrology laboratory, indicate three general
source areas for these sediments: a southwestern area of partly meta-
morphosed limestone and other sedimentary rocks; a southeastern area of
granite, metamorphic rocks, and some silicic volcanic rocks; and a
northwestern area of silicic volcanic rocks, some granite, and meta-
morphic rocks. From the distribution of detrital minerals it is con~
cluded that the major compositional differences between members of the
Morrison formation are the result of derivation from different source
areass

Resource appraisal

In southeastern Utah ground that appears favorable for significant
uranium deposits occurs in several broad belts or channel systems. The
Salt Wash member of the Morrison formation is relatively favorable in
four belts in the Green River and Henry Mountains districts and in the
Cedar Mountain area of the Uinta district. The so-called Moss Back mem—
ber of the Chinle formation is relatively favorable in the southern part
of the San Rafael district and in the Cedar Mountain area. The Monitor
Butte member of the Chinle formation is relatively favorable in a brdad
belt paralleling the northeastern line of pinchout of the unit in the
Henry Mountains, Green River, snd San Rafael districts, and in the Cedar
Mountain area of the Uinta district.

In northwestern New Mexico uraniferous deposits occur in crystal-
line rocks of Precambrian age, in igneous rocks of Tertiary age, in
sandstone of Permo-Triassic, Jurassic, Cretaceous and Tertiary age, and
in limestone of Pennsylvanian, Permian and Jurassic age. The deposits
in crystalline rocks generally are associated with rare-earth minerals
and thorium. Deposits in igneous rocks occur in both acidic and basic
intrusive and extrusive rocks, generally along shear zones. Deposits in
sandstone have a wide range areally and stratigraphically. In the Permo-
Triassic rocks they occur generally with copper minerals in association
with carbonized wood. The deposits in Jurassic rocks are mostly at several
localities in the Brushy Basin and Westwater members of the Morrison




formation ‘and association of the deposits with faults, fractures and
folds is suggested. Deposits in sandstones of Cretaceous and Tertisry
age are generally asscciated with carbonaceous materials. The most
important deposits in limestone are in the Todilto limestone of Juras-
sic age, and nearly all are associated with fold structures.

Mineralogic studies

Uranium minerals in the deposits of the Jo Dandy group, Bull
Canyon district, Colorado, are partly oxidized above the water table
and unoxidized below the water table. There are indications that the
oxidizing solutions were acid in the vicinity of carbonized wood, but
alkaline or only slightly acid in mineralized claystone.

Analyses of about 400 samples of rocks from Triassic formations
indicate that montmorillonite and kaolinite are more abundant in coarser-
grained rocks, whereas illite, chlorite, and other clay minerals are more
abundant in the finer-grained sediments.

Studies of minerals from the Colorado Plateau and the Wind River
Basin, Wyoming, indicate that selenium is related to certain stratigraphic
zones, and that cobalt has been introduced by ore solutions. The problem
of secondary enrichment is related to the uranium-vanadium content and
structural control of the ore deposits.

Geophysical studies

Compilation of aeromagnetic data covering about 20,000 square miles
of the Colorado Plateau is about three-quarters completed, and magnetic
contour maps of the southern part of the area are being edited. Regional
gravity surveys were begun in the Elk Ridge and Orange Cliffs areas, Utah,
and others were completed in the La Sal-Lisbon Valley areas, Utah, and
the Carrizo Mountains area, Arizona.

The seismic refraction method was used successfully to map the trends
of faults hidden by alluvial cover in Lisbon Valley, Utah and the Gas
Hills, Wyoming. Experimental electromagnetic measurements made in Lisbon
Valley, Utah, and Oljeto Wash, Arizona, indicate that this method may be
useful in mapping both hidden fault traces and buried Shinarump channels.
Experimental resistivity measurements made in Oljeto Wash indicate that
resistivity horizontal profiling may be valuable in mapping buried Shina-
rump channels under Chinle overburden.
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Original-state core studies

In drill holes penetrating ore-grade material in carnotite, blue-
black and uraninite terrane of Jurassic and Triassic age maximum resis-
tivity is in sandstone immediately below the ore zone and exceeds the
rather high resistivity in sandstone immediately above the ore, whereas
in adjacent barren or poorly mineralized areas these resistivity
relationships are reversed., Upward passage of ground water through
the ore and concentration of salts in the immedistely overlying sand-
stone is indicated.

Uranium in sandstone-type deposits outside the Colorado Plateau

Black Hills uplift, South Dakota and Wyoming

In the southern Black Hills, South Dakota, geologic mapping has
resulted in a better understanding of the distribution of the uranium
ore-bearing lithologies in the Inyan Kara group. A prominent conglom-
eratic channel sandstone containing one of the larger uranium deposits
in the area has been delineated through parts of six quadrangles. In
the southeastern part of the area mapped, a prominent red sandstone
which can be used as a marker bed in the middle of the Inyan Kara group
has been discovered.

In the Carlile quadrangle, Wyoming, carnotite~type uranium deposits
ogcur at the Carlile mine, and a local unit of massive sandstone in the
Iakota sandstone of Early Cretacecus age is mineralized. Concentration
of uranium minerals in the sandstone seems to be controlled by carbonaceous
seams that locally thicken and coslesces

Wind River Basin, Wyoming

Core drilling by the Atomic Energy Commission and refraction seismic
work by the Geological Survey indicate that the principal mineralized area
in the Gas Hills is underlain by a complex basin or series of basins which
probably are the result of both pre-Wind River erosion and post-Miocene
fault iﬂg °

In the Hiland-Clarkson area, east of the Gas Hills, the Wind River
formation is divided into three facies: a "lower" variegated claystone
and siltstone facies; a "middle"™ drab claystone and arkosic sandstone
facies; and an "upper" conglomeratic sandstone facies. The uranium-bearing
sequence in the Clarkson Hill area, which rests unconformably on the Fort
Union formation, may be older than the Wind River formation.
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Washakie Basin, Wyoming and Colorado

In the Maybell-Lay area, Colorado, uranium deposits occur on the
steep north flank of an asymmetrical syncline and are adjacent or in
close proximity to normal faults of post-Miocene age, indicating that
localization of uranium may have been controlled by these structures.
Changes in permeability and porosity of the host rock are also thought
to have been important factors in controlling the deposition of uranium.

Recent drilling in the Crooks Gap area, Wyoming, indicates the
existente of uraninite(?) bodies at depth, perhaps localized by synclinal
structures.

Arizona

Work continued during the report period on field measurements and
correlation of the Dripping Spring quartzite in southeastern Arizona and
on studies of selected deposits. The abnormally high background radio-
activity of the upper member of the formation is caused by its high
potassium content. Studies to date indicate that the uranium deposits
are genetically related to diabase bodies.

Uranium in veins, igneous rocks, and related deposits

Two major groups of uranium occurrences are known in the Ralston
Buttes district, Colorado, where long northwesterly trending fault systems
split into relatively wide zones containing complex networks of faults.

Most of the deposits appear to be localized where the faults cut Precambrian
rock units rich in hornblende, biotite, or lime silicate minerals. The
Ralston Creek mine in the northwestern part of the district is the major
uranium producer on the eastern slope of the Colorado Front Range.

In the Thomas Range, Utah, several series of silicic volcanic rocks
containing as much as 0,009 percent uranium make up the greater part of
the range. The uranium occurring in uraniferous fluorspar deposits in
carbonate rocks and that in deposits in the volcanic rocks are believed
to have been derived from the magma which formed the volcanic rocks during
the last stage of crystallization.

Studies designed to relate the leachibility of uranium to petrographic
characters of igneous rocks, made on 202 samples of a wide variety of rocks,
indicate that uranium content, uranium solubility, and rock solubility are
fundamentally controlled by geologic processes affecting the rock during
and after crystallization. Results to date show no systematic relation to
petrography as a sole controlling variable.
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Uranium in carbonaceous rocks

A regionsal investigation of the higher grade uranium-~bearing lignite
deposits in the Dakotas and eastern Montana shows that the intensity of
mineralization is influenced by shallow post-Oligocene synclinal structures,
permeability of strata overlying the host rocks, and proximity of the
lignites to the pre-0Oligocens erosion surface. Detailed studies of the
uraniferous "E" bed in the Riley Pass area of the North Cave Hills, Harding
County, South Dskota, indicsbe that mineralization is spotty and that the
bed locally pinches out. The mineralized mudstone at the Lonesome Pete
mine in the South Cave Hills is phosphatic, and much of the uranium may
be held in the phosphate.

Uranium contents of different oil types have been compared and the
content of uranium in the ash appears to be uncontrolled by the oil type.
It is suggested that the vanadium, nickel, and nitrogen contents of crude
oils are interrelated, and that vanadium and nickel are present primarily
in porphyrin complexes. The uranium content is not associated with nitro-
gen content, and is not present in crude oil primarily in a perphyrin
complex.

Airborne radioactivity surveying

Approximately 22,500 traverse miles were flown during the report
period in the study of the correlation between airborne radicactivity
data and areal geology. The surveys were made in Alaska, Maine, Michigan,
Montana, Wyoming, Nebraska, Kansas and Texas.

In Karnes County, Texas a sharp background change of from 220 to
LOO c.po.s. across several miles was observed at 500 feet. Results of the
" flights are being contoured in order to study the relationship between
background variations and surface geology.

Analytical service and research on methods

During the report period 21,100 samples were received by the
Washington and Denver laboratories. A total of 20,167 samples were pro-
cessed, and on November 30, 8,776 samples were on hand for analysis.

The spectrographic lead method normally used for the Larsen method
of age determinations was expanded to include granite, diabase, and other
types of material standards. Work was initiated on a spectrographic
standard method to determine the major, minor, and trace elements of
certain types of samples. Controlled atmosphere tests were continued
on the excitation of samples in a cloud of carbon dioxide, helium or
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oxygen. This procedure makes availasble for study a portion of the
spectra ordinarily covered by cyanogen bands. Carbon dioxide is the
most satisfactory of the gases tested.

A total of 15,426 chemical determinations were made during the
report period at the Washington and Denver laboratories. A new volu-
metric method for determination of uranium was developed, titanous
sulfate being used to reduce uranium prior to titration. Nickel and
cobalt do not interfere, the acid hydrogen sulfide group need not be
removedy and the Jones reductor is eliminated. The new method enables
analyses to be made more rapidly than has previously been possible.

Three variations of a direct thoron method for the determination
of thorium in ores containing more than one percent ThO2 and less than
L percent Ti0O2 were developed. The dithizone method for determination
of lead in monazite was extended to samples as large as 50 mg and results
agree well with independent mass spectrometric determinations.

Geochemical and petrologic research on basic principles

Geologic studies in the West Panhandle field, Texas, indicate that
the relatively high concentrations of helium and radon in the natural
gases are related to widespread occurrences of epigenetic uranium-bearing
asphalt that probably was formed during migration and accumulation of the
reservoir fluids and gases.

Spectrographic data indicate that the Silver Plume-type granites &f
the Colorado Front Range are high in rare earths compared to the differ-
entiated rocks of the Boulder Creek series, and also show high thorium
contents.

Reducing capacities of fresh wood, degraded wood, and lignite in
vanadium(V) solutions at elevated temperatures and pressures were deter-
mined during the periody and it was shown that reduced vanadium minerals
may be deposited by reduction with woody material.

In the study of stable isotopes, water was extracted from tektites
and the D/H ratio determined. The D/H ratio gives little information as
to the origin of tektites, but the low water content (0.002 to 0,007
percent ), suggests extra-terrestrial origin.
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Mineralogic and petrographic service and research on basic principles

The number of samples handled during the report period was the
highest since the inception of the program. More complex minerals
appeared, and in particular considerasble interest was shown in the
maltiple oxide types and in thorium minerals. The use of sutoradio-
graphs, the visual arc spectroscope, and other techniques increased
the information available.

The structural study of uranyl complexes continued with refine-
ment of the structure of liebigite, in which the planar configuration
of carbonate groups about the uranyl group in the U02(C03)3~4 ion was
confirmed. A study of the structure of johannite revealed the position
of uranium and copper atoms in the crystal. A new vanadium mineral
from South Dakota was found tc be a primary mineral of trivalent wvana-
dium (V20342H20), analogous to montroseite (V203+Hp0). To facilitate
these structure studies, new instrumentation and methods were developed
to speed computations. These included the construction of a Fourier
Analog computer and the programming of computations on high-speed
electronic computers.

Geophysical service and research on methods and principles

In several areas the carborne scintillation counter containing a
3-ineh by 1 1/2-inch sodium iodide crystal has been used effectively to
locate hidden faults. A scintillation core scanner using four 2-inch
by 2-inch sodium iodide crystals shielded by 2 inches of lead was con-
structed., This instrument is much more sensitive than equipment used
previously, making it possible to detect differences of 0.001 percent eU
in drill coress

Radon concentrations in watsrs from 325 wells in the North Ogden,
Utah area appear to be related to possible fault traces and also to the
chemical composition of the water. Samples from springs, wells, and
streams in the Black Hills cf South Dskota show radon concentrations in
general agreement with the geologic environments from which they were
taken. Water samples from Hillsborough and Polk Counties, Florida, show
marked changes in radon concentrstion with depth in shallow drill holes.
Unusually high radon concentrations cceur with the uraniferous *leached
zone" of the phosphatic Bone Valley formatione.
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URANTUM IN SANDSTONE-TYPE DEPOSITS IN THE COLORADO PLATEAU

Geologic mapping

Field work was completed prior to this report period in the following
areass Carrizo Mountains, New Mexico; Southwestern Colorado; Monument Valley,
Arizonas Monument Valley, Utah; Capitol Reef, Utah; White Canyon, Utahj Red
House Cliffs, Utah, During the report period the following reports and maps
resulting from these projects were published by the Geologiecal Surveys

Geologic quadrangle (GQ) map 55, Gateway, Colorado, by Fo W. Cater, Jr.,

GQ map 57, Atkinson Creek, Colorado, by F. W, Cater, Jr.,

GQ map 58, Red Canyon, Colorado, by E. J. McKay,

GQ map 59, Gypsum Gap, Colorado, by Fe. W. Cater, Jr.,

GQ map 60, Pine Mountain, Colorado, by F. W, Cater, Jr.,

GQ map 61, Calamity Mesa, Colorado, by F. W. Cataer, Jr.,

GQ map 64, Horse Range Mesa, Colorado, by F. W. Cater, Jro,

GQ map 65, Naturita, Colorado, by F, W. Cater, Jr.,

GQ map 66, Joe Davis Hill, Colorado, by F. W. Cater, Jr.,

GQ map 68, Egnar, Colorado, by Fs; W. Cater, Jr.,

GQ map 69, Hamm Canyon, Colorado, by F. W. Cater, Jr.;

Bulletin 1009-H, Geology of the Happy Jack mine, White Canyon area, San
Juan County, Utah, by A. F. Trites, Jr., and R. T+ Chew, III,

During the report period field and office work was contimued on the
following geologic mapping projects:

Gateway, Colorado; Western San Juan Mountains, Colorados Sage Plain,
Utah-Colorado; Ute Mountains, Colorado; Laguna, New Mexicoj Grants, New Mexico;
East Vermillion Cliffs, Arizona; La Sal Creek, Utah-Coloradoj Lisbon Valley,
Utah; Moab-Inter-river area, Utah; Elk Ridge, Utab; Abajo Mountains, Utahjg
Orange ClLiffs, Utah; San Rafael Swell, Utah; and Circle Cliffs, Utah. The
location of these projects is shown on figure 1 .

The principal objective of these projects is te obtain data on guides
to, and controls of, uranium deposits, leading to prediction of ground favor-

able for the discovery of concealed deposits. Geologic mapping is a necessary

means to this end, and will also lead to a better plateau-wide understanding
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of major geologic features pertinent to the localization of wranium districts,

¥irends,” or areas.
Southwestern Colorado area

Areal mapping of eighteen 7-1/2 minute quadrangles within the Uravan
Mineral belt in southwestern Colorado (fige. 1) was completed in 1952. Detailed
surface mapping of selected areas, mine mapping, field and laborgtory research
on the origin and controls of uranium deposits, and drilling has been continued
in these quadrangles. During the report pericd drilling in the Uravan district
was completed, the final drilling project in the Bull Canyon district was
started, and drilling continued in the Slick Rock district. Geologic investi-
gations have been continued in the Gateway district and in the three districts

where drilling was in progresse.

Bull Canyon district, by R. M, Wallace

Most of the uranium-vanadium deposits in the Bull Canyon district occur
in the Salt Wash member of the Morrison formation. Both oxidized and unoxidigzed
deposits are being mined in the district., Uranium minerals usually oceur as
oxides, and the vanadium minerals either as oxide complexes or silicates. Iron
occurs as sulfides, oxides, hydroxides, carbonates, and vanadates. Trace
element studies show that lead, zinc, copper, selenium, molybdenum, silver,
tin, and barium are associated with the uranium. Petrogenesis studies are
continuing.

Two mines in the basal sandstone of the Salt Wash member in Hamm Canyon,
and two mines in the upper sandstone of the Salt Wash member in Bull Canyon
were mapped and detailed studies of mineralogy and sedimentary structures within

and berdering the deposits are being continued. Preliminary results of these
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mine studies indicate that the deposits in the basal sandstone are diffused,
low grade, and show only indefinite relations to sedimentary structures.
Deposits in the upper sandstone are commonly associated with seqimentary
structures such as cross.and fegstoon bedding. These deposits appear to be
more localized, and contain a higher percentage of uranium than those in

basal sandstone.

Slick Rock district, by D. R. Shawe

The Slick Rock district is in the western parts of San Miguel and
Dolores Counties, Colorado, and comprises an area of about 500 square miles.
Principal uranium-vanadium production is from a thick continuous sandstone
layer near the top of the Salt Wash member of the Morrison formation of
Jurassic age. Sandstone considered favorable for ore is light gray or light
brown, contains abundant carbonaceous material, and is underlain by gray;
green mudstone lenses as contrasted with the brown, and red-;brown colors of
unfavorable Salt Wash sandstone and mudstone.

Sketch sections of about 8 miles of rim exposures indicate that indefinite
contacts exist between the Salt Wash and Brushy Basin members of the Morrison
formation, and between the Brushy Basin member and the Burro Canyon formation.
Stratigraphic studies indicate th; absence of an erosional interval between the
Burro Canyon and Dakota formations in the district, and the presence of several
erosional intervals in the Burro Canyon formation.

Special studies, including investigations of the distribution of carbonate
in the Salt Wash member, fractures in the Slick Rock district, and strati-
graphic study of all the formations exposed in the Slick Rock district were
continued. Principal results of the carbonate study are: (1) carbonate may
be a usaful ore guide because concentrations of carbonate are spatially

related to ore badies; (2) acid-bottle tests permit an accurate evaluation
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of the carbonate content of the principal rock types of the Salt Wash,
including light red-brown sandstone, light gray sandstone, light gray-
green mudstone, and red-brown mudstone; (3) each of the principal rock
types in the top unit of the Salt Wash contains an average of about 3 per-
cent carbonate, except red-brown mudstone which contains about 7 percent
carbonate; (4) no relationship is apparent between variations in concentra-
tions of uranium-and vanadium and variations in concentration of carbonatej
(5) no relationship is apparent between permeability and carbonate content
(6) local areas on the Colorado Plateau may have predominately different
carbonate types, such as calcite in Disappointment Valley, dolomite in the
Legin area, and dolomite, siderite, or ankerite in the Uravan area; (7) -
carbonate was probably redistributed during mineralization as shown by the
higher-than-average amounts of carbonate in altered (light-gray) sandstoneg
near mudstone contacts, the apparent depletion of carbonate in altered
(gray-green) mudstone relative to unaltered (red-brown) mudstone, and the
concentration of carbonate near ore bodies; and (8) oxidation probably
caused little redistribution of carbonate as indicated by the similarity of
distribution of carbonate around both oxidized and unoxidized ore bodies.

Fracture studies indicate that the attitude, spacing, and orientation
of fractures in the Slick Rock district are different in different formations;
this may reflect different origins for some fractures.

Uravan district, by R. L. Boardman

The Survey's program of exploration and related geologic studies in the
Uravan district, Montrose County, Colorado, started in 1948 and continued
through November 30, 1955. The Survey completed its diamond-drill exploration
in the district on August 20, 1955. Since 1948, the Survey has drilled about

35225 holes totaling approximately 1,300,000 feet in the district. Nearly all
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of the significant uranium-vanadium deposits found by this drilling, as ‘
well as the principal mines in the districtyare in sandstone lenses in
the upper part of the Salt Wash member of the Jurassic Morrison formation.
Detailed geologic surface and mine studies completed in the north-
western Long Park area in the Uravan district indicate no genetic relation-
ship between faults in the area and the early ore minerals. All faults that
intersect the ore bodies here displace the ore layers. Brecciated ore
material is common in the fault gouge. In several places, uranium and
vanadium apparently have been leached from faulted ore layers and redeposited
in fault zones and along joint surfaces.
During the summer and early fall of 1955 about 25 square miles were
mapped along the southwestern flank of the Uncompahgre Plateau in the north-
eastern part of the district. Sedimentary rocks ranging in age from Triassic .
to Cretaceous are exposed and sharply folded along the southwestern edge of
the Uncompahgre Plateau and are broken by numerous northwest-trending strike
faultse. Particular attention was given to the Salt Wash member of the
Morrison formation and to the detailed structures affecting this member,
Where exposed in this area the uppermost part of the Salt Wash consists of
one or more sandstone lenses that total from 10 to 80 feet in thickness.
These sandstone lenses are similar in appearance and characteristics to
upper Salt Wash sandstone lenses elsewhere in the district. Carbon and
green mudstone are present locally in the sandstone lenses. Ripple marks,
current lineations, and cut-and-fill structures are common in the sandstone.
No traces of uranium and vanadium minerals have been found, however. The
Kayenta formation of Jurassic (?) age is absent.in most of the northeastern
part of the Uravan district a,nd ﬁhere present is only a few feet thick. The .

eastern edge of deposition of Kayenta sediments appears to cross the western
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part of the district.

A paper, "Sedimentary features of upper sandstone lenses in the Salt
Wash member and their relation to uranium-vanadium deposits in the Uravan
district, Montrose County, Colorado®, by R. L. Boardman, E. B. Ekren, and
Ho E. Bowers, was published in the Proceedings of the United Nations

International Conference of the Peaceful Uses of Atomic Energy.

Western San Juan Mountains, Coleorade

by
A' L. Bush

The Western San Juan Mountains geologic mapping project comprises an
érea of about 300 square miles, consisting of the fellowing five 7-1/2 mimute
guadrangles: Placerville, Little Cone, Gray Head, Dclocres Peaks, and Mt,
Wilson. The principal objective of the mapping project is to relate the
vanadium-uranium deposits of the Placerville district to the base and
precious metai deposits and the extrusive and intrusive igneous rocks of
the San Juan volcanic province.

During the report period, geologic mapping was concentrated in the
Little Cone quadrangle, which is now 50 to 60 percent completed. Under-
ground mapping of auriferous pyrite replacement deposits in limestone in
the Placerville district was continued; these deposits are spatially related
to the vanadium-uranium depositse.

The sedimentary rocks of the Placerville district have been broadly
warped into northwest-trending folds which appear to be continuous with the
"salt anticlines™ of southwestern Colorado and scutheastern Utah. The
sedimentary rocks have been intruded by numerous sills that range in thick-

ness from a few feet to several tens of feet. Stock-like intrusives also
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cut the sedimentary beds. Most of the intrusive rocks are an.desites and
_\diarites s and probably represent a single period of intrusion. Some of

ghe sills extend for several miles from the nearest known stock-like bodies.
In some places the Mancos shale, the major host of the concordant intrusives,
has been baked and converted to a hornfels near the intrusives, but generally
the effects of contact metamorphism are absent. Most of the igneous activity
is probably of mid-Tertiary age, but volcanism at least as young as the
Pleistocene, and possibly younger, is indicated by a basaltic lava that
flowed over upland surfaces that were formed at the end of the Tertiary.

The vanadium-uranium deposits are offset by faults that are tentatively dated

as mid-Tertiary or younger.

Ute Mountains,..Colorado .
by
E. Be Ekren

Mapping of the Ute Momntains laccolithic complex began in June 1955 to
provide information on possible relations of uranium deposits /tw the igneous
intrusions; one 7-1/2 minute quadrangle (Sentinel Peak NW) was completed
during the report period. Samples of sediments and intrusive rocks were
collected for thin-section study and chemical analysis.

A study of the uranium deposits of the Ute Mountains area, Montezuma
County, Colorado, was completed. Two types of depesits were found:

(1) deposits localized along faults and (2) bedded deposits. Commerci

ore has not been found in either type. Faults containing radiocactive material
are located near the crest of the McElmo dome north of McElmo Creek in the
northern portion of the project areas. Most of the faults appear related to .

the McElmo dome structure.
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Mapping of the Dakota and Burro Canyon formations of Cretaceous age
and the Brushy Basin member of the Morrison formation of Jurassic age has
shown a general northeast-trending pattern of faults and gentle domes on
the southwestern flank of the Ute Mountains. Reconnaissance of the southern
and southeastern flanks of the mountains indicates that doming was active
there also. The faulting and folding appear related to intrusion of the
laccoliths.

As a result of stratigraphic studies of the lower part of the Mancos
shale of Cretaceous age southwest of the Ute Mountains, three fossil or
lithologic zones can be recognized. These marker beds will be useful in

making a structural interpretation of the Ute complex.

Gateway district, Colorado and Utah
& -

L. J. Eicher

Work in the Gateway district consists of two parts: (1) a comprehensive
study of the geology and ore deposits of the western part of the district
compiled from surface and subsurface data, and (2) geologic mapping of four
7-1/2 minute quadrangles in the northwestern quarter of the Gatewzy l5-minute
quadrangles

The western part of the Gateway district is west of the Dolores River
on the northeast flank of the La Sal Mountains and on the southwest flank of

. the Sagar?s Wash syncline. The town of Gateway, Colorado, is on the eastern
boundary.

During the report period field work was completed in the western part of

. the district, except for field checking, on . the mapping of formational con-

tacts on aerial photos, measurement of columnar sections, examination of
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mines and prospects, and detailed mapping of selected mines. Formations

mapped include the Entrada, Summerville, and Morrison formations of Jurassic
age, the Burro Canyon and Dakota formations of Cretaceous age, and gravels
and alluvium of Quaternary age.

Mapping and exploratory drilling disclosed that Lumsden Canyon, wiich
transects the major uranium-vanadium producing area in the western part of
the Gateway districtydeveloped along a vertical fault zone. The fault zone

strikes No 700 to 80° E., and beds have been displaced as much as 90 fest.

Sage Plain area, Utah and Colorade
by
L. C. Huff

During the report period geologic mapping was completed in eight 7-1/2
minute quadrangles in the Sage Plain area. Rocks exposed in the Sage Plain
are flat-lying, and range from the Navajo sandstone of Jurassic age to the
Mancos shale of Upper Cretaceous age. Pediment gravels and loess of Pleistocene
age mantle the upland extending from Monticello, Utah, to Dove Creek, Coleoradc.
A summary description of the character, distribution, and thickness of these
formations is given in table 1,

Private interests were activel& prospecting in the Sage Plain during the
past year. Previously, uranium deposits were known to occur only in the Salt
Wash member of the Morrison formation, but during the report period private
interests developed new uranium deposits in the Brushy Basin member of the
Morrison formétion in the Aneth 1NW quadrangle. These deposits consist of
uraniferous claystones and concretionary mudstones about 150 feet below the
top of the Brushy Basin member and about 20 feet beneath a lens of Brushy Basin

conglomerate.
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.--Generalized stratigraphic section of rocks exposed in the Sage Plain area, Colorado-Utah

Table l
System Series Formation Thickness Description Distribution
(feet)
Alluvium 0-50 Silt and sand, some inter-| Forms alluvial plains and
bedded gravel. low terraces along major
Pleistocene streams.
and Recent
(Wisconsin | Loess 0-50 Well-sorted, red silt, Forms agricultural soils
and later) overlies deeply- on upland.
Quaternary weathered soil zone de-
veloped on older rocks.
Pleistocene | Pediment 0-50 Boulders, cobbles, and Forms upland surface near
(pre- gravel pebbles in sandy matrix. Monticello; locally
Wisconsin) underlies loess.
-------- memmcbecmmcncecec et e ecUnconformity- - memmccmcm b e c e e e e e e m e mm s s e e e e s e a s m oo
Mancos shale 0-200% Gray warime shale, prom- Forms gentle hills above
inent Gryphea zone near upland surface.
base.
Upper Dakota 50-150 Brown sandstone, carbon- Crops out at crest of
Cretaceous sandstone aceous claystone, coal; "rim rock" cliff which
plant fossils abundant. separates upland from
Thin conglomerate canyons.
Cratacesus locally at base.
------------ ~-=Unconformity-4--mmeeemcccbom e e cmncem e ce e m e cmc e e s e r e e e c e e e
Lower Burro Canyon 20-150 Light-colored, conglomera- | Forms "rim rock" cliff
Cretaceous formation tic sandstone; greenish which separates upland
mudstone; silicified surface from canyons.
sandstone and limestone
locally at top.
Brushy Basin | 250-430 Varicolored mudstone; some | Forms slope below upland
member sandstone and conglom- and above steep-walled
g erate lenses. - Contains inner canyons; generally
° vanadium-uranium de-~ covered with colluvium.
> posits.
e
®Westwater 0-120 Yellowish and greenish Forms intermediate slope
® Canyon gray lenticular sand- below gentle Brushy
H member stone and interbedded Basin slope and above
9 mudstone. Salt Wash Cliffs in
W southern half of area.
o Member grades northward
o into Brushy Basin member.
(]
~5alt Wash 200-450 Light-colored, lenticular | Forms series of steep
 member sandstonc interbedded cliffs and narrow
Upper ' with reddish siltstones benches of inner
Jurassic o and wudstone. Contains canyons.
Jurassic = vanadium-uranium de-
posits.,
Junction Creek 0-255 Light-brown, massive, Forms steep cliff only in
sandstone cross-bedded sandstone. Yellow Jacket canyon in
eastern part of area.
Summerville 90-110 Even-bedded, reddish sand- | Forms step-like slope
formation stone interbedded with below Salt Wash cliffs.
reddish siltstone and
mudstone.
Entrada 115-165 Massive, crossbedded, Forms rounded cliffs along
sandstone yellowish sandstone. base of canyon walls in
upper Montezuma canyon
and its tributaries.
Middle and Carmel 4s Irregularly bedded, red Crops out in Upper
Upper formation mudstone and sandstone. Montezuma canyon.
Jurassic
----- mommmmeeprccemm e cnene e e eUNCONTOrMA LY e e m e e e m i ccemeaaen
Jurassic and Navajo 26+ Light-colored, massive, Scattered outcrops in
Jurassic? sandstone crossbedded sandstone. upper Montezuma canyon
near Verdure fault and
alongz Montezuma Creek.
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Geologic mapping has been completed in eight 7-1/2 minute quadrangies,
and mapping of the remaining seven gquadrangles is planned for the next field
season. A detailed geologic and geochemical study of the productive mines of
the middle Montezuma Canyon, with some coordinated core drilling to obtain

subsurface information and samples,is also planned.

La Sal Creek area, Utah-Colorado
by
We De Carter, Jo Lo Gualtieri, and J. C. Warman

The La Sal Creek area, comprising about five 7-1/2 minute quadrangles,
is in parts of Grand and San Juan Counties, Utah, and Montrose County, Colorado
(fige 1)o During the report period the geology of about 220 square miles or
80 percent of the area was mapped on aerial photos and will be transferred to
topographic maps as they become available. These maps will show the distri-
bution of the rocks, tectonic structures, and ore deposits of the La Sal Creek
areas

Consolidated sedimentary rocks of Triassic, Jurassic, and Cretaceous age
that are exposed in the area are intruded by igneous rocks of Tertiary age,
Most of the sedimentary rocks are continental deposits of mudstone, sandstone
and conglomerate. Contacts between most of the various formations are, in
general, well established and common criteria that distinguish one feormstion
from another are recognized by most geologists on the Colorado Plateau. However,
the contact between the Cretaceous Burra Canyon and Dakota formations is not
easily recognized and the correlation of these two formations from place to
place is difficult, The criteria thaf distinguish these two formations in the

La Sal Creek area are summarized belows.
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The Burro Canyon formation of Lower Cretacsous age consists of two
units: (1) a basal unit, about 110 feet thick, composed of light gray to
light brown, crossbedded sandstone containing pebble conglomerate lenses
which conformably overlies the variegated shale and mudstone layers of the
Brushy Basin member of the Jurassic Morrison formation, (2) an upper unit,
about 140 feet thick, composed of light green mudstone, siltstone and shale
containing thin beds of siliceous limestone, chert, and quartzite. A light
gray quartzite bed, a few feet thick, marks the top of the upper unite.

A regional unconformity, noted by geologists for . many years, separates
the Burro Canyon and older formations from the overlying Dakota formation.
The base of the Dakota has been described (Coffin, R. Ge, Colc, Geols. Survey
Bull. 16, 1921) as "the séndstone or conglomerate which underlies the lowest
carbonaceous shale or coal horizon®"., In the La Sal Creek area, the Dakota
sandstone and conglomerate fills broad depressions (channel scours) in the
surface of the Burro Canyon formation. These depressions may be as much as
180 feet deep and several thousands of feet wide, Angular and subangular
pebbles, cobbles and boulders of sandstone, chert and quartzite, derived from
the Burro Canyon formation, have been found in the basal portion of the Dakota
sandstone and conglomerate. The presence of these fragments of Burro Canyon
lithology in the basal sandstone and conglomerate of the Dakots indicates
that the Burro Canyon formation was lithified prior to erosion and deposition
during Dakota time. Carbonaceous material and plant impressions, usually
associated with the Dakota formation, are present in this sandstone and con-
glomerate unit which interfingers with and grades upward into "the lowest
carbonaceous shale or coal horizon® and forms a logical base in the sedimentary
sequence of Dakota deposition. The features and relations of the Burro Canyon-

Dakota contact, described herein, may be of use to other geologists mapping
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the Cretaceous rocks of the Colorado Plateau.

Portions of two major structural features have been mapped, one along
the west border of the area and the other along the east border, Along the
west edge of the area the sediments have been folded into anticlinal domes
by the intrusion of stocks and laccoliths of the La Sal Mountains in early
Tertiary time. Structural irregularities in these regional domal styuctp?es
are mapped as steeply plunging anticlinal noses with sedimentary beds dipping
gently on the flanks and dipping steeply on the distal ends. These structures
are believed to have been formed by laccolithic lobes of igneous rock pro-
Jjecting at depth from one or more of the La Sal Mountain stockse. The east
edge of the area is bordered by the collapsed salt anticlines of Paradox
Valley. This grabenlike structure was formed by the intrusion and later
withdrawal of salt. Complex step faults have been mapped along both sides
of the "graben", and faults, transverse to the regional structure, have been
mapped in the northwest end of the. Mgraben", All faults are believed to be
the result of the solution of salt by Receht streams. Betwesn the major
structures bordering the east and west sides of the area, the sediments are
gently folded into anticlines and synclines. The axes of these structures
are somewhat sinuous and reflect the interplay of tectonic forces which formed
the Paradox anticline and the La Sal Mountain anticlinal domes. Near Paradox
Valley the axes trend northwest paralleling the axis of the major structure
and near the mountains these axes swing westward and coalesce with the mountain
structures,

All of the known uranium-vanadium deposits in the La Sal Creek area are in
the Jurassic Morrison formation and the major deposits are in the uppermost
continuous sandstone of the Salt Wash member. These deposits are concentrated

in an elongate patch or belt of favorable host rock that is a few thousand
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feet wide and at least six miles long. This favorable belt, trending east-
northeast, represents a zone of major Salt Wash sandstone deposition, for

the sandstone beds comprising this upper unit have an aggregate thickness of
90 feet in many places. Where the sandstone is unfavorable te ore deposits

it is usually less than 30 feet thicke Recent discoveries of mineralized
ground north of the known favorable area and near the La Sal Mountains, in
addition to outerops of favorable host rock noted in the course of mapping,
indicate the possibility of at least three additicnal favorable areas inrthe
La Sal Creek area. Trends of sedimentary structures in the ore-bearing sand-
stone measured throughout the area indicate that these favorable areas will
roughly - parallel the belt discovered along La Sal Creek. The distribution

of ore deposits in this region bears no obvious relation to the major structures
or igneous rocks; however, the ore deposits are closely related to sedimentary

features in the Morrison formatione

Lisbon Valley area, Utah-Colorado

by
Ge We Weir

The project includes about 750 square miles in northeastern San Juan
County, Utah, and adjacent counties in Colorade. The geology of about 75 per-
cent of the area has been mapped on aerial photos and is being transferred to
topographic base mapse.

Much field study was given to stratigraphic problems that must be solved
to work out detailed structure which may be important in appraising the uranium
potentiale The unconformity at the base of the Upper Cretaceous Dakota sand-
stone was found to be marked by a distinctive basal conglomerate in part

derived from the underlying Burro Canyon formation of Lower Cretaceous age.
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Relief due to channeling at this contact exceeds 50 feet but regional asngular
unconformity with the Burro Canyon has not been verified.

Quartzite (silicified sandstone) is the dominant rock type in the Burro
Canyon formation along and north of Lisbon Valley but is uncommon in the
southern part of the areas The silicification is pre-Upper Cretaceous as
shown by the cobbles and boulders of quartzite in the basal conglomerate of
the Dakota. Thus, the age and distribution of the quartzite make it unlikely
that the silicification is related either to the Lisbon Valley fault or to
the igneous rocks of South Mountain as suggested by the writer in & previous
report (TEI-540)%+ The age and distribution of the silicified rocks does not
appear to correspond to the most probable ages and distribution of kﬁown ore
depositse

The Jurassic Carmel formation contains some sandstone identical teo .
typical Entrada sandstone. The Carmel-Entrada contact in the southwestern
part of the area must be revised.

The lower Chinle, which contains large uranium ore deposits along Big
Indian Washy is in places not a distinct unit readily separated from the
overlying Chinle. The base of the lowest persistent red sediments is
tentatively regarded as the best contact for mapping the division of the
Chinle,

Erosion prior to deposition of the Chinle removed the Moenkopi formation
and part of the Cutler formation along Big Indian Wash. The unconformity at
the base of the Chinle commonly shows about 39 angular discordance with thé
underlying Cutler. Uranium prospects in the Cutler are at different strati-
graphic horizons but are about the same distance below the unconformity.

The Lisbon Valley fault system is the main structural feature of the middle ‘

part of the area, Near the Rattlesnake Ranch the fault splits into northerly
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and northwesterly trending segments. The northwesterly trending segment

is more persistent and can be traced as a fault zone to the vicinity of
Muleshoe Wash, Displacement along the fault decreases northwestward from
near Lisbon Canyon where the Mancos formation of Upper Cretaceous age abuts
the Hermosa formation of Pennsylvanian age. Many manganese prospects are
known in the northwest end of the fault system and copper mines and prospects
are common along the fault near Lisbon Valley. Two large uranium deposits,
the Rattlesnake mine in the Morrison formation in the northwest central part
of the area, and the School Section No, 36 mine in the Chinle formation in
the southeast part of the area occur within the fault system. Practically
all the copper and manganese deposits are clearly localized by the faulting
but the uranium deposits do not show a demonstrable genetic relation to the
faults,

Geochemical work done during the 1955 field season consisted mainly of
studying the distribution of copper near the Lisbon Valley fault. In addition,
soil and stream sediment samples were collected near outcrops of vanadium ore
in the Salt Wash member of the Morrison formation and core samples were col-
lected from 12 drill holes located at various distances from uranium deposits
in the Chinle formation.

The background concentration of copper in the stream sediments of the
Lisbon Valley area is about 10 ppm by semiquantitative field tests. Analyses
of stream sediments near known copper deposits suggest that copper Concentrétions
of 30 to 4O ppm or higher are probably anomalous. Most of the sediment sampling
was done between the Big Indian copper deposit at the north end of Big Indian
Wash and the Pioneer copper mine near the south end of Lisbon Valley. Further
sampling will be done to determine the distribution of copper both to the

northwest and southeast of the area so far studied. Both uranium and copper
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deposits near the Lisbon Valley fault system are being studied in detail
to determine possible inter-relations.

The soils and stream sediments from near vanadium ore, as well as the
drill core collected, have not yet been analyzeds The soils and stream
sediments are to be used to determine the mineral fraction in which vanadium
travels away from its source. The core samples will be used in a study of
the distribution of trace elements around uranium deposits in the Chinle

formation.

Moab and Inter-River areas, Utah

by

Ee Ne Hinrichs

Mapping and geologic studies in the Moab area, begun in June 1954, were
continued during the field season of 1955. During the report period the
geology of about 137 linear miles of Triassic rocks was mapped on air photos.
This completes this phase of the work in the Moab area. The Triassic section
in the Moab area consists of the following formations in ascending orders
Moenkopi formation, Chinle formation, and the Wingate sandstone. The Chinle
formation in the Moab area has been tentatively divided into four mappable
members which are from the bottom up: the Monitor Butte, the so-called Moss
Back, the Owl Rock, and the Church Rocke

Twelve channels or groups of small channels cut into the Moenkopi
formation and filled with conglomeratic sandstone of the so-called Moss Back
member of the Chinle formation were found during the 1955 field seasone
These channels range in depth from 5 to about 15 feet and in width from 15
to 140 feet; they do not have a common orientation. Three of the channels

contain economic uranium deposits. Abnormal radiocactivity was found at only
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one of the remaining channels. At this locality small amounts of a light-colored
fine-grained mineral fill narrow fractures in gray-green Moenkopi within
two feet of the Chinle contacte.

Mines and prospects in the Rico, Cutler, and Chinle formations were
examined and sampled and several were mapped by plane-table and Brunton-and-
tape methods, Mapping near Indian Creek suggests that two large-scale features
may influence the localization of the recently discovered ore deposits in
channels in the so-called Moss Back member of the Chinle formation. First,
the ore-bearing channels filled with permeable sediments of the so-called
Moss Back member are in the lowest part of a broad structural low; and
second, the ore-bearing channels are in an area where the so-called Moss
Back within a relatively short lateral distance is characterized by abrupt
changes in thickness. Minerals collected from one of the two producing mines
have been tentatively identified in the field as uraninite, beta;zippeite,
erythrite, and ilsemannite.

In most of the area the Cutler formation is composed of dark colored
sandstone or conglomerate in shades of brown, red, and lavender. Locally,
however, these sediments are colored gray or gray-green. These zones of
light-colored rock are generally parallel to bedding and may be caused by
several agentse. Many of these "bleached®™ areas are slightly radiocactive and

are on minor structural noses or terracese
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Orange Cliffsarea, Utah
’,;‘4»/.

by

Fe Ae McKeown and Ce Co Hawley

Field work in the Orange Cliffs area (fige 2) in the eastern parts
of Garfield, Wayne, and Emery Counties, started in the latter part of July and
was terminatéd . October 31, During this time about 175 square miles ﬁere i
mapped geologically on topographic base maps at a scale of 1:24,000.

Rocks ranging from the White Rim member of the Cutler formation of Permian
age to the Navajo formation of Jurassic age crop out in the mapped area. The
units just above the Moenkopi formation, however, are of principal interest
because: (1) they are the only rocks in the Orange Cliffs area known to
contain uranium; and (2) a knowledge of their continuity and facies changes .
is necessary to interpret part of the geologic history of the area and predict
areas favorable for uranium depositse Both the so-called Moss Back and the
Monitor Butte members of the Chinle formation are recognized in the Crange
Cliffs areaj; they were formerly mapped as the Shinarump conglomerate. The
Monitor Butte member pinches out in a zone that trends northwest from the
vicinity of Sunset Pass at the head of South Hatch Canjon. The so--called Moss
Back member grades into limy and sandy siltstones and discontinuous limestone
pebble conglomerates in the vicinity of the mouth of Hatch Canyon, especially
South Hatch Canyon. This area of little or no typical so-called Moss Back
appears to be roughly circular and about 5 miles in diameter (fig, 2). In
all directions away from it within the Orange Cliffs area the so-called Moss
Back is present and is generally blanketlike with only a few well—defined
channelss Uranium occurs in either the Monitor Butte or the so-called Mess .

Back members, whichever is the closer to the Moenkopie.
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The Orange Cliffs area is on the outermost% gentle northwest-dipping
part of the nose of the Monument upwarp. A structure contour map, with a
contour interval of 50 feet, shows several minor structures on the flank
of the upwarpe In Happy Canyon two structural terraces are superimposed
on the regional northwest dip, About 5 miles south of Elaterite Basin, an
anticline whose axis trends northeast anc with a closure of about 50 feet.,
may be present, This latter feature is at the limit of the mapped area and
more detailed work is necessary to determine accurately the shape, closure
and size of the anticlines. Possible relationship of these fold structures
to uranium deposits will remain obscure until more information is obtained.

In North and South Hatch Canyons many small westerly trending faults
are aligned en echelon to the northwest., This is parallel to the direction

. of all other known faults and the major set of joints in the Orange Cliffs

area. A few of the faults contain a little asphaltic material, but no faults
are known to be radioactive or to have uranium or copper mineralsg

Altered rock is common in most formations throughout the area, though
the type and amount of alteration may differ from place to place, Generally
six types of altered rock are recognized; These are given descriptive names

and briefly tabulated in table 2:
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Types of altered rock in the Orange Cliffs area

Name

Description

Principal occurrence

Purple-white

Gray-green

Red-buff

Speckled

Pink

Silicification

Clayey and sandy siltstones
whose color is changed from
brownish red to purple and
greenish white. The colors
are comonly in a mottled
pattern,

Red or gray claystone and
siltstone that has been
changed to a gray-green
colors,

Red sandstone and siltstone
that has been bleached to
buffo

Specks, about 1/16 to 1/8
inch across, of limonite
in sandstone.

Sandstone with anomalous
pink shade.

Sandstone cemented with silica

and sandstone or siltstone
with flat nodules or discon-
tinuous layers of red and
yellow chert., The chert
commonly contains a little
chalcocite, chalcopyrite,
and secondary green copper
mineralss

Commonly at the top of the
Moenkopi formation.

Just below many sandstones.
In particular, a gray-green
zone 1s everywhere present
under the so-cagllied Moss
Back unit of the Chinle
formation.

Along joints and bedding
planes in the Moenkopi
formation and Organ Rock
tongue of the Cutler
formation,

At and near uranium occurrences

in the vicinity of the south
end of South Blocks

At uranium occurrences in the
southern part of the Orange
Cliffs area.

Generally in the base of the so-

called Moss Back unit and in
purple-white zones; where

purple-white is not present
chert is rare.
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A suite of purple-white altered rocks were analyzed for ircne. The
analyses show that the purple parts contain 2 to 3 times (about 7 to 10
percent) as much iron as the white and red parts. However, there is no
signifiéant difference in the iron content or ferrous-ferric ratio: between
the red and white partse.

Although the relation of the various typés of altered rock to uranium
occurrences is obscure, the speckled and pink alteration seem to be directly
related to uranium because the only known outcrops of such altered rock in
the Orange Cliffs area are at or near uranium occurrences. The significance
of the other types of alteration is not knowns.

Commercial uranium deposits have not been foundsbut uranium and copper
minerals occur at many places in the Orange Cliffs area. Specimen quantities
of uranium minerals occur in the Monitor Butte and sc-called Moss Back members .
of the Chinle formation and in chert in purple-white altered rock just below
the so-called Moss Backe. A little torbernite occurs in Happy Canyon and a
radioactive yellow mineral (probably carnotite) is present at several occur-
rences south of South Block. Some carbonized ﬁood is uraniferous.

Traces of copper minerals are commonly present at the basal contact of
the Chinle formation. In places they are associated with uranium minerals
but most rock centaining copper minerals is not radiocactive. Secondary copper
minerals are the most abundantj chalcocite and chalcopyrite occur in chert.
Manganese oxide(?) is generally associated with secondary copper minerals.

The southern part of the Orange Cliffs area seems more favorable for the
discovery of economic uranium deposits than other parts because uranium minerals
are more abundant, and the intensity of most types of rock alteration seems
greater. Further, it may be significant that in the southern part of the .

Orange Cliffs area, the rocks begin to dip more steeply toward the Henry Basin
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and superimposed on this structural change is the pinchout-zone of the
Monitor Butte member of the Chinle formation; the facies change of the

so~called Moss Back is also in this area,

San Rafael Swell area, Utah

by
Re Ce Robeck and H. Be Dyer

During the report period work was concentrated on the southwestern
part of the San Rafael Swell between Green Vein Mesa and Chimney Canyon,
which is about 5 miles northwest of the Delta mine. Data from the field
are being compiled in the office.

In the area mapped, the Chinle formation can be divided into four
units. In ascending order they are the "mottled siltstone® units, the
Monitor Butte member, the so-called Moss Back member and the Church
Rock member.

The mottled siltstone unit is present in about 80 percent of the area
mapped. In the southern part of the area the unit averages about 5 feet
thick and is composed mostly of silt, but toward the north it thickens
slightly and contains several sandstone-filled channels whose axes
trend north. The unit is too thin to be differentiasted on the map.

The Monitor Butte member averages about 70 feet thick in the southern
part of the area and pinches out in the northern part of the area. Local
variations in thickness are due to "channels" at the base of the over-
lying so-called Moss Back member. The Monitor Butte member is composed
mostly of shale and mudstone, but it also contains two northeast trending

sandstone lenses, from one of which uranium ore was shipped.
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The so-called Moss Back member is highly wvariable in thickness and .
locally fills channels scoured in underlying formationse Some channels
are discontinuous spoon-shaped depressions while others are continuous
for at least 1,000 feet along the outcrop, Uranium ore has been produced
from five channels,
The Church Reck member is about 150 feet thick in the area mapped. In
the north it contains many thin sandstone lenses, Uranium ore has been
mined from one of the sandstone lenses in and near a collapse structure.
Northwest trending analcite diabase dikes crop out in the southern part
of the mapped areas They are not present in or adjacent teo any known uranium
depositse It seems unlikely that they could have been the source of the
uranium in the depositse
Uranium minerals occur in all members of the Chinle formations The .
mottled siltstone unit is locally radioactive but no ore production seems
likely from this unite. Although many of the exposed sandstone lenses in
the Monitor Butte member contain relatively small amounts of uranium ore,
concealed lenses offer the promise of larger quantities, for the large deposit
at the Delta mine is in a sandstone lens in the Monitor Butte member,
The best guides to ore in the southern 80 percent of the mapped area
are deep channels filled with so-called Moss Back sediments. The three
largest mines occur where the so-called Moss Back member has channeled out
20 to 4O feet of the underlying Monitor Butte member and rests on the mottled
siltstone unit.o% the Moenkopi formation, Some ore has been produced from
shallower channels but not in significant quantities. Although both desp and
shallow channels are expesed in the northern 20 percent of the mapped area
no more than specimen quantities of uranium ore have been produced from them. .

These channels appear te be wider than those in the southern part of the
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mapped area but other favorable criteria (carbon, copper minerais, pyrite
nodules, etcq) are present,

Four collapse structures occur in the area. They appear to lie in a
linear belt which trends just east of north, The rocks in all four collapse
areas contain uranium and copper minerals and uranium ore has been produced
from one of theme. The significance of collapse structures in localizing ore

deposits, however, is unknouwn.

Circle Cliffs area, Utah

by

E¢ Se Davidson

Field mapping in two 7-1/2 minute quadrangles, Circle Cliffs 4 NE and
1 SE, started late in July 1954, was largely completed during this field
seasone A total of 13 formations, from the Permian White Rim member of the
Cutler formation to the Cretaceous Emery sandstone member of the Mancos shale,
and many mines and prospects are included in the two quadrangles.

Several new rock units have been recognized as a result of the past
two seasons! worke One of these units is a mottled red and white siltstone
to very fine-grained sandstone which unconformably overlies the Moenkopi
formation and underlies the Shinarump conglomerate. It is best exposed in
the east-central part of the Circle Cliffs, This unit appears to have no
relation to uranium deposition in the Circle Cliffs area, and is regarded as
an unfavorable host for uranium. : S

The other newly recognized units mark the Permian-Triassic contact.
Recognition of these units contributes to a better understanding of the
depositional history of these rocks in the Colorado Plateau and permits map-

ping of minor structures in the Circle Cliffs area.
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The stratigraphically lowest unit cropping out in the Circle Cliffs
is a fine-grained white sandstone with eolian-type cross-bedding. Above this
sandstone is about 50 to 60 feet of flat-bedded fine-grained white sandstone
with a few limy sandstone beds in the eastern part and limestone beds in the
central part of the Circle Cliffse The lower crossbedded sandstone has been
referred to as Coconino, but because of the red beds underlying it in the
Ohio oil well in the center of the area, is probably more correctly referred
to as the White Rim member of the Cutler formation., The overlying flat-
bedded white sandstone with unconformable top and bottom contacts, included
by previous workers in the Kaibab limestone, is included with the White Rim
member because of its lithologic similarity to the underlying crossbedded
sandstones About 4O feet of Kaibab limestone overlies the flat-bedded sand-
stone and their contact is a fair horizon to use in mapping faults and minecr ‘
folds. Though slight radioactivity is. noted on joint surfaces, no significant
uranium deposits are known in the White Rim or the'Kaibab in the Circle Cliffs,
The Kaibab is unconformably overlain by two discontinuousiy outcropping
rock units, both of which locally channel or cut out most of the Kaibab.
The lower unit, probably Triassic in age, ranges from a limy, fine-grained,
light-gray sandstone to a lightegray sandy (mainly fine-grained quartz grains)
limestones This unit has a very high proportion of bedded and fragmental
chertes The upper unit, probably equivalent to the Sinbad limestone member of
the Moenkopi formation of the San Rafael Swell area, and the Timpoweap member
of the Moenkopi formation of thé Grand Canyon region includes a mustard
yellow, poorly sorted)lhny sandstone and an overlying oolitic limestone of
the same color. The sandstone is composed mainly of medium- to very coarse-
grained quartz grains and abundant 1-to 2<inch chert fragments cemented by ‘

dark yellow lime. Typical Moenkopi siltstones and sandstones overlie these
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two Triassic rock units and this contact, because it 1is regular, and crops out
well and extensively, affords the best horizon in the Circle Cliffs to
trace minor faults and folds.

Gentle folds and swells are the dominant minor structures on the steeper
east flank of the Circle Cliffs anticline and block faults, generally
yielding grabens with up to 4O feet of displacement, are more common on the
west flanke The major axes of the minor structures are parallel to the axis
of the Circle Cliffs anticline. Some of the faults on the west flank die
out into folds resembling the Waterpocket fold, suggesting that the Water-
pocket fold itself may be, at depth, a fault with considerable -displacement.
Because of the nature of the faulting, especially on the west flank, the
forces causing the faulting are thought to be tensional rather than compres-
sionals The asphaltic gray Moenkopi, predominant on the east flank of the
anticline, is displaced by the faults, indicating that the asphalt or oil
was emplaced before the faulting occurred,

Most of the uranium-mineralized rock discovered in the area is in
channels filled with Shinarump conglomerate that were cut into the top of
the Moenkopi formation, The lower, normally shaly, Chinle has a high pro-
portion of sandstone over the Shinarump channels, especially in the southern
half of the area, and this "build up" of sandstone is a good guide to unex-
posed channels. The wider channels seem to be more favorable than small
tributarylike channels, and most of the better prospects are in channels that
are moderately deep (20 to 50 feet). Ore may occur almost anywhere with
relation to the channel structure, from the base to the top of the bank.
Copper stains and secondary uranium minerals are indications of the passage
of mineralizing solutions and, when found, are regarded as favorable sitgs

for exploration.
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Elk Ridge area, Utsh

by
Re Qo Lewis and Re He Campbell

During the 1955 field season mapping was completed in six and one-
third 7—1/2 minute quadrangles, an area of about 380 square miles, Total
area mapped since the program was begun in 1953 is approximately 860 sgunare
miles, covering fifteen 7-1/2 minute quadrangles and parts of two others.
Approximately 120 square miles in two 7-1/2 minute quadrangles remain to be
mappedo New 7-1/2 minute quadrangle topographic maps at a scale of 1324,000
are now available for all of the area except the two Carlisle sheets (3 sE
and 3 SW) in the northwest. The geology will be transferred to the new
topography during the next report period. . ‘

The pinchout line of the belt of continuous Shinarump congiomerathe,
which crosses South Elk Ridge, was checked by drilling, It was found to
swing abruptly to the northeast under South Elk Ridge, departing from the
easterly trend which has been noted in White Canyon and Deer Flat., Nearly
all of the active mining in the area is in the Shinqgump in this beslt.
Uranium ore has been produced from ore bodies in the western, central, and
eastern parts of the belt in the Elk Ridge area, and was discovered in one

of the cores obtained during drilling by the Geological Survey. This suggests

that the entire length of the belt is favorable, The uranium depesits within
the Shinarump belt are in Shinarump sandstone and conglomerate that fill
shallow scour channels cut into the surface of the Moenkepi formaticn,
The uraniun is associated in most of the deposits with petrolifercus
material (asphaltite). The asphaltite occurs in blebs and disseminated along ‘

bedding planes and cressbedding laminae, and in places completely saturates
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the interstices of the sandstone. Iron and copper sulfides and oxides of
molybdenum are commonly with the uranium, Preliminary studies of ores
suggest that the content of copper and iron may vary in direct proportion
to the uraniume. Secondary uranium minerals identified include meta-~autunite
and metazeunerites,

North of a line approximately coincident with latitude 37° 52! north,
the so-called Moss Back member of the Chinle formation assumes the‘same
stratigraphic position as that occupied by the Shinarump conglomerate on
South Elk Ridgej that is, it is in contact with the underlying Moenkopi
formation or separated from it by only a few feet of lower Chinle ﬁudstone.
Scattered mineralization in the base of the so-called Moss Back and in the
lower Chinle mudstone in this area indicates that some economic deposits
may be found; to date, however, only one has been discovered.

Many normal faults resulting in numerous horsts and grabens trend north-
eastward across the northwestern part of the Elk Ridge area. These faults
displace the present land forms and post-date the ore deposits. Minor fold
structures are numerous, but their possible relation to ore localization is

not clearyg

Aba jo Mountains area, Utah

by

The Abajo Mountains area in San Juan County, s@itheastern Utah, is an
oblong area covering 700 square miles. The mountains, which are west of
Monticello, Utah, are roughly circular in outline and occupy the center of
the areay, They are flanked by upturned sedimentary strata that range in age

from middle(?) Triassic (Moenkopi formation) to late Cretaceous (Mancos shale).
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The igneous rock that forms the main mass of the mountains is best described
as hornblende latite porphyry which locally coarsens to a diorite porphyry.
Mapping began in June 1954 and by the end of October 1955, all of the north
half, or about 55 percent of the area, was mappede.

Although slightly more than half of the area has been mapped, nc
relationship has been detected, as yet, between the igneous intrusives and
the uraniferous deposits. Small deposits of other metals (principally
copper, gold, and silver) are along the contact between the igneous bodies
and some of the sedimentary unitse. These metals are also found in quartz-
filled fractures that .cut’ the igneous rocksy.

Uranium-vanadium deposits are localized in several sandstone beds in
the Salt Wash member of the Morrison formation. These beds are about 150
feet above the base of the Salt Wash and contain two types of uranium-vansdium ’
ore bodies. Most bedies are small, discrete, irregular-shaped pedlike masses
averaging 15 feet by 3 feet by 10 feet; the second type comprises larger,
more continuous, tabular bodies averaging 4O feet by 3 feet by 200 feet.

Most of the deposits are in sandstone sediments that fill shallow sinuous
channels scoured into the underlyiné claystone and mudstones. These channels
are about 200 feet wide, are scoéured 5 to 10 feet into underlying strata, and
are of unknown lengthe Other uranium deposits are in unusually thick sand-
stoness Locally the claystone and mudstone interval that separates the sand-
stone lenses of the Salt Wash changes laterally into a sandstone facies,

The result is a thick accumulation of medium- to coarse-grained massive cross-
bedded sandstone that is as much as 80 feet thick, and ranges in width from
200 to 1,000 feet, Uranium ore bodies are scattered, apparently at random,

through this thickened sandstone lens. .
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East Vermillion Cliffs areas., Arizona

by

Re G, Peterson

Geologic mapping in the East Vermillion Cliffs area was begun in
July 1955. Rocks exposed in the area range from the Redwall limestone
of Mississippian age to the Dakota sandstone of Cretaceous age.

The Shinarump conglomerate, varying in thickness from a knife-edge
to 120 feet, forms a relatively continuous outcrop for about 50 miles along
the East Vermillion Cliffse. To the west the Shinarump is discontinuous and
locally absent.

Geologic investigations to date show that most of the uranium deposits
in the area are concentrated in the Shinarump conglomerate and the Moenkopi
formation at or near their contact in channel scours. No uranium deposits
have been found in either formation except in these channels., Many Shinarump-
filled channels cut into the Moenkopi formation in the area, however,
do not contain uranium deposits. No dissimilarities have as yet been found
between barren and mineralized channels other than the occurrence of uranium
mineralse.

The remaining uranium deposits in the area occur as spotty pockets in
sandstone lenses in the Petrified Forest member of the Chinle formation.
Carbonized wood is associated with the uranium in these Chinle uranium deposits;
however, not all carbonized wood in the Chinle sandstone lenses contains or
is associated with uranium,

Ostracodes found in the Dinosaur Canyon member of the Moenave formation

were identified by I, G. Sohn as a single species of Darwinula(?), a fresh

water Triassic ostracode. Discovery and identification of these fossils

. ger
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supports the tentative assignment of the age of the Moenave formation to the

Triassice

Grants area, New Mexico

by
Re. E. Thaden

Sedimentary rocks in the Grants area range from the San Andres formation
(Permian) to the Mesaverde formation (Cretaceous), Known commercial ore
deposits are in the Todilto limestone, in the Westwater Canyon and Brushy
Basin members of the Morrison formation, all of Jurassic age, and in the
Dakota sandstone of lower Cretaceous age.
Most ore deposits in the Morrison formation are in gréy sandstones of
the Westwater Canyon member. These ‘sandstones are predominantly orange-kbrown, '
and the gray color of the ore-bearing beds may have resulted from bleaching.
Except in color, the gray parts are not megascopically different from orange-
brown sandstone, either in contained material or in sorting and packing. Ths
gray parts seem largely to be restricted to piaces where the sandstone inter-
tongues with claystone.
Ore deposits in the Todilto limestone are associated with anticlinal
flexures;of small magnitude, and with domes. The average cleosure on these
structures is, perhaps, four feet, The anticlines, with rare exceptions, do
not involve the underlying Entrada sandstone (Jurassic), but most extend into
the basal limy sandstone of the overlying Summerville formation (Jurassic).
The anticlines, roughly, are in two sets, a major set trending about N, A5°'W,»
and a minor set trending about N. 10° E, They are asymmetric, with axial
planes dipping southerly and westerly, respectively, and may indicate differential ’

translocation of overlying beds to the north and to the east with respect to




underlying beds.

In addition to the anticlines, the upper part of the Todilto has
numerous small domes, possibly sedimentary structures formed by dilation.
The small domes and anticlines are irregularly distributed within the
Todilto, but their distribution does not correlate closely with the distri-
bution of ore deposits, Some major concentrations of folds have no associ-
ated ore bodies, and some areas where'folds are few in number contain many
or large ore bodies.

The Grants area is cut by zones of faulting; within the zones, the
strongest faults trend northerly, and weaker faults trend easterly. The
fault zones are several miles wide and trend northeasterly. It is within
these zones generally, and in favorable Morrison sandstone lithology and

more intensely folded Todilto limestone within these zones particularly, that

the ore deposits are most numerous, The orientation of the long axis of many

deposits suggests that the minor faults which trend easterly are the most
important local influence upon the position and shape of the ore bodies.
A paper, "Guides to uranium deposits in the Morrison-Laguna area, New

Mexico", by L. S« Hilpert and V, L. Freedman, was published in the Proceedings

of the United Nations International Conference on the Peaceful Uses of Atomic

Energy,
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Laguna area, New Mexico
i

by
Re H. Moench and W. P. Puffett

Geologic mapping was begun in the Laguna area in July 1955. To date
about 150 square miles have been mapped on aefial photogréphso In addi-
tion, an extensively mineralized area, about 1 square mile, was mapped at
a scale of 1 inch = 200 feet& Sedimentary rocks from Chinle through Mesa-
verde formations are exposed in the area. Basaltic flows and plugs, as
well as diabasic sills and dikes, are abundént; pe

Essentially five types of uranium deposits océur in the afeag The
most important are the large blanket-like deposits that occur in éﬁ arkesic
sandstone near the top of the Morrison formatione. Thé second type, of which
only one example is known, is a cylindrical vertical sandstone pipe, in .
which the uranium minerals occur in concentric fractures. In the third type,
found in the Todilto limestone. and locally near the top of the Entrads sand-
stene, the uranium minerals occur in the crests and flanks of small folds.
The fourth type, of which only one example is known, is a mineralized fracture
or vein, in an arkosic sandstone near the)base of the Morrison formation. The
fifth type includes a number of economically inéignificant mineralized pockets
of carbonaceous materials and carbonized logs in the arkosic sandstone of a
basal maroon siltstone of the Morrison formation. The mineralogy of all the
deposits apparently is simple; though much work remains to be done. A striking
feature is the spatial association of diabasic sills with the important uranium
deposits,

In the course of the mapping it was found that three fold systems--two .

post-Dakota and one pre-Dakota--exist. First, a belt of north-trending
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monoclinal folds and associated faults mark the boundary between the
Colorado Plateau and Basin and Range provinces. The second fold system
comprises a gentle northwestward regional dip, and local gentle basins,
domes, anticlines and synclines, with axes that bear northeast and north-
westes The third fold system, developed prior to the deposition of the
Dakota sandstone, consists of a series of gentle depressions, with axes
that bear slightly west of north, Coextensive with the pre-Dakota folds
are large concentrations of vertical sandstone pipes;_ﬁhich to date
have been seen only in the Summerville, Bluff, and Morrison formations,and
relatively intense folding in the Todilto limestone. Because one sandstone
pipe and some Todilto folds are mineralized, the pre-Dakota folds may have
some economic significance,

In the area mapped on a scale of 1 inch to 200 feet, an attempt is
being made to determine the relationship between mineralized Todilto folds
and the regional folds and the relationship, if any, between the diabase sills

and their associated contact metamorphism, and the uranium depositse

Diatremgs on the Navajo and Hopi Reservations

by
E, M. Shoemaker

About 300 volcanic vents are scattered over the Navajo and Hopi Reser-
vations in Arizona, New Mexico, and Utah. The majority of these vents are
funnel-shaped and filled with pyroclastic debris, a type of structure to
which the name diatreme has been applied. The diatremes are associated with
flows and tuffs of Pliocene age that rest on a surface of low relief (fig. 3)e

Volcanic rocks associated with the diatremes are nearly all alkaline

basalts which, in their intrusive phase, would fall under the classification
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of the two lamprophyres, monchiquite and minette. Minettes are found in
the northeast half of the Navajo-Hopi region and monchiquites mainly in the
southwest half; the region may thus be broadly divided into a minette pro-
vince and a monchiquite province (fig. 3). Both the monchiquites and minettes
are characterized by high concentrations of uranium —thorium —cerium group
rare earths. and niobium,as contrasted with olivine basalts of the Colorado
Plateau (TEI-540, p. 76-85). Serpentine tuff, commonly phlogopite-bearing,
is found in some widely scattered diatremes in the minette province.
Reconnaissance study has revealed two general types of uranium depocsits
in the diatremes from which ore has been produced. One type consists of sand-
stone impregnated with various copper, uranium, vanadium, and arsenic minerals
and occurs in the sandstone walls of dikes extending out from diatremes filled
with serpentine tuff. The second type consists of limestone, siltstone, clay-
stone and monchiquite tﬁff impregnated with uranium-bearing minerals, and
occurs in beds deposited within diatremes filled chiefly with monchiquite
tuff,
The first type of deposit is known at two logalities in the northern
part of the Navajo Reservation, one at Garnet Ridge and another near Red Mesa
(fig. 3). At Garnet Ridge the uranium ore occurs in the Navajo sandstone of
Jurassic and Jurassic(?) age as small concretion-like deposits adjacent to a
discontiﬁuous dike of ﬁica—serpentine tuff that extends northwest of the
Garnet Ridge diatreme (fig. 4). Malachite (Cug(OH)g(COB)), chrysocolla (ap-
proximately CuSiO3.2H20), volborthite (Cu3(VOj)2.3H20?) and metatyuyamunite
(ca(U02)2(V0y )2+5-7TH20) have been identified in the mineralized sandstone,
and the ore also contains trace amounts of introduced silver, cobalt, nickel,
lead, and thalliume. Selected samples contain as much as 2 percent U, but most

of the exposed mineralized sandstone is of marginal or sub-ore grade. A few
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tons of ore have been obtained for shipment by careful hand sortinge.
Spectrographic analysis of core drilled through the tuff dike shows that
calcium, strontium, nickel, vanadium, copper, and lead are dispersed in the
sandstone walls of the dike (fig. 5).

At Red Mesa, copper and other metals occur in the Navajo sandstone at
several places along mica-serpentine tuff dikes extending both north and
south of a small diatreme. Malachite, cuprite (Cup0), olivenite (Cuy(AsOy)(OH)),
and conichalcite (CaCu(AsOy)(OH)), have been identified in the mineralized
sandstone. Locally the mineralized rock is moderately uraniferous although
the uranium-bearing mineral has not been identified.

About 35 diatremes are known to contain uraniferous sedimentary rocks
in the Hopi Buttes area (fig. 6). The most abundant mineralized rocks in
the diatremes are bedded silty or tuffaceous limestones, containing 0,001 to
0,02 percent uranium. Most diatremes with considerable exposures of limestone
are conspicuously or detectably radioactive from the air. Concentrations of
uranium higher than 0.02 percent are found in some limestones, but more com-
monly in siltstones and claystones. The highest grade deposits so far examined
are in laminated siltstones and unconformably overlie beds of coarse tuff,
tuff-breccia, and agglomerate (fig. 7). At the Morale claim (fig. 6) ore-
grade concentrations of uranium are also found in the coarse-grained deformed
rocks beneath the unconformity.

Though the uraniferous beds within the diatremes are relatively continuous
{(figs. 7, 8) the distribution of uranium within the beds is highly erratic.
Ne consistent relation has been found between lithology and the distribution
of uranium within beds. In some diatremes there is a suggestion that the

uranium occurs more abundantly close to the walls of the vent.
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The mineral forms in which the uranium is present in the mineralized
rocks is not fully known. Carnotite (K(UO3)2(VOj)2.1-3Hy0) and liebigite
(CaU(C03)L+10Ho0) have been found in a few specimens, but most of the more
intensely mineralized rock contains no visible uranium minerals and the
material is so fine-grained that microscopic identification of the minerals
is difficult. The vanadium content of most of the uraniferous rocks is low.
A correlation found in a few analyzed samples between the concentrations of
uranium and phosphate coupled with an apparent absence of known fluorescent
uranium phosphates suggests the Bulk of the uranium mzy be contained in very
fine-grained apatite. In addition to uranium and phosphorous, small amocunts
of molybdenum and nickel are concentrated in the mineralized rocks. ‘

A paper, "Occurrence of uranium in diatremes on the Navajo-Hopi Reser-

‘ vation, Arizona; New Mexico, and Utah™, by E. M. Shoemaker, was published
in the Proceedings of the United Nations International Conference on the

Peaceful Uses of Atomic Energy.

Photogeologic mapping

by
We Ao Fischer

During this report period 1:24,,000 scale photogeoclogic maps of nineteen
7-1/2 minute quadrangles were completed. Forty-four photogeologic maps were
published and 20 were released as TEM reports.

Photogeologic maps are compiled from existing wvertical photography, which
ranges in scale from approximately 1:20,000 to approximately 1:60,000. These
maps show primarily the distribution and structure of geologic formations

. within the area as interpreted from photographs. They are compiled on plani-

metric bases taken from topographic base maps, where such base maps exist; in
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- lieu of these base maps, available planimetric base maps such as those of
'the,Sqil Co§servation Service are used. Where no base maps exist, geologic
data is c6mpiled to point cont ol Lo Stereo-templet or other templet
triangulation nets,

In addition to the 1:24,000-scale quadrangle maps; an“iéopachouS'map
shawingylocal thinning of the Mbenkoﬁi formation, and by inference showing
local;thickening (swales and;channels) in thg overlying Shinarump conglomerate,
was coﬁpletéd@ Stratiéraphicrthickneés»méasurements of thé Mbenkopi'féfmation
were made photogrammetrically énd5weré field éhéckéd‘for aécuraqy in part of

the aréa;,,lsopachous»mappingjof;ihe Moenkopi formatidn“is now being e#iehded ]
over the large area between Monument Valley'and.Whité Canyon. ’
‘The progress of photogeoldgic.mapping'in the Colorado Plateau is shown

in the index map, figure 9.

Subsurface geologic investigations by drilling |

by

D¢ Ay Phoenix

Diamond drilling designed to test geologic concepts began in June 1955.7
Drilling is finished or underway in four areas on thg Colorado Plateau. These
areas are: Oljeto Wash area, Navajo County, Ari#onag Cléy Gulch, San Juan
County, Utah; Disappointment Valley, San Miguel Cdunty,‘Colorado; and Kirkts
Basin-Taylor Creek areas, Grand County, Utah.

Drilling was completed ih the Oljeto Wash and Clay Gulch arsas during
the report period. Dsta from the drilling in Clay Gulch are not yet available.
In the other areas drilling is in progress. |

The Oljeto Wash area is in Monument Valley about 8 miles south of the

Oljeto Trading Post, Arizona. The area occupies a structural basin formed




72
l I Wil
NS L.' L 4
[ X
Published ) :: | Nl ;/:”:
N
O X KKK \é._‘ 2
B  oven fie.but not publisned EEEERS R S SARER
-y .’
. 5 .: - r/
&\Q in progress ._.:«J# ; S 2 :{ 5:
' 5
C' ~
L SRl T | &
e K <
|
NN | [ NEEN :
-k 0 N 3 N RN
(8 RS [ o]
Vi 4K
— 1 T A _1%"’- o g )
=R ll ?
\k \\ N = # NN S -
‘T | wor | - XS
s e - \ e gf o% ! >
_—3{ &Y S
QY L
L
34 s
* &
y ¥ ¥ S 1|
& L) F. \‘} ‘ﬁ‘;& 3
N 4 e
$— ‘,Lr
| > wl \ e | L X
& &’ o oS
B
o 3] :
¢ A L | Lkt
SR T
] 1] 19 | -
Fi tadas o of the Colorade @rec, showing location of photogeologi drang! blished,
3 O - opon ‘ite but net 'end In progress o8 of November 30, 1988, Lo




73

by the Oljeto Wash syncline (fig. 10).

Geologic studies in the‘Oljeto Wash area were made to obtain additional
data necessary to the interpretation of geophysical measurements of the
uranium-bearing Shinarump conglomerate. The distribution of the rock units
and structures of the area is shown on figure 103 detailed mapping is
in progress. Subsurface data was obtained from drill core recovered from
the holes shown on figure 10, Strip logs of drill core have been compiled :
to show variations in grain size, cementation and mineralogy of the Shinarump
conglomerate and related formations. These data will be compared and related
to various in-hole geophysical measureﬁents and used to evaluate the favor-
ableness of the Shinarump conglomerate for uranium deposition. |

The drilling had several objectives. In the southern part of the Oljeto '
Wash area drill holes were widely spaced, between 150 and 400 feet deep,
and were drilled mainly to determinexthe thickness and character of sediments
above the Shinarump conglomerate. In the northern and central part of the
area drill holes were closely or moderately spaced, generally less than 100
feet deep, and were drilled to test the configuration of the contact between
the Shinarump conglomerate and the Moenkopi formation as previously determined
by geophysical methods. One drill hole in the horthern part of the area
penetrated the Shinarump conglomerate, the Moenkopi formation, and the upper
part of the Cutler formation in order to compare the physical properties of
these formations.

Groups of strata exposed in the area from oldest to youngest consist of
the Organ Rock tongue, the DeChelly sandstone, and the Hoskininni tongue, all
members of the Cutler formation of Permian age; and the Moenkopil formation,
Shinarump conglomerate, and Chinle formation of Triassic age. Over much of

the area these rocks are covered by Quaternary alluvium. The geophysical
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studies have been mainly concerned with the characteristics of the sediments
of Triassic and Quaternary age, and the geologic studies to date have also
been concerned with the physical properties and arezl distributicn of these
rocks., (For results of geophysical studies see ppe 134-137.)

The Moenkopi formation of Triassic age consists mainly of thin-bedded,
red-brown, compact siltstone. Beds of light-colored sandstone are conspicuous
near the base of the formation and in addition the formation contains thin
beds of dense silty limestone. Locally the red-brown siltstone is altered
to a light-gray or gray-green color. The change in color is noticeable as
a band 2 or 3 feet thick beneath the Shinarump conglomerate and as thin bands
1 to 6 inches thick throughout the Moenkopi formation. The gamma-rsy activity
is more intense in the altered zones than in other parts of the Moenkopi

‘ formation.

The Shinarump conglomerate consists of two units, a lower coarse--grained
sandstone conglomerate unit and an upper fine-grained unit composed of sand-
stone and siltstone (fig. 11). Laterally the Shinarump conglomerate varies
in thickness and lithology, Theraverage thickness is about 40 feet; a maxi-
mumt thickness of 130 feet occurs in the axial portion of a channel-like depres-
sion in the Moenkopi formation.

In the southern part of the Oljeto Wash area the Shinarump conglomerate
is covered by Chinle formation and is saturated with water. The rock is
light-gray, contains pyrite as seams and nodules sssoclabted with organic
material, and is cemented by a soft white clay. In the northern part of the
area the Shinarump conglomerate is only locally covered by the Chinle formation.
Here the Shinarump is cemented with clay, calcite, and quartz; pyrite is

. generally absent, and the sediments are stained brown or yellow-brown except

near concentrations of organic debris where they are light-gray. ILocally
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the sediments are highly ceménted with manganese and iron oxides.

The lower part of the Chinle formation in the Oljeto Wash area is
about 350 feet thick and consists mostly of blue and green mudstone. Locally,
sediments near the base of the Chinle formation coarsen downward and the con-
tact between the Chinle formation and the underlying Shinarmump conglomerate
is difficult to determine, Elsewhere, mudstones of the Chinle formation
rest directly upon the Shinarump conglomerate.

Mineralized rock was encountered in some of the moderately spaced drill
holes in the centrsl part of the Oljeto Wash syncline. These holes cut the
Shinarump formation where it fills a channel in the top of the Moenkopi
formation. The channel was located by seismic measurements prior to drilling.
The drilling and geophysical data indicate that the channel is at least 700 .
feet wide and one-half mile long, The depth of the channel in its axial
portion is about 100 feet, but it becomes shallow and is difficult to identify

from drill core and from geophysical measurements.

Stratigraphic studies

Triassic studies

by
Je He Stewart

Regional studies of Triassic stratigraphy were extended during the
report period into the San Juan Mountains of southwestern Colorado and into
the area between Cedar City in southwestern Utah and Las Vegas in southern
Nevada. The Defiance Uplift of northeastern Arizona, the St. Johns area of
east-central Arizona, and the Uinta Mountains of northeastern Utah were

studied briefly.
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The Moenkopi formation is about 1,800 feet thick in most of the area
from Cedar City, Utah, to lLas Vages, Nevada. In the Cedar City-Ste. George
area of southwestern Utah,rthe Moenkopi consists of six members which are
in ascending order the Timpoweap, Lower red, Virgin limestone, Middle red,
Shnabkaib, and Upper red members. Some of these members were correlated
by lithology and stratigraphic position into the part oi;i’t‘;heﬁ Basin and Range o
provinee in northwestern Arizona and southern Nevada, whére the members ha@
not been previously reported. Three divisions of the Mbenkopi can be;seen.
in this part of the Basin and Rénge province. The lower division is a
reddish siltstone unit that is equivalent to the Lower and Middle red members.
The Timpowéap member may be present locally at the base of this division.
The Virgin limestone member could not be recognized. The middle division
is the Shnabkaib member composed of greenish siltstone, white gypsum, and .
gray limestone. The middle member of the Moenkopi in the Goodsprings quad-
rangle, southern Nevada, as described.by Hewett (U. S. Geol. Survey Prof.
Paper 162) probably correlates with the Shnabkaib. The upper division is
the Upper red member and is composed mostly of reddish siltstone.
The Shinarump conglomerate and Chinle formation hgye'been recognized
in the Basin and Range province of northwestern Arizona and southern Nevada
by Longwell (Ue S. Geol. Survey Bull. 798) and Hewett (U. S. Geol. Survey
Prof, Paper 162). The Chinle formation of Longwell and Hewett consists of
two parts, a lower unit of bentonitic claystone and clayey sandstone that is
correlated with the Petrified Forest member of the Chinle formation. The
upper unit consists of brownish siltstone and minor sandstone which correlate
with the Moenave and Ksyenta formations of the Colorado Plateau.
The Triassic rocks in the San Juan Mountains, Colorado are all included .

in the Dolores formation. In the southern San Juasn Mountains, the Dolores
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can be divided into three parts: (1) a basal ledge-forming, greenish,
very fine-grained sandstone about 50 feet thick, (2) a unit of reddish
and greenish siltstone and minor sandstone about 200 feet thick, and (3)
a8 unit of reddish coarse siltstone about 500 feet thick which contains
minor light-brown very fine-grained sandstone. These three units are con-
tinuous across the southern part of the San Juan Mountains but become
inseparable in the northern San Juan Mbuntaiﬁs. The Dolores formation
thins to the east across the San Juan Mountains tb a wedge edge in the
eastern part of the mountains. This thinning is caused mainly by erosional
truncation of the Dolores formation. The Dolores formation contains the
equivalents of the Rock Point member of thé Wingate sandstone and the upper
part of the Owl Rock member of the Chinle formation of the Defiance Uplift,
and the Church Rock member of the Chinle formation of southeastern Utah.

A paper, "Direction of transportation of the sediments constituting
the Triassic and associated formations on the Colorado Plateau', by
Fo Ge Poole and G. As Williams, was published in the Proceedings of the
United Nations International Conference on the Peaceful Uses of Atomic

Energy.

Entrada study

by
Je Ce Wright

Study of the San Rafael group, including the Entrada sandstcne, was
begun in late June 1955. The group is geologically critical because it
includes the only marine, fossiliferous strata of the Jurassic period on
the Colorado Plateau; and it is economically important because of the uranium

deposits in the Todilto limestone. in northwest New Mexico, and the vanadium-
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uranium deposits in the Entrada sandstone at Rifle and Placerville, Colorado.

During the field season the group was carefully re-examined at its type
area on the north end of éhe San Rafael Swell, Emery County, Utah; and the
units were traced in detail to their equivalents along the Colorado-Utah
border.

The work confirmed the identity of the fossiliferqus Carmel formation
of the San Rafael area with the non-fossiliferous structureless reddish
sandstones comprising the Carmel formation near the Colorado-Utah border;
showed that deposition of cross-bedded sands like those of the Entrada sand-
stone began locally in the Moab area during Carmel time, and that the Carmel-
Entrada contact is complicated by preconsolidation slumping, faulting, =nd
folding of the beds; and confirmed in some detail the intimate intertonguing
in the Green River Desert of the eastern cross-bedded sandstone facises of
the Entrada sandstone with its equivalent western earthy siltstone facies.
Review of the contorted and disrupted bedding, graded bedding, and absence
of good lamination in the earthy siltstone facies of the Entrada sandstone

suggests turbidity flows as the chief mechanism of deposition.

General stratigraphic studies

by
L. Co Craig

v

The general stratigraphic project began in the summer of 1955 and is
designed to provide summary information concerning the stratigraphy of
vformations of the Colorado Plateau not yet studied in detail. Preliminary
results of the detailed studies of the Morrison, Triassic, and Entrada
formations have shown the coincidence of uranium abundance with specific

stratigraphic characteristics, Analysis of these characteristics in other
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stratigraphic units by the general stratigraphic study may permit the
delineation of new areas favorable for the development of new uranium
mining districtse.

During this report period files have been established that will con-
tain the basic data for the general study and much of the original data of
the detailed projects has been summarized in these files. With the completion
of this, the first segment of the general studies will be the compilation of
existing information on and field study of the Upper Cretaceous and Tertiary
formations.

A field review of the Morrison formation, partial preparation of a
report on the Jurassic and Lower Cretaceous formations as a contribution to
a report by F. W. Cater on the general geology of part of southwestern Colorado,

. and partial preparation of a detailed report on the Morrison formation of the

Colorado Plateau constitute the main accomplishment of the report period.
Both reports are planned for Geological Survey publication in the Professional
Paper series. In addition a paper, "The application of stratigraphy to the
search for uranium on the Colorado Plateau", was presented to the Nuclear

Science Congress, December 19554 and prepared for publicaﬁion.

Sedimentary petrology laboratory

by
Re Ae. Cadigan

The laboratory has been engaged in petrographic analyses of sedimentary
rock samples submitted by the stratigraphic and other projects on the Colorado
Plateau.

. The petrographic study of the Morrison formation has been a study of

differences in rock composition and texture of Morrison sandstones. Differences
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have been classified as stratigraphic--differences between strata in a
vertical direction, and regional--differences within the same or equivalent
strata in different parts of the Colorado Plateau region.

The Morrison formation may be divided stratigraphically into an upper
part composed of the Brushy Basin and Westwater Canyon members and a lower
part composed of the Salt Wash and Recapture members. It may also be divided
regionally into a northwestern and a northern area, occupying south and east-
central Utah and west-central and southwestern Colorado, and a southern and
southeastern area, occupying the Four Corners area and northwestern New
Mexico. The Morrison is represented in the northern area by the Brushy Basin
and Salt Wash members and in the southern area by the Westwater Canyon and
Recapture members (plue some Brushy Basin). These two groups of strata inter-
tongue and overlap in the Four Corners area.

Microscopic study of representative heavy mineral suites from 257 Salt
Wash, 60 Recapture, 58 Westwater Canyon,:and 48 Brushy Basin member samples

produced the average proportions shown in table 3.

Table 3. Average heavy mineral ratios in sandstones
of the Morrison formation
(Abbreviations used are: O, opaques; NO, non-opaques; Z, zircon;

Ty tourmaline; G, garnet; S. staurolite; R, rutile; A, apatite;
E, epidote.)

Member Average heavy mineral ratios given in percent
All heavies Non-opaque heavies
0 NO Z T G S R A E

Southern area:
Westwater Canyon 72.6 27.4 59.9 15.2 13.9 7.7 1.7 0.7 0.8

Recap‘bure 69.2 30.8 L|.9 8 22.8 18-7 500 2.1 02 105

Northern area:
Bm&hy Basin 62 8 37 2 60 -6 19 97 11...3 262 2 07 0 oL]. 0.0

Salt Wash 53 06 11.601]. 62.0 23 o 805 107 3.6 008 0,0
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A comparison of the mean ratio figures for opagues, non-opagues, rutile,
staurolite, and epidote shows a common order of magnitude for the Westwater
Canyon and Recapture members which suggests a regional pattern of distfibution
for these mineral varieties which is related to a regional arrangement of the
four members of the Morrison formation.

A special analysis of sixteen samples was made to obtain an order of
magnitude of the average total heavy mineral content of Morrison sandstoness
Computed oﬁ the basis of percent of detrital minerals above 0,032 mm., grain
size, the approximate proportions are: Westwater Canyon member, 0.25 percent;
Recapture member, 0,20 percentj Salt Wash member, 0.10 percent; Brushy Basin
member, 0.09 percent. The greatest variation was observed in the Westwater
Canyon and the least in the Brushy Basine. Averages for the Morrison formation
are 0.16 percent of the detrital components, and O.l5 percent of the total
rocke.

Sandstones of the Westwater Canyon and Recapture members thus appear to
contain more heavy minerals than the Salt Wash and Brushy Basin memberss.
Regional difference in total heavy minerals provides a clue to the reason for
the regional difference in ratio of opaque to non-opague heavy mincrals sug-
gested by the data in table 4e It is suggested that a suite of heavy minerals
with e high proportion of opaques was intréduced from the southeasb.

Several heavy minerals in the Morrison formation have a regional pattern

of distribution which may be interpreted in terms of nearness and direction

to a source of sediment. Table L tabulates and summarizes the mineral-direction-

source-rock interpretations obtained from the study of the regional variations
in the heavy mineral suite. Directions are taken with respect to the center

of the Colorado Plateau region.

o,
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Table 4L« The provenance and directions of source associated

with various heavy minerals in the Morrison formation

Heavy minerals Apparent source direction Inferred source
Dominant Other

Opaques 1) southeast 2) south 1) 2) granite, authigenic

Apatite 1) northwest 2) southeast 1) silicic wvolcanics

2) volcanic rocks

Epidote 1) southeast 2) northwest 1) 2) granite and erystalline
metamorphic rocks :

Garnet 1) southeast 2) northwest 1) 2) granite and erystalline
metamorphic rocks

Rutile 1) north : 2) southwest 1) residual end product of
sedimentary transport*
2) reworked sedimentary rocks.

Staurolite 1) southwest 1) metamorphic limestone
Tourmaline 1) southwest 2) northwest 1) reworked sedimentary and ‘
metamorphic rocks -
2) granite
Zircon 1) southeast 2) northeast 1) granite, 2) residual end
3) west product of sedimentary transporti

3) volecanic rocks

# Believed to have been derived from sedimentary rockse.

Three general source directions are inferred. A southwestern source
area contained partly metamorphosed limestone and other sedimentary rocks.
A southeastern source contained mostly granites, crystalline metamorphic
rocks, and some silicic volcanic rocks and ash. A northwestern source con-
tained mostly silicic volcanic rocks and ash, some granites, and crystalline
metamorphic rocks.
Regional variation in composition of the sandstones of the Morrison
formation is borne out by the results of thin section study. Sixty-six thin ‘

sections of representative Morrison sandstones were analyzed by point-count
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method with 400 counts per section. The sections were apportioned among
the members as follows: Salt Wash, 23; Brushy Basin, 15; Recapture 14}
Westwater Canyon, 1.

A11 detrital minerals and mineral groups were lumped into one of four
general detrital components as follows:

1. Quartz (includes quartz grains, quartz overgrowths, meta-quartzite
and quartz schist fragments)

2y Feldspar (includes potash, sodic ' and caleic feldspars, kaolinite
group of clays, wads of kaolin mud)

3., Tuff (inecludes silicified and altered tuff grains, chert, mont-
morillonite, mixed layer clays, rhyolitic rock fragments)

L. Micas (includes illite, sericite, chlorite, heavy minerals,
fragments of micaceous metamorphic rocke, miscellaneous grains)

A tabulation of average compositional values is given in table 5.
Table 5., Average composition based on thin section analyses of

66 Morrison formation sandstones, by members in terms
of mean percentage of four general components

Member Quartz Feldspar Taff Micas
Southern area: ,

Westwater Canyon 63,5 31,9 1.6 30
Recapture 65 .2 21.L 2.y 10.9
Northern areas

Brushy Basin 6649 9.5 18,7 L o9
Salt Wash 7246 10,9 13,5 3.0

To summarize and compare composition of the sandstone of the members
of the Morrison formaticn, a single statistic is used which combines average
composition with variation; this statistic is the estimated range of mean at
the 95 percent confidence limit. The graph, figure 12, shows the range of
the mean composition of sandstone in terms of the four general componentis,

quartz, feldspar, tuff, and micas. The estimated range of the mean computed
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for a definite number of samples is limited by maximum and minimum values

beyond which the population mean would not be expected to occur more than
5 times out of 100.

The range of the mean when shown graphically in this manner gives much
statistically significant information. First, the general location of the
bar with respect to the vertical scale gives the order of magnitude of quantity.
Second, the length of the bar reflects the relative amount of variation and
gives an indication of the dependability of any mean value computed for a
similar set of samples; a long bar indicates that there is a large variation.
Third, it is possible to distinguish significant and nonsignificant differences
between two stratigraphic units in terms of one component. For example,
although the computed mean of the tuff content is 18.7 percent for Brushy
Basin sandstones and 13.5 percent for Salt Wash sandstones, from figure 12
we see that the ranges of means of tuff content of sandstones of the two units
overlap in the area where the two means occurj; therefore, no significant dif-
ference exists between the two means. However, there is significantly more
varistion in the occurrence of tuff in the Salt Wash sandstones. Fourth,
the conventional comparison of composition can be made easily among the strati-
graphic units involwved.

Conclusions to be drawn from figure 12 are that the amount of feldspar
varies significantly on a regional basis; Recapture and Westwater Canyon sand-
stones contain significantly more feldspar than Salt Wash and Brushy Basin
sandstones. The greatest variation in feldspar content occurs in Brushy
Basin sandstones (caused by regional variation within the unit). The amount /'
of tuff in Morrison sandstones varies significantly on a regional basis. A
small overlap between range of mean tuff content of Salt Wash and Recapture

sandstones is caused by the large variation in the occurrence of tuff
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in the Salt Wash (caused by a regional variation in tuff content in the
Salt Wash itself). The amount of tuff in Brushy Basin sandstones is signif-
icantly greater than that in Westwater Canyon and Recapture sandstones,

The mean amount of micas in the sandstones differs significantly between
the Recapture and Westwater Canyon members and between the Recapture and Salt
Wash xz;smbers s but not between the Brushy Basin, Salt Wash, and Westwater Can-
yon members.

To summarize, the sandstones of the Morrison are more arkosic in the
southeastern and more tuffaceous in the northwestern part of the Colorade
Plateau, which constitutes a major regional difference. On the other hand,
the upper part of the Morrison formation (the Wes?water Canyon member) is
more arkosic in the southeast than the lower part (the Recapture member) and
more tuffaceous (Brushy Basin member) in the northwest than the lower part
(Salt Wash member) which constitutes a major stratigraphic difference,

It is concluded that most of the major compositional differsnces between
members of the Morrison formation are related to regional location of the
sandstones rather than to their stratigraphic position. The differences are
directly the result of the derivation of sediments from different source areas.
The differences in mean composition are greatest along the edges of the area
of deposition and least in the center of the area of deposition, which may be
due to amalgamations of sediments from the different sources and to the close-
spaced interlayering of tongues of sediment of different composition,

The major stratigraphic difference, the evidence of more tuff and feld-
spar in the upper Morrison sandstones than in the lower permits the following
interpretations: assuming that the amount of tuffaceous and arkosic ssdiments
bears a direct relation to tectonic activity, it may be concluded that depousition

of the upper part of the Morrison formation occurred during a time of more
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intense tectonic activity than that going on during deposition of the lower
part of the Morrison formation.

Some preliminary compositional data is available on Triassic and
associated formations studied in the general area of southeastern Utahs
The data shown in table 6 are based on thin-section analyses by standard
and abbreviated point-count methods. Only data on the Shinarump conglomerate,
the so-called Moss Back sandstone, and the Monitor Butte and Petrified Forest
members of the Chinle formation are to any extent reliable. Data on other
formations are reliable only within broad limitse.

Table 6. Average composition based on thin section analyses of
sandstones and siltstones of Triassic and associated formations

in the southeastern Utah part of the Colorado Plateau,
in terms of four general detrital components

‘ Formations Number of Quartz Feldspar  Micas  Tuff
and members samples (%) (%) &) (Z)
Wingate sandstone 2 L9 29 9 13
Chinle formation
Church Rock member 2 50 27 23 0
Owl Rock member 1 38 30 17 15
Petrified Forest member 2 52 8 7 33
So-called Moss Back
sandstone’* 6 2 16 7 5
Monitor Butte members 17 v/ 16 4 6
Shinarump conglomerate* 28 76 19 2 3
Moenkopi formation 2 57 26 13 0
Cutler formation
Hoskinnini tongue 3 73 26 1 0
DeChelly sandstone
member 1 70 17 3 10
Organ Rock member 1 51 27 22 0
Cedar Mesa 1 75 2L i 8 0
Composition mean by units 13 61 22 9 8
Mean of nonuranium-
producing units 9 57 2L i § 8
Mean of uranium-
producing units 3 7L 17 L )

‘ #*Uranium-producing.
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_ A strong similarity exists between the three major uranium-producing
units, the Shinarump conglomerate, the Monitor Butte member of the Chinle
formation, and the so-called Moss Back sandstone. To show that this
similarity is not si_mply a matter of sampling and that it departs from the
average of the stratigraphic column, means were computed for all units ;=
(composite mean), for nonuranium-producing units only, and for uranium-
producing units onlye.

The uranium-producing units show more of the quartz components, and
less of the feldspar, micas, and tuff components. It is interesting to note
that another unit which approximates the uranium-producing units in composition
is the DeChelly sandstone member of the Cutler formation.

Grains of a mineral from the Browns Park formation of northwestern
Colorado, reported as sodalite (noselite variety) in the preceding semi- ‘
annual report were subjected to X-ray and spectrographic analyses and found
to be amorphous and rich in sodium, magnesium, and silica. It is concluded
that the "mineral™ consists of well-rounded detrital grains of sodium-magnesium-
silica-rich volcanic glass.ﬁ |

Ground-water studies
by
De As J Obin

The transmissive character and horizontal and vertical transmissive
capacity of the exposed sedimentary rocks of the Colorado Plateau and the
physical distribution of uranium deposits with respect to these hydrologic
properties have been studied by extensive sampling and permeability measure-: ' -

ments. .
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Two types of hydrologic units, (1) eolian or marine sandstone, and
(2) fluvial sandstone and conglomerate, together account for most of the
regional transmissive capacity possessed by rocks of the Colorado Plateau.
Marine and eolian sandstones are characterized by relatively moderate to
great mean thickness and permeability and relatively even local gradients
of thickness and permeability and consequently by relatively high regional
transmissive capacity. Fluvial sandstones and conglomerates are character-
ized by relatively small to moderate thickness énd permeability and abrupt
and extreme fluctuations in local gradients of thickness and permeabilityi
and consequently by relatively low to moderate regional transmissive capacitye.
Most of the known uranium deposits occur in fluvial hydrologic unitse The
two major uranium-producing hydrologic units are(l) the Shinarump and lower
Chinle sandstones, and(2) the Morrison sandstones.

Exclusive of the effects of fractures and faults, the major uranium-
producing hydrologic units have large differences between horigontal and
vertical permeability, moderate mean vertical permezbility, and are over-
lain by relatively thick and impermeable shales and mudstones. There is
also a suggestion that, where open fractures coexist with a series of fluwvial
strata separated by relatively thin mudstone and shale strata, uranium has
been deposited throughout the entire fluvial series.

The spatial distribution of uranium deposits within favored strata
appears to be strongly influenced both by the proximity to zones of high
vertical transmissive capacity and by the horizontal transmissive character
and capacity of the host rocks.

For each of the major uranium-producing hydrologic units the spatial
distribution of the total number of uranium deposits, the total number of

3-mile=square areas with outcrops that contain one or more uranium deposits,
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and the total number of 3-mile-square areas with outecrops were determined
relative to major fault and fracture zones considered to be the locl of
considerable vertical transmissivity. It was found that, although each

of these entities decreases somewhdt in frequency of occurrence away from
gones of major vertical transmissivity, the most pronounced decrease in
frequency occurs in the number of uranium deposits and the number of 3-mile-
square areas containing one or more uranium deposits (fig. 13 and 14).

These same relationships are brought out even more clearly when the
uranium deposits plotted are limited to deposits larger than one thousand
tons (fige. 13 and 14).

The frequency distribution by size of representative suites of uranium
deposits within individual host rocks is clearly related to the range of

. local horizontal transmissivity of the host rock; the range in size of
deposits within a particular host rock varies directly with the range in
its local horizontal transmissivity. Less consistent relationships are the
apparent decrease in number of deposits found in a given mineralized host
rock with decrease in range of local transmissivity and the similar descrease
in number of deposits with an increase in the mean value of regional trans-
missive capacitye.

The regional variation of transmissive character and capacity of the
major uranium-producing hydrologic units was studied with reference to the
transmissive character and capacity of the most productive parts of each
unit as a standard of comparison. Relatively little of the Shinarump-lower
Chinle unit is similar in horizontal transmissiwve character and capacity to
its most productive parts (figy, 15). In contrast most of the Morrison sand-

‘ stones are essentially similar in horigontal transmissive characteristiscs and

capacity to their most productive parts (fig. 16).
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The most likely places for the discovery of uranium deposits in the
principal uranium-producing hydrologic units are thought to be where aregﬁ
of considerable vertical transmissive capacity coincide with arsas in aa&h
hydrologic unit that most closely resemble iﬁ horizontal transmissive
character the known productive parts (fig. 15 and 16).

A paper, “Regional transmissivity of the exposed sediments of the
Colorado Plateau as related to the distribution of uranium deposits™, by
De Ao Jobin, was published in the Proceedings of the United Naticns Inter-

national Conference of the Peaceful Uses of Atomic Energy.

Resource appraisal

Appraisals of our uranium resources can be made only by synthesizing
‘ all available geologic and economic data to determine the relations o;‘ known -
uranium deposits to stratigraphic units, lithologic character, tectonic
structures, and geochemical enviromment. Such appraisais allow the selection
of new areas for study in which the combinaticn of geclogic factors suggests

the presence of concealed uranium deposits and also aids in recommen:

fields for research,thus assisting in planning a coerdinated program of
geologic investigations on the Colorade Plateau.

This appraisal of geologic data is undertaken in three arbitrary geo-
graphic units that together encompass the entire Colorado Plateau, These

units of the work are reported separately below.
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Northwestern Colorado and Northeastern Utah

by
Re Te Chew, III

Field work during the report period in the extreme eastern part of the
Colorado Plateau and in the Thompson district, Utah, suggests that the Chinle
and Morrison formations along the northeastern edge of the Coloradc Plateau
are unfavorable for the occurrence of large uranium depositse The Chinle
formation northeast of the Uncompahgre uplift contains very few sandstone
lenses that appear to be favorable host rockss A few miner deposits are known
in limy conglomerate lenses and conglomeratic sandstone lenses near the base
of the Chinle? The fluvial sandstones which comprise the Salt Wash member of
the Morrison formation over most of the Plateau thin eastward from the
Uncompahgre uplift to a knife edgep, Most of the lower Morrison along the
Grand Hogback consists of limy siltstone that contains only a few very thin
fairly persistent sandstone lenses. Although small deposits are associated
with zones of carbon trash and fossil bone, none of them appears to contain
more than a few tons of mineralized rocks

Favorable host rocks in the Salt Wash member of the Morrison formation
are considered to be in areas where: (1) the Salt Wash is about 250 feet thick;
(2) sandstone comprises 75 percent or more of the Salt Washj (3) the individual
sandstone lenses are at least 30 feet thick} and (4) the individual sandstone
lenses contain an appreciable amount of mudstone and siltstoene,

Application of these criteria in field studies completed in the Thompson
district suggests that the most favorable area for the occurrence of undiscevered
uranium deposits may be northeast of the Yellow Cat area near Cisco where the

Salt Wash is beneath about 600 feet of younger rocks. Three drill cores from
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holes drilled in this area contain thick Salt Wash sandstones, abundant
pyrite, and thin seams of vanadium(?) minerals associated with carbon trash.
The Salt Wash contains little or no sandstone in the extreme north-

eastern part of the Thompson district and few deposits can be expected there.

Utah and Arizona
by
Hs S, Johnson

During the report period field work was essentially completed for the
Green River and San Rafael districts, the Cedar Mountain area of the Uinta
district, and for the Henry Mountains district.

Green River district

In the Green River district, reconnaissance of the Morrison formation
indicates two favorable northerly trending belts or channel-systems in the
Salt Wash member in T. 21, 22, and 23 S., Re 14 E. (fige 17). Within these
belts Salt Wash sandstone lenses reach thicknesses of 4O to 80 feet and con-
tain small to medium sized uranium deposits. Outside these favorable belts
Salt Wash sandstone lenses in the Green River district are commonly less than
LO feet thick and contain few if any significant depositse.

The so-called Moss Back member of the Chinle formation is (except where
missing in the southernmost tip of the district) a relatively thick blanket-
like deposit of comparatively uniform lithology over the district as far north
as the northern boundary of Wayne County. The lack of known deposits in this
unit, its uniform lithology, and its blanketlike character suggest that it
is unfavorable for uranium deposits in this area.

The Monitor Butte member of the Chinle formation pinches out to the

northeast in the southern part of the Green River district and may have fairly
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large potential resources in a broad belt paralleling the line of pinchout.
This relatively favorable ground in the Monitor Butte is discussed in a
later paragraph dealing with Triassic formations in the Henry Mountairns
districte.

San Rafael district

Results of investigations in the San Rafael district indicate that about
90 percent of the potential uranium resources of the district may be expected
to occur in the Chinle formation in large deposits, (For purposes of this
study the clusters of ore bodies in the Temple Mountain area are considered
as cone large deposit in which the individual ore bodies are separated by
mineralized ground.) Assuming that major stratigraphic and lithologic controls
of ore deposits transgress major tectonic structures, as suggested by work
to date, and also that, broadly speaking, potential resources are evenly
distributed within areas of favorable ground, about 40 percent of the dis-
trict?s potential resources may be expected at depths less than 1,000 feet,

The Monitor Butte member of the Chinle formatior thins from a meximum
thickness of about 100 feet in the vicinity of the Delta mine in the San
Rafael Bwell to a line of pinchout just south of Temple Mountain and Green
Vein Mesa, It is possible that the pinching out of this unit is responsible
for a broad belt of relatively favorable ground covering the south third of
the Swell and extending southeasterly into the Green River and Henry Mountains
districts and northwesterly into the Cedar Mountain area of the Uinta district.
Within this broad belt significant uranium deposits may occur in sandstone
lenses approaching 30 feet in thickness,

The sc-called Moss Back member of the Chinle formation is considered
relatively favorable for significant deposits along the northwesterly trend

of a favorable belt or channel-system passing through Temple Mountain and Green
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Vein Mesa in the San Rafael Swell and, in the so-called Moss Back channels
in that part of the Swell south of Temple Mountain and Green Vein Mesa.,

Reconnaissance in the Cedar Mountain area west of the San Rafael Swell
indicates that the Salt Wash there is unfavorable for significant uranium
deposits except in a belt that trends northwestward through T 20 S., R. 8 and
9 E. Within this belt sandstone lenses in the Salt Wash reach thicknesses of
30 to 4O feets Outside this belt Salt Wash sandstone lenses in the Cedar
Mountain area are usually less than 20 feet thick, Small deposits can be
expected in the belt,

Sparseuranium~,vahadium—, and copper-bearing materials have also been
found in the Ferron sandstone, Cedar Mountain formation of Stokes, Summerville
and Entrada formations as well as in the Morrison formationyin the Cedar
Mountain area. Except for the Morrison, none of these formations is thought
to have any appreciable potential resourcess

The Monitor Butte and so-called Moss Back members of the Chinle formation
underlie the Cedar Mountain area at depths greater than 1,000 feet and may
contain fairly large potential resources, The Monitor Butte member is con-
sidered relatively favorable in the southern third of the Cedar Mountain area
and could contain large uranium deposits if sandstone lenses approaching 30
feet in thickness are presents The so-called Moss Back member is thought to
be relatively favorable over essentially the same area and could contain large
uranium deposits in channels or channel--systems similar to the one passing
through Temple Mountain and Green Vein Mesa in the neighboring San Rafael Swell.

Henry Mountains district

Reconnaissance along the outcrop of the Morrison formation in the Henry
Mountains district indicates that the Salt Wash is most favorable for signif-

icant uranium deposits in the vicinity of Trachyte Creek, Here, the clustering
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of known deposits and orientations of logs, stream lineation, and festoon
crossbedding suggest a favorable Salt Wash belt or channel-system trending
about No 60° W, in T, 32 and 33 S;, Ro 11 E, The westerly projection of
this inferred belt under Brushy Basin and Mancos shale cover has not been
well explored, but is likely to contain potential reserves several times
larger than production to date from the Trachyte Creek area,

Ore deposits in the Circle Cliffs area, in the Henry Mountains district,
are essentially confirned to channel-fill Shinarump as opposed to unfavorable
blanket-type Shinarump. Deposits also tend to occur on the flanks rather
than in the center of channels, and the preferred host rock is a cobble-
conglomerate of Moenkopi cobbles in a Shinarump sandstone matrix, or fractured
siltstone in the upper 2 or 3 feet of the Moenkopi formationg

Many large Shinarump channels are known in the Circle Cliffs area, and
the presence of relatively high grade uranium-copper ore in some of these
channels suggests that abundant mineralizing sclutions have passed threugh
the rocks. The small size and sparseness of known deposits in this area are
probably due to the lack of favorable host rock. Most of the Shinarump channel-
fill sands are relatively clean; mud and carbonaceous material are lacking.
The ore minerals may have been precipitated from migrating ore solutions
because of decreased permeability or physical-chemical reactions in remnant
patches of the favorable cobble conglomerate or in the favorable fractured
Moenkopi siltstone in the flanks of channels. The fractured zones in the
Moenkopi may be related to slumping on the banks of old Shinmarump stream
channelse

Potential resources in the Circle Cliffs area are probably not large,

and deposits of greater than medium size seem unlikely.
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Reconnaissance of the Triassic formations in the northeastern part ef
the Henry Mountains district indicates that with the possible exception of
the Monitor Butte member of the Chinle formation poﬁéntial resources are
probably small, The Shinarump conglomerate is not p;esent on the outcrep
north of the vicinity of Hite, Utah. The Monitor Butte member of the Chinle
containgsmall uranium deposits between the vicinity of Hite and the line of
pinchout of this unit trending northwest through the upper end of Hatch Canyon
in the southern Green River district, The many small deposits in the Monitor
Butte in this area suggest that the wedging out of the Monitor Butte: méy
provide some sort of major stratigraphic control of the ore deposits, If
this is so, there may be a relatively favorable belt of Monitor Butte ground
as much as 25 miles wide and paralleling and bounded on the northeast by the
northwesterly trending line of pinchout of the unit., It is interesting te ‘
note that the Delta mine in the San Rafael district and the Jomac mine in the
White Canyon district both would fall in this projected belt, Such z belt,
if valid, could possibly contain considerably greater potential resources

than the small deposits now known in the area would seem to indicateo

Northwest New Mexico

by
L. S¢ Hilpert and A, F, Corey

The known or available occurrences of uranium-bearing rocks in north-
west New Mexico are shown on figure 18 which shows the occurrences by type
and age of host rocks, Table 7 lists the occurrences by name (where avail-
able), location, and by the host formation.
Because of the varied sources of information, strict grade cutoffs could ‘

not be used, Generally, however, all surface anomalies represent deposits with
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Table 7.--Name, location, and host rocks of uraniferous

occurrences in northwest New Mexico

Name

Tusas

Tusas

Je0oLe

Rancho AAA
Cooperative Mines
Cooperative Mines
Apache

Hiser-Moore No. 1
Ortiz Mine Grant
Carter-Tolliver-Cook

Charley No. 2
Hot Shot

Hogsett~Hurst-Henderson

B
ouromo sz am s
o o o e
o o e s
e

Boyd

Farr Ranch

Farr Ranch

Farr Ranch

Farr Ranch

Largo No. 2

Becenti ‘
Christian 16 (U mine)
Morris-Peters
Morris-Peters
Morris-Peters

Smal