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INTRODUCTION 

This report is a stq.tement 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 
Ua So Geological Survey under the sponsorship of the U. So Atomic 
Energy Commissione 

During the period the Geological Survey's program has been 
directed to an. increasing extent toward the understanding of geo­
l ogie · conditions favorable for the concentration of uranium, rather 
t han the search for minable .deposits as such. This shift in emphasis 
i s reflected in the decreased amount of exploration drilling during 
t he period, and the accompanying increase in geologic programs oJ 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. MaQY investigations have progressed tb 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 ye.ars before final reports can 
be preparede Formal publications (as distinguished from administrative 
Trace Elements Reports) published during the period include 10 Geological 
Survey Bulletins or Bulletin Chapters; lt6:. GEfOl.ogical 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 o In addition, a large number ·of papers by 
geologists in the program were presented before scientific ~ocieties, 
and the 61 papers prepared for the United Nations Internatio11ral Confer­
ence .on the . Peac .. ~ful Uses of Ato~c Energy during the preceding report 
peridoYwere~ published by the 'Unit·ea·;: Natii.ons' 

_': , .. _. - -- ~ :: . __ . ' :I : . :'. . - ·. ·'- ·, -t'' :. :;,_:·:·' - • - .. : ' : ' ' ~.- -· . : . ·:-~ . ' ' ·•. ::. : ~- - i 
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HIGHLIGHTS, 
GEOIDGIC INVESTIGATIONS OF RADIOACTIVE DEPOSITS 

JUNE l - ·NOVF_l,illER 30.9 1955 

Uranium in sandstone-type deposits in the Colorado Plateau 

Gt)ologic mapping 

Geologic mapping and related office work,~~,re:re continued during the 
period in the followi.Jlg areas: Southwestern Colorado; Western San Juan 
Mountains, Coloradop Ute Mountains, Colorado~ I,a Sal Creek, Utah-Colorado; 
Lisbon Va.lleyp Utah-Colorado; Moab and Inter--River areas, Utah; Orange 
Cliffs~ Utah; Sa.n Rafael Swell, Utah.p Ci:.t•cl.e Clif.fs; ITtah; Elk Ridge~ 
Utah; Abajo Mountains,!) Utah.; East Vermillion Cliffs~ Arizo0.a; Grar.,ts, 
New Mexico; and Laguna, New Mexicob The diatremes on the Na~rajo and Hopi 
Reservations 1 Arizona9 were also studied dQr.ing the period. 

In the Bull Canyon district of the Sou:t.h~restern Colorado area, trace 
elements studies show that lead, zinc 9 copper~ selenium~ molybdenum, 
silver, tin and barium are associated with the uranium deposits. A 
structure contour map of the district shows a possible relationship 
be·~ ween 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 ·uran±u.rn ore 
exists, and that this relationship may be a useful ore guide e Fracture 
studies may help in interpreting the geologic history of the distric~. 

In the Uravan district of the Southwestern Colorado area~ surface 
and mine mapping in the Sharkey areav norl:,hwestern Long Park, indicates 
no genetic relationship between fractures aDd the early ore mineralse 
.All faults that intersect ore bodies displace the ore layers. In several 
places uranium and vanadium apparently· have been leached from faulted 
ore layers and redeposited in fault zones and along joint surfaces. · 

Sedimentary rocks of the Placerville district in the Western San 
Juan Mountains 9 Colorado have been warped into folds of northwest trend 
that appear to be continuous .. with the salt a.."1ticlines of southwestern 
Colorado and southeastern Utah. These rocks have been intruded by sills 
and stocks of andesite ar;.d diorite probably during a single period of 
intrusion"' apparently during m.i..d-Tertiar.r time. 

Fossil and lithologic marker zones in the Mancos shale~ found 
during recent stratig-raphic 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 fo~tion9 
in the Sage Plain area~ consist of uraniferous cl~stones about 20 
feet below a lens of conglomerate and about 150 feet below the top 
of the Brushy Basin membere 

In the La Sal Creek area9 Utah-Colorado~ the structures mapped 
reflect the interplay of tectonic forces involved in the intrusion of 
salt on the east side o.f the area and igneous rooks on the west~· The 
distribution of uranium within one and possibly three northwest-trending 
belts has no apparent relation to the t .ectonic structures or the igneous 
rocksfl but the deposits appear to have been localized by sedimentary 
structures within the ore._bearing sandstone of the Salt Wash member of 
the Morrison formatione 

Copper and manganese deposits along the Lisbon Valley fault in the 
Ltisbon Valley area9 utah-Colorado e are in part localized by faulting, 
but uranimn deposits in a somewhat similar structural setting do not 
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 ; ciose' to the 
Moenkopi · formation·~ ·. Copper .riiih.erals~. in pla;ees·' ~sociat,ed with ·uranium, 
o.ccur at the: .base of · the Chinle formation. 

The Chinle formation in the San Rafael $well area, Utah~ has been 
divided_, from bottom to top, into a nmqttled siltstone'' unit~ the 
1-1onitor Butte mudstone member 9 the so-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 sa~dstone and conglomerate of the 
so-called Moss Back member. 

Field work . in the Circle Cliffs area,, Uta.h9 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 o This entire belt is believed to be favorable for uranium deposits o 

Known deposits are associated with asphaltite~ iron and copper sulfides 9 

and oxides of molybdenumo 

In the Abajo Mountains area$ Utah sedimentary strata ranging in 
age from middle(?) Triassic to late Cretaceous have been intruded by 
latite and diorite porphyryo Small deposits of copper, gold, and silYer 
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 deposits are in sandstone in the 
Salt Wash member of the Morrison formation 9 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 gr~ 
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. 

'l'he Laguna area.9 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 1 Bluff, 
and Morrison formations, and relatively intense minor folding ' in the 
Todilto limestone. These relations m~ 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 e~tending 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 Wit.ni.n ~diatremes 'filled 
chiefly with monchiquite tuff. About 3.5 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 published. 

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; a..11d in southwestern Utah and 
southern Nevada. Between Cedar City, Utah and Las Vegas, Nevada, the 
Moenkopi formation was found to be 1 9 800 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 th~ identity of the fossiliferous Carmel formation of 
the San Rafael Swell with the non-fossiliferous reddish sandstone c~n­
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 Ca....""mel­
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 mineral~ it is con-· · 
eluded that the major compositional differences between .members of the 
Morrison formation are the result of derivation from different source 
areas. 

Resource apprais~ 

In southeastern Utah gro\Uld 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 !.fountain area. The 1-ionitor 
Butte member of the Chinle formation is relativelj' favorable· in a brOad 
belt paralleling the northeastern line of pinchout of the unit in the 
Henry Mountains, Green River, and San Rafael districts, and in the Cedar 
Mountain area of the Uinta district. 

In northwestern New Mexico uraniferous deposits occur in cr.ystal-
line rocks of Precambrian agej in igneous rocks of Tertiary age, in 
sandstone of ~erma-Triassic, Jurassic, Cretaceous and Terti~ 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 aqidic 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 c~pper 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 
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formation -·and associati on of the deposits with faults, fractures and 
folds is suggested. Deposits in sandstones of Cretaceous and Tertiacy 
age are generally associated 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 4) _ 1}le~e are indications that the 
oxidizing solutions were acid in the vicinity of carbonized wood, but 
alkaline or only slightly acid in mineralized cl~stone. 

Analyses of about ~00 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: indicat e that selenium is related to certain stratigraphic 
zones, and that cobalt has been introduced by ore solutions. The problem 
of secondacy enrichment is related to the uranium-vanadium content and 
structural control of the ore deposits. 

Geopnysical 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 c,o"\ter in Lisbon Valley, Utah and the Gas 
Hills, Wyoming. Experimental electromagnetic measurements made in l,isbon 
Valley, Utah, and Oljeto Wash, Arizona, indicate that this method may be 
useful in mapping both hidden fault traces and buried Shinarump channelso 
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 penetr at ing ore .... gr.ade materi.al in carnotite 9 bl.Ue...;. 
black and · uraninite terran.e of J·urass i c and Triassic age rnax.irnum resis­
t ivity is in sandst one immediately bel ow t he ore zone and exceeds the 
rat her high resistivity in s andstone immediately above the ore, whereas 
i n adjacent barren or poorly m:ineralized areas these resistivity 
relationships are reversedo Upward passage of ground water through 
the ore and concent ration of salts in t he irmnediately overlying sand­
stone is indicated o 

Uranium in sandstone~tyPe deposit s outside the Colorado Plateau 

Black Hille uplift 1 South Dakota and WyonO;lg 

In the southern Black Hills, South Dakota, geologic mapping has 
resulted in a better understanding of the d~stribut~on of the uranium 
ore-bearing lithologies in the Inyan Kara groU:P• A prominent conglom­
eratic channel sandstone containing one of the larger uranium de~osits 
in the area has been delineated through parts of six quadrangles. In 
·the southeastern part of the area mapped9 a prominent red sandstone 
which can be used as a marker be<;l in -the middle of the l.nya.n Kara. group 
has been discoveredo · 

In the Carlile quadrangle 11 Wyoming, carnotite-type uranium deposits 
oocur at the Carlile mine.9 and a local unit o.f massive sandstone in the 
Lakota sandstone of Early Cretaceous age is mineralized. Concentration 
of uranium minerals in the sandstone seems to be controlled by carbonaceous 
seams that locally thicken and . coalesce o 

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 
faultingG 

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 nupper" conglomeratic sandstone facies o The uranium-bearing 
sequence in the Clarkson Hill area, which rests unconformably on the Fort 
Union formation 9 may be older than the Wind River for~tiono 

• 
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Washakie Basin, \'lyoming and Colorado 

In the Maybell-Lay area, Colorado, ura.n.ium deposits occur on the 
steep north flank of an asymmetrical syncline and are adjacent or in 
close proximity to normal faults of post-}tiocene age, indicating that 
localization of uranium m~ 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 uraniumo 

Recent drilling in the Crooks Gap area, Wyoming, indicates the 
existence 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 e 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 crystallizatione 

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 1 uranium solubilityi 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· regional investigation of the higher grade uranium-bearing lignite 
deposits in the Dakotas and eastern ~~1ont.a:r1a shows that the intensity -of · 
mineralization is influenced by shallow post-Oligocene synclinal structures, 
permeabilit,y of strata overlying the host rocks 9 and pro.ximity of the 
lignites to the pre=Oligoc:ene erosion sur.faceo Detailed studies of the 
uraniferous ''En bed in t ,he Riley Pass area of the North Cave Hills 9 Harding 
County IP South Dakota9 indicate that mineraliz.a.tion is spotty and that the 
bed locally pinches. out. The mineralized mudstone at the Lonesome Pete 
mine in the South Cave Hills is phosphatic .9 and much of the uranium may 
be held in the phosphateo 

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 va..TJ.adium, nickel9 and nitrogen contents o.f crude 
oils are interrelated, and that vanadium and nickel are present. primarily 
in porphyrin complexes o . The uranittm content is not associated with nitro­
gen content~ and is not present in crude oil primarily in a porphyrin 
complexo 

Airborne radioactivity surveying 

Approximately 22 9 500 traverse miles were flown dtiring ~he report 
period in the study of the correlation between airborne radioactivity 
data and areal geologye The surveys were made in Alaska, Ma.ine!J Michigan, 
Montana~ Wyomingi Nebraska, Kansas and Texas. 

In Karnes County~ Texas a sharp background change of from 220 to 
400 c.,pGs. across several miles was observed at 500 feet. Results of the 
flights are being contoured in order to study the relationship between 
background vari~tions and surface geology. 

An§Lytical service and research on methods 

During the report period 2lpl00 samples were received by the 
Washington and Denver laboratorieso A total of 20,167 samples were pro­
cessed9 and on November 30 9 8 ~ 776 samples were on hand for an.alysis. 

The spectrographic lead method norma1ly used for the Larsen method 
of age determinations ·w-as expanded to include -granite, diabase~ and other 
types of material standards o Work was initiated on a spectrographic 
standard method to determine the major~ minor, and trace elements of 
certain types of samples o Controlled atmosphere tests were contir1aed 
on the excitation of samples i.n a cloud of carbon dioxide 31 helium or 
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OJcy"gene · This procedure makes available for study a portion of the 
spectra ordinarily covered by cyanogen bands~ Carbon dioxide is the 
most satisfactor,r of the gases testedo 

A total of 15~426 chemical determinations were made during the 
report period at the vvashington 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 
removed, and the Jones reduct or . is eliminated o 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 Th02 and less than 
4 percent Ti02 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, ~exas, 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 rrdgration and a.ceurriulation of the 
reservoir fluids and gases. 

Spectrograph~ic data indicate that the Silver· -Plume-type granites: of 
the Colorado FrontJRa.nge 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 period9 and it was shown that reduced vanadium minerals 
may be deposited by reduction with woody materialo 

In the study of stable isotopes~ water was extracted from tektites 
and the D/H ratio determined o The D/H ratio gives little information as 
to the origin of tektites., but the low water content ( Oo002 to Oo007 
perc~nt), suggests e:.xtra-·terrestrial origino 
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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 pa~icular considerable interest was shown in the 
multiple oxide types and in thorium mineral.s. The use of autoradio­
graphs 11 the visual arc spectroscope tJ and other techniques increased · 
the information available. 

The structural study of . uranyl complexes continued With refine-· 
ment of the structure of liebigite 9 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 strllcture of joha.nnite revealed the position 
of uranium and copper atoms in the crystal. A new ·vanadium mineral 
from South Dakota was found to be a primarY mineral of trivalent vana­
dium (V203 .2H20) ~ analogous ~o nlontroseite (V203 • H20) o To facilitate 
these structure studies 9 new instrumentation and methods were developed 
to $ed computationse These included the construction of a Fourier 
Analog computer and the programming of computations on high-speed 
electronic computerso - · 

GeoEhysical service and ~search on methods and principles 

In several areas the carborne scintillation counter containing a 
3=ineh by 1 1/2-inch sodimn iodide crystal has been used effectively to 
locate hidden faults~ A scintillation core scanner using four 2-inch 

.( 
I 

by 2-inch sodium iodide er.ystals shielded by 2 inches of lead was con-· 
strueted. This instrument is much more sensitive than equipment used 
previously~ making it possible to detect differences of OoOOl percent eU 
in drill cores& 

Radon concentrations in wa:te!'S from 325 weJ.ls in the North Ogden9 

Utah area appear to be related to possible fault traces and also to · ~he 
chemical composition of the ~ratero Samples from springs, wells, and 
streams in the Black Hills of South Dakota show radon concentrations in 
general agreement with the geologic environments from which they were 
takeno Water sarnples from Hillsborough and Polk Counties, Florida.9 show 
marked changes in radon concentration with depth in shallow drill. holeso 
Unusually high radon concentrations occur with the uraniferous ''leached 
zone" of the phosphatic Bone Valley formationo 

• 

• 
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URANIUM IN SANDSTONE-TYPE DEPOSITS IN 'J'HE COLORADO PLATEAU 

Geologie mapping 

Field work was completed prior_ to this report period in the following 

areasg Carrizo Mountains, New Mexico~ Southwestern Colorado9 Monument Valley, 

Arizona; Monument Val.ley, Utah; Capitol Reef; Uta.hz White Canyon9 utah; Red 

House Cliffs~ Utah ~ During the report period the following reports and maps 

resulting from these projects were published by the Geological Surveyg 

Geologic quadrangle ( GQ) map 55, Gateway, Colorado 9 · by F o W. Cater, Jr o » 
GQ map 57; Atkinson Creek, Colorado, by Fo W~ Cater~ Jr.~ 
GQ map 58, Red Canyon, Colorado, by E. J~ McKay~ 
GQ map 59, Gypsum Gap, Colorado, by Fo Wo Cater~ Jro~ 
GQ map 60, Pine Mountain., Colorado, by Fo W'G Cat.erj J"re, 
GQ map 61 9 Calamity Mesa, Colorado, by F. W. Cater~ Jr.$ 
GQ ma.p 64, Horse Ra..n.ge Mesa, Colorado, by Fe W. Ca.terp Jroj) 
GQ map 65, Naturita, Colorado, by F0 Wo Caterp Jro~ 
GQ map 66, Joe Davis Hill, Colorado, by F·o We Cater.~ Jr. 2 

GQ map 68, Egnar, Colorado, by F ~ W. Cater, Jr • .!1 

GQ map 69, Hamm Canyon-. Colorado, by F o Wo Cater, Jr.; 
Bulletin 1009-H, Geology of the Happy Jack mine, White Canyon area~> San 

Juan County, Utah., by A. F.,. Trites, Jro~ and Ro Te· Chevtffo IIIo 

During the report period field and office work was continued on the 

following geologic mapping projects~ 

Gateway, Colorado; Western San Juan Mountains !P Colorado~ Sage Plains>. 

Utah-Colorado; Ute Mountains, Colorado; La.gu.na, New Mexico 9 Grants, New Mexico; 

East Vermillion Cliffs_, Arizona; La SaJ. Creek~ Utah~Colorado; Lisbon Valley~ 

Utah; Moab-Inter-river areq., Utah; Elk Ridge 9 Utahl Aba.jo Mountains, Utah; 

Orange Cliffs, Utah; San Rafael Swell, Utah; and Circle Cliffs, Utaho The 

location of these projects is shown on figure ., 
J.. • 

The principal objective of these projects is to obtain data. on guides 

to, and controls of, uranium deposits, leading to prediction of ground favor-

able for the discovery of concealed deposits. c~ologic mapping is a necessary 

means to this end, and will also lead to a. better plateau-nde understanding 
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of major geologic features p~rtineni;.. to the localization of urru1ium. district.s ,l) 

ntrend~,n or areas. 

Southwestern Colorado area 

AreaJ. mapping of eighteen 7.-1/2 minute quadrangles within the .Ura:va.n 

Mineral belt in southwestern Colorado (fig. 1) was co:m.pleted in 1952o Detailed 

surface mapping of selected areas, mine mapping~ field and laboratory research 

on the origin and controls of uranium depositsp and drilling has been cont,inued 

in these quadrangles. During the report period drilling in the Uravan district 

was e.<:>m.pleted, 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 tr~ee districts 

• where drilling was in progress. 

• 

Bull Canyon district, bz R. M. Wallace 

Most of the uranium-vanadium deposits in the Bull Canyon district occur 

in the Salt Wash member of the Morrison formatiGn.o Both oxidized and unoxidized 

deposits are being mined in the districto Ura.nium minerals u.sua.lly occur as 
' . 

oxides, and the vanadiUm minerals either as oxide complexes or silicateso Iron 

occurs as sulfides,· oxides, hydroxides, carbonates, and vanadates. Trace 

element studies show that lead, zinc, copper, selenium9 molybdenum, silver~ 

tinjl and barium are associated with the uranium.o Petrogenesis studies are 

continuing. 

Two .mine;:; in the basal sandstone of the Salt Wash member in Hamrn Canyon, 

and two mines in the · upper sandstone of the Sait Wash member . in Bull -Canyon 

were mapped and detailed studies of mineralogy and sedimentary struct~es within {"" 

and bordering the deposits are: .b'Ed,ng continued. Pi .. eliminacy re.sults .·o£· these 
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mine studies indicate that the deposits in the basal sandstone are . di.t'.fused~ 

low grade, and show only indefinite relations to sedimentary structure~. 

D~posits in the upper sandstone are commonly' .associated with sedi:m,entary 

structures such as cross .apd fe$toon bedding. These deposits appear ~o be 

more localized, and contain a higher percentase o! urani'UID. th~ those in 

basal sandstone. 

Slick Roc~ district, by D. R. , Sb,awe 

The Slick Roc;k district is in the western parts of San Miguel and 

Dolores Counties~ Colorado, and comprises an area of about 500 ~~e miles. 

Principal uranium-vanadium production is from a thick continuous sandstpne 

layer near the top of the Salt Wash member of the Morrison formation of 

Jurassic age. Sandstone considered f~vorab~e for ore ~s light gray or light 

brown, contains ab\Uldant carbonaeeQus material, and is underlain· by grq-
- -

green mudstone lenses as contrasted with ~he brown, .Bnd red-brown colors of · 

u,nfa:vorable Salt Wash sandstone and mudstone. 

Sketch sections of about 8 miles of rim axposures iridicate that indefinite 

contaets exist between the Salt Wasll and Bru~ ~in m~mb~rs of the Mo:rz-ison 

formation, and between the B~shy Basj,n mem.ber ~d the BUrro Canyon formation • 

. ~ratigra.phic studies indicate t.bo absence of an ero~ional interval between the 

Burro Canyon and Dakota formatio~s in th~ di_strict, and · the p~esenee ot several 

erosional intervals in the Burro Canyon fo~tion. 

Special studies, includ~ investig$.tions of the distribution o.f carbonate 

in the Salt Wash member, fractures in the Slick Rock district, and· strati~ 

gr~phic ~tu~ of all the fo~tions exposed in the Sliqk Rock 'district were 

continued. Principal results or the carbonat,~ . study . are: {1) carbonate may 

be a usatuJ. o:re guide because concentrations of carbonate are spatially 

related. to Qre bQdies; (2) ac;i.d.-bottle tests pel"JP.it an accurate evaluation 

• 

• 

• 
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o.f the carbonate eontent of the prit~.~ipal rock types of the Salt Wash, 

including light red-brown sandstone, light gray sandstone, light gr~­

green mudstone, and red-b~own 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 cont,ains about 7 percent 

carbonate; (4) no relatio~ship is ap~ent between variations in concentra­

tions of :uranium :~d ya:p.adi'l.Jia and variations in concentration of carbonate; 

(5) no relationship is apparent between permeability and carbonate content; 

( 6) local areas on the Color~do Plateau may have predominately different 

carbonate types, such as calc;Lte in Disappointment Valley, dolomite in the 

Legin area~ and dolomite, siderite, or ~erite in the Uravan area; (7) ... -

carbonate was probably redistributed ~uririg mineralization as shown by the 

• higher-thc;m-average a.movnts Qf carbonate in altered (light-gray) sandstone ;~ 

near mudstone contacts, the appar~nt depletion of carbonate in altered 

(gray~green) mudstone relat;Lve to unaltered (red-brown) mudstone, and the · 

concentration of carbonate near ore bodies; and (8) oxidation probably 

caused little redistribution of carponate as indicated by the similarity of 

distribution of carbonate arQund both o.x;Ldized and unoxidized ore bodieso 

Fracture studi~s indicate that the .attitude, spacing, and orientation 

of fract1,1res in the Slick Rock district are different in different formations; 

this may reflect different origins tor some fractureso 

Uravan district 1 _ by _ R. 1. Boardman 

The Survey's pro~ram of exploration and related geologic studies in the 

Uravan distri~t, Montrose County, Co~orado, 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 -

3,225 holes totali~ approxima,te~y 1,300,000 feet in the district. Nearly all 
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of the signi;fieant ura.nium.-vana.dium O:ep()sits found by .thls dril~J.IJ.g.; a.s 

we~ as _the principal mines in the distriet,are in sandstone _lenses_ in .. 

the upper part of the Salt Wash member of tpe J~assic Morrison £ormat i ono 

Detailed geologic surface and .mine studies completed in the north-

western ~ng Park area in the Urav~ di_st!ict indicate no genetic· relati on­

ship between faults ~n the ~ea and the early ore minerals. All. faults that 

intersect the ore bodies here displace the ore layers. Brecciated ore 

material is ccmnnon in the faul.t gouge. In several places, uranium and 

vanadium apparently have been leached from faulted ore l~er~ and r~deposit.ed 

in fault zones and along joint surfaces. 

During the smmner and early fall of 1955 about 25 square miles were 

mapped along the southwestern flank of the_ Uncompahgre Plateau in tJ;le ._ nor~h-

• 

ea.stern par.t of the district. Sedimentary rocks ranging in ~e from Triassie • 

to Cretaceous are exposed and sharply folded along the southwestern .edge _ of 

the Uncompahgre Plateau and are broken by numerous northwest-trending strLke 

faults. Part-icular attention was given to the Salt Wash member of t he 

Morrison formation and to the detailed structures affecting this member., 

Where exposed in this area the . uppermost part of the Salt Wash consist s of 

pne or more sandstone lenses that total from )_0 to · 80 feet in thickness .• · 

These sandstone lenses are simiJar in appearance .and cha.racterif;Jtics to 

upper Salt Wash sa.n,O.stone lenses elsewhere in the district. Carbon and 

green mudstone are present localJ,.y in the sa.n<;lstone lenses. Ripple marks~ 

current lineations., and cut-and-fill structures ~e common in the sandst one . 

lJo traces of uranium and vanadium mineral~ have been found, however o The 

Kayenta formation of Jurassic (?) age is absent .in most o.f the northeast ern 

part of the Uravan district and where present i~ only a few feet thicko TI1e • 

eastern edge of deposition of Kayenta sed~ents appears to cross t he western 
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part of the d~strict. 

A paper, "Sedimentary feature~ of upper sandstone lenses in the Salt 

Wash member and their relation to uranium-vanadium deposits in the Uravan 

district, Montrose County1 Colorado'', by R. 1. Boardman~ E~ B. Ekren, and 

H6 E. Bowers, was published in the Proceedings of the United Nations 

International Conference of the Peaceful Uses of Atomic Energye 

Western Sa;n Juan Mountains, Colorado 

by 

A~ L. Bush 

The Western San Juan Mountains geologic mapping project comprises an 

area of about 300 square miles, consisting of the foll~wing five 7-1/2 minute 

• quadrangles: Placerville, Little Cone, Gray Head, Dolores Peaks, and Mt. 

Wilson. The principal objective of the mapping pro~ject is to relate the 

vanadium-uranium deposits of the Placerville district to the base and 

precious metal deposits and the extrusive and intrusive igneous rocks of 

t he San Juan volcanic province. 

During the report period, geo~ogic mappir~ ~Jas 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 deposits. 

The sedimentary rocks of the Placerville district have been broadly 

warped into northwest-trending folds which appear to be continuous with the 

us.alt anticlinesn of southwestern Colorado a,.,.'1.d southeastern Uta.h!) The 

• sedimentary rocks have been intrude¢! by numerous sills that range in thick-

ness from a few feet to several tens of feet. Stock-like intr~sives also 

\ 
\ 
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cut the sed:iJD.entary beds. Most o.f tha intrusive rooks' are andesites: ·Md 

\ dio1oites., and probably represent a single period; ·o.r ·intrusion. Some o.f 

~he sills extend for several miles rrom the nearest known stock..,.like bodies. 

In some .o.pl.aces. the JfJ.Mcos shal.e, the major hoot of the concordant intrusives j) 

has. been · baked and eonve.rted to a hornfels . near the intrusives» but . generally 

the effects of contact metamorphism are a.bserit,. Most of the igneous acti vi.t.y 

is probably of mid-Tertiary age, but volcanism at least as young a.a the 

Pleistocene, and possibly younger, is indicated by a basaltic lava that 

flowed over upland surfaces that were formed at the end -of the Tertial ... ye 

The vanadium-uranium deposits are offs·et by faults that are tentati valy dated 

as mid-Tertiary or youngere 

Ute Mountains, ~ .. Colorado 

by 

Eo B. Ekren 

Mapping of the Ute Mo-tl.nta.ins laccolithic compl~..x began in June 1955 t,o 

provide information on possible relations of uranium ·deposits t o the ign~~~ous 

intrusions; one 7-1/2 minute qua.dra.rigle (Sentinel Peak NW) was comple·t.ed 

Cluring the report period. Samples of sediments and intrusive rocks were 

collected for thin-section study and c-hemical analysis. 

A study of the uranium deposits of ·the Ute Mountains area,: }.1on.tezuma 

County, Colorado, was completed. Two types of deposits were fom.1.d ·: 
I 

(1) deposits localized along faults ruid (2) bedded deposits., Commercial ( 

o:re has not been found in either type. · Faults containing radioactive material 

are located near the crest of the McElmo ·'dome north' of MeElmo Creek in the 

• 

• 

northern portion of the project area., Most of the faults appear reLated to • 

the McElmo donie structure. 
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Mapping ot 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 a.nd gentle domes on 

the southwestern flank of th~ Ute }.fountains. 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 stratigraphie 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 

by 

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 Gateway 15.....m.inute 

quad.r.augle • 

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 · JNBst.erh part :'.of 

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

tacts on aerial photos, measurement of col~ sections~ examination of 
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mines _and prospects, and detailed mapping of 'select~d mine~o For.mations 

mapped include the Entrada., Sunnnerville, 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 dis_closed that · L~sden Ca..'1l.yon; wtu~ch 

transects the major uranium-vanadium producing area in the western pax~t, of 

the Gateway district, developed along a vertical fault zonae The .fault zone 

s.trikes N. 700 to 80° E<>, and beds hav~ been dif:lp~a.ced as much as 90 feet.. 

Sage Plain area., Utah and Colorado 

by 

L. c. Huff 

During the report period geologic mapping was completed in eight 7-1/2 

minute quadrangles in the Sage Pl_a.:Ln area. Rocks -exposed in the Sage Plain 

are flat-lying, and range from. the Navajo sandstone of Jurassic a.ge to the 

Mancos shale of Upper Cretaceous age. Pediment gravels and loess of Pleistocer:e 

age mantle the upland extending from .Montieello, utahJJ to Dove Creek, Goloradoo 
-- -

A summary description of the character, distribution,9 and thickness of these 

formations- is given in table 1, · 

Private interests were actively prospecting in the Sage Plain during the 

past yea:r. Previously, uranium deposits were known to occur only in the Salt 

Wash member of the Morrison for.mation1 but' during the report period private 

interests developed new uranium · deposits in th~ .Brushy --~a.sin member of the 

Morrison formation in the Aneth lNW quadrangle. These deposits consist of 

uraniferous claystones and c'oncretionary mudstones a~out 150 feet below the 

• 

top of the Brushy Basin member and about 20 feet beneath a lens. of Brushy Basin • 

conglomera.teo 
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Table} .• --Generalize~ stratigraphic section of rocks exposed in the Sage Plain area, Colorado-Utah 

System 

Quaternary 

Cretaceous 

Series Formation 

Alluvium 

Pleistocene 
and Recent 
(Wisconsin Loess 
and later} 

Pleistocene 
(pre­
Wisconsin) 

Upper 
Cretaceous 

Pediment 
gravel 

---Unconformity­

Mancos shale 

Dakota 
sandstone 

Thickness 
(feet) 

0-50 

0-50 

0-50 

0-200! 

50-150 

Description 

Silt and sand, some inter­
bedded gravel. 

Well-sorted, red silt, 
overlies deeply­
weathered soil zone de­
veloped on older rocks. 

Boulders, cobbles, and 
pebbles in sandy matrix. 

Gray mari11.e shale, prom­
inent Gryphea zone near 
base. 

Brown sandstone, carbon­
aceous claystone, coal; 
plant fossils abundant. 
Thin conglomerate 
locally at base. 

Distribution 

Forms alluvial plains and 
low terraces along majot· 
streams. 

Forms agricultural soils 
on upland. 

Forms upland surface near 
Monticello; locally 
underlies loess. 

Forms gentle hills above 
upland surface. 

Crops out at crest of 
"rim rock" cliff which 
separates upland from 
canyons. 

------------ ---Unconformity- ----------- --------------------------· ---------------------------

Jurassic 

Lower 
Cretaceous 

Upper 
Jurassic 

Burro Canyon 
formation 

s:t 
0 

.,...j 

Brushy Basin 
member 

~ 

111 Westvater 
Iii Canyon 
J.t .member 
0 

ft.i 

s:t 
0 

Ill 

or1Salt Wash 
J.. member 
J.t 

0 

X 

Junction Creek 
sandstone 

oummerville 
formation 

Entrada 
sandstone 

20-150 

250-430 

0-120 

200-450 

0-255 

90-110 

115-165 

Middle and Carmel 45 
Upper formation 
Jurassic~ 

------------- ------- --·---- ---Unconformity- ~----------

Jurassic and 
Jurassic? 

l'lavajo 
sandstone 

26+ 

Light-colored, conglomera­
tic sandstone; greenish 
mudstone; silicified 
sandstone and limestone 
locally at top . 

'/a.ricolored mudstone; some 
sandstone and conglom­
erate lenses. Contains 
vanadium-uranium de­
posits. 

Yellowish and greenish 
gray lenticular sand­
stone and interbedded 
mudstone. 

Light-colored, lenticular 
sandstone interbedded 
vith reddish siltstones 
and JUudstone. Contains 
vanadium-uranium de­
posits. 

Light-brown, massive, 
cro::;::;-b;;:uded sandstone. 

Even-bedded, reddish sand­
stone interbedded vith 
reddish siltstone and 
mudstone. 

~assive, crossbedded, 
yellowish sandstone. 

Irregularly bedded, red 
niuds tone and sands tone • 

Light-colored, massive, 
crossbedded sandstone. 

Forms "rim rock" cliff 
which separates upland 
surface from canyons. 

Forms slope below upland 
and above steep-walled 
inner canyons; generally 
covered with colluvium. 

Forms intermediate slope 
below gentle Brushy 
Basin slope and above 
Salt Wash Cliffs in 
southern half of area. 
Member grades northward 
into Brushy Basin member. 

Forms series of steep 
cliffs and narrow 
benches of inner 
canyons. 

Forms steep cliff only in 
Yellow Jacket canyon in 
eastern part of area. 

Forms step-like slope 
belov Salt Wash cliffs. 

Forms rounded cliffs along 
base of canyon valls in 
upper Montezuma canyon 
and its tributaries. 

Crops out in Upper 
lvlontezurna ·canyon . 

Scattered outcrops in 
upper Montezuma canyon 
near Verdure fault and 
along Montezuwa Creek. 



GeOlogic mapping has been comp~eted in eight 7-1/2 minute quadrangles., 

and mapping of the remaininer; seven quadrangles is planned ~or t~e next. field 

season. A detailed geologic and geochemical study of the productive mines of 

the middle Montezuma Canyon, with some C·oordinated core drilling to obtain 

subsurface information and sa.mples,is also pla.I\Iled. 

La Sal Creek area., Utah-Colorado 

by 

W. D. Carter, Jo 1 0 Gualtieri, and Jo C. Warman 

The La Sal Creek; area, cQmprising about five· 7..-1/2 minute quadrangles.!> 

is in parts of Grand and San Juan Counties, Utah,, and Montrose Count y D Coloread.o 

(fig. l)Q During the report perioQ. the geology of about 220 square miles or· 

80 percent of the area wa.s mapped on aerial photo~ and will be transferred to 

topogra.phie maps as they become available. Thes.e maps will show the distri"­

bution of the rocks; tectonic structures, and ore deposits of the La Sal Creek 

area. 

Consolidated sedimentary rocks of Triassic, Jura.ssic, 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 comnon criteria that distinguish one f ormation 

from another are recognized by most geologists on the Colorado Plateauo Horllf6ver 8 

the contact between the Cretaceous Burro Canyon and Dakota formations is not 

easily recognized and the correlation of these two formations from place to 

place is difficult. The criteria that distinguish these two formations in the 

La Sal Creek area are sttmmari~ed below. 

• 

• 

• 
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The Burro Canyon forma.t.ion of Lower Cretaceous age consists o;f' t'tro 

u .. "lits: (1) a bas1a.l 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 forw~tion, (2) a-~ 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 nnite 

A regional unconformity, :p.oted by geologists for: . m.a.n.y years, separates 

t he Burro Canyon and older formations from the overlying Dakota ,forma.tiono 

The base of the Dakota has been described (Coffin, R. G., Colo~ Geol .• Survey 

Bull. 16, 1921) as "the sandstone or conglomerate which unde~lies the lowest 

carbonaceous shale or coal horizon''• In the La Sal Creek area, the Dakota 

sandstone ~d conglomerate fills broad depressions (channel scours) in the 

surface of the f3urro Canyon formation. These de.pressions ;may be as much as 

lSO feet deep and several thousands of feet widefl A-ngular and subangular 

pebbles, cobbles and boulders of sandstone, chert .8.1J.d quartzite, derived from 

t he 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 Dakota. indicates 

t hat the Burro Canyon formation was lithified prior to erosion 8..L'1d deposition 

during Dakota time. Carbonaceous material and plant impressions P usually 

associated with the Dakota formation, are present in this sandstone and con­

glomerate unit which interfingers with and grades upw<?..rd into "the lowest 

carbonaceous shale or coal horizon" ~d forrp.s a logical base in the sed:i;n.entary 

• 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 C:r;etaceous rocks of the Colorado Platea-q,. 

Portions of two :major structural features have been mapped, one along 

the west border of the area and the other along the east bordero Along the 

west edge of the area the sediments have .been folded into anticlinal domes 

by the intrusion of stocks and laccolithE? of. the La Sal Mountains in early 

Tertiary time. Structural irregularities in . these regional domal structures 

are mapped as steeply plunging anticlinal noses with sedimentary beds dipping 

gently on the flanks and dipping steeply on the dista1 ends. These structures 

are believed to have been formed by laccolithic lobes of. igneous rock pro­

jecting at depth from one or more of the 14 SaJ. Mountain stock~. The east 

edge of the area is bordered by the collapsed salt anticlines of Par.adox 

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 11 , and faults, transverse to the regional structure, have been 

mapped in the northwest end of · the .. "g:vabeh!'p All.f~ult.s are believed to be 

the result of the solution of salt . by Recent streams. Between the major 

structures bordering the east and west sides of the area, t,he sediments are 

gently folded into anticlines and synclines. The axes of these structures 

are somewhat sinuous and reflect the interplay: of tectonic forces which for.med 

the Paradox anticline and the La Sal Mounta.i.TJ. anticlinal domeso 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 lmo'Wll uranilim-vanadium deposits in the La Sal Creek area are in 

the Jurassic Morrison formation and the ma.jor .deposits are in the uppermost 

• 

• 

continuous sandstone of the Salt Wash member. These deposit~ are concentrated • 

in an elongate patch or belt of favorable host ~ock that is a fet-r 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 deposi.t.ion., for 

the sandstone beds comprising this upper unit have an aggregate thickness of 

90 feet in many placese Where the sandstone is unfavorable -to ore deposits 

it is usually less than 30 feet thick. Recent discoveries of mineralized 

ground north of the known favorable area and near the La. Sal Mountains 9 in 

addition to outcrops of favorable host rock noted in the course of :ma.ppingj) 

indicate the possibility of. at least three additional favorable areas in the 

La Sal Creek area. Trends of sedimentary structures :i.n the ore-bearing sa.11d­

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 sed:imentary 

features in the Morrison format~on~ 

Lisbon Valley area, Utah-Colorado 

by 

G. W. Weir 

The project includes about 750 square miles in northeastern San Juan 

County, utah, and adjacent counties in Colorado. The geology of about 75 per-

cent of the are~ . has been mapped on aerial photos and is being transferred to 

topographic base maps. 

Much field st,udy was given to stratigraphic problems that must be solved 

to work out detailed structure which may be important in appraising the uranium 

po-tential. The unconformity at the base of the Uppe:r Cretaceous Dakota sand-

stone was found to be marked by ~ distinctive basal conglomerate in part 

derived from the underlying Burro C~yon formation of Lower Cretaceous age. 
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Relief due to channeling at this contact_ exceeds 50 -feet but regional a..ngu.lar 

unconformity with the Burro Canyon ha·s not been verified. · 

Quartzite (silicified sandstone) · i~, ;the dominant rock type in the Burro 

Canyon formation along and north of Lisbon Valley but is uncommon in the 

southern part o! the area. 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 silicifica~ion is related either to the Lisbon Valley fault or to 

the igneous rocks of South Mountain as suggested by the writer in a previous 

veport -{TEI~540)"i <> The age and distribution of the silicified rocks does not 

appear to correspond to the most probable ages .and distribution of kn~~~ ore 

deposits. 

The Jurassic Carmel formation contains some sandstone identical to 

typical Entrada sandstone. The Carmel-Entrada contact in the southwestern · 

part of the area must be revised. 

The lower Chinle, which contains lq.rge uranium ore deposits along Big 

Indian W'ash1 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, 
J 

Erosion prior to deposition of .the Chinle removed the Moenkopi formatiod 

and part of the Cutler formation along Big Indian Washo The unconformity ~t 
\, 

the base of the Chinle commonly sho~s .?-bout 30 angular discordance with the 

underlying Cutler. Uranium prospects in the Cutler are at different strati-

graphic horizons but are about the same distance below the unconformityo 

• 

• 

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

part of the area~ Near the Rattlesnake Ranch the fault splits int.o northerly 
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and northwesterly trending segments. The northwesterly trending segment 

i s more persistent and can be traced as a fault zone to the vicin.ity of 

Muleshoe Washf Displacement along the fault decreases northwestward from 

near Lisbon Canyon where the Manco$ 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 systemo Practically 

all the copper and manganese deP9sits are clearly localized by the faulting 

but the uranium deposits do not show a demonstrable genetic relation to the 

faults 9 

Geochemical work -done during the 1955 field season consisted mainly of 

studying the distribution of copper near the Linbon Valley fault~ In additionS! 

soil and stream sediment samples were collected near outcrops of va.nadimn ore 

i n the Salt Wash member of the Morrison formation and core samples were col-

l ected 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 ppn by semiquantitative field tests~ Analyses 

of stream sediments near knotm copper deposits suggest that · copper concentrr~tions 
I. 

of 30 to 40 ppm or higher are probably anomalous. Most of the sediment sampling 

was done between the Big Indian copper deposit at ' the .north ·end ef Big Indian 

Wash a-nd 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 nrahium 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 ore1 as well as the 

drill core collected, have not yet been analyzed. The soils and stream 

sediments are to be used to determine the mineral fraction in which vanadium 

travels away from its sourceo 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 

E.. N. 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 th~ 

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 Triassie section 

in the Moab area consists of the following formations ::,in ._ascending order: 

Moenkopi formation, Chinle formation, and the Wingate sandstoneo Tne 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 Mos.s 

Back, the Owl Rock, and the Church Rock~ 

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 seasonQ 

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 orienta:tiono Three of the cr.!8.nnels • 

contain economic uranium depositso Abnormal radioactivity 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 contact. 

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 methodsq Mapping near Indian Creek suggests that two large-scale features 

may influence the localization of the recently discovered 01~ deposits in 

channels in the so-called Moss Bac.k 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 identifie<j in the field as ura.ninite, beta-~ippei.te, 

• 

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 la:vender. Locally, 

however, these sediments are color!3d gray or gray-greene These zones of 

light-colored rock are generally parallel to bedding and may be caused by 

several agents. Many of these "bleached" areas are slightly radioactive and 

are on minor structural noses or terraces • 
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Orange CliffS.:.(:;a.rea, Utah 
.'~l/"j 

by 

F. A. McKeown and C. c~ Hawley 

Field work in the Orange Cliffs area (fig, 2) in the eastern parts 

of Garfield., Wayne; and Emery Counties, started in the latter part of July and 

l.'(a.S. termina,t~.d ,.·, October 31. During this time about 175 square miles were l 

mapped geologically on topographic base maps at a scale of 1 :21J.,OOOo 

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 kno1fi1 to 

contain uranium; and (2) a knowledge of their continuity and facies changes 

is necessary to interpret part of the geologic history of the are~ and predict 

areas favorable for uranium deposits. Both the so-called Moss Back ar:d the 

Monitor Butte members of the Chinle formation are recognized in the Or &."lge 

Cliffs area; they were formerly mapped as the Shinarump conglomerate e The 

Monitor Butte member pinches out in a zone that trends northwest from. the 

vicinity of Sunset Pass at the head of South Hatch Canyon. The so--called Moss 

Back member grades into limy and sandy siltstones and discontinuous liln.estone 

pebble conglomerates in the vicinity of the mouth of Hatch Canyon, eapecially 

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 

channels. Ura.nimn occurs in either the Monitor Butte or the so-called ~1oss 

Back members, whichever is the closer to the Moenkopi. 

• 

• 

• 
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The Orange Cliffs area is on the outermost~·{ gentle northwest-dipping 
} 

part of the nose of the Monument upWa.rp~ A structure contour map, with a 

contour interval of 50 feet, shows several minor structures on the flank 

of the upwarpo In Happy Canyon two structural terraces are super:imposed 

on the regional northwest dip~ About 5 miles south of Elaterite Basin, an 

anticline whose axis trends northeast a.nc.~ with a closure of .about 50 feet~" 

may be presentf 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 q.nticline. Possible relationship of these fold structures 

to uranium deposits will remain obscure until more information is obtainedo 

In North and South Hatch Canyons many ~ westerly trending faults 

are aligned en echelon to the northwesto This is ,parallel to the direction 

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

areao A fev.r of the faults contain a little asphaltic material~ but no faults 

are known to be radioactive or ~o· have .uranium or:. ,copper m.inerals9 

Altered rock is common in most formations throughout the area1 though 

the type and amount of alteration may differ fram place to place~ Generally 

six types of altered rock are recognized 9 These are given descriptive 1~es 

and briefly tabulated in table 2: 

• 
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Name 

Purple-white 

Gray-green 

Red=buff 

• 
Speckled 

Pink 

Silicification 
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Types of altered rock in the Orange Cliffs area 

Description 

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

Red or gray claystone and 
siltstone that has been 
changed to a gray-green 
color. 1 

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 shadeo 

Sandstone cemented with silica 
9U1d sandstone or siltstone 
vtith flat nodules or discon­
tinuous layers of red and 
yellow chert. The chert 
oommoiily contains a.· little 
chalcocite, chalcopyrite, 
and secondary green copper 
mineralso ' 

Principal occurrence 

Commonly at the top of the 
Moenkopi formation. 

Just belo·w many sandst0!1.eso 
In particular~ a gray~green 
zone is everywhere present 
under the so-caLled Moss 
Back unit of the Chirue 
formationo 

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

At and near uranium occurrences 
in the vicinity of the south 
end of South Blocko 

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

Generally in the base of the so­
called Moss Back U...liit and in 
purple-white zones~ Where 
purple~white is not present 
chert is rareo 
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A suite of pu.rple=white altered rocks were analyzed .for :iron. The 

analyses show that the purple pa.rts contain 2 to 3 times (about 7 to 10 

percent) as much iron as the white and red parts. Howe\rer $ t.here is no 

significant difference in the iron co:p.tent or ferrous-ferric ratio: bet1rreen 

the red and white partso 

Although the relation of the various types of altered rock to uranium 

occurrences is obscure~. the s·peckled and pink a.ltera.tion seem to be directly 

related to uranium because the only lmown outcrops of such altered rock i.n 

the Orange Cliffs area are at or near uranium oecurrencesc The significance 

of the other types of alteration is not knowncs 

Commercial uranium depo:sits have not been found, but urani'uni and copper 

minerals occur at many places in the Orange Oliffs area~ Spec:im.en quantities 

• 

of uranium minerals occur in the Monitor Butte .and so-called Moss Back members • 

of the Chinle formation and in chert in purple-white altered rock just below 

the so-called Moss Back~ 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 wood is uraniferous. 

Traces of copper minerals are commonly present at the basal contact of 

the Chinle formati~n• Xn ,.pla.c~~f thet are ~ssocia.~ed with ura.nitnn minerals 

but most rock containing copper·minerals is not ra.dioacti.Yeo Secondary copper 

minerals are the most abundant; chalcocite and chalcopyrite occur in chert. 

Manganese oxide(?) is generally associated with secondary copper minera.lso 

The southern part of the Orange Cliffs area. seems more favorable for the 

discovery of economic uranium. deposits than ot,.her parts because uranium minerals 

are more abundant_, and t.he intensity of most types of rock alteration seems. 

greatero Further~ it ma.y be significant that in the southern part of the 

Orange Cliffs areas th~ rocks begin to dip more st.eeply toward the Henry Basin • 
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a.nd superimposed on this structuraJ, change is the pinchout-zone of~.-tthe 

Monitor Butte member of the Chinle formation; the facies change of the 

so-called Moss Back is also in this area~ 

San Rafael Swe]). area; Utah 

by 

R. C. Robeck and H. B. 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 e 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 siltstonen units, the 

Nonitor 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 i.t thickens 

slightly and contains several sandstone-filled channels whose axes 

trend north. The unit is too thin to be differentiated 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 shippedo 
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The so- called Moss Back memb~r is highly variabl e i n t hi ckness a.nd 

locally fills channels scoured in underlying for.mationso Some channels 

are discontinuous spoon-shaped depressions while others are continuous 

for at least 1,000 feet along the outcropi> Uranium ore has been produced 

from five channels. 

The Church Rock member is about 150 feet thick in the ar~a mappedo In 

the north it contains many thin sandstone lenses. Uranium ore has been 

mined from one of the sandstone lenses in a.nd near ·a collapse structureo 

Northwest trending analcite diabase dikes crop out in t.he southern part 

of the mapped area. They are not present in or adjacent to a;ny known. uranium 

deposits. It seems Unlikely that they could have been the source of t he 

uranium in the deposits. 

Uranium minerals occur in all members of the Chinle fol'""m.ationo The 

mottled siltstone unit is locally radioactive but no ore production seems 

likely from this unit. Although many of the exposed sandstone lenses in 

the Monitor Butte member contain relatively small amounts of uranium oreJ> 

concealed lenses offer the promise of larger quantities, for the large deposit 

at the Delta mine is in a sandstone lens in the Monit.or Butte member o 

The best guides to ore inthe southern 80 percent of the mapped area 

are deep channels filled with so-called l'Ioss· Back sediment·s o Tl1e three 

largest mines occur where the so-called :Moss Back member has channeled out 

20 to 40 feet of the underlying Monitor Butte member ~~d rests -on the mottled 

siltstone unit .of the Moenkopi formation. Some ore has been pr oduced from 

shallower channels but not in significant quantities. Although both deep and 

shallow ch~~els are exposed in the northern 20 percent of the ma.pped area 

no more than specimen quantities of uranium ore have been produced from them • 

These c ha.n:..r1els appear to be wider than those in the southern part of the 

• 

• 

• 
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mapped area but other favorable criteria (carbon, copper minerals, pyrite 

nodules, etc~). are present .~ 

Four collapse structures occur in the area. They appear to lie in a 

linear belt which trends just east of north 9 The rocks in all four collapse 

areas contain uranium and copper minerals and uranium ore has been produced 

from one of them. The signifiGance of collapse structures in localizing ore 

deposits, however, is unknown~ 

Circle Cliffs area, Utah 

by 

E, s. 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 

season. 'A total of 13 formations, from the Permian White Rim member of the 

Cutler formation to the Cretaceoup ~ery sandstone member of the Mancos shale, 

and many mines and prospects are included in the two quadrangles. 

Several new rock units have been recognized a.s a result of the past 

t wo seasons' work. One of these ~ts is a mottled red and white siltstone 

to very fine-grained sandstone which unconformably overlies the Moenkopi 

formation and underlies the Shinarump cQnglomerate. It is best exposed in 

the east-central part of the Circle Cliffs; This unit appears to have no 

relat ion to uranium deposition in the Circle Cliffs area, and is regarded as 

an UD~avorable host for uranium, 

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 Platea.u 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.-bedd:ing. Above :t his 

sandstone is about 50 to 60 feet of fl~t-bedded fine-grained white sandstone 

with a few limy sandstone beds in the eastern part and limestone beds in the 

central part o:( the Circle Cl-iffs. 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 tfuite Rim member of the Cutler for.mationo The overlying flat­

bedded white sandstone with unconformable top and bottom contacts, included 

by previqus workers in the Kaibab limestone, is included 1~th the \Vhite Rim 

member because of its lithologic similarity to the underlTlng crossbedded 

sandstone. About 40 feet of Kaibab limestone overlies the flat-bedded sand­

stone and their contact is a fair horizon to use in mapping faults and minor 

folds. "Tho~gh slight:· ~adfo.a.c_tivity - is~: noted on joint surfaces, no significa.n.t 

uranium deposits are known in the \fuite Rim or the Ka:Lbab in the Circle Cliffs. 

The Kaibab is unconformably overlain by t"WO discontinuously outcropping 

rock units, both of which locally channel or cut out most of the Kaibab. 

The lower unit, probably Triassic in ag~! ranges from a limy, fine-grained, 

light ... gray sandstone to a light-gray sandy (mainly fine-grained quartz grains) 

limestone. This unit has a very high proportion of bedded and fragmental 

chert. 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 the Grand Canyon region includes a mustard 

yellow,poorly sorted,limy sandstone and an overlying oolitic liTJJ.estone of 

the same color. The sandstone is composed mainly of medium-- to very coarse­

grained quartz grains and abundant 1- to 2-inch chert frag.nents e.emented by 

dark yellow lime. Typical Moenkopi siltstones and sandstones overlie these 

• 

• 
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tvro Triassic rock units and this contact, because it is regular, ; and cr~ps out 

\\fell and extensively, affords the be.st horizon in the Circle Cliffs to 

trace minor faults and folds. 

Gentle folds and swells q.:re the dominant minor structures, on · the ste~per 

east flank of the Circle Cliffs anticl~ne and block faults, generally 

yielding grabens with up to 40 feet of displacement~ are more common on the 

west flank. 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 Wateppocket 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 ~re thought to be tensional rather than compres-

• siena~. The asphaltic gray Moenkopi, predominant on the east. flank of the 

anticline, is displaced by th~ f~ults, indicating that the asphalt or oil 

lNas emplaced before the faulting occurred, 

Most of the uranium~neralized ~ock 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 •tbuild 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 banko 

Copper stains and secondar~ uranium minerals are indications of the passage 

• of mineralizing s9lutions anq, when found, are regarded as favorable sit~s 

for exploration. 
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Elk Ridge area.:~ Utah 

by 

Rf) Qo Lewis and Re Ho Campbell 

During the 1955 field season mapping wa.s completed in six and one= 

t hird 7--1/2. minute quadrangles» an area of about . 380 square mile.sf) Total. 

area mapped since the program was begun in 1953 is approximat ely 860 square 

miles» covering fifteen 7-l/2 minute quadrangles and pa.rts of t wo .otherso 

Approximatel y 120 square .miles in two 7-1/2 minute quadrangles reJnain t ,'0 be 

ma.ppedo New 7-1/2 minute quadrangle topographic maps a.t a scale of 1 ¥:21!.~000 

are now: available for all of the area_ except the two Car l isle sheets (3 SE 

and 3 SW) in the. northwest. The geology. will be transferred to t he ne·w 

t opography duri:p.g the next ·report peripd. 

The pinchqut line of the be~t of continuous Shinarump conglomerate 9 

whi ch crosses South Elk Ridge, was checked by drillingo .It was found t Q 

swing abruptly to the northeast under South Elk Ridge» departing from. t.he 

easterly trend which has been noted in White Canyon and Deer Flat o Nearly 

all of the active .mining in . the area is in the Shinar;tLmp in thi.s belt o 
I j 

Ura...'tlium ore has been produced from ore_ bodies in the .'western~ centra.l -1} and 

east ern parts of the belt in the Elk Ridge area.v and ·was ·dis.covered i n one 

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

t hat the entire length of the belt -is favorable. The uranium deposits within 

the Shinarump belt are in Shinarump sandstone .and conglomerat.e that fill 

shallo·w· scour · channels cut into the· surface of the Moenkopi forl11G.t.i ono 

The uranium. is associated inmost of the deposits 'With pet.rolifer ous 

• 

• 

material (a.spha.ltite)o The asphal.tite occurs in blebs and disse:mi:n.at,ed ,s,..long • 

bedding planes and crossbedding laminae, and in places compl et ely sa.tu:rates 
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the interstices of the sandstoneo Iron and copper sulfides and o,P.des 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 uraniUm.. Secondary uranium minerals identified include meta,.-autunite 

and metazeunerite. 

North of a line approximately coincident .with latitude 3~ 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 EJ~ Ridge; that is, it is in contact with the underlying Moenkopi 

formation or se~rated from it by only a few feet of lower Chinle mudstonee 

Scattered mineralization in the b~se 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. 

lvlany normp.l faults resulting in ntmJ.erous horsts and grabens trend north­

eastward across the northwestern part· of the Elk Ridge areao These faults 

displace the present land forms and post-date the ore depositso Minor fold; 

structures are numerous, but their possible relation to ore localization is 

not clear'( 

Abajo Mo~tains area, Utah 

by 

l~ J. Witkind 

The Abajo Mountains area in San Juan County, s-~theastern 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 area9 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 JURe 1954 and by the end of October 1955., all of t he north 

ha:lf, or about 55 percent ef the area, was mapped. 

Although slightly more than half of the area has been mapped, no· 

relationship has been detected, as -yet, between the igneous intrusives and 

the uraniferous de.posits. Small deposits of other metals (principally 

copper, gold, and silver) are along the contact betw-een the igneous bodi es 

and some of the sedimentary units. These metals are also found in quart z­

filled fractures that 1cut·' .. the ~ igneous : rocks? ~ . 

·Uranium-vanadium deposits are localized in several sandstone beds in 

t he .Salt Wash member of the Morrison formation. These beds are about. 150 

• 

feet above the b~se of the Salt Wash and contain two types of uranium-v!ana,d.i:um. • 

ore bodies. Most bodies are ·small, discrete, irregular-shaped :podlike masses 

averaging 15 feet by 3 feet by 10 feetJ the second type comprises l arger 1 

more continuous, tabUlar · bodies averaging 40 feet by 3 feet by 200 f eet. o 

Most .of the deposits are in sandstone sediments that fi]~ shallow sinuous 

channels scoured into the underlying claystone and mudstones. Tb.ese cha:nne.lz 

are about 200 feet wide, ar~ scoured 5 to 10 feet into underlying strata. , and 

are of unknown length. Other uranium deposits are in unusually thick sand~ 

stones. 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 o-f medit!l!l- 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-, apparent ly at ra ndom.7 

through this thickened sandstone lens. • 
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East Vermillion Clif.fs anero, Arizona 

by 

R. G, Peterson 

Geologic mapping in the East Vermillion Cliffs area was begun in 

July 1955· Rocks exposecl in the area range from the Redwall limestone 

of Mississippia,n 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 V~rmill~on Cliffs. To the west the Shinarump is discontinuous and 

l ocally absent. 

Geologic invest~gations t9 date show that most of the uranium deposits 

in the area are concentra,ted in the Shinarump conglomerate and the Moenkopi 

formation at or near their contact in channel scourso No uranium d~posits 

have been fo~nct in either formation ex~~pt 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 occ~rrence of uranium 

minerals. 

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 associa4ed with the uranium in these Chinle uranium deposits; 

however, not all carbonized wood in the Chinle 9andstone lenses contains or 

is as so cia ted wi tp uranium41 

Ostracod~s founo in the Diposaur Canyon member of the Moenave formation 

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

water Triassic ostracode. Discovery and identification of these fossils 
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• supports the tentative assignment of the age of the lVIoenave formation to the 

Triassic a 

Grants area, New Mexico 

by 

~. EQ Thaden 

Sedimentary rocks in the Grants area range from the San Andres formation 
. . 

(Permian) to the Mesave~d~ formati<>~ _(qr~rta..~e(>p.s)~ Known conunercial ore 

deposits are in the Todilto limestone, in the Westwater Canyon and Brushy 

Basin members of the Morrison formation, all of Jurassic age 9 and in the 

Dakota sandstone of lower Cretaceous age. 

Most ore deposits in the Morrison formation are in gray sandstc,nes o.f 

the Westwater Canyon member. These sandstones are predominantly orange-brown9 • 

and the gray color of the ore-bearing beds may have resulted from bleaehi.ng~ 

Except in color, the gray parts are not megascopically different from orange= 

brown sandstone, either in contained material or in sorting and pa.ckingo The 

gray parts seem largely to be restricted to places where the sandstone in:Ler= 

·tongues with claystone. 

Ore\ deposits in the Todilto limestone are associated with anticlinal 
\ 

f lexures,/o.f small magnitude, and with dome so The average closure on these 

structures is, perhaps, four feeto The anticlines, with rare exceptions 9 do 

not involve the underlying Entrada sandstone (Jurassic)1> but most extend int.o 

the basal limy sandstone of the overlying Summerville formation (Jurassic)G 

The anticlines, roughly, are in two sets, a major set trending about N. 45° w.~ 

and a minor set trending about N. 100 E~ They are asymmetricjl with axial 

pl anes dipping southerly and westerly, respectively, and may indicate differential • 

t ranslocation of overlying beds to the north and to the east with respect, to 
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under lying beds o' 

In addition to the an~iclines, the' upper part of the Todilto has 

numerous sma],l domes, possibly sedimentary structures formed by dilationo 

The small domes and anticl~nes are irregularly distributed within the 

Todilto, but their distribution does not correlate closely with the distri­

bution of ore depositsq So~e major concentrations of folds have no associ­

ated. ore bodies, and some areas where folds are few in number contain many 

or large ore bodieso 

The Grants area is cut by zones of faulting; within the zones, the 

strongest faul~s trend north~rly, and weaker faults trend easterlyo The 

fault zones are qeveral 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 numero~s, The orientation of the long ~s of many 

deposits suggests that the minor f~ults which trend easterly are the most 

important local influence upon the position ~nd 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 

by 

R. H. Moench and -W. P. Puffett 

- --. ~C'I 

Geologic mapping was begun in the Laguna ar.ea) in July 1955. To date 

about 150 square miles ):lave been mapped on aerial photographso In add.i-

tion~ an extensively mineralized area, about 1 square mile, was mapped at 

a seale of 1 inch • 200 feet ~V Sedimentary rocks from Chinle through Mesa- _ 

verde formations are exposed in the area. Basaltic flows and plugs~ a s 

well as diabasic sills and dikes, are abundantQ 

Essentially five types of uranium deposits occur in the area~ The 

most :important are the large blanket~like deposits that occur in an arkosic 

sandstone near the top of the Morrison formation. Tne second type~ of which 

only one example is known, is a cylindrical vertical sandstone pipe 9. in 

which the uranium minerals occur in concentric fractureso In the thir:d t.ypef) 

found in the Todilto limestone _, and lo~ally near the top of the Entrada sand-

stone , the uranium minerals occur in the crests and flanks of small folds~ 

The fourth type 9 of which only one example is known-9 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 insignificant mineralized pockets 

of carbonaceous materials and carbonized logs in the arkosic sandstone of a 

basal maroon siltstone of the Morrison formationo 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 importa:n.t uranium 

deposits_~ 

In the course of the mapping it was found tnat 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 provinceso The second fold system 

comprises a gentle northwestward regional dip, and local gentle basins; 

domes, ant~clipes and synclines, with axes that bear northeast and north-

west. The third fold system, developed prior to the deposition of the 

Dakota $andstone, consists of a s~ries of gentle depressions, with axes 

that bear slightly west of northp Coextensive with the pre-Dakota folds 
( 

are large concentrations of vertical sandstone pipes _! wr..ich ·to .date 
~ ,, ' ' 

have been seen only in the Summervil~e, Bluff, and Morrison formations,and 

relatively intense folding in the Tqdilto limestone. Because one sandstone 

pipe and som~ Todilto folds are mineralized, the pre-Dakota folds may have 

some economic significance~ 

In the area ~pped on a scale of 1 inch to 200 feet, an attempt is 

being made to determine the relatiopship between mineralized Todilto folds 

and the regional fold~ and the relationship, if any, between the diabase sills 

and their associated contact metamorphism, and the uranium deposits. 

Dtatrem~s on the Navajo and Hopi Reservations 
I 

by 

Er M. Shoemaker 

About 300 volcanic vents are sc~ttered 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 appl~ed. The diatremes are associated with 

flows and tuffs of Pliocene age that rest on a surface of low relief (figo 3)o 

Volcanic rockq associated ~th the diatremes are nearly all alkaline 

basalts which, in their ~ntrusive phase, would fall under the classification 
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NILES 

1:-: ··. ·.1 BIOAHOCHI FORMATION. (PLIOCENE)} . . AFTER C.A. REPENMING AND J,H. IRWIN, 
195", AMER. ASSOC. PETROLEUM GEOLOGIST, 

j:·::-::_:.::'::<1 CHUSKA SANDSTONE (PLIOCENE?) BULLETIN 38• P • . 1832 . 

~ OLI VI ME BASALT ANO SCATTERED CALC-ALKALI ME STRATOVOLCANOES (PLIOCENE?) 
MODIFIED FROM GEOLOGIC MAP OF THE u.s.A. BY U.S. GEOLOGAL SURVEY., 19,% 

I 
I 

• . DIATREME (FUNNEL-SHAPED YOLCAMIC YE;T FILLED C.HIEFLY WITH .ALKALINE BASALT 
TUFF AND OTHER PYROCLASTIC DEBRIS · . 

+ 01 ATREME CONTAUING MIC~SERPENTINE OR KIMBERLITE TUFF 

-...._-CONTOUR ON PLIOCENE SURFACE DASHED WHERE RESTORED(CONTOUR UTERVAL 500 FEET) 

/H··. 
·· .. (~f: 

CONTOURS AFTER J.T. HACK, 191&2, GEOLOGICAL ~CIETY OF AMER. BULL•S:hP.3Jt0 

CONTOURS AFTER F. T•· MCCANN, 1938, AMERI CM JOURNAL OF SCIENCE, 5th SERI [$, 
VOLUME ,6, P. 275 . 

• .... 
COITOURS FOR RDUIItDER OF MAP ARE AN ORIGUAL INTERPRETATION 

F t GURE 3. I NOEX MAP OF NAVAJO AND HOP I RESERVATIONS AND VI Cl N I TY, 
SHOW·ING .THE ·DISTRIBUTION OF DIATREMES, SEDIMENTARY AND VOLCANIC 
ROCKS OF PLIOCENE(?) AGE, AND CONTOURS ON 1HE PLIOCENE SURFACE. 

• 

• 
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of the two lamprophyres, monchiquite a,nd minette. ].linettes are found in 

the northeast half of the Navajo-Hopi region and monchiquites mainly in the 

s outhwest half; the region ma.y thus be broadly divided into a minette pro­

vince and a mon.chiquite province (fig. 3). Both the monchiquites and minettes 

are characterized by high Goncentrations 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-bea.ring.~ 

is found in some widely scattered diatremes in the minette province. 

Reconnaissance study ~as revealed two general types of uranium depos its 

in the diatremes from which ore has been produced. One type consists of sand­

stone im.pregnat.ed with various copper, ~anium, vanadium, and arsenic minerals 

and occurs in the sandstone w~ls of dikes extending out from diatremes filled 

wit h serpentine tu,t'f. The second type consists of limestone, siltstone, cla.y~ 

stone and monehiquite tuft impregnated with uranium-bea~ing minerals, and 

occurs in beds deposita~ within diatremes filled chiefly with monchiquite 

tuffo 

The first type of deposit is known at two localities in the northern 

part of the Navajo Reservation, one at Garnet Ridge and another near Red Mesa 

(fig. 3). At Garnet Ridge the ur,anium ore occurs in the Navajo sandstone of 

Jurassic and Jura$sic(?) age as small concretion-like deposits adjacent to a 

discontinuous dike of mica .... serpentine tuff that extends northwest of the 

Garnet Ridge diatreme (fig. 4). Malachite (Cu2(0H)2(C03))b chrysocolla. (ap­

proximately CuSi03 .2H20), volborthite ( Cu3 (V04)2:,.JH20?) and metatyuyamunite 

(Ca(U02)2(V04)2.,5-7H20) have been ~·cientified in the mineralized sandstone, 

and the ore also contains trq.ce a.Il\Ounts of introduced silver, cobalt, nickel8 

lead, and thallium. Sele9ted s~ples 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 sorting. 

Spectrographic analysis of core drilled through the tuff dike shows that 

calcium~ strontium9 nickel, van~dium, copper0 and lead are dispersed in the 

sandstone walls of the dike (fig. 5). 

A.t Red Mesa.9 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 (Cu20) 9 olivenite (cu2 (As04)(0H)), 

and conicha.leite (Ca.Cu(As04)(0H)), hBrVe been identified in the mineralized 

sandstone. Locally the mineralized rock is moderately Uraniferous although 

the uranium-be~ring mineral has not been identifiedo 

About 35 diatremes are known to contain uraniferous sedimentary rocks 

in the Hqpi Buttes area (fig. 6). The most abundant mineralized rocks in 

4lt the diatremes are bedded silty or tuffaceous limestones9 containing 0.001 to 

0 o02 percent uraniumo 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 9 but more com­

monly in siltstones and clayston~s. The highest grade deposits so far examined 

are in laminated siltstones and uncon.fonnably 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 

(figso 79 8) the distribution of uranium within the beds is highly erratico 

No consistent relation has been found between lithology and the di$tribution 

of uranium within beds o In some diatremes there is a suggestion that the 

uranium occurs more abundantly close to the walls o.f the vent o 
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The mineral forms in which the uranium is present in the mineralized 

rocks is not fully known. Carnotite (K2(U02)2(V04)2el-3H20) and liebigite 

(CaU(C03)4.lOH20) 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 difficulto The vanadium content of most of the uraniferous rocks is lowe 

A correlation found in a few analyzed samples between the concentrations of 

uranium and phospha'f;,,E3- coupled with · an apparent absence of known fluorescent 

uranium phosphates suggests the bulk of the uranium may be contained in very 

fine-grained apatite. In addition to uraniu.111 and phosphorous, small amounts 

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 Hexico, 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 

w. A. Fischer 

During this report period 1:24,000 scale photogeologic maps of nineteen 

7-1/2 minute quadrangles were completed. Forty-four photogeologic maps ~ere 

published and 20 were released as TEM reports. 

Photo geologic maps are compiled from existing vertical photogra-phy~ which 

ranges in scale from approximately 1:20;000 to approximately 1~6o,ooo. These 

maps show primarily the distribution and structure of' geologic formations 

• within the area as interpreted frqm photographs. They are compiled on plani­

metric bases taken from topographic base maps, where such base maps exist; in 
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lieU O'f th~s:e - base maps 1 available planimetric base maps SUCh aS thos-e of 

't:he: ·Soil .Oonse•rva.~ion Serv:Lc.e are us~d. Where I'lo base maps ex±st.b geologic ­

data is; ·compi:led . to point control from . ster~o-tempiet or other te:mplet, 

triangulation nets ~ 

Irt ·91ddition to the 1:24,000-scale quadrangle _ma;ps!l -an ·tsopachous·· map 
I - , -' .--.-· . . 1 , · _- - ,- - , 

. - . 
showing-local thinning of ·the Moenkopi formation, and by inference showing 

loca.l:-thickening (swa.l,:es arid 'channels) in the o~erlying Shl:na.runip conglomerate» 

was coD:lplete_d ~ Stratigraphic: thickness ·measurements o~· the Moenkopi -formation 

were ·made photogranunet:r'icaJ.lY ah9, ~were field c~eckeq- :r6r accuracy i n p7-rt of __ --
·\ 

the ~,~·· Isopaehous mappiri.g of_ the Moenkopi formation is now being EO¢end.ed 
' ~ ( -

: . -. . . -- . -.,. _.. . _·- . ~' : .. -, . . ~ -.. • -. ., - :. " l-

over -- the J::arge area between -Monument .V~ey art:d.· Wh~t~. Canyon. 

e The progress- of photo geologic mapping :in the · Colorado Plateau is shown 

• in the : index map, figure 9 ~ 

• 

Subsurface geol:ogic investigations by -drilling _ 
• I 

by 

D~: A~ Phoenix 

Diamond drilling designed to t~st geologic conc~pts -' began in June 1955 •• -

Drilling is finished or underway in four areas on the Colorado Plateau. These 

areas · are: . OlJeto vi ash area, Navajo County, Arizona; Cl~ Gulc.h, San Juan -: 

County9 · Utah; . -n~sappointment Valley, San Migu~l County, Goloraqo; and Kirk's . . 

Basin-Taylor Creek areas, Grand County, Utah~ 

Drilling was completed in the Oljeto Wash and Gla;r Gulch areas during 

the report period.. Data from the drilling in Clay Gulch are not yet available<;) 

In the other areas drilli_n.g is in progress • 

The Oljeto Wash area is in Monum~nt Valley about 8 miles· south of the 

Oljeto Trading Post~ Arizona. The area· occupies a structural basin f ormed 
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by the Oljeto Wash syncline (fig. 10). 

Geologic studies in the-Oljeto Wash " area ~re made to obtain additional 

data necessar,r ~o the interpretation of geophysical measurements of the 

uranium-bearing Shinarump eongldmerate. The distribution of the rock units 

and structures of the area is shown on figure 10! detailed .' fua:ppinK_:ia -, .. ~;; 

in progress. Subsurface dli:ta was obtained fro~ drill core recovered from 

the holes shown on figure 10. Strip logs of d~ill core have been compiled• 

to show . variations in grain size, cementation and mineralogy of the Shinarump 

conglomerate and related formations• These dla will be compared tmd related 

to various in-hole geophysical measurements anr used to . evaluate the f7vor­

ableness of the Shinarump conglCQe:rat'6· for uranium deposition. 

The drilling had several objectives. In the southern part of the Oljeto 

• Wash area drill holes 'tr.rere widely spaced, betwi en 150 and 400 feet· deep, 

and were drilled mainly te determine·,:t!ie thickness and character of sediments 
, .. I 

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 deep9 and were drilled to test the confimu-ation of the contact between 
I -

the Shinarump conglomerate and the Moenk.opi formation as previously determined 

, by geophysical methods6 One drill hole in the northern part of the area 

penetrated the Shinarwnp conglomerate; the Moenkopi formation, and the upper 

part of the Cutler fol'lllation in qrder to comp1·· [ e the physical properties of 

these formations. 

Groups of strata exposed in the area from oldest to youngest consist of 

the Organ Roek tongue, the DeChelly s .andstone, and the Hoskininni ton~e, all 

members of the Cutler formation of Permian age t and the Moenkopi formation, 

~ Shinarump conglomerate, and Chinle formation of Triassic age. Over much of 

the area these rocks are covered by Quaternary alluviume The geophysical 
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studies have been mainly concerned with the chhracteristics of the sediments 
I 

of Triassic and Quaternary age~ and the geologfc studies to date have also 

been concerned with the physical properties and areal distribution of these 

rocks s (For results of g-eophysic·al studies see W• 134-137 o) 

The Moenkopi formation of Triassic age cofsists mainly of thin-bedded, 

red-brown,p compact siltstone. Beds of light-colored sandstone are conspicuous 
I 

near the base of the formation and in addition the fonnation contains thin 

beds of dense silty limestone. Loca.lly the re<li-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 ·~hin bands 

1 to 6 inches thick throughout the N:oenkopi formation. The garnma--rey a.ct.ivity 

is more intense in the altered zones than in other parts of the ~1oenkopi 

• formation. 

The Shinarump conglomerate consists of tw<i> units~ a lower coarse-grained 

S8.1."'1.dstone conglomerate unit and an upper fine-grained unit composed of sand-

stone and siltstone (fig. 11). La.tera.lly the Shinarump conglomerate varies 

in thickness a.nd lithology. The average thick~ess is about 40 feet.; a maxi-

IIlU1ll thickness of 130 feet occurs in the axial portion of a channel-like depres-

sion in the Moenkopi formation. 

In the southern pa..-rt of the Oljeto Wash a.4ea the Shina.rlmp conglomerate 

is covered by Chinle formation and is saturated with "rater~ The rock is 

light-gray, contains pyrite as sea..llls and nodules associated with orga.ni.c 

material, and is cemented by a soft white clay. In the no1thern part of the 

area the Shinarump conglomerate is only loe~~ covered by the Chinle formation. 

Here the Shinarump is cemented with clay,v calcite, and quartz; pyrite is 

• generally absent~ and the sediments are stained bro-m1 or yellow-brown except 

near concentrations of organic debris where they are light~-gray e Loca.J..ly 
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I I. 

the sediments are highly . ce~eAted with ·mangcfuese and iron oxides. 

·The i~e~ parl. of the chinle formation 1m the Oljeto Vlll.Sh area is 

about 3 50 feet thick and consists mostly of blue and green m~.dstone. Lo-calJ.i,. 

sediments near the . base of the Chinle fo:rma.~ion com·sen downwe..rd and tne' con-

tact between the ChiP~e formation and the . ,d~rlying Shin&~p conglomerate 

is difT'i-cult· to determin:ep El$eWhere,. mudstJones of' the- Chinle rormation 

rest directlY tl;:pon- the s_~inaru:mp eonglomeratje·. 

Miirera.J.ized rock was encfountered, in some of the moderately spaced drill 

hole's in the ·centn.l part of the Oljet·o Was~ .s&ncline. The·!3e holes cut the 

Shinarump formation where it fills a . t:h&mJ iti. the top of the Moenkopi 

forniation. The channel. was located by· seismic measurements prior to drilling. 

The drilling and geophysical data -indi.cate that t'he' channel i .s at least 700 . 

• feet wide and one-half mile · long, Tr,e dept~ 'Of the ~hannal in its axial 

portion is about 100 ·feet, but lit :~become's ~lJ.m1 -ai1d ·iS. 'diff.iomht t .o itl~tify· 

• 

from drill core and from geophysical measurements~ 

Stratigraphic stu<41:es 

I 

Triassic studies 

by 

J; H. Stewa..~ 

Regional studies of Triassic st:ratigraphy we·re 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 

Nevadao The Defiance Uplift· of northeastern[ Arizona, the st~ Johns area .of 

east-central Arizona~ and the Uinta. Mountains of northeastern Utah 1\Tere 

studied briefly. 
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The Moenkopi formation is about .11 800 feet thick in most of the area 
- - -

from Ced~ City, Utah9 to _ Las Vages, Nevada. In the Cedar City-St. George 

area. of so11thwestern Utah.t the Moenkopi consists of six members which are 

in ascending order the T1mpoweap-,. LOwe:r red-. V~gin ! trn.estone, :Middle red, 

Shnabka.ib1 ~ and -Upper red· nt~bers • Some·- of these membel:"'S .were correlated 

• 

by llthoiugy' ancf sirat:trihi~ poSition into . the part. o~~b.fl.' ~~;l;n a,.'!,d llaitge ..-

provinc:e · ~ northwest,ern . Ariz.ona,· and ,southern Nevada, where the members had 

not be~n previouslY' ·r-eported. · Thre-&~ ·d!lVisions r,if the Moenkopi can be ~een · .f 

in this pal""'c, o:f' .the B~in and Range proY.ince4J, The lower d:ivision is a 

reddish siltstone. uriit. that is equi:va,lent to the Lower and Middle red membe·rs. 

'rhe Tim-poWB:ap';?men1;>er m~y#betpresent locMJ.y at the base of this division • 

The Virgin limestone member aoul.d not be recognized. , The middle division 

is the Shnabkaib memb~r composed of greenish siltstone, white gypsum, and 

gr;q limestone.. The middle member of the Moenkopi in the Goodsprings quad­

rangle, southern Nevada, -as described, by Hewett (U. s. Geol. Survey Prof. 
' --

Paper !62) prob~ly corre·la.tes with the, Shnabkaib. The upper division is 

the Upper red member and is composed mostly of reddish siltstone. 

The Shinarump conglomerate and Chinle fol--m.a.ti.on h.3.VE~· been recogp..ized 

in the Basin and Range province of northwestern Arizona and southern Nevada 

by Longwell (u. s. Geol. Survey Bull. 798) and Hewett (U. s. Geol. Survey 

Prof 0 Paper 162). The Chinle formation of Longwell and Hewett consists of 

two partsp a lower u..11it of bentonitic el~stone and clayey sandstone that i~ 

correlated with the Petrified Forest member of the Cr.inle formation. The 

upper unit consists of brownish siltstone and minor sandstone which correlate 

with the Moenave and Kayenta. formations of the Golorado Plateau. 

•~ 

- \ 

The Triassic rocks in the San Juan Mountains 1 Coloradt') are all included • 

in the- Dolores formation. In the southern San Juan Mountains 9 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 (J) 

a unit of reddish coarse siltstone about 500 feet thick which contains 

minor light-brown very fine-graillled sandstone.. These three units are con-

tinuous across the southern part of the San Juan 1\fountains but become 

inseparable in the northern San Juan ~1ountains. The Dolores formation 

thins to the east across the San Juan Mountains to a wedge edge in the 

eastern part of the mountains. T
1

his thinning is caused mai..n.ly by e:rosional 

truncation of the Dolores formation. The Dolores formation cont,ains t he 

equivalents of the Rock Point member of the ~iingate 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 south~astern Utah. 

A paper, "Direction of transportation of the sediments constituting 

the Triassic and associated formations on the Colorado Plateau", by 

F. G. Poole and G. A. Williams, was published in the Proceedh1gs of the 

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

Energy. 

Entrada study 

by 

J. c. Wright 

Study of the San Rafael ·group~ including the Entrada sandstone, 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 1.-'l..."ranium 

deposits in the Todilto limestone ,..,,~ in northwest New Mexico9 and the vanadium-
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uraniwn deposits in the Ent-rada sandstone at Rifle and Placerville; C()l·~)'~"'ado . 

During the field sea$on the group was carei'"ully ~e-exami.ned __ .at-.. it.s type 
l - ---- ._.-- -

\ 
area on the north end of the San Rafael Swell• :Emery County, Utah; and the 

units were t"ra.ced in detail to their equivalents a.long the Colorado-Utah 

border. 

The work .eonfinned the identity of the fossiliferous Carmel formation 

of the San Rafael area . with the non-fossUiferous 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.-
- 1 

stone began locally in the Mo~b area during Carmel time, and that t he Ca.:nnel-· 

Entrada contact is complicated by preoonsolidation slumping, fault ing, and 

folding of the beds; and confirmed in some ·detail the intimate interto11guing 

in the Green River Desert of the eastern cross-bedded sandstone facies of 

the EntraQ.a sandstone with its equivalent wes·~ern 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 stratigraphie studies 

by 

L. c. Craig 

The general stratigraphic project began in t·ne:(;~er; of:':- 1955\ and:: is 

designed to provide Stllillila.ry information concerning the stratigraphy of 

formations of the Colorado Plateau not yet studied in detail. Prelimi..11a.ey 

results of the detailed studies of the Morrison.t Triassic I and E..l'ltrada. 

formations have shown the eoi.nciQ.ence of uranium abundance ~Tj_th specific 

stratigraphic characteristics 4 AnaJ.ysis of these characteristics in other 

• 

• 

' ' 

• 
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stratigraphic units by the general stratigraphic study mczy- permit the 

delineation of new areas favorable for the development of new uranium 

mining districts. 

During this report period files have been established that will con­

tain the basic data for the general study and m.uch of the original data of 

the detailed projects has been summarized in these files. With the completion 

of thisj) 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 a.re planned for Geological Survey publication in the Prof essional 

Paper series. In addition a paper, "The application of stratigraphy to t he 

search for uranium on the Colorado Plateau'', was presented to the Nuclear 

Science Congress, December 1955~ and prepared for publication. 

Sedimentary petrology laboratory 

by 

R. A. 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 lilorrison 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 regiono 

The Morr:i,s0n formation lllCcy" be divided stratigraphica.l.l;r into an upper 

part composed· of the Bn~by Basin and Westwater Canyon members and a lo'Wer 

pan composed · of the Salt Wash and R,eca.pture members o It mq also be divided 

regiona.l.l;r into a northwestern and a northern area,. occupying south and east-

central Utah and we.$t-central. and southwestern Colorado 1 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 Ba.sin 

and Salt Wash members and in the southern area by the Westwater Canyon and 

Recapture membe~s ( plue some Bru.shy Basin) • These two groups of strata int er-

tongue and overlap in the Four Corners area. 

Microscopic study of representative heavy mineral suites from 257 s~~t 

Wash, 60 Recapture 1 58 Westwater Canyon,-.: .and 48 Bru.shy Basin member samples 

produced the average proportions shown in table 3. 

Table 3. Average heavy mineral ratios in sandstones 

of the Morrison .fo~tion 

(Abbreviations used are: o, opaques; NO, non-opaques; z, zircon; 
T, tourmaline; G, garnet; S.. staurolite; R 1 rutile; A, apatite; 
E, epidoteo) 

Member Aver~e hea!Z ~eraJ. ratios given in Eercent 
All heavies Non-oE~Ue heavies 
_o_ .Jill_ z _T_ __Q_ _§_ .1L ~ _j_ 

Southern area: 
Westwater Canyon 72.6 27.4 59-9 15.2 13.9 7·7 lo7 Oo7 Oe8 

Recapture 69.2 30.8 49·8 22.8 18.7 5o0 2ol Oo2 1.5 

Northern area: 
Brushy Basin 62.8 · 37·2 60.6 19.7 14·3 2o2 2o7 Oo4 OeO 

Salt Wash 53.6 46·4 62.0 23.2 8.; 1o7 3'.6 Oo8 OoO 

• 

• 

• 
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A comparison of the mean ratio figures for opaques, non~opaques, rdtile, 

staurolite, and epidote shows a common order of magnitude for the Westwater 

Canyon and Recapture members which suggests a regional pattern of distribution 

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 I~1orrison sa.ndstonese. 

Computed on the basis of percent of detrital minerals above 0.032 mm. grain 

size, the appro.x:im.ate proportions are: \vestwa.ter Canyon member,. 0.25 percent; 

Recapture member, 0.20 percent; Salt t'lash member~ 0.10 percent; Brushy Basin 

member, 0.09 percent. The greatest variation was observed in the vlestwater 

Canyon and the least in the Brushy Basin. Averages for the Horrison formation 

are 0.16 percent of the detrital components, and 0.15 percent of the total · 

rock. 

Sandstones of the Westwater Canyon and Recapture members thus appear to 

contain more heavy minerals than the Salt vlash and Brushy Basin members. 

Regional difference in total heavy minerals provides a clue to the ree.son for 

the regional difference in ratio of opaque to non--opaque heavy r:.tLJ.o:--als sug­

gested by the data in table 4• It is suggested that a suite of heavy minerals 

with · e:., high proportion :of opaques · vvas intnoquc~rl :from· the south~ast. 

Several heavy minerals in the ~1orrison formation have a regional pattern 

of distribution which ~ be i-~terpreted in terms of nearness and direction 

to a source of sediment • Table 4 tabulates and sunnna.rizes 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~ 



Table 4• The provenance and directions of source associated 

with various heavy minerals in the Morrison formation 

He an: mineraJ.s 
; 

Opaques 

Apatite 

Epidote 

Garnet 

Rutile 

Staurolite 

Tourmaline 

Zircon 

Apparent source direction 
Dominant Other 

1) southeast 2) south 

1) northwest 2) southe~st 

1) southeast 2) nort,hwest 

1) southeast 2) northwest 

l) north 2) southwest 

1) southwest 

1) sout.hwest 2) northwest 

1) southeast 2) northeast 
3) west 

Inferred source 

1) 2) granite~ authigenic 

1) silicic volcanics 
2) volcanic rocks 

1) 2) granite and crystalline 
metamorphic rocks 

l) 2) granite &"'ld e~-1;,alli.ne 
metamorphic rocks 

1) residual. end product. of 
sedimentary transport* 
2) reworked sedimenta.r-.r rooks ,, 

1) metamorphic limestone 

1) reworked sed.i.menta.ry and 
metamorphic rocks 
2) granite 

1) granite, 2) residual end 
product of sedimenta:r:r transport~*' 
3) volcanic rocks 

~~ Believed to have been derived from sedimentary rooks. 

Three general source directions are inferred. A southwestern source 

area. contained partly metamorphosed limestone and other sedimentary rockso 

A southeastern source contained mostly granites, crystalline metamorphic 

rooks, and some silicic volcanic rocks and ash. A northwestern source con-

tained mostly silicie volcanic rocks and ash, some granites, and crystalline 

metamorphic rocks. 

Regional variation in composition of the sandstones of the MoiTison 

fonna.tion is borne out by the results of thin section study 6 Sixty-six thin 

sections of representative ~orrison sandstones were analyzed by point-count 

• 

• 

• 



method with 400 co'W'l.ts per section., The sections irlere apportioned am011g 

the members as follows~ Salt Wash9 23; Brushy Basin:, 15 g Reca.ptm·e 14; 

Westwater Canyon£> 14o 

All detrital IF.i..llera.ls and mineral groups were lumped into one of four 

general detrital components as follows: 

lo Quartz (includes quartz grains, quart.z overgrowths» meta-quartzite 
&"'ld quartz schist fragments) 

Feldspar (includes potash, sodic ,; and calcic feldspars, kaolinite 
group of el~s9 wads of kaolin mud) 

Tuff (includes silicified and altered tuff grains.\) chert 9 mont-· 
morillonite 9 mixed l~er cl~s, rl~-olitic r ock fragments) 

Micas (includes illite9 sericite9 chlo:riteD heavy minerals, 
fragments of micaceous metamorphic rocks"' :miscellaneous grai.11.s) 

A tabulation of average compositional values is given in table 5o 

Table 5o Average composition based on thin section analyses of 
66 Morrison formation sandstones 9 by membe~s in terms 

of mean percentage of four general components 

Member ~z Feldspar r-euf£ I·ticas 

Southern areaz 
~lest water Canyon 63 ~.t o ... '; 31.9 lo6r 3eo0 

Recapture 65o3 21olt,.' 2.4~ l0o9~ 

Northern areag 
Brushy Basin 66e9 9o5' 18o7r 4o9'. 

Salt Wash 72.6 lOrtg· l3o5 3o0 

To summari~e and compare composition of the s.~~dstone of the members 

of the Morrison formation, a single statistic is used which combines average 

composition with vm"'iationz this statistic is the est:i..ma.ted range of mean at 

the 95 percent confidence limit. The graphD figrJ.re 12~ shows the range of 

• the mean composition of sandstone in terms of the four general components, 

quarlz 9 .feldspar9 tu.ff9 and micas o The estimated range of the me&"'l 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 graphica.J..ly in this ma.nner gives much 

statistica.J..ly significant information. First, the general location of the 

bar with respect to the vertical scale gives the order of magnitude of quantity. 

Second9 the length of the bar reflects the rela:t',ive 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 the~e 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 occur; therefore, no significa.l'lt, dif-

ferenee exists between the two means. However,. there is significantly more 

variation in the occurrence of tuff in the Salt vvash sandstones. Fourth, 

the conventional comparison of c~mposition can be made easily among the strati­

graphic units involved. 

Conclusions to be drawn from figure 12 a.z-e 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 

• sma.ll 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 tuf.f content in the 

Salt Wash itself) o The amount of tuff in Brushy Basin sandstones is signif'=· 

ieantly greater than t .. hat in Westwater Canyon and Recapture sandstones~ 

The mean amount of micas in the sandstones differs significantly between 

the Recapture and Westwater Canyon members and 'Qetween the Recapture and Salt; 

Wash members 1 but not between the ~shy Basin, .Salt Wash, and Westl'mter 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 Colorado 

Plateau, which constitutes a major regional difference. On the other hand9 

the upper part of the Morrison fo:rmation (the Westwater Canyon member) ls 

more arkosic in the southeast than the lower part (the Recapture member) a.l1d 

more tuffaceous (Brushy Basin member) in the northwest than the lower p.a.rt 

(Salt Wash member) which constitutes a major stratigraphie differenceo 

It is concluded that most of the major compositional differences between 

members of the Morrison formation are related to regional. location of the 

sandstones rather than to their stratigraphic positiono 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 apd 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 interlccy-ering of tongues of sediment of different composition(} 

The major stratigraphie difference, the evidence of more tuff and feld-

spar in the upper Mon-ison sandstones than in the lower permits the following 

interpretations: a.ssu:mi.ng that the amount of tuffaceous and arkosic sediments 

bears a direct relation to tectonic activity 1 it maJ7" be concluded that depositi·ttn 

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 Utah• 

The da.ta. shown in table 6 are based on thin-section analyses by standard 

and abbreviated point-count methods. Only data. on the Shinarump conglomerate 1 

the so-called Moss Back sandstone, and the Monitor Butte and Petrified Forest 

mem'})ers. of t11e _ Chinle f'orm.ation are . to a.nY extent reliable. · Data on other 

formations are reliable only within .bro.ad limits. 

Table 6. .Average composition based on thin section analyses of 
sandstones and siltstones ·o.f 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 ~ficas 
and members samples (%) (%) __(!)__ 

Wingate sandstone 2 49 29 9 
Chinle formation 

Church Rock member 2 50 27 23 
Owl Rock member 1 38 30 .17 
Petrified Forest member 2 52 8 7 
So-called Moss Back 
sandstone-J~ 6 72 16 7 

Monitor Butte mem.be~} 17 74 16 4 
Shinarump eonglom.erate~t- 28 76 19 2 
Moenkopi formation 2 57 26 13 
Cutler formation 
Hoskinnini tongue 3 73 26 1 
DeChelly sandstone 
member 1 70 17 3 

Organ Rock :member 1 51 27 22 
Cedar Mesa 1 75 24 1 

Composition mean by units 13 61 22 9 
Mean of nonuranium-

producing units 9 57 24 11 
Mean of uranium-

producing units 3 74 17 4 

~~Uranium-producing. 

Tuf.f 
_ill 

13 

0 
15 
33 

5 
6 
3 
0 

0 

10 
0 
0 

8 

8 

·5 



.. A strong sim.Uarity •xists bet~en the tnree major ura.n:lum-producing 

units, the Shina.:rwnp conglomeraife, the Monitor Butte member ot the ·Chinle 

. !ormation, and the so-ca]J.ed Moss Back =;Janq.stone~ To show that this 

simUqity is not simp~ .a mattel' of s~ling and .that it departs frQJD. the 

average of the strattgr~h.ic col'WIU11 mea,ns were · C9Jilpll'lfed ~tor · :.n "lUdts.,.~)~~~ 
.. . . . l . 

(eom.pos~te n;~.ean), for nq:Qur~um-producing l;Url.ifs Qn4, anQ. _for . 'llrW!illlll-

producing units o~~ 

The ~a.nium-producing ~ts s~ow llo~e of: the quart$ components, Md 

less of the feldspar, micas, and tuff' cOD;I.ponent.s. It is interesting . to note 

that another unit whiQh app:ro~tes the ur~um-producing units in compositlon 

is the DeChelly s~dstone member of the Cutler formation. 

GrJinS of a mineral from t}le l3rowns rark f'e>nna.tio;n of northwestern 

Coloracio, reported as sodal.it' (nosellte variety) in the preceding semi­

~ual report were subjected to x .... rq 411d spectrographic ~ses and found 

to be mno:rphou~ and. rich in s~UJt., mag:ne~ilDll,. and s~e4• It is concluded 

that th• "mineral" consuts of weU-round'd aetrit&l grains of sodium-~esium­

siliea~r~ch volcanic glass. · 

· Gl:'Opnd'"ll'water ·studies 
' ; I 1 • I . j 

. .~ . . 

by 

D. A• J'bin 

The tr.~smissive char·a,cter a.nQ. horizontal. and vexi;ical. transmissive 

dapacity of the e.xposed sedimentaey rocks of the Col~ado Plateau and the 

physical distribution o! uraniwn ·deposits with respect to these hydrologic 

propert~es . have b~en studied 'by extensive smnpling and pel1lle&bUity me~- rr 

• 

-~s. • 
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Two types of hydrologic units, (1) eolian or marine sandstone, a...Yld 

(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 ch~acterized by relatively' moderate to 

great mean thicl<..ness and permeability and rel.ati vely even local gradients 

of thickness and permeability and consequently by relatively high regional 

transmissi·v·e capacity. F'luvia.l sandstones and conglomerates are o.hara.cter­

ized by rela.ti vely small to moderate thickness ~'"ld permeability and abrupt 

and extreme fluctuations in local gradients of thickness and permeability1 

and consequently by relatively low to moderate regional transmissive capacitye 

Most of the known uranium deposits occur in fluvial hydrologic units. 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 horizontal. and 

vertical penneability, moderate mean vertical pel".meability, and a.:~e over­

lain by relatively thick and impermeable shales and mudstones. There is 

also a suggestion that, where open fl"actm,.es coexist with a series of fluvial 

strata separated by relatively thin mudstone and sha....1e strata, uranium has 

been deposited throughout the entire flu~~al series. 

The spatial distribution of uranium deposits within favored strata. 

appears to be strongly influenced both by the proxitrd:'r;,y to zones of high 

vertical tra.nsmissi ve capacity and by the horizontal transmissive character 

and capacity of the host rooks. 

For each of the major _ uranium-producing hydrologic u..rrl.ts the spatial 

distribution of the total number of uranium deposits, the total number of 

3-.mile--square areas wlth outcrops that contain one ol"' more uranium deposits, 
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transmissive:-character with reference to most productive mining ar~as.· , ,·_ ·.· 



• and the totaJ. number of 3-mile .. square areas with outcrops were dete:r·.arlned. 

relative to major fault and fracture zones considered to be the lo~i of 

considerable vertical tra.nsmissi vity. It was found that;; although each 

of these entities decreases somewhat in frequency of occurrence away from. 

zones of major vertical transmissivity 6 the most pronounced decrease in 

frequency occurs in the number of uranium. deposits and the n-qmber of 3-mile­

square areas containing one or more uranium. deposits (fig. 13 and 14) o 

These s~e relationships are brought out even more clearly when the 

uranium deposits plotted are limited to deposits larger than one thousand 

tons (figo 13 and 14) e 

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. pa.rticular host rock varies directly with the range :Ul 

its local horizontal t.ransmissi vity. Less consistent relationships al"e the 

apparent decrease in number of deposits found :in a given mineralized host 

rock with decrease in range of local transmissivity and the similar de-erease 

in number of deposits with an increase in the mean val.ue of regional trans-

missive capacity. 

The regional. v,ariation 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 produc·tive parts of each 

unit as a standard of comparison. Relatively little of the Shinarump-lower 

Chinle unit is similar in horizontal tra.nsmissi ve character and ea.pacity to 

its -most productive parts (fig1 15) e In contrast most of the Morrison sand-

• stones are essentially similar in horizontal transmissive characteristics and 

capacity to their most productive parts (fig. 16)e 
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The most li.kely places for the discovery of· uranium. deposi-ts in t.he· 

principal urmdum.~producing hydrologic units are tho-ught J~o btw were El.l.""ea'$· 
/ 

of considerable vertical trru1smissi ve capacity eo inc ide w:i.trh areas in eai~h 

hydrologic unit that most closely resemble in horiZontal transmi:ssive 

cha:racter t,he known productive parts (fig. 15 and 16) 6 

A p.aperp ! 11Regional transmissiv-lty of the e:r..posed sed-iments of the 

Colorado Plateau as related to the dis·tribution of u.ra.nium deposits'':.· by 

D. A. Jobin9 was published in the Proceedings of t.he - Unite:d Nations I.nt.~r-; 

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 of; known 
/ 

uranium deposits to stratigraphic units, lithologic character.$ tectonic 

structures!' and geochemical environmento Such appraisals allow the selection 

of new areas for study in which the combination of geologic fac tors suggests 

the presence of concealed uraniura deposit s and also aids in recomm.end,i~c.g 

fields for researchjthus assisting in planning a coordinated program of 

geologic invest igations on the Colorado Plateauo 

This appraisal of geologic data is ·undertaken in three arbitrary g,eo-

graphic units that together encompass the entire Colorado Plateauo 'I'hese 

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

by 

R. T. 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 Colorado Plateau 

are unfavorable for the occurrence of large uranium( deposits. The Chinle 

formation northeast of the Uncompahgre uplift contains very few sandstone 

lenses that appear to be favorable host rocks. A few minor deposits are kno1~1 

in limy conglomerate lenses and conglomeratic sandstone lenses near the base 

of the Chinlef 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 edgef Most of the lower Morrison along the 

Grand Hogback consists of limy siltstone that contains only a fe~r very- thin 

fairly persistent sandstone lenses. Although small deposits are associated 

with zones of carbon trash and fossii bone, none of them appears to contain 

more than a few tons of mineralized rocko 

Favorable host rocks in the Salt Wash member of the Morrison formation 

are considered to be in areas whereg (1) the Salt Wash is about 250 feet thick; 

(2) sandstone comprises 75 percent or more of the Salt Wash; (3) the individual 

sandstone lenses are at least 30 feet thick; and (4) the individual sandst.-one 

lenses contain an appreciable amount of mudstone and siltstoneo 

Application of these criteria in field studies completed in the Thompson 

district suggests that the most favorable area. for the occurrence of un.disccvered 

uranium deposits may be northeast of the Yellow Cat area near Cisco where the 

Salt Wash is beneath about 600 feet of younger rockse Three drill cores from 

• 

• 

• 
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holes drilled in this area contain thick Salt Wash sandstones 3 abundant 

pyrite~ and thin seams of vanadi1rm(?) minerals associated with carbon trash. 

The Salt Wash contaL11s little or no sandstone in the extreme north­

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

Utah and Arizona 

by 

H. Slil 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., Ro 14 E. (fig. 17). Within these 

bel t s Salt Wash sandstone lenses reach thicknesses of 40 to 80 feet and con­

t ain small to medium sized uranium depositso Outside these favorable belts 

Salt Wash sandstone lenses in the Green River district are commonly less than 

40 feet thick and contain few if any significant deposits. 

The so-called Moss Back member of the Chinle formation is (except where 

missi ng 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 boQ~dary of Wayne Countyo The lack of known deposits in this 

unit~ its Q~form 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 t he 

nor theast 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 Mountains 

district. 

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 9 (For purposes of thi.s 

study the clusters of ore bodies in the Temple Mountain area are con~idered 

as one 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 formatiorJ thins from a rna$i.ln'UTfl 

thickness of about 100 feet in the vicinity of the Delta mine in the San 

Rafael Swell to a line of pinchout just south of Temple lr1ountain and Green 

Vein MesaQ 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 M1.nmt~ains 

districts and northwesterly into the Cedar Mountain area of the UL~ta district. 

Within this broad belt significant uranium deposits may occur in san.dst.one 

lenses approaching 30 feet in thickness. 

The so-called Moss Back member of the Chinle formation is considered 

relatively favorable for significant deposits along the northwest,erly tr.end 

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 Vei n Mesao 

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 40 feet. 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. 

Sparse ura.n±mn~~ vanadium-, 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 forma.tion 7in the Cedar 

Mountain area. Except for the Morrison, none of these formations is. thought 

to have any appreciable potential resources. 

The Monitor Butte and so-called Moss Back members of the Chinle formation 

underlie the Cedar Mountain area at depths greater than 11 000 feet and may 

contain fairly large potential resources 9 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 lens~s approaching 30 

feet in thickness are pr~sent. 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 ~s most favorable for signif­

icant uranium deposits in the vicinity of Trachyte Creek. Here, the clustering 

• 

• 

• 
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of known deposi.ts and orientations of logs, stream lineation, and festoon 

crossbedding suggest a favorable Salt Wash belt or channel-system trending 

about N. 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 a;reao 

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 rat~her 

than in the center of channels, and the preferred host rock is a cobble­

conglomerate of Moenkopi cobbles in a Shinarump sandstone matrix$) or f r actured 

siltstone in the upper 2 or 3 feet of the Moenkopi formation~ 

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 solutions have passed through 

the rockso The small size and sparseness of known deposits in this area are 

probably due to the lack of favorable host rocko Most of the Shinarump channel.~ 

fill sands are relatively clean; mud and carbonaceous material are la.ckingo 

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 i.n the favorable fra'f.:tured 

Moenkopi siltstone in the flanks of channelso The fractured zones in the 

Moenkopi may be related to slumping on the banks of old Shina,rump stream 

channels. 

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 formatiOIJ.S in the northeastern part. of 

the Henry Mountains district indicates tha.t with the possible exception of 

the Monitor. Butte member of the Chinle formation potent:lal ·~· resources are 
'to.~·:' ' 

probably smallr The Shinarump conglQ~erate is not present on t.he outcrop 

north of the vicinity of Hite, Utah. The Monitor Butte member o.f. t.he Chinle 

containS· ·Ts:mall uranium deposits between the vicinity of Hite and t.he line of 

pinchout of this Unit trending northwest through the upper end of Hat~ch Canyon 

in the southern Green River district. The :ma.ny small deposits in . the Monitor 

Butte in this area suggest that the wedging out of the Monitor Butt.e:.· :may 

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 gr<;nmd. 

as much as 25 miles wide and paralleling and bounded on the northeast by the 

northwesterly trending line of pinphout of the unit. It is inter~sting to 

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 a beltD 

if va.lidb could possibly contain considerably greater potential resou.rees 

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

Northwest New Mexico 

by 

L. S9 Hilpert and A9 Fo 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 0 Table 7 lists the occurrences by name (where avail-

able), location9 and by the host formatio~ 

Because of the varied sources of information11 strict grade cutoffs eould . 

not be used~ Generally, however11 all surface anomalies represent deposits with 

•• 

• 

• 



• 

• 

• 

lOS 
109° 108° 0 106° 

37_
0 t-IT'-----~-------t--------~C~O~L~O~R~A~D~0~1 0_7--....=___...,r-=-==---;;-;-;;==~T-37° 

C)
28 N E W M E X ) C 0 

I 
'GI30 
CJ46 
)}129 
~128 r S A N 
1126 
() ~47 SANOSTEE 

4B'tJ ~ 
112l, 

6
120 

I 131 
I 

.\)ey~ 
~~ I 

RIO 
JUAN 

1026 50 ()49 

~ ~68 
I 103A 70 Q74 c 

1-----...-----w 69~71 73 6104 
124£72Q QQ75 

I S 6tos 
sAN JuAN 1 fAN PEDRO MpuN:rAtN78~77 

1 a;~ I 76 ~79 
36o~~~==~~~~--------~~--------~----~~r------~140~QBO 

I CUBA 
90C9BI 

BB[\]89 ~ 
8 AS .1 N 

<:~ 
M C K I N L E Y o: L1J QB2 

91Q f5~ I ~ 
()

51 
93o o 94 u; ~ jsANTA FE 

no """ s2ys3 95o 0 96 1 ~ 6('1)22 

~ D97 34 I 35~54 ~ 2~0 o7 

GALLUP «>33 98ncts~55 56 36C) <:) I 
1066 2SIIIOB 099 · ~ 1 8 

107 ~37() 57 60 I s A N D 0 v A L ~ I 0 
~V. 1~9 ~:, 3~~:3--l_ ~()62 r.~ SANTA 

I 

0 
(.) 

<t' X 
z w 
0 ~ 
N 

10 

""'/ ,------- -- ~114 -....--- \:J 

I~ I'" 115 I FE 

I Ov. ~83 112 6 116 ..--- - -- -- ... l 
""'"' 5 6117 63 ()65 \ <1/ oo64 ALBUQUEROLJE 

I 1-.s- GRANTS LAGUNA ()~6 

R / ()~7~~--+-+___:.-----+--------r----:---r 
118~ b.ug S

0 
, 

~122 ~ 

VALENCIA 
I 

'TORRANCE 

I 

0101 

.o., ,. I 
()4 14,'8 C>C)43 

44C)o25 
C A T R 0 

!"/( 42 1 

N MOUNTif\NS 
845 

27 
0 10 20 30MILES 

012 
~123 

-------------------+------2-----------------~---L-------------------~34° 
106° 

TERTIARY 

CRETACEOUS 

JURASSIC 

PERMO-TRIASSIC 

PERMIAN 

PENNSYLVANIAN 

E X P L A N A T 
SEDIMENTARY ROCKS 

Cool and carbon 
oceous sho le Limestone Sandstone 

~ 0 

0 C) 

A () 

~ 

b. 

~ 

0 N 

CRYSTALLINE ROCKS 

X 

PRECAMBRIAN 

IGNEOUS ROCKS 

0 
TERTIARY INTRUSIVE 

<> 
TERTIARY EXTRUSIVE 

Figure 18o1 NDEX MAP SHOWING THE LOCATION1S OF URAM~FEROUS DEPOStTS IN 
NORTHWEST &LEW MEMtCO·. 



- J 06 

Table '7,--Name, locatiol'l, and host rocks o! urani!eroue • occ~rences in northwest New Mexico 

No. 
on Lo21tion 
·!ii:e !Y! Section Towna!W! !EU Host rock 

l Tusas 24 28 N. 8 B. tfO.rtep" ~zite 
Tusas 18 28 N. 9 B. "'..'tep." quartzite 
J,O,L, 24 28 N. 8 B. "'rtep" quartzite 

2 Rancho AAA 10 27 N. 8 B. tt()rtep" quartzite 
3 Cooperative Mines 36 27 N• 8 E. IIOrtep• quartzite 

Cooperative Mines 31 27 N. 9 E. •Ortep• quartzite 
4 Apache 12 26 N. 8 B. "'rtega• quartzite 
5 NW-l/4 7 11 .•• ·u• Gr$llite gneiss 
6 Hiser-Moore No. 1 8 15 •• It Espinuo aDdesite 
7 20 15 He Granite 
8 Ortiz Mine Grant 35 14 N. 8 B. Monzonite 
9 1 9 N. 1 w. BJvollte 

10 10 1 s. 2 w. Allde•ite 
11 Carter-Tblliver-Cook 5,6 as. 1W. ..S.te 
12 6 ' s. 5 v. ..,.U.te 

1 ' s. 6 v • ..,.U.te 
13 3 25 -N. 9 E. 1uta Fe formation 
14 ml-1/4 1 20 N. 2 w. Wasatch formation 
15 24 20 N. 8 E. Santa Fe formation 
16 NW-1/4 13 20 N. 9 E. Abiquiu(?) formation 
17 Rogers 17 20 N. t Ee Abiquiu(?) !ormation 

Rogers 20 20 N. 9 E. Abiquiu(?) forma.~ion 
Rogers N-1/2 29 20 N. 9 E. Abiquiu(?~ formation 

18 SE-1/4 22 20 N. 9 E. Abiquiu( '1 formation • 19 33 20 N. 9 E. Santa Fe fol"'lla.tion 
32 20 N. 9 E. Santa Fe !ormation 

20 SW-1/4 17 19 N. 9 E. Santa. Fe f ormat ion 
21 NE-1/4 28 19 N. 9 E. Abiquiu(?) formation 
22 La Bajada ml-1/4 9 15 N. 7 E. Abiquiu(?~ formatiOn --- NE-1/4 8 15 N. 7 E. Abiquiu(? f ormation 
23 19 15 N. 7 E. Santa Fe formation 

20 15 N. 7 E. Abiquiu{?) formation 
19 15 N. 7 E. Santa Fe formation 

N-1/2 17 15 N. 7 E. Abiquiu{?) f.orma.t-ion 
24 Charley No. 2 WE-l/4 35 3 N. 2 w. Popotosa formation 
25 Hot Shot 18 1 N. 5 w. Ba.Qff. formation 
26 King 4 1 N. 4 w. Baca formation 
27 Hogsett-Hurst-Henderson 24 1 s. 6 w. Baca formation 
28 28 32 N. 1.6 w. xener.e fL of Kesa-

verde group -- 28 32 N. 1.6 w. · Menefee fL of Kesa- · 

F,-1/2 
verde group 

29 19 31 N. l.S w. · Menefee fL of Mesa-

~l/4 19 
ftl'de srouP ---- 31 N. 15 ·W. Menefee ~. of Mesa~ 

SE-1/4 19 
ftl'de group 

31 N. lS w. Menefee tm. of Mesa-. 

30 N~ 
ftl'de srouP 

30 BoTd 3' lS· w. Pictured Clifts 
.sandstone 

31 Farr Ranch 13 19 .N. 6 w. h\U.tl&rd ·tor-.tion 
Farr Ranch 14 19 N. 6 w. Fruitland i'olmation 

32 Farr Ranch 25 19 N. 6 w. Fruitland tor-.tion 
Farr Ranch 26 19 N. 6 w. FrQitland. tor-.tion 

33 Largo No. 2 NE-l/.4 .33 15 N. 17 w. Dakota. sandstone 
Becenti, W-i/.4 28 15 N. 17 w. Dakota. sandstone 

34 Christian l6 (U mine). SE-l/4 4 15 N. 16 w. Dakota. sandstone 
35 Morris-Peters 17 15 .N. 1 B. Mancos shale 

Mo:t*ris-Peters 20 15 N. 1 B. Mancos shale • Morris-Peters 2l 15 N. 1 B. Kane~ shale 
36 .31 lS N. 1 B • Dakota ~&ndstone 
37 8Dall Stake .31 l4 N. 10 w • Dakota. sandstone 



107 • Table 7 ·--Name, location, a.nd hoat :rook• of vanUe:rou 

ooourrenoe in northweat N.wMexioo (Oontt) 

No. 
on ;woa~~n lliiii ~ ffr S!siion iwship Heet roQk 
37 (cont'd 

Silver Spur No, l 31 l4 N, 10 w. Dakota Al14etoM 
Silver Spur No. S !B-1/4 31 l4 N. 10 w. Dakota u.ndetone 

31 l4 N. 10 w. Dakota san4stone 
38 Junior 4 13 N. 10 w. Dakota~ 
39 Angell 30 ll N. 1 w. Meaaverde group 

Angell 2S ll N. 2 w. Meaaverde group 
40 HcPbaul Ranch l2 2 N. u w. Meaaverde group 
4l Tietzen-Red Basin 20 2 N. 10 w. Mesaverde group 

Hot Spot 20 2 N. 10 w. Meaaverde group 
42 26 2 N. 10 w. Mesaverde group 

27 2 N. 10 w. Mesaverde group 
35 2 N. 10 w. Mesaverde group 

43 31 2 N. 9 w. Mesaverde group 
44 24 1 N. 6 w. Mancos shale 

Beall claims 26 l N. 6 w. Mancos shale 
Rusty Atom cl&~s 26 l N. 6 w. Mancos shale 

45 7 l s. ; w. Mancos shale 
1.3 l s. 6 w. Mancos shale 

46 King No. 2 26 .30 N. 21 w • Salt Wash IIISIIber of 
Morrison formation-

47 Deneb Nezz .32 26 N. 20 w. Reca.ptm,e member of 
MorrifJOll formation 

Deneb Nezz .3.3 26 N. 20 w • Recapture msnber of 
Morrison formation • 48 Deneb Nezz 4 25 N. 20 w. Recapture member of 
Morrison formation 

Deneb Nezz 5 25 N. 20 w. Recapture member of 
Morrison formation 

Joe Ben No. l 6 25 N. 20 w. Salt Wash member of 
Morrison formatiOD 

Joe Ben No. 3 6 25 N. 20 w. Salt Wash member of 
Morrison formation 

Enos Jolmson 5 25 N. 20 w. Recapture member of 
Morrison fomation 

Enos Jolmson No. l 5 25 N. 20 w. Recapture member of 
Morrison formatiOD 

Enos Johnson No. 2 5 25 N. 20 w. Recapture msnber of 
Morrison formati.oG 

Enos Jolmson No. 3 5 25 N. 20 w. Recapture member of 
Morrison fol'm&tion 

49 Lucky Dog and Horny Toad S-l/2 29 25 N. 5 E. Westwater CarJ;Jon ~ 
ber of Morrison t:m. 

Lucky Dog and Horn.y Toad N-1/2 32 25 N. 5 E. Westwater CaD,JOD --

W-1/2 
ber of Morriscm aa. 

50 Doe 1 24 N. 4 E. Morrison fo1'm&tiOD 
51 Foutz No. 3 SE-i/4 3 16 N. 16 w. Westwater Can;yon --

ber of Morrison tm.. 
52 Foutz No. 2 NE-1/4 5 15 N. 16 w. Westwater Carqon lllllll-

ber of Morrison ta. 
Foutz No. 1 ml-l/4 4 15 N. 16 w. Westwater CatqOn --

53 Foutz Prospect No. 2 34 16 N. 
ber of Morrison tm.. 

16 w. Recapture member of 
Morrison formatiOD 

Pyramid SE-1/4 32 16 N. 16 w. Morrison fo~m&tion 
54 Collins 21 15 N. 1 E. Morrison formation 

Collins 22 15 N. 1 E. Morrison formation 
Collins 27 15 N. 1 E. Morrison formation 
Col.l.in& 28 15 N. 1 E. Morrisan fon~&tion • 55 Eve~ ml-1/4 9 14 N. 11 w. Brush;y Basin Jll8lllbe 

of Morrison tm.. 
Francis N-1/2 8 14 N. 11 w. Brush;r Basin member 

of Morrison tm.. 



108 • 'l'&ble '1.~ ... location, an4 host rooks ot uraniferous 

occurrence in northwest New Mexico ( Contt) 

Ho. 
Oil l.gci~~Ol) 

II <oont ¥:r Section Township BIDs! HOst rock 

Alta SW-l/4 s l4 N. lJ. w. Westwater earvon DIS-
ber ot ·Horrial til. 

S6 15 l4 N. 10 w. Westwater CaEvvn..,. 
ber o! Morri.IOD ta. 

SW-1/4 ll l4 N. 10 w. Westwater Cazvon ...,. 
ber ot HorriiOD ta. 

" NE-l/4 26 l4 N. 10 w. Westwater Caavon ..... 
ber of Horri1011 tJil. 

23 l4 N. 10 w. Westwater Cazvon ms-
ber of Morrison ta. 

S8 Dakota NE-l/4 4 l3 N. 10 w. Brushy Basin member 
ot Morrison .on. 

59 Garcia No.1 NE-1/4 ·24 l3 N. 10 w. Brushy Basin member 
ot Morri80:n .em.. 

Section 24 NE-1/4 24 l3 N. 10 w. Brushy Basin member 
ot Morrison :On. 

60 Mesa Top 20 13 N. 9 w. Brushy Basin member 
of Morrison fm• 

Poison Cal\Jon No. 1 SE-1/4 9 1.3 N. 9 w. Brushy Basin member 
of Morrison .tm.. 

Poison Can;yon No• 2 NE-1/4 19 13 N. 9 w. Brushy Basin D!mlber 
of Morrison fill. 

Beacon Hill SE-1/4 18 1.3 N. 9 w. Brushy Basin member 
of Morrison fm. · • 61 Section 16 16 l3 N. 9 w. Brushy Basin ~r 
of Morrison fill. 

62 Dor7 .30 1.3 N. .3 w. Westwater Cazvon liM!IIIl->· 
ber of Morl'ison .tm.. 

6.3 Jackpile N-1/2 2 10 N. 5 w. Brushy Basin member 
of Morrison .on. 

Windwhip E-1/2 .34 11 N. 5 w. Brushy Basin member 
of Morrison fm. 

Windwhip W-1/2 .35 11 N • 5 w. Brushy Basin member 
of Morrison fm. 

64 liJodrow SE-1/4 .36 11 N. 5 w. Bru:shy Basin member 
of Morrison fm. 

6S B1bo strip N-1/2 29 11 N. 4 w. Brushy Basin member 
of Morrison :rm.. 

8-l/2 19 ll N, 4 \'1, Brusey Basin member 
of Morrison tm.. 

20 ll N. 4 w. Brushy Basin member 
of Morrison fm. 

30 11 N. 4 w. Brush7 Basin member 
of Morrison fm. 

66 AbeJta 22 10 N. 3 w. Brushy Basin member 
of Morrison fm. 

Chaft•· SE-1/4 22 10 N. j w. Recapture member of 

67 Paraje NW-1/4 17 9 N. 
Morrison fonnation 

6 w. BrUshy Basin member 
of Morrison fm. 

68 Lu MiDu de Pedro ~1/4 19 24 N, 6 E. Poleo sandstone m•-. 
ber of Chinle fm. 

" Corrallo. 1 NE-1/4 25 23 N, 1 w. Abo formation 
Corral No. 6 NE-1/4 2; 23 N. l w. Abo formation 
Jlax Jacquee NW-i/4 30 23 N. 1 E. Agua Zarca es. 11!-lm• 

ber of Chinle ·r.m, 
11dtetlo NW-1/4 30 23 N, 1 E, Abo formation 
tellow Bird lo. 2 s-i/.4 30 23 N, 1 E. Abo formation • 70 I an4 D No. 3 g,(-i/4 29 23 N, 1 E. Abo formation 
E an4 B No.1 NW-i/4 29 23 N. l E. Abo formation 
'l'.J.B.D. No. 1 g,(-1/4 29 23 N. 1 E, Abo f ormation 



109 • Table ?.--NIJile, location, and host rocks of' uraniferous 

occurrence in northwest New.Mexico (Contt) 

No. 
an Loscltion 
lfu BID Section Township BAlla Hoat :rock 

7l O'Brien No. 1 NE-1/.4 28 23 N. 1 E. Abo formation 
"12 SW-l/4 31 2.3 N. 2 E. Ague. Za:rca ••• m.ta-

be:r of Chinle .tm. 
?3 Manuel Berella E-1/2 .36 23 N. 2 E. Ague. Za:rca 88. mem-

NE-1/4 
ber of Chinle .tm. Luclq' Strike 1 22 N. 2 E. Agua Za:rca 88. mem-

NE-1/4 17 
ber of Chinle tm. 74 J. c. Roybal 2.3 N. 5 E. Agua Za:rca 88. mem-

?S Hilltoot No. 1 W-l/.4 8 
ber of Chinle .tm, 

22 N. 3 E. Abo formation Red Bird NE-J/4 8 22 N. 3 E. Abo formation Red Head NE-l/4 8 22 N. 3 E. Abo formation 76 Eureka NE-1/4 .32 21 N. 1 E. Agua Za:rca 8S. mem-

Tl Joe N-l/2 1 
ber of Chinle · fm, 

21 N. 2 E, Agua Za:rca S8e mem-
ber of Chinle .tm. 

78 R • .&; No, 1 SE-1/4 ll 21 N. 2 E. Agua Za:rca 88. Jll8ll!oo 

R, .l. No, 2 N-1/2 ll 21 N. 
ber ot Chinle tm. 

2 E. Agua Zarca 8s. mem-

19 W-l/4 23 21 N. 
ber or Chinle tm. 

2 E. Agua Zarca 8s. mem-

80 Copper City NW-l/4 1 
ber ot Chinle tm. 

20 N. 1 w. Po1eo sandstone man-
ber of Chinle ~ 

81. San Higuel NE-1/4 24 19 N. 1 w. Po1eo sandstone mem-• ber or Chinle .tm. 
82 Spanish Queen SE-1/4 3 17 N. 2 E. Abo formation 
83 Ingerson CoPJ* 6 ll N. 12 w. Abo formation . 

Ingerson Copper 7 ll N. 12 w. Abo formation 
Mirabel NE-1/4 7 ll N. 12 w. Abo formation 

84 Abo 22 3 N. 5 E. Abo formation 
Rattlesnake Boa. 1-4 SE-l/4 15 3 N. ; E. Abo formation 

85 Red Basin No. 1 20 2 N. 10 w. Abo formation· 
86 Prospect; No. 17 3 2 N. 5 E. Abo formation 

Prospect Bo. 17 4 2 N, 5 E, Abo .formation 
tr'/ 20 21 N, 1 w. Wasatch .formation 
S8 Borth Butte 29 19 N. 1 w. Mesaverde tor.mation 

Borth Butte 30 19 N. 1 w. Mesaverde £ormation 
North Butte 31 19 N. 1 w. Mesaverde .formation 

89 Borth Butte .32 19 N. 1 w. Mesaverde .formation 
South Butte .3.3 19 N. 1 w. Mesaverde .formation 

90 Butler 23 19 N. 1 w. Dakota sandstone 
14 19 N'. 1 w. Dakota sandstone 

9l. 28 17 N, 14 w. Hosta member of 
Mesaverde tm. 

92 ear-s.u Ro. l3 IN/4 a6 16 N. 18 w. Dileo member of' 
Mesaverde tm. 

93 NW-1/4 .. 16 N. 14 w • Gibson member of' 

94 BW-1/4 ' l6 N, 
Mesaverde tm. 

13 w. Gibson member of' 
Mesaverde tm. 

95 ~-1/4 26 l6 N. 13 w. Gibson msabe:r of 
Meaaverde tm. 

96 N-1/2 .32 J.6 N. 12 w • Gibson member ot 
Mesaverde tm. 

tf1 HoJback Ro. 3 NE-l/4 12 15 N. l8 w. Dakota sandstone 
Hogback Ro. 4 NE-1/4 12 15 N. l8 w. Dakota sandstone 

9S SE-i/4 12 14 N. 12 w. Gibson member ot 
Mesaverde tm. • 99 NW-1/4 24 14 N • 9 w. Gibson member of' 
Mesaverde tm. 

N-l/2 14 14 N, 9 w. Gibson member of' 
Mesaverde tm. 
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Tabla• 7···Na•, looation, and hon rook• ot •anU•I'OV.I • OOOVI'IMII in northwllt New x.d.OO (Oonft) 

No. 
on 

Stgtien ldlle! -KG .. . bij ""EN 
lOl. Hoabaok No. 4 • J He 16 w. X.I&Yfl'dl IOS'II&tiOA 
102 Al.IX Not • 51 ancl ·52 N-1/1 ·31 ., Ne ' .. TocW.to Ulllltonl 
103 15 13 H, 2 w. TodUto .lUIIItone 

15 23 H, 2 w. 1\JdU.to U.ltonf 
15 2.3 Ht 2 w. ~wu.ttone 

104 Was eon Nm-'1/.4 28 23 Nt 4 z. tiKW.to lat--. 
105 Alex Not. 31 51 8 N!-l/.4 22 ·22 Nt ' I, WW.UM~Nsw 
106 West Eaale Not, l-.3 Nm-lZ4 24 14 N. •• fodUto 24111 ... 

Eqlt Nos, l-6 "-l/4 l8 14 ff, 

I 
~tolf·etttae 

107 Red · ~P No, l 19 14 N, Wilto~ 
B1l.l7 the Kid Sl-'1/.4 19 14 N. 

~~ Section 19 NE-lZ4 19 14 N, a..tone 
Tom El.lcint sm-lZ4 24 14 N. l*.ton. 
Lawrence Ellcinl S!-~4 24 14 N. ,....,. 

108 'l' No, 10 W-l 2 28 14 N, :IJ. ,. Jae.toae 
'l' No. 2 W-l/2 28 141'. ~w, as-.tcme 
Section 2l SW-l/4 21 14. w. ~t-. .. 

109 Section 24 NE-i/4 24 l31o ,, 
=to lJae.tone 

Section 19 mt-i/4 19 l3 Ne w. :to lBJ.to.ne 
Section 18 l8 l3 N. 10 v. Wilto~ 
Section 18 SW-1/4 l8 l3 N. 10 w. ~w~ 
Section l3 SW-i/4 l3 13 N. 11 w. fodilM · lt~~a.-. 

110 Red Point No, 1 NW-i/4 16 1.3 N. 1D v. 1'odilto~--
lll Section 23 SE-i/4 2.3 1.3 H. 10 w. 1'od1lto ] 1'1 ... 

Section 26 NE-l/4 26 1.3 N. lOW. Todil.tO] ...... 
Section 2S 2S 1.3 N. 10 w. !odil.to , ...... • ll2 Rimrock NE-l/4 36 1.3 N. lOW. 'fodi1to u..tGal 
Section .30 ~-l/4 .30 1.3 H. 9 w. 'l'o411to ltwt:lt .. 
Flat Top No. 4 SE-i/4 30 1.3 N. 9 w. Tocl1l.to 1.mntoae 
Section 31 NW-~4 31 1.3 N. 911. 'l'oclUto l.mestoae 
Section 30 N-1 2 .30 lJ N. 9 w. Todil.to l.iJiestoae 

ll3 Christmas Day .34 13 N. 9 w. Todil:to l.Jllestoae 
114 Christman~ 4 12 N. 9 w. 'l'oclUto u.estane 

Red Bluff No. 7 4 12 N. 9 v. Todil.to liJiestone 
Red Bluff No. 8 4 12 N. 9 v. Todllto l..mestcme 
Red Bluff No. 10 SE-1/4 4 12 N. 9 w. Toclil.to :l.mesf:.one 
Gay Eagle SE-l/4 4 12 N. 9 w. Todil.to l.:imestone 
U.D.C. No. 5 4 12 N. 9 w. Todilto limestone 

. Black Hawk SE-1/4 4 12 N. 9 w. 'l'odilto l.imestone 
Bunny SE~4 4 12 :r.r. 9 w. Todilto limestone 
Red Bluff No. 3 N- 2 4 12 N. 9 w. Todllto l.:illlestcme 
Red Bluff No. 5 4 12 N. 9 w. Todllto l.Dest.aae 
Last Chance NE-1/4 8 12 N. 9 v. Todllto l.ilmst.cme 
Red Bluff No. 9 4 12 N. 9 w. Todllto l..imest.oDe 
·Section 9 9 12 N. 9 w. Todllto l:illestone 

ll5 La Jara No. 1 SE-1/4 15 12 N. 9 w. Todilto l..imest.oDe 
ll6 Tan 13 SE-1/4 4 ll N. 9 w. Todllto l.illest.one 

Section 33 SE-l/4 33 12 N. 9 w. Todil.to lilaest.cne 
ll7 Section 20 20 ll N. 9 w. Todil.to J.:imestone 

Cedar No. 1 E-1/2 20 ll N. 9 w. Todilto 1iDilestone 
118 Balo s-1/2 18 8 N. 6 w. Tod:Uto l:iJI.estone 
ll9 Crackpot NW-1/4 8 8 N. 5 \"1. Todil.to l:iae~ 
120 Reed-Henderson No. 1 17 25 N. 19 \'1. Todil.to Uaestone 
121 Sandy SE-1/4 22 9 N. 5 w. Entrada 88lldst.oDit 

Sandy 27 9 N, 5 \'1. Entrada audstone 
122 Sonora Nos. 1-4 1 7 N. 5 w. San Andrea tat. 

Sonora Nos. 1-4 12 7 N. 5 w. San Andrea 1m.. 
12.3 Lucky Don NE-1/4 35 2 s. 2 E. San Andrea 1m.. \ 
124 Paradise ~-1/4 32 23 N. 1 E. Madera l_s. Mlllher 

NE-1/4 31 
or Ma&d&lena gr. • Pajarito Azule 23 N. 1 E. 1-ta.dera J.s. a.ber 
or Magdalena gr. 
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Table 7·--Name, location, .and host rocks or uraniferous 

occurrences in northwest New Mexico (Contt) 

No. 
on Loc§tion 
I§ !!!!!! Section Township ~ Host rock 

125 Carl. Yazzi No. 1 NE-1/4 17 25 N. 20 w. Salt Wash member or 
Morrison formation 126 Kq Tohe SW-1/4 24 26 N. 21. w. Recapture member of 
Morrison formation 

NW-1/4 25 26 N.a 21. w. Recapture member or 
MOrrison for.mation 

NE-1/4 26 26 N. 21 w. Recapture member of 

lZl Nakai Chee Segq 10 28 N. 
Morrison formation 

21. w. Salt Wash member of 
MOrrison for.mation 1.28 Begq No. 1 23 29 N. 21 w. Salt Wash member or 
MOrrison formation 

Begq No. 1 24 29 N. 21 w. Salt Wash member or 

129 Salt Rock Lease 11 29 N. 
Morrison formation 

21 w. Salt Wash member or 

130 Beclabito Lease 23 30 N. 
MOrrison formation 

21. w. Salt Wash member or 
Morrison formation ]31 'l'.Tler 24-25 N • 20 w. Todilto limestone 

• 

• 
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0.005 percent, or more uranium_, or 0.01 percent or more e,quivalent ura.nil..Tal,e­

Deposits plotted from in-hole a.no.ma.lies contain 0 .. 02 percent or more uranium. 

or equivalent uraniu:mo No radioactive b.ct springs or their deposits are 

shotml) and no data. have been compiled from a.nema.lies in oil wells and shot 

holese Also» many deposits have not yet been compiled;, or cannot be sb.nm 

in some rather large blocks of ground under present or recent exploration 

by private companies; 

The deposits listed on figure 18 by types of host rock:~are sUllllDarized 

below. 

Precambrian crystalline rocks 

Deposits in 1crystalline Precambrian rocks are in two widely separated 

areas o Several are in eastern Rio Arriba Countye The uranium in these 

deposits is in sa.marskite, euxenite and ot~her rare-earth minerals in Pre­

cambrian pegmatites. Radioactivity also is associated with other minerals 

such as columbite and tanta.lite; this radioactivity, . however3 may be produced 

by thorium. The other occurrence is in a copper-qua.rtz-!luorit.e vein ;in the 

Zuni Mountains!! Valencia County where the uranium may be associated with the 

fluoriteo 

Tertiary igneous rocks 

Deposits associated with igneous rocks are mostly along the Rio Grande 

Valley in SoeorrotJ Bernalillo and Santa Fe Countieso They occur mostly along 

shear zones in both acidic and basic intrusive and extrusive rocks and generally 

contain copper-bearing minerals. Little is known of the uranium mineralogy. 

Sandstone 

Permo=Triassic.-The oldest sandstones that contain uranium. deposits in 

northwest New Mexico are those in the Permo-Triassic "Red Beds"9 including the 

Abo formation of Permian{?) age and the Poleo sandstone and Agua Zarca members 

• 

• 
\_ 

• 
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of the Chinle fo!"llJ.a,ti.on of Triassi.c age. Areally they' are in the Sierra 

Nacimiento!' San Pedro Mou.nt~ai:ns 9 Zuni Mountainsp Dat.il Mountains. a.nd near 

respectively. The uranium generally is associated with carbonized wood 

fragments. A few deposits 9 which are relatively free of carbonized wood, 

oceu.r along faults. Copper is associat.ed with the uranium. in most deposits.s> 

and is contained in malachite~ azurite» chalcoeite9 chr.ysocolla9 and locally, 

covelli.te and native copper. Little is known of the uranium minera.logyo 

Jurassie.~~Alm.ost all u.ra.ni'Wll deposits in sandstone of Jurassic age are 

in the Morrison formation. In western San Juan County they are mostly in 

the basal Salt Wash member and a few are in the overlyin~ Recapture membero 

Between Gallup and Laguna, in McKinley and Valencia Counties5> they are mostly 

• in the Brushy Basin and Westwa.t,er Canyon. members; t,hese are the most important. 

deposits economically :in northwest New Mexi.co. East of Laguna~ several deposits 

occur in the basal Recapture membere Several other occurrences are in the 

Westwater Canyon member in Sa:n.doval and Rio Arriba Counties. Locally deposits 

are in the top of the Entra.da sandstone under :min.era.lized Todilto limestone. 

Only two of these deposits which appear to be sigrrlfica.nt are shown (No., 1219 

fig. 18). 

The sandstone deposits are generally tabular and follow the bedding~ 

though in detail» or locally 9 they may cu.t. across ito Roll~t.ype struct~ures 

are uncommon andB where present!) have rather indistinct roll surfaceso 

The larger deposits in the Brushy Basi.."1 member of the Morrison occur 

where the conta.ird.ng sandstone is relatively thi.cke The same relationship 

holds for the de:posits discovered this year i.:n the Westwater Canyon member 

• north of Grants near Ambrosia. Lake. There th.e West-wat.er Canyon member is 

generally mu.ch less than 200 feet in thickness IJJ but i...l'l the vicinity of the 
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in some places may even exceed 300 feet~ The deposits a.lso are on a struct.:3J.ral 

dome 9 and there is a reas~na.ble possibility that the localization of the 

depos its has been infl:ueneed partly by the dome structure. 

At leas.t one depgsit (:~;To. 52.9 fig. lS) is related to fractures in the 

host rock. The mineralogy~ however &J is obscure and it is not k::o.Gwn whether 

the fracturing preceded or followed the initial :rrd.neralization. If i:t fe:Uowed 

the initial mineralization-9 the rela.t,ion.ship may be one of sec$:J!ndary rear-

rangement of the ore minerals along the Joints. North of Laguna · a deposit 
' ' 

(No. 64) occurs in the sheared and breccia.ted periphery of a v-ertie~l · pipe-

like slump feature in the Brushy Basin member that ~~s been referred to by 

many as a "breccia pipe!t9 Several deposits~ such as No. 55, are largely 

impregnations of logs ·with relatively little uraniferous material in the • adjo.i.ning host rock. 

Northwest of Grants and near Laguna t ,he host rocks are broken by numerous 

faults and joints and» in the Laguna area~ the host rocks have been int~aded 

by numerous ba.sal.tic sills and dikes of probable late Tertiary agep It appears 
- . ,. -

that the distribution o.f the deposits is most dense where the fra.cturirJ.g is 

also most intense and, at least near Grants, the elongation af t,he deposits 

conforms roughly in orientation with the general strike of the fra.ctureso As 

yetl) however, no deposits are known that can be demonstrated to lie directly 

along fractures and to have had their ini.tial empla..cemen.t con.troll.ed by . 

fractures_9 At one deposit (No. 63) north of Laguna the margins of a basa.lti.c 

s ill and off-shoots from it are altered locally and .impregnated with uranilnn. 

minerals~ The minerals tha,t · have been id.ent,lfied are probably secondary and 

the alt,eration may be a secondary effect follow:i.ng emp~acement of the sill • rather than associated ·with the init.i.al ura.trium. mineral.izat,ion0 This 



115 

in.terpretation seems most. reasonable in view of the probable late · Tertiary 

age of t he sill and the generally indicated older age of uranium mineralization 

in t he Colorado Plateau. 

Tlae uranium minerals in the Jurassic sandstone deposits are mostly 

pitchblende, coffinite and~ t near the surface~ carnotite, tyuya.muniteJ) and 

uranophaneo Although vanadium generally occurs ·nth uranium in a ratio of 

about l gl9 the vanadiferous mineral or minerals that accompany the primary 

uranium has not been identifiedo In western San Juan County most of the 

deposits have a much higher content of vanadium.. The mineralogy of ·these 

deposits probably is similar to those in the Salt Wash in western Coloradoo 

Cretaceous.--Of the few sandstone-type deposits in Cretaceous rocks~ the 

only ones of much significance are in the Dakota sandstone b~~ween Gallup and 

• Gr ants in McKinley County. They generally consist of disseminations of carno­

tite and tyuyamunite in association with pockets and seams of carbonized woodo 

Some pyrite and limonite are generally presento Deposits in the Mesaverde 

formation and Mancos shale are mostly low-grade concentrations in sandstone in 

close association with carbonaceous seams or i n coal-bearing memberso Only 

carnot ite or unidentified yellow uranium minerals have been described in these 

deposit so 

Tertiaq.--Sa.ndstone-type deposits in rocks of Tertiary age are found 

most l y in Santa Fe County in the Santa Fe formationo They occur in beds of 

tuffaceous sandstone as dissem.ina.tions of carnotite associated with carbonaceous 

plant fragments and abundant claystone galls and seams 6 Lirnoni te staining 

generally mar~s the outlines of the deposits. In addition to the deposits in 

the sandstone~ ma..ny are closely associated with tuffaceous claystone and silt-

• stoneo They contain relatively little carbonaceous debris~ and the uranium 

mineral s seem to be mostly autunite and perhaps some schroeckingerite. 
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Near La Bajada; Santa Fe Co'Wlty, (No. 22) urani:mn is reported in 

tuffaceous rocks of the Abiquiu(?) formation or older rocks of Tertiary_ 

age. The host rocks are cupriferous and contain rare earths and thorium., 

The metals may be associated with nearby intrusives of andesitic and basaltic 

rocks. One deposit (No. 24) occurs in Socorro County- in the Po]X)tosa formation~ 

It is reported to consist of disseminated autunite and perhaps ca.rnotit.e in a 

fractured bentonitic mudstonep The deposit is close to a faul.t that separates 

t he Tertiary rocks from Precambrian crystalline rocks. Also in Socorro 

County are several deposit,s {Nos. 25-27) near t.he base of the Ba.ea fo~tion .• 

'I'he uraniu:tn is associated with limonite~stained zones in sandstone, and some 

carbonaceous matter is present. No uranium minerals have been identified• 

Near Cuba, Sandoval County, the basal pa.rt of the Wasatch formation is ~ani-

ferous. The mineralogy is not known.., 

Coal and carbonaceous shale 

Cretaceous~--- Deposits in coal and carbonaceous shale of Cretaceous ~ge 

are in the Da.kota sandstone and the Mesaverde formation. Those in the Dakota 

are of lll()St :importance. They are all in carbonaceous shale len~es.$ a.nd9 

except for a few in Sandoval County, are near Gallupe LoeaJ.ly the urcrurlferous 

material exten<l;s into -the adjacent sandstoneJl and a few deposits coul.d be 

classified arbitrarUy as' of the sandstone-type. Genera.lly, however, where _ 

the deposit is do~tly in carl>ona.ceous shale_, the uranium minerals are 

inconspicuous and, altnough some carnQtite is discernible~ the ura.nim. is more 

probably tied up with h'QD.lic compounds in the coal. The Dakot-. deposits are 

~ associated with carbonaceous shale that immedia:tely underlies the lowe~t .. ~ 

prominent sandstone unit. 

Deposits in the Mesaverde formation are widesp~ead and generally consist 

of local seams or beds of c.a.rbona.~eous s.hale. Near Cuba., Sandoval County-J> the 

• 

• 

• 
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uranium (Nose 88 and 89) is associ.a.ted with a thin bed of bituminous coale 

Locally carnotite is visible near the base of the overlying sa.ndstoneo 

Near Cuba~ Sandoval County~ carbonaceous srmles near the base of the 

Wasatch formation local.ly contain urani't1!ll (No. 87). The mineralogy is not 

kn.ow.n. 

Deposits in lim.estone have been found in the Madera 11lnestone» of 

Pennsylvanian age. in the Sierra Nacimiento~ Rio Arriba County; in the San 

Andres limestone :·· of Permian age, Socorro and Valencia Counties; and in ·,the 

Todilto ].jmestone _, of Jurassic age, in San Juan.2' McKinley9 Valencia; and Rio 

Arriba Counties. 

Pennsylvania.n.--The uranium in the Madera limestone actually occurs i:n 

arkosic sandstone members within the limestone and is associated with secondary 

copper minerals. The uranium occurs in close association with thi:t) seams and 

lenses of carbonaceous material.. 

Permian.~Deposits in the San Andres limestone~ of Permian age, occur 

in Socorro and Valencia Counties. Those in Socorro County (No. 123) are 

along faults and fractures in the l:imestonee The uranium shows: .mostly as 

tyuyamunite. Those (No. 122) in Valencia County occur in a rather impure 

shaly zone in the San Andres limestone 9 The uranium occurs as yellow fracture 

coa.t:i.ngse In the v:i.cinity some lea.d 11 copper., and: perhaps nickel and silver, 

mineralization is reported0 

Jurassic.r--Deposits in the Todilto limestone, ·~lth the possible exception 

of those in Rio Arriba CountyD are nearly all associated with fold structureso 

Some of these folds are confined to the Todilto and the lowermost beds of the 

• overlying Summerville formation and some also affect the uppermost few feet of 

the underlying Entrada formation. Some of these folds may be reflections of 
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underlying faultsj at least near Grants~ some axial trends of the folds are 

parallel to known faults. In Rio Arriba Co'unty the few deposits visited did 

not show fold structurese The Tbdilto limestone containing these depositss 

however!> consists of an upper massive crystalline zone similar to the one 

occupying the same relative positf9n near Lagu_na and Grantso In this zone$! 

the bedding is indistinct and the crystalline testure is much coarser than 

in the underlying beds. 

South of La.gu:na the deposits are in an area where the Todilto l:imestone 

has been intruded by baSa-ltic sills and dikes which are probably part of the 

same set that is associated "With the deposits in the Jtl.rassic sandstones north 

of Lagunae These intrusive rocks are Jrounger than the fold structures in the 

Todilto and also appear to be younger than the uranium mineralization~ 

The uranium in the Toclilto limestone deposits is mostly in uraninite 

(and perhaps coffinite) and the secondary minerals, tyt,JyamUniteD uranopbane:;~ 

and some carnotite. Alt,hough the vanadium in these deposits has a ratio to 

the uranium of about 1~1 9 the primary vanadiferous minerals have not been 

identifiedo The gangue minerals are mostly pyrite~ barite9 and fluoritee 

Calcite occurs also in coarsely crystalline form in veins and vugs. 

Botanical studies 

Research 

by 

Helen Can..""lon 

Outdoor plot experiments were completed during the season in Santa Fe~ 

on the variations in absorption of uranium!> vanadium9 seleni·ums and sulfur 

from carnotite oreso The plot experim.ents were e.x:panded to obtain information 

• 
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on absorption by plants of thorium and radium.p and the tracer metals Cop 

Ni~ Cu~ Znp and Pb. 

Botanical reconnaissance trips were made to the Holbrook~ Cameron0 and 

Sanostee deposits of Arizona~ the Green Ri~er ~ and Montezuma Canyon deposits 

of Utah~ to the deposits near San Ysidro_, and to the Gallina-Coyote district 

of New Mexico. The Mo 9 As, and Se relationships of the uranium deposits of 

Poison Buttes and Gas Hills areas in wyoming were investigated and tests for 

these metals were run in the field on selected sampleso All three tracer 

metals are closely associated with uranium in these areas and plants rooted 

in the deposits were found to be accumulating large amounts of both Se and Mo. 

A brief study was made of the Blackhawk and White Signal districts of New 

Mexico where uranium occurs in Co-Ni, Cu" and Ag vein depositso Prelirn.ina.ry 

samples were collected and plans were made for a geochemical study in the 

spring directed toward the use of Go$ Ni!' and As as tracer elements in plants 

and soils in the detection of buried ore depositso 

Prospecting 

by 

F. J. Kleinhampl and Carl Koteff 

The major o~jeetive of the botanical prospecting program shifted in 

1955 from prospecting for uranium deposits to evaluating botanical prospecting 

methods and resultso 

Both the indicator plant and the plant analysis methods have been used 

to locate uraniferous ground. Indicator plants require large amounts of 
( 
\ 

particular elements such as selenium.9 calcium,. and/or sulfur to grow:,~~:-: and 

where these elements are associated with uranium depositsp concentrations of 

indicator plants may occur and define mineralized areas. The plant analysis 



120 

prospecting method depends on plants absorbing larger than normal amol.lllts 

of uranimn if they grow in the proximity of minera.lized rock~ and on the 

detection by chemical analysis of the anomalous amounts of uranium in the 

plant s. 

On South Elk Ridge~ Sa.n Juan County, Utah, plant analysis prospecting 

in 1954 located about 60 localities apparently containing aiiomal()usly large 

amounts of uranimn (fig. 19). A drilling program tested four of the localities 

to provide data for evaluat~g the plant analysis prospecting methode Drilling 

also tested three favorable localities which were located by plant analysis 

prospecting on adjacent Deer Flat in 1953. 

All of the localities tested contain some mineralized rock; it appears~ 

however, that this prospecting method cannot determine the grade of minerali zed 

ground and the utility of the method as an indicator-of ore is therefore 

decreased in an area containing much spotty, low""i'grade mineralized rock;.; " 

Some lack of spatial correlation between the positions of mineralized drill 

holes and plants containing anomalously large amounts of uranium indicates 

t hat the method is usefUl in determining the genera~D but not everywhere t he 

exact, location of mineralized ground. Tentatively,p the drilling program sug- _ 

gest s that on South Elk Ridge many of the 60 apparently anomalous localities 

are underlain by mineralized groundct However, geologic appraisal of the 

localities indicates that only about 21 have any real cha!fce of containing -. 

minable quantities of uranium$ 

Plant analysis prospecting conducted near Meeker, Rio Blanco County, 

Colorado, had as objectives the determination of ore trends and favorable 

areas in the Salt Wash sandstone member of the Morrison formation away from 

known deposits·,. and the acquisition of botanical. prospecting data from prelim.ina.ry 

st udies of Triassic rocks. Juxtaposed aspen and conifers were sampled to 

• 
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evaluate the use of aspen in botanical pros,pectingt~ 

Although botanical anomalies were obt.ained over the salt Wash~ no 

significant trend rwa.s fotmd$ the data e:v~~ated indicate only- a spotty 

ura:r:dum dist·ributione Almost all trees saJ:np;Led over Triassic rocks near 

a kno·wn uranium. d~posit gave anomalous results~ It is thought that these 

r~sults probably reflect contamination from surface dust,p rather than 

mineralized groundo 

A brief study in 1954 of the utility of botanical. pro·specting .on, the 

Triassic Shinarump conglomerate of the Circle Cli.ffs area P Garfield County<9. 

Utah~ indicated that tree sampling can detect deposits that are from 1 to 

70 feet beneath the treeso As the Shiilarump conglomerate i;n much of the ar~$ 

particularly in the southern pa.rl.~J generally exceeds 70 feet in thickness 

where the unit fills channels in the Moenkopi formation9 and as the channel 

bottoms are the loci of most of the uranium deposits of the area, further 

tree sampling appears to be unwarranted. Indicator plant studies show t,hat 

only Stanleya pi.nnata~ a weak selenium and stll.fur indicatorv and Astragalus 

J?S!ttersoni~ a selenium indicator.$) are help.:f;ul in defining approxima.tely the 

favorable area within which ore deposits m, .. ay occur»'· provided the ore horizon 

is exposed or only thinly covered. 

Mineralogic studies 

Ore mineralogy 

by 

Theodore Botinelly 

Detailed studies of the mineralogy of the J .J. mine21 Jo Dandy group~ Bull 

Canyon /district~ have been completed~ a report on this mine is in prepara.tiono 
j 

• 

• 

• 
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Dandy group~ and a report on the geology and mineralogy of the group is 

in preparation. 

The J.J. mine, Jo Dandy group, Montrose Countyp Colorado, contains 

vanadium-uranium ore which above th~ water table is oxidized or partly 

oxidized and below the water table is unoxidized. The oxidized orep which 

ln.C\kes up the greater part of the mined ore, contains carnotite and vanadium 

silicates. Partly oxidized ore, which is quantitatively unimportant~ contains 

hydrous vanadium oxides with intermediate valences. Uno.xidized ore contains 

montroseite, uraninite, and coffinite, and is the ore presently being mined. 

The mineralogy of the other mines of the group is similar to that of 

the J.J. mine. The ore in the other mines is more oxidized, and low valent 

• minerals are quantitatively less important. Uno.xidized and partly oridized 

• 

~re is preserved as remnants where the ore has been protected from oxidizing 

solutions by mechanical (or possibly chemical) barriers. Typically, these 

unoxidized or partly oxidized remnants are associated with claystone lenses 

or large masses of carbonized wood. The distribution of these remnants is 

irregular and not related to depth from surface. 

The ore associated with carbonized wood contains montroseite or para-

montroseite, corvusite-type minerals, and pascoite, indicatingp according to 

Garrels' pH-Eh diagrams, that the oxidizing solutions were acid.. Some of the 

ore associated with the claystone seams shows sherwoodite and melanovanadite, 

indicating the oxidizing.fsoJ.u.tions·, were:~ sdkaline or only slightly a~cd. 

Pyrite in these seams is usually unoxidized. The presence of pascoite iQ 

some of these clay seams indicates the solutions became more acid as oxidation 

progressed, probably because of the oxidation of sulfide minerals associated 

with vanadium minerals. 

\ 
\ 
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Silicate minerals containing vanadium are present in all stages of 

ox i dat ion., These minerals seem to be quantitatively more im.porta..nt :i.n 

ox.idized than i n unoxidized oree They are extremely f:i.ne.,.grained and dif= 

f i cult to identify in thin sectiono VanadiUID.-bearing ehlorites seem to be 

t he most important 9 but confirmation of this will require detailed X-ray 

analyses~ 

The ore at the Rifle vanadium mine~ Garfield County~ Colorado{,) is high 

in vanadium~ low in uranium~ and differs in mineralogy from the 'uran:i:um= 

vanadium mines of the Plateauo Vanadi"UIIl silicates (probably roscoelite) 

are predominant~ montros,eite is rare in primary oresD and oxidation has 

little effect on the oreo -

Clay studies 

by 

Le Ge Schultz 

About 400 samples of rocks from the Tri.a.ssic fo:riilB.tion in southeastern 

Utah have been analyzed by X-ray spectrometer supplemented with X-ray JY~wlier 

patterns., 

The dominant clay mineral of the Moenkopi formation is illit,e with very 

little associated mixed layered cla.yo Either kaolinite or cb~orite is pre~ent. 

i.n small amounts (between 5 and 10 percent). The cbloritic Moenko,pi o.cctirs 

in the eastern part i' and the ka.olini tic ~oen!~.opi ~in the western .-part, o£ the 

area so far investigated~ 

Upper Triassic beds are divided into six units; in ascending ~rder~ the 

Shinarump conglomerate and the Monitor Buttep the so-called Moss Backp the 

Petrified ForestS> the Owl Rockp and the Church Rock members of the Chinle 

formationc The Sh~rurnp conglomerate,p and in places the lower :part of t he 

• 
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Monitor Butte member of the Chinle are the most kaolinitic of the Triassic 
. _.,/ 

rocks and are also the most variable mineralogicallyo Both the type and 

an~unt of kaolinite varye The so-called Moss Back member is like the upper 

sandstones of the Monitor Butte member; it contains less kaolinite and a 

better organized type of clay than is characteristic of the Shinarumpo The 

characteristic clay mineral of the Petrified Forest member is a. mixed layered 

illite-montmorillonite in the fine-grained rocks and montmorillonite in the 

sandstones. In the Owl Rock member the dominant clay mineral is illite with 

very little mixed-layer or other types of clayso A zone near the base of 

the Owl Rock and the top of the Petrified Forest contains abundant illite and 

mixed layer clayo Clays of the Church Rock member contain small amounts of 

kaolinite or chlorite-vermiculite and mixed layer illite-montmorillonite • • In the White Canyon area no mineralogical differences werefound 'Which 

could be attributed to near-surface weatheringo 

Samples of purple, red and greenish rocks of the Monitor Butte member 

showed no clay mineral variation related to coloro The cause of the color 

variation seems to be related to the presence or absence of hematite and i.ts 

crystal size. There seems to be very little mineralogical difference in cl~ys 
~. 

I . 

in calcareous and noncalcareous rockso 

Montmorillonite and kaolinite seem to be more abundant in the coarser- / 

grained sedimentso Illite, chlorite~ and some other clay minerals seem to 

be more abundant in the finer-grained sedimentso 

• 
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General mineralogic studies 

by 

Alice D. Weeks and Robert Coleman 

Most of the summer~s field work was in the Colorado· Plateau region~ 

collections of comparative material were t~ken · from the Tertiar.y uranium 

de.posits in Wyoming. The oxidation sequence of the Plateau uranium deposits 

has been established through mineralogical and chemical wrk~ and the field 

collections were taken pr:ima.rily to establish the character of the primary 

unoxidized ore as related to the site of deposition. A suite ·of samples 

collected from the Grants district P New MeXico completes the plann.ed recon~ 

naissance collection of minerals from the major lJ.ranium districts of the_ 

Colorado Plateau. Preliminary study indicates t.hat. the Tertiary uranium 

deposits of Wyoming differ from the Plateau u-ranium deposits in mineralogy 

and form9 although the lithology and depositional history of the host rocks 

are similaro Differences in oxidation=reduction conditions in the two 

regions are being considered in light of different post-depositional historiese 

A detailed collec:tionD represerrtatiV'e of the various types of vanad:ittm 

silicates~ was taken in order to establish the mechanism ~y which roscoelitev 

vanadium hydromica.~ and vanadium chlorite ~h.ave been formedo 

A comprehensive study of the s·ulfide species and their nLtnor and trace 

element content is . being carried out in order to est.ablish the v..ature of the 

ore solutions responsible for the uranium depositso From this st.udy it can 

be shown that selenium is concentrated in the sulfides from the Morrison and 

Entrada fonll..ations of Jurassic age and is extremely low in the sul.fides from 

the Chinle and Shj.narum.p formations of Triassic age p therefore it would seem. 

that sulfides forming within these seleniferous strati~a.phic zones contain 

• 
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selenium derived from those rockse Cobalt. apparently has bee~ >introduced 

by the ore solutions» as the sulfides i.ntim.ately associated with uranium 

show a strong enrichment in cobalt when compared with the earlier diagenetic 

sulfides within the same stratigraphic zone. 

The problem of secondary enrichment during oxidation has been illuminated 

in part~ The vanadiferous uranium ores show no field or mineralogic evidence 

of enrichment although there may have been a loss of uranium during oxidation 

where these deposits were flushed by oxidizing ground waters. The non·=­

vanadiferous copper-uranium deposits show secondary enrichment W'b,'e're ... ~~y are 

situated in favorable structures. 

A paper, "Oxidation of Colorado Plateau ores anq its relation to recent 

geologic history", by A. D. Weeks, was presented at the annual GSA meeting 

in New Orleans and an abstract published in the 1955 Program of the Ann~l 

meeting of the Geological Society of America. 

Chemical analyses were completed on synthetic voglite~ a hydrated cop­

per uranyl carbonate, and on three samples of synthetic phosphuranylite9 a 

hydrated calcil:nn uranyl phosphate. Up to nowl' both of these minerals were 

poorly defined species with inaccurate and incomplete descriptions; chemical 

analyses are in progress on a new tetragonal mineral containing Ca~ V(IV)$ 

and V(V), and on another new mineral containing Fe, V(IV) and V(V) from three 

different mines in Colorado. 

Distribution of elements 

by 

A. T. Miesch 

Io.Bo.Mo methods have proved satisfactory in compilation of statistical 

data on element distribution and will be used almost exclusively in future 
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computations., Using these methods, a correlation chart showing th,e correlati.on 

coefficients and scatter diagrams of 25 pairs of elements can be constructed 

in. two to three man-weekso other statistical estimates such as means and 

standard deviations can also be calculated at a rapid ratee 

Oxidation=reductiort measurements are being made by a titration method 

suggested by Garrels to determine variations in oxidation states of ore~ . such 

data will be used to determine how oxidation changes the eh~mical composit~on 

of the ore., The ratios of oxidizable constituents (with KMn04) to t .cta.l 

reducible constituents (with S02 after oxidation with KMn04) in five selected 

samples are as follows g 

1., Sample of carnotite from Jo Dandy mine mixed with 
unrninera.lized Salt Wash sandstone (average of 2 tests)oa••o.,e 0«>.34 

2. Sample of eorvusite from Jo Dandy mine mixed with 
urmdneralized Salt Wash sandstone {average of 2 tests)o••.,.~oo Oo76 

J., Mill pulp sample from Cactus Rat mine~ Thompson 
.district, Utaheoeooooeooeooot>oeooooeoo••oeooeooeoeoo-eooeeot>oe Oe89 

4. Mill pulp sample from Frenchie Incline minej) Slick 
Rock district 9 Colorado {average Qf t{ tests)eeooeeooeeoeo~coo Oo83 

5o Mill pulp sample from Wyoming mine~ Gypsum Valley 
district:~ Colorado (average of 3 tests)o .ooo•ooeoeooeoooeooooo Oo94 

Sample numbers 4 and 5 are reportedly from carnotite ore bodies and con-
( 

tain higher proportions of oxidizable or reducible constituents than anticipatedo \ 

The results obtained may be due to organic carbon which can be oxidized by 

KMn04 but not reduced by S02o Three tests made on sample no. 4 after magnetic: 

material had been removed 'did not give significantly different results. 

Average chemical compositions of mineralized sandstones !rom wanium. 

deposits in the Morrison formation and in Upper Triassic rocks and of un-

mineralized sandstones from the Morrison formation and from Upper Triassic 

formations are shown in table 8. The figures are based on m.ore samples than 

• 

• 

• 
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129 • Average caapoaition of urani\lll ores aDd UDIIineralized s&Ddatonea 

of the principal uraniua ore-beariDS formations on the Colorado Plateau. 

- J , _, ·-· ' ' Element Uranium ore a from Unmineralized a&Ddatones Ur&ni'UII ores from Upper Umlinerali zed a&Ddatonea 
the Morriaon formation from the Salt Waah member Triaaaic rocks (chiefly from the Shinarump 
(chiefly the Salt Waah of the Morrison formation the Shinarump conglo.rate) conglomerate aDd Moaa 
member) and Noaa Back member ot the Back Mmber of the 

Chinle formation Chinle formation 

GJil] GDY Gl¢1 o~_/ ~7 on27 GW-7 o~_/ 
Al'J/ 2.48 ~ 1.1~ 2.03 1.19 ~ 1.l.8 1.89 2.2 * 1.~ 2.21 3·3 t 1.66 2.85 

Fe~ 0.90 '1.12 1.89 0.2~ ~ 1.19 1.91 1.5 ~ 1.33 1.90 1.2 X 1.81 3·4o 
"r' + 

N;/ 0.68 ~ 1.19 2.60 0.23 ~ 1.33 2.85 0.17 X 1.61 
+ 

2.99 0.13 X 2,12 
+ 

~.72 

Ca~ 1.97 X 1,22 3·07 3·3 X 1.4o 3·~7 0.7 : 1.87 4.14 0.25 X 2.60 7·19 
"" + + 

Ha'V 0.091 ~ 1.23 3-19 . O.o89 .f 1.42 3·73 o.oa ~ 1.63 3.<>4 -0.1 

.,.JJ -0.27 
-~:;§; -o.48 <D.1y 

-0.2 
fl'J/ O.lo4 ' 1.13 1.95 0.051 X 1,20 1.96 0.13 X 1.~3 2.26 o.l.B ~ 1.56 2.50 

zrY 
+ -t 

0.0237 ~ 1.14 2.11 0.0103 X 1.27 2.4o o.ol.B + 1.36 2.03 0.025 X 1.81 3·39 
Mn'V 

T + + 
0.031 f 1.15 2.17 0.022 X 1.33 2.89 0.02~ X 1.58 2.85 0.012 X 3.05 10.00 

sa"J/ 
+ ... + 

o.~ X 1.16 2.32 0.03~ X 1.34 ).00 0.07 X 1.67 ).22 0.05 ~ 1.97 ~.o6 
+ + "" 

T 

ar"J/ 0.0122 ~ 1.13 2.00 o.ex>J.9 X 1.28 2.50 0.01~ f 1.52 2.59 o.oo6 X 2.21 5-13 

.;JI 
+ + 

<%).0001 <%).0001 -o .ooocrr§/ <%).0001 
83/ -0.0015 <D.001 §/ 0.0014 -0.0016 

-o.oooe 
Sell <X).OOl <D.001 <%).001 91 <X).~ -o.ooos -o. 
yJ! 0.49 '-' 1.15 2.14 0.0010 ~ 1.32 2.81 o.o63 ~ 1.92 4.!to 0.0030 f 2.08 4.52 

I "r' 

crJI 0.00169 J 1.14 2·03 o.ooo66 :w: 1.25 2.27 0.0030 ¥1.56 2.74 0.0014 ~ 1.54 2.44 

cJI 
T 

o.oow. f 1.27 3·77 <0.0002§/ 0.0025 J 2.00 4.16 -0.0005 

Ni'JI 
-0.0005 

0 ,()()084 X 1. 26 4.02 <%).()()02 §/ 0.0025 ' 1.67 3·22 -0.0009 
+ -o. ()()()05 ... 

eu31 o.oo66 ~ 1.30 4.34 0.0013 f 1.26 2.49 0.030 J 2.76 10.10 . 0.010 f. 1·79 3·33 

"Ill'!/ o.ou6 X 1.44 2.58 0.0053 ' 1.5) 2.09 0.0)1 J 3·11 4.16 
-t T 

aa'V <D.0005 <0.0005 <.(),~ <1J.0005§/ 
-o. -0.0001 

As'!/ 0.0168 X 1.42 2.Z.S <1J.001 0.020 ~ 1.85 2.16 
+ 

Se,; 0.00118 J 1.48 4.45 <1J,()()02 -o.ooo6 -0.0003 --
y 0.00129 t 1.21 2.86 <D-0005§1 0.0017 ~ 1.76 3·61 0.0016 f. 1.50 2.31 

-0.0002 T" 

MD3/ -o.0013 <0.0005 -0.0017 <1J.0005~ 

r.a31 
-0.0002 

<1J. OCX)l f'_/ <1J.0001 §/ <D.~ <1J.0001 
-o.oooo -0.00003 -o. 

Sb'!J --o.ooo1 -0.0002 -0.0002 

La3/ <0.002 <1J.002 <1J.002§/ <IJ.~ 
-0.001: -o. 

Yb"J/ <1J.0001 §/ 0.00024 ~ 1.68 2.~ 
-0.00003 T 

Pb3/ Q.0068 t 1.29 4.10 <0.0001 o.0064 '1.66 ... 3·16 -o.001§/ 

• 
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Footnotes for. _Table 8o Average composition. of uranium ores 

and unrtiinert"ialized sandstones of the priri,~ipa.l uranittm 
ore .. bearing :for.matiOJnG on the c,olorSdo Plat;e;au , 

.(· 

1/ Ge·ame tric· -mean· ·(percent) showi:rlg ·the 99 percent ~onf':i,:i.en~e · 
c=/ . . " .. 

interval :f(;l)-r the papu.lat;ion geormertri,~ mean~ th~ .limit;~ 
of' the con:ficience interval are determined fr~-m St;uden.t 11 s 
,:!! disw:tbutiqjn {-tfisher ·and Jate~ .v 1953.9. _Po 1 &J.d ~n.o~ wherre 
t is the deviation (or rsnge ~f ·th<! popU.lation mean} » in 
';J.n:i ts of estima;ted s'ta..'ldard error» fo·r 8. n@>l~ distr:ibuti.on g 

Confidence interval of the mean§±~ s 
· Vn-1 

or for a l.t')@Qr.mal. distribution 

Confidence interval of GM "'f antUog [ j: 

'·' .. 

ifhte mfJst efficient estimate of the ari thmet:ic mean {;,f a loga©r.mal. 
' popula:tion .may be obtained . from the following equation if. n is large~ 

. . 2 
log estimated arithm~tic mean ~ log_

0 
GM + lol513 (log10 GD) 

10 . j. 

gj Geometric deviation or ahtUog of the log sta.n.ds.;rd d,eYia.tiono 
~I Se:miquanti tati ve spectr©lgral=>hic analyses~ Col:umn 1 • 21.1 deposits~ 

Column 2 .... 96 samples, · Column 3 ~ 38 deposits 3 Column 4 -- 32 
samples ., · ~- · · · . 

!!) Colorilnetric ~$es~ ' Col~ l - 49 deposit,s§ e olumn 2 _.,, 23 "· 
J sa111pl.es 11 . Colt1,mn 3 ""' lli: deposi·ts o 

2} Colotimetric ailalyses·~ Column 1 ... 1.02 d.eposi ts; ~·:stlumn 2 = 8 
$amples,9 ,CO!lilmn 3 6 30 deposit,ss Col~, 4 .~· 30 sam.pleso 

6/ Est~ ted geometric mean., Estima;ted by a.ssU111in.g ·the part o:f ·the 
qoJ frequency distribution below the limit of :sen.sitivity com'o:t'11nS 

t~ -part of a l~g-no:rmal distribution I> Where a m>ajt~ri ty tCtf' 
analyses e.:re below the .limit ~f' ~e:nsit:brity th.e get~:ro.etric; mean 
i~ estimated :from the frequency above the limit of s~n~iti·v;tty 
by assuming a logn.or.ma~ distribution :~or the t¢tal frequency 

. ar;.d . 'ty assuming for the element +n quest.,;ion an average lQJg­
standard deviat2on computed for ~lementa in the type .of ro~k 
Qll" ore anru.ysed" 

) 
! 

• 

• 



• 
1.31 

those given in a previous report (Newma.n1> . 1954~ TEl~440~ P• 43)~ and where 

possible~ are qualified by confidence limits for a 99 percent level of 

probabilitya Geometric deviations (antilogs of a log standard deviati.ons) 

of each of the elements in the four rock types are given where data were 

sufficient. 

Studies of the distribution of elements ·in and adjacent to individual 

uranium. deposits were made during the report periode Colorimetric analyses 

of samples of mineralized and unmineralized Salt Wash sandstone from the 

Jim Dandy mine east of the Henry Mountains show that cobalt. is dispersed 

. in barren sandstone above the ore for a distance of at least 2 feet~ one 

sample from an outcrop 28 feet above the ore body contained 8 ppm cobalt. 

Barren Salt Wash sandstone normally contains less than 2 ppm cobalte Vanadium 

appears to be dispersed into barren sandstone at least 4 .feet above ore e ·· The 

tabulated results of the Jim Dandy study are given below: 

Sample 
Noo 

26 
27 
28 
29 
30 
31 
34 
32 

Distance above 
ore layer 

0-2" 
34" · 
l' 
4" 
4' 
8~ 

12!. 
28' 

Co(ppm) 
37 
l2 
6 
3.5 

<2·5 
<.2o5 
<2.5 

8 

1/ Estimated by loss of co2 with lN HCL 

Comy;sition 
v pn) 
l!il200 

250 
60 

<60 
400 
<60 
<60 
<6o 

caco(%1b/ 
0675 
Oo77 
0.50 
0.84 
0.41 
0.45 
0.25 
Oo48 

Additional samples from the same area are currently being analyzed 

for cobalt~ vanadium.p and other trace elements. 
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Geophzsical investigations · 

District studies 

by 

R. A. Black 

Geophysical -measurements were made during the report period in Lisbon 

Valley, UtaJa. and Monument Valley1 Arizonao 

Lisbon Vall~y1 Utah 

Measurements were made to assist in mapping the trace of the Lisbon 

Valley fault in parts of Lisbon Valley where ·the fault tr~ce is hidden by 

alluviumo A total of 30 traverses were laid out across the valley at inter~ 

vals ranging from one-quart~r mile to one mileo These traverses were shot 

;using air shooting techniqaes and the method of continuous profiling wit h 

reversed shots. The trace of the Lisbon Valley fault was rea~ determined 

from the seismic da-ta, although the throw of the fault could not be determinedo 

The seismic data indicate _that the Lisben Valley fault is not a s~le faultp 
./ 

but is a . zone · consisting of two or more essentially parallel faults. 

In addition to seismic work, experimental electromagnetic and electrical 

measurements we~e , made in the Lisbon Valley areao The experimental electro­

magnetic measurements were made with 3~600 cycle Boliden and 400 cycle Turam 

equipment o The Boliden equipment .wa,s tested over an ore body in Section 36 

mine in the hepe that the pyrite, known to be assacia.ted with the ore,~ would 

produce deteeta.bl;e electromagnetic anomalies. The results of the electro­
. \ 

magnetic survey were contoured on the basis of the qua.d;ra.ture field component 
. .; ' ' . 

and compared with the ore extent and grade as determined by ~illing and mining 

operations. Small anomalies; apparently due to resistivity contrasts in 

the count~ roek, were observed but no correlation exists between the 

• 

• 



133 • electromagnetic results and the ore body. 

The Boliden eqlri.pment was t.ested over the Lisbon Valley fault.~ and 

in the northwestern ps,rt of the w.lley the fa.u~l.t trace delineated by t he 

electromagnetic profiles correlated wel~l with the seismic resultso T'ne 

Turam equipment 5J utilizing a single 1, 500 i\c>ot groun.ded cable f) energ.i:z;ed 

by a 100 milliamp!> 400 cycle current:> was also t.est.ed over the Lisb:>n Valley 

fault. The gradients of the in~phase and quadrature components of the 

vertical were measured ·using t·w-o coils 50 t.c 100 feet apart along profiles 

perpendicular to the grounded cableD which 'Was laid out parallel to the 

fa:ult9 Both components show·ed definite anomalies corresponding in position 

·to the fault trace. 

Electric logging and measurements of ele~trical transients were made in 

• Lisbon Valleyo The electric logging was done to establish control :i.nformation 

for i~terpretation of the electromagnetic a:n.d electrical transient meas·ure-

mentso Electrical transient measurements were made over the ore body 5..n the 

Section 36 minep and although fairly large t~ransients were measured!' they 

seemed to have no relation to the ore occ·urre:o.ce. El.eetr:i.cal tran.s:t~~:nt 

measurements were also made over the Lisbon Valley fa:uJ..t ~ where Da:k(;;i~a. sa.n.d~~ 

stone was brought against Wingate sandstone, and where Dakota sandstone was 

brought against Her.mosa limestone~ In each of these cases the electrical 

transients recorded were too smaLl to be measured accurately. Earlier work 

on electrical transients in mudstones has sb.o·rron large transients to exist:> 

but there was a possibility that they resulted from electrode polarizat:iono 

Considering that the high resistivity sandstones in Lisbon Val.ley produce 

very -small t,ransients ~ it is believed that the possibility or the large mud.-

• stone transients being produced by electrode polarization may now be d.i.scountedo 
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M_onum.ent Valleyn Arizona 

Geophysical measurements_ were continued in the Oljeto Wash area of 

Monument Valley from June to December 1955o As a result of the pre1dous 

reconnaissance and detailed seismic work done in this area9 (TEI-540~ PPo . 

90=91) a tes·t drilling program was initiated by the Survey to provide geo­

logic control for interpretation of the seismic datat> and to test seismic 

anomalieso (See ppo 71~77 for results of drillingo) The ctrilling ~was 

conducted from June to August 1955o A total of 41 holes were drilledo The 

drilling was conducted in two phases~ (1) drilling of wide spaced holes in 

the southern part of the Oljeto WashD 150 to 400 feet deep» to d~ter.mine 

thickness and character of the overburden above the Shinarump9 and (2) 

drilling of closely or moderately spaced holes in the northern and central 

part of Oljeto Washb generally less than 100 feet deep~ to test specific 

geophysical anomalieso The original seismic reconnaissance lines, areas of 

detailed seismic coverage~ and location of the. test drill holes are shown in 

figure 20o 

In connection with the drilling program.9 electric9 g~ray~ and velocity 

logs were obtained in the drill holes. Additional seismic profiles were run 

in a few parts of the Oljeto Wash area in connection with the drill tests of 

seismic anomalieso 

The geologic data obtained in the wide spaced poles in the southern 

part of Oljeto Wash~ together with the geophysical logging data obtained in 

these holes~ will be invaluable in the interpretation of the seismic data in 

the areao As a result of the close-spaced drilling several small seismic 

anomalies that had been interpreted as small channels were discovered to be 

due to the presence of small remnants of Chinle capping the Shinarumpo Near 

section corner D-3» however» a large seismic anomaly proved9 on drilling9 to 

• 

• 

• 
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EXPLANATION 

- s.-..c rec--...ce lille 

~ De-.. Miulic .... .,. 

~E ........ , ....... JiiCI 

• R.,.. Rlt olrlll llole· 

FIGURE 2~.: INDEX MAP OF PART OF MONUMENT VALLEY$ 
ARI ZONA, SHOWI NG THE OLJETO WASH AREA AND 
THE LOCATION OF THE GEOPHYSICAL SURVEYS . 
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be c~used by a large buried channel with a differential scour of more than 

100 feet. Additional drilling and seismic work was done to extend the chan= 

nel, and f or the most part the drilling and seismic results compared favorably9 

a.lthough t~_8 eastern extension of the channel is not clearly defined by either 

the drilling CH' the seismic work. 

The ])3.rgt:. .. a.rnou.rrt of geologic and geophysical data available in the 

O)_jeto Was:~ q.rea as a result of government and private drilling:: and previous 

geot)hysica.l ·work makes this area an excellent one for testing and development 

ot geophysiea.l methods . Three areas, two of which are shown in figure 20 

and one '" vfh:i.ch is of'f the map to the southeast, were chosen as ~cellent areas 

tor e2q)er:i.mental geo1)bysical work. The work done in these areas includes 

electrornagnetics , electrical resistivity, magnetics$ and measurements of 

~lectrical transients . 

Electrqt~gnetic measurements have been carried out in eacb of the three 

experimental areas mentioned above. Preliminary examination of the .data 

fr~qicates that lo·w- readings in the quadrature are observed over the buried 

Shinarump charu1e).s . . In one of the eJCperimental areas P a total change 1 from 

l ow to high in -the quadrature field, of more than 70 percent was notedq This 

f eature 1 1N"hich has been traced for more than one mile, may be due to an 

erosional remnant of a mudstone phase of the Chinle and the Shinarump, left 

near the center of the Oljeto syncline. 

Elect rical resistivity horizontal profiles have been made in each of 

t he th~ee experjmental areas. These measurements were made with D.C. equip-

ment, utilizing the Lee Partitioning configuration, at electrode separations 
I 

o.f 100 to 200 fe~t.. It appears that this method may be quite useful in tracing \ 

buried charmels. It is important to note that resistivity horizontal profiles 

detected btu·ied channels in places where the Shinarump was covered by 50 to 

• 
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80 feet of Chinle shales and mudstone. Where remnants of the Chinle 

formation overlie the Shinarump the seismic refraction method has not 

proved very successful in differentiating between anomalies caused by 

channeling and those caused by the Chinle cover; therefore the success 

of the resistivity method under these conditons is notable. Preliminary 

comparisons between the electromagnetic data and the resistivity data 

have indicated a considerable degree of correlation. Detailed comparisons 

of these two methods will be made, looking to the development of a_cheap 

and efficient combined method of exploration for subsurface structures. 

Although there is no evidence that appreciable quantities of magnetic 

materials are associated with either the buried Shinarump channels: or the 

uranium deposits in Oljeto W&sh, a few detailed magnetic traverses were 

• run across known channels in two of the experimental areas. Prel:iminary 

examination of the data shows no magnetic anomalies to be associated·with 

• 

either the channels or the ore bodies. 

Ex:per:imental shallow reflection measurements were made in Oljeto Wash·-

with multiple seismometers in an attempt to improve the quality of the 

reflections obtained during previous work. The records were a distinct 

improvement over the previous results, but still leave much to be desir.~d. 

It is interesting to note, however, that several deeper reflections of good. 

character were recorded, which may be of interest in mappd.ng deeper ·structu:res 

in the Monument Valley area • 

... .._ 
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· '~Regional studies 

by 

H. Ro Joe sting, .. ·p. Eo Byerly· arid Do Plouff 

Compilation of aeromagnetic data coverin~ abou~ ~0,000 square miles 

of the Colorado Plateau is roughly three-quarters finished. Magnetic 

contour ma.p_s covering about 9,0~0 square miles of the southern part of the 

area are being edited, and compilation of data covering the remainder of 

th~ ~rea is in various stages of completion (figo 21). 

Small-scale magnetic surveys were flown over several areas during the 

past summer to obtain more detailed information than was available from 

existing surveys. These surveys covered a 100 square mile area of the 

Uncompahgre Plateau to determine the magnetic pattern of the near-surface 

basement rocks; the Upheaval Dome structure in Ut~h to obtain information 

on the qepth and configuration of the underlying igneous intrusion; and the 

Ute and La Sal Mountains to learn more of_the for.m and structural relations 

of these laccolithic mountains. 

Regional gravity surveys were started in the Elk Ridge and Orange 

Cliffs areas in Utah, and others were carried to completion in the La Sal-

Lisbon Valley area in Utah and the CarrizoMountains area in Arizona. A 

total of 825 gravity stations were established in these areas during the 

past season. The present status of regional gravity surveys is shown in 

table 9 and figure 21. 

Determinations of densities and magnetic properties were made of several 

hundred specimens of Colorado Plateau rocks to aid in the interpretation of 

gravity and magnetic data. The specimens include crystalline ?asement rocks~ 

Tertiary intrusive rocks, and Paleozoic and Mesozoic sedimentar.y rocks. Only 

/ 
I 
l 
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Table 9. R~gtonai ~~avity field work completed through October, 1955 

Station 
Noo of Apl'ro:x:~ Densitz 
7-1/2n Area .Stations Sta. Sqo mio 

Area Quads so~ . mi. Base other 
-"! ., .....,:~, 

Uravan 23 1, 380 21 659 
Int~r-River 9 500 48 218 
Monument 19 ::1..,000 62 430 
Vall~y 

Carrizo 18 900 43 494 
Lisbon Valley 10 580 47 354 

(Mt. fea6e· 
q~adrangies_}' : •. ~· ,.. {.·c"'• ,. 

Elk-Ri~ge- 25 1,450 26 333 
White Canyon 

Orange Cliffs 20 1 ,200 10 60 
other stp.tions* 60 124 _ __ ,. __ 7.:-010 

.317 2,548 

* Incl-q.des stations in main base nets as follows: 
Cresc~3nt fhm.cti on - Iiity, Utah 
Inter-River - Hite Canyon 
Dove Creek .... Shiprock 
Carrizo :·_ Monument Valley 
Blanding -- Merlca:p Hat, 
qvand Junct~on 1 Gateway 
others 

Total 

. 680 
266 
492 

537 
401 

359 -

7Q 
60 

2,865 

14 
11 
10 

1 
9 
8 
7 

60" 

Sq • mio Stao 

.49 2.02 

.53 1.90 

.49 2o03 

.60 ·lo68 

.69 1.45 

.25 4o04 

the b'-sement and intrusive rock$ are important megnetically 1 whereas the 

sand~tones, shales, :,Limestones, evaporites a.nd other sedimentary rocks 

~ncountered on the Plateau show significant density contrasts, as do the 

crystalline. rocks. 

Bore hole temperat-ure measurements were made in the Temple Mountain a.nd 

Lisbon Valley areas in Utah; the northern part of the Lukachukai Mountains 

in Arizona; and Disappointment 'Va::J,.ley in Colorado. Thermal gradients were 

found to vary rather 'Widely: fi'Qlll, {lbout 0.5°C per 100 feet in Temple Mountain 

to more than 1°C per lQO feet n~ar the Lukachukai Mountains. These variations 

could be due either to variations i~ the flow of heat from the earth, or to 

variat~ons in the thermal con~uctivity of ·the rocks in which the measurements 

• 

• 
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were made. Cores have been collected to permit measuring thermal con-

ductivities -so that heat flow may be, computed in the localities where 

temperature data are available~ It was found that about. three months 

was required after drilling for the holes at Temple Mountain ta regain 

practical thermal equilibrium~ Complete information on the holes in 

other areas is not yet availableo 

priginal-state core studies 

by 

Ge E. Manger 

During the past half year two ex~erimental holes were core-drilled 

with oil-base mud in Lisbon Valley~ San Juan County, Utah in uraninite 

terrane in basal Chinle formation of Triassic ageo Approximately 1 foot 

of lo5 UJ08 percent ore was penetrated and recovered in one ~~ill hole; 

the other qrill hole about 50 feet away was essentially barren. 

The gamma-ray and electrical logs of the holes show relationships 

between the occurrence of uranium and indications of physical properties 

derivable from the electric logs significantly similar to such relation-

ships previously found in carnotite and ''blue-black" ore terrane in Long 

Park and Bitter Creek, Montrose County, Coloradoo These relations are: 

(1) decrease in resistivity in the radioactive (and ore) zones; (2) 

relatively high resistivity in the sandstones overlying the ore, or in 

the sandstones above the stratigraphic equivalent of the ore in barren drill 

holes; (3) the appearance of maximum resistivity in the sandstone below the 

ore in drill holes penetrating ore; and (4) the appearance of lower resistivity 

~ in sandstone below the correlated position of the ore zone in barren drill 

holes than in sandstone above this level& Graphs illustrating these 
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relationships for the Long Park and Bitter Creek drill holes were presented 

in TEI-540~ figures 15 and 16. The graph (fig. 22) shows the same relation·~ 

ships for the Lisbon Valley experimental drill holeso The Long Park and 

Bitter Creek bore holes were drilled on a mesa and on a valley rimo The 
--

L~sbon Valley holes are in a valley flooro Thus the electric log relation-

ships hold for all the experimental bore holes, \vhich are in diverse 

topography and in sedimentary rocks of different ages containing both oxidized 

and unoxidi~~·~g;, ... <?_re • .. -:Ele.ctric logs ,o.f a number of exploration drill ?ol~s .. , = ~;o, . .,,.,_N, ,~,"'"-:'. · 

midway between Long Park and Bitter Creek show identical relationships of 

electrical log resistivity in ore-bearing and barren groundo 

In permeable sandstones variations in electrical log resistivity are 

dependent almost solely upon the amount and salinity of the interstitial c.·.• 

• (pore) watero The original equations of Archie, Leverett~ Martin and 

others are modified according to the formula: 

Rw = resistivity of formation water 

Sw • fraction of pore space occupied by water 

~ = fractiona~. porosity 

Rt = true formation resistivity 

Values of the exponents m and n were taken both as loS and lo7~ after 

Wyllie, and 2o0 and lo99 after Kellero By means of appropriate graphs&> the 

resistivity of the formation (pore) water, Rw, was converted to salinity 

values in terms of sodium chloride concentrationo 

Table 10 compares salinity so obtained with a number of core propertieso 

Objection may be made that the original pore water saturation in sandstone 

• units A-1 and A-2 9 averaging 3ol and 7o7 percent, is too low to permit the 

use of the mentioned equation, especially because in these units the original 



· s of core properties -of san~,~tori~ · .units in carnotite terrane 
ty derivea. . from electric logs a.tid eore '' da.ta, dri:U holes 

:.F..e.'i~O·'''\ana>-; LP-530A, Uravan dis.trict., Montrose County, Colorado 

From electric 
From analyses of cores lo_g and core 

data 
Water saturation, Soluble~~lPermea~--~~Uranium Salinity, NaCl 
fraction of pore Porosity, solids bility, content, equivalent, 

Unit space fraction assigneti dry air, chemical mg/1 
_ , of bulk to pore milli- det., 

Originall/ CapillaryY volume water1 darcies percent 
~- I~ 
~ mgfl. 

Sand.st011e unit O. 231-240 ft. tll38 n.d.!:J:/ .185 ·-· .. ·-~-~5(j2~o6)'-= ·~ , -~~i27:~~-- ~-=~:o5i'tr~JJ,OOO 

Elec-tric log, 23l-241 ft. 
Basal Brushy Basin member 
of l-'1orrison f-ormat ien 1--' 

Partly impermeable unit. o292 
240~252 fta 

Sandstone unit A-1. 252-261 .031 
ft. Electric log, 251-259 
fto Ore~bearing sandstone, 
Salt Wash member of Morrison fm. 

Sandstone unit A-2. 261-273 ft. o077 
Electric log, 261-272 ft. 
Salt Wash member of Morrison fm. 

Permeable unit. 273-275.56 fto .185 

Carnotite ore zone 275~56-278.46 
fto Ore 276.73-277.66 ft. 
a) 275o56-276.73 ft. (each 

9ampleo) 

b) 276~73~277~66 ftc (each 
san1plee) 

• 

~410 
·454 

~341 
.781 
c866 

no do .$133 

.151 Ql61 

ol22 o205 

no do o200 

n~do o202 
.422 .183 

no do ol55 
n.d. .15.3 
~713 o219 

•• 

1+85,000 3o20 

886,000 136 

790,000 469 

96,200 . 452 

h3,300 189 
43,-000 . 29Q2 

?2~300 30o4 
292800 3o27 
35~900 44o5 

.0023 

o0009 

.0013 

.ooo6 

o0015 
o0014 

.046 
o26 
o96 

n.dll) 

At least 
75 8 000 

10,000 -
13,000 

nod. 

no do 
no do 

npdo 
Dodo 
n.d& 

• 

+­
+-· 
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Carnotite ore zone 275o 56=2-78.46 
ft. Ore 276.73-277o66 fto (Contt) 
c) 277.66-278.46 fto (each . o374 
!;)ample.) o239 

Sandstone unit D-1. 281-311 
ft. Ore~bearing sandstone, 
Salt Wash member of Morrison 
fm. 
a) 28l-290 ft. Electric log, 
~81-290 ft. 

b) 281-311 ft. Electric log, 
281-290 ft. 

• 246 

.290 

.296 

Samples obtained by oil-base-mud coring. 

• 
Table lOo Continued 

.327 
n.d. 
n.d. 

.180 

.154 

~208 
.194 
.161 

.204 

o210 _ 

31,400 
68,500 
75,700 

62,800 

82,700 

660 
174 
265 

425 

520 

.0024 
o0024 
.0010 

.0008 

.ooos 

Y. y 

~ 
Core saturated with 3% sodium chloride solution, then desaturated through a semi-permeable membrane 
under 100 psi "air pressure. 
Soluble solids derived by water leaching of cores and assigned to available pore watero 
n.d. = not determined. 

n.d. 
n.d • 
n.d. 

• 

580-700 

580-700 
f-' 
+:-
V'l 
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pore water saturation is less than the so-called irreducible minimum values 

of capillary water saturation, 15.1 and 12.2 percent. The empirical 

relationships of Archie, Leverett and others were developed for porous media 

where pore water occupied 10 percent or more of pore space and electrolytic 

continuity was assured, and where variations in resistivity were found to 

be proportional to the reciprocal of the square of the fraction of the pore 

space occupied by water. Sandstone units A-1 and A-2 may be identified in 

·- figure ... l{- ... of. -TEI-540· by -akppropriat-e de·pth! ·'· Thi~ - figilre 'sbo~s that smaif 

changes in pore ·water saturation in the region of the yer.y_low saturation 

of sandstone units A-1 and A-2 are correlative ltith. variations in resistivit yo 

Use of the mentioned formula is there~ore justified. 

The tabJ,.e shQws that the original (residual) water saturation in the 

sandstone unit from 281 to 311 feet averages 29.6 percent of pore space and 

exceeds the capillary amount of 15.4 percent. This condition indicates that 

some gravity flow of ground water exists. lf so the pore water should be 

relatively freqh and should contain about the same proportion of soluble 

solids as is found in spring water in the area. Phoenix reports 666 mg/ 1 

dissolved ·s·olids in spring water ·issuing from the base of the ore-bearing 

sandstone, at the approximate stratigraphic level of the sandstone unit D-1, 

where the most likely value of pore water salinity is calculated to lie 

between 580 and 700 mg/1 equivalent sodium chloride salinity. 

The data of table 10 are persuasive that dilute water solutions have 

moved upwards from sandstone unit D-1 through the ore into the overlying 

sandstone units A-1 and A-2 where the solutions became much more concentratede 

The mechanism of actively circulating relatively fresh ~round water moving 

upward through the ore and becoming more concentrated and depositing soluble 

salts in the overlying sandstone provides an attractive explanation for the 

• 

•• 
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oxidation of uranium into carnotite. However, serious objection may be 

made to this explanation. As the electric log resistivity profiles in 

the Long Park carnotite drill holes are demonstrably a response to the 

varying amount and salinity of water in the pore spaces, similar profiles 

in drill holes in "blue-black'' ore in Bitter Creek and in uraninite in 

Lisbon Valley indicate similar distribution of the amount and salinity of 

pore 1-vater and similar movement of ground or pore water upward through the 

ore. The question is why such movement should result in complete oxidation 

of uranium dioxide in Long Park but no oxidation in · Lisbon Valley. A more 

serious objection may be based on the measured high desaturation in the 

sandstone cores in the barren drill holes below the correlated position df 

the ore in carnotite and blue-black terrane to the extent that gravit y flow 

·· , of ground water is not likely, even though sandstone above the correlated 

position of the, ore is highly desaturated (TEI-540)o Thus it is by no rneans 

certain that the present distribution of the amount and salinity of pore 

water with reference to the occurrence of uranium has resulted from ground 

water flow now in progress • 

• 
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URANIUM IN SANDSTONE-TYPE DEPOSITS OUTSIDE THE COLORADO PLATEAU 

Powder River Basin, Wyoming 

Southern Powder River Basin 

by 

W. N. Sharp and A. M. White 

Reconnaissance mapping during the report period covered most of the 

northern half of Converse County, Wyoming. The data were compiled on 

1~24,000 quadrangle sheets where available and on aerial photographs 

where topography was not available. During mapping, particular note was · 

made of the contact of the Wasatch formation of Eocen~ age and the Fort 

Union formation of Paleocene age, mappable coal beds, facies changes in 

the Wasatch, and occurrences of uranium minerals. (See fig. 23o) 

The only two prominent areas where ~anium occurs in the southern 

basin--the Monument Hill area on the Dry Fork of the Cheyenne River and 

the Box Creek area--where most of the exploration and mining activity i s 

centered, were studied in detail; the mine areas were mapped by plane­

table methods. 

The Wasatch formation is of fluvial origin composed of fine-grained 

clastic sediments, clay and siltstone, Irregularly spaced throughout most 

of the formation: are ~ numerous small and large lenses of coarse-grained 

to conglomeratic sandstone. At places, particularly toward the eastern 

edge of the Basin, the wasatch consists predomina~tly of fine-grained 

clastic sediments with numerous coal or carbor~ceous shale bands. 

In general the rocks of Wasatch age dip 30 to 60 feet per milJ to 

the northwest along the axis of the basin and away from the Laramie Range, 

• 

• 

• 
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the principal source of the cornposi.ng materials. 

Several probable faults have been mapped. A fault zone in the Box 

Creek area trends N. 30° to 40° W. In the Monument Hill area, features 

that are apparently faults ,trend N. 10° W and N. 45° Wo Specific relation-

ships between these fault zones and uranium occurrences have not beep . 

·determined. . ' ~ .· . 

The uranium occurrences and ·Q.eposits in _the southern Powder River. · 

Basin are in a zone of randomly _spaced, red or partly red, sandstone lenses 

about 8 miles ·wide that extends northward to the Pumpkin Buttes area along 

the cente.r of the Wasatch exposure. Most of the sanP.st<;>ne lenses in the 

Wasatch formation of the basin are gray to tan or buff ~in color., 

The exposures of uranium appear to be grouped at places along tlus 

zone. This may be the result of erosion along the strong east-west drainage 

trend and in part may be dependent upon the presence of favorable litholo~o 

At places along the western side -of this zone of red~co],.o:Ped sandstone 

lenses~ white clay is particularly abundant in the sapdstone. Preliminar,y 

examination indicates that montmorillonite is the predominant c:).ay and that 

it is associated with small fragments of volcanic glas~. At places in the 

basin some sandstone lenses contain abundant volcanic ash. The alteration 

of this ash to clay gives the sandstone a white color. 

Detailed study shows that these uranium deposits are characterized by 

many of the features previously found in the Pumpkin Buttes deposits to the 

north. The deposits mined to date have been at the color contact between 

the red sandstone and the buff-gray sandstone. At the color change concretions 

of uranium minerals tend to C<?ncentrat.e in a zone peripheral to calcit.e. 

Coalified wood· f~~ginents a-re abundant in the deposits~ and yellow uranium· 

minerals are abundant on these fragments in some places. 
\ 

• 

• 

• 
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The uranium minerals are pr~dominantly carnotite-tyuyamunite; urano­

phane is less common and when found is generally with manganese-oxide 

nodules in the deposits. The manganese- --oxides generally enclose:. or are 

mixed with the uranium minerals and are found in the red sandstoneo 

Areas mo~t favorable for prospecting in this area appear to be in 

the red sandston~ near the boundary of the red and gray sandstoneso 

Black Hills uplift, . Wyoming-South Dakota 

Southern Black Hills, South Dakota 

by 

E. V. Post, R. W. Schnabel, Garland B. Gott, and Henry Bell, III 

Investigations during the past six months consisted of mapping at a 

scale of 1:7,200 of approximately 98 square miles in the Flint Hill~ Cascade 

Springs, Burdock, Dewey, Minnekahta and Harney Peak 3 SW quadrangles; field­

checking of approximately 213 square miles previously mapped in the Edgemont~ 

Edgemont NE, and Flint Hill quadrangles (fig. 24); and detailed geologic 

mapping of the Gould mine and K claims in the Flint Hill quadrangle& 

Revision of Inyan Kara terminology 

The principal uranium ore-bearing formations in the southern Black 

Hills are the Fall River and Lakota sandstones. Tpese, with the Fuson 

formation and the Minnewaste limestone, comprise the Inyan Kara group~ 

Geologic mapping has shown that it is not possible to define consistently 

a contact between the Lakota sandstone and the Fuson formation throughout 

the area mapped. Work by the Geological Survey in the northern Black Hills 

has shown that there, also, the Fuson-Lakota contact cannot be definedo 

It has therefore been suggested that the nomenclature of the Inyan Kara group 
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should be changed to a two-fold divi9ion, with Fall River formation 

above and La~ata formation belowe A consistent l ithogenetic break has 

been traced from the northern to the southern Black Hills 9 and it is 

proposed that this break be used as a basis for the separation of the 

Inyan Kara group into these two unitse 

Ore-bearing units 

In the southern Black Hills, most of the uranium ore is found in 

three lithologies~ (1) in a conglomeratic channel sandstone; (2) near 

the edges of a thick (30 to 70 feet) lower Lakota sandst9ne and in 

adjacent thin (10 to 15 feet) sandstones and mudstones; and (3) in thin­

bedded sandstones and mudstones in the lower part of the Fall River 

formationo As a result of this year's field work9 the distribution of 

• these lithologies is better known. Figures 25@ 26D and 27 show the dis­

tribution of these lithologies with the locations of the significant 

uranium deposits in eacho 

Channel sandstoneo--Geologic mapping.and field-checking during the 

1955 field season resulted in the delineation of a prominent channel 

sandstone extending from the Cheyenne River in the Flint H~ll quadrangle 

to the southeast part of the Harney Peak 3 SW quadrangle. (See figo 25.) 

The age of this sandstone is uncertain, but is thought to be pr~-Fall 

River, because of the occurrence in Red and Coal Canyons of mudstones 

believed to be characteristic of the upper part of the tu~div~ded Fuson and 

Lakota formations above the channel sandstoneo The channel sandstone com-

monly overlies gray to variegated claystones and mudstones, but locally it 

fills a channel scoured through these mudstones into underlying sandstoneso 

• Except between Red and Coal Canyons, where mudstones are present!) the unit 

is commonly overlain by a laminated carbonaceous siltstone and interbedded 
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sandstone and siltstone, the a~gregate thickness of which ra~ges from 

10 to 50 feet. 

The sandstone of this channel unit is predominantly medium- to 

coarse-grained. It is very coarse grained to gritty near the base, and 

much of it in the F].int llill, Minnekahta, and Cascade Springs quadrangles 

is conglomeratiG. The pebbles of the conglomeratic sandstone range from 

about one-quarter inch ~p to two inches in maximum diameter and consist 

of 98 percent chert and minor quantities of pink to red quartzite, sand­

stone, and vein quartz. The lower few feet <:>f the unit locally incllJ,des 

fragments o! underlying mudstone and blocks of underlying sandstone up to 

two feet in diameter. 

Two distinctive types of cross-stratification are characteristic of 

this sandstone. One of these types consists of tabular sets of very thinly 

bedded cross-strata from a few inches to two or three feet thick separated 

by thin sets of horizontal strata. The cross-strata dip generally to the 

northwest. The other type is a variety of the first, in which the upper 

parts of the cross-strata are overt~rned in the direction of current flow. 

The definition and correlation of this channel sandstone ~re important 

because the unit contains the deposits of the Gould mine, one of the larger 

uranium deposits in the souther:q Black Hills. Unsystematic surface pros­

pecting to date has disclosed no other uranium deposits in this sandstone, 

although further prospecting may show that some do existo 

Red sandstone marker bed.--In the northwestern part of the ,Cascade 

Springs quadrangle a prominent red sandstone was found to be an excellent 

marker bed within the InY~ll Kara groupq This bed has been traced discon-

• tinuously !rom Lindsley Canron in the Cascade Springs quadrangle westward 

as far as Chilson Canyon in the Flint Hill quadrangle where it -is exposed 
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north of ·the colinty road from Highway 18-85A to Flint Hill just west of 

the Chicago, Burlington and Quincy railroad tracks. It is well exposed 

in Wolf Canyon north of the Accidental mine, in Dick · canyon, Wildcat 

Canyon, · cedar ·canyon, Falls Canyon, and along"the canyon of the Cheyenne 

River in the western part 6,f 'the Cascade Springs quadrangle and the 

eastern part of the Flint Hill quadrang~e~ 

this red sandstone ranges in thickness from 5 to 10 feet; it is 

generally fine-grained and moderately calcareous. It shows little bed ... 

ding, weathers somewhat cavernQusly, and is locally b:recciated as in ( 

Wol f Canyon. 

Where the Minnewaste limestQne is present, it immediately overlies 

this red sandstone. Where the Minnewaste limestone is absent, gray to 

• 

red claystones of the upper part of the undivided Fuson and Lakota formations • 

rest on ·the -red sandstone. Below the red sandstone -are approximately 25 

feet of massive gray sandstone or poorly exposed interbedded friable sand­

stone and variegated mudstone. 

ThermolUminescence'·· 

A photograph -of the thermoluminescence of a piece of carbonate-cemented 

sandstone from the· Lion No o 1 claim reveals thin concentric thermoluminescent 

bands within calcium carbonate nod'Qlesct Although thj,s piece of sandstone 

contains· no uranium..:;.bearing minerals, similar sand~tone from the same 

locality contaihs carnotite interstitial to the carbonate cement. The 

areas of greatest thermol'tllilinescence correspond to . the areas in which car­

notite is concentrat,ed in the carnotite-bearing sandstones. The thermolumin­

escent ,bands within the carnotite cement suggest tha~ uranium has been 

deposited contemporaneously with the calcium carbonate cement. Other sand- • 

stones show the same ·type of carbonate cement, but uranium has been ·found 
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in this type of sandstone onlt at the Lion claims. Samples of the 

other sandstones have been collected for thermoluminescence investigationso 

A paper by Henry Bell, III, G. B. Gott. 9 Eo Vo Post and R. W. 

Schnabel, titled "Lithologic and structural controls of uranium deposition 

in the southern Black Hills, South Dakota'', was published in the Proceedings 

of the United Nations International Conference on the Peaceful Uses of 

Atomic Energy. 

Carlile quadrangle, Wyoming 

by 

M. H. Berg~ndahl and R. E. Davis 

The Carlile quadrangle occupies approximately 50 square miles in 

~ southwestern Crook County, Wyoming (fig. 28). The quadrangle contains 

several areas of radioactivity anomalies andD in the northeastern part, 

the Homestake Mining Company's Carlile mine, to date the largest single 

producer of uranium in the Northern Black Hills. Previous work by the 

Atomic Energy Commission and private industry has disclosed many occurrences 

of uranium-bearing material. 

The quadrangle is being mapped by the Geological Survey. in order to 

(1) provide a geologic map as an aid to further exploration, (2) study 

in detail the uranium deposits, (3) determine relations among structure, 

stratigraphy, lithology, and uranium deposits, (4) find geologic guides 

to uranium deposits, and (5) outline areas favorable for more detailed 

exploration for uranium. 

Geologic mapping at a scale of 1:12,000 was begun during the summer of 

~ 1955, and mapping of approximately 12 square miles in the northeastern 

quarter of the quadrangle was completed. An area covering about three-quarters 

- ----- ------------------------------------------------------------------------------------~-
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of a square mile surrounding the Carlile mine was mapped by plane-table 

methods~ at a scale of 1:2,400. A more detailed plane-table map, scale 

1:1,;0009 was made of the surface mine workings and areas immediately 

adjacento The underground workings were mapped at a scale of 1:240~ Six 

stratigraphic sections were measured in detail. 

Large-scale mapping of the mine area was necessary to provide close 

control on minor tectonic and sedimentar.y structures and to obtain detailed 

ir~ormation on facies changes and character of the mineralized rock. 

Scintillation-meter traverses were carried on in conjunction with the 

detailed mapping of the mine area. A local, high anomaly (1.0 mr/hr.), 

previously unreported, was found in the lower massive sandstone of the 

Lakota formation. 

General geology 

The area mapped comprises a nearly structureless sequence of sed~entary 

rocks that rises steeply from the valley of the Bel~e Fourche River on the 

east and forms a deeply dissected plateau. The exposed rocks, in ascending 

order» include the Redwater shale member of the Sundance formation, '~d 

th~ Morrison formation of Jurassic age, and the Lakota-Fuson sequence, 

the Fall River sandstone, and the Skull Creek shale of Cretaceous.age (figo 

29). The beds dip very gently to the west and northwest to the western 

margin of the area mapped, where the dip-steepens along the edge of what 

apparently is a shallow syncline. 

Sandstones, siltstones, claystones, and shales comprising the Morrison, 

Lakota-Fuson, Fall River, and Skull Creek sequence, are exposed along the 

walls of canyons cut into the plateau by streams flowing to the east and 

southeast into the Belle Fourche River. The Redwater shale is exposed only 

along the more deeply cut valley of the Belle Fourche • . The flat, high, 
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intercanyon areas generally are capped with thin-bedded sandstones and 

silty shales that, in this area, characterize the upper part of the Fall 

River sandstone. Isolated patches of Skull Creek shale are exposed where 

the dip of the beds ste~pens to the west. 

Uranium deposits 

The ore deposits at the Carlile mine consist of carnotite-type 

~nerals in sandstone. Two ore bodies have been mined. The upper body~ 

mined both by stripping and by underground workingsp is in a flat-lying 

Lakota sandstone bed that caps the southern end of a long promontory in. 

the W 1/2 sec. 26, T. 52 N., R. 66 W. The lower body, several hundred 

feet east and about 150 feet lower in elevation, is in the same horizon 

of the Lakota but is part of a large landslide block that has dropped from 

the edge of the promontory down into the Belle Fourche Valley. The beds 

in this block dip from 32° to 57° west. This lower ore body has been 

worked through an open cut. 

The host rock for the ore deposits is a sandstone bed or lens in the 

upper part of the Lakota sandstone. In some areas this bed merges with 

the massive lower sandstone that comprises the bulk of the formation~ but 

at and a~jacent to the mine it is a distinct unit separated from the 

massive sandstone by about 25 feet of bluish-gray claystone. The upper 

sandstone is from 17 to 20 feet in thickness, and the top of the bed is 

fr_om 35 to 40 feet below the base of the Fall River sandstone. 

The ore-bearing unit consists of thin-bedded, cross-bedded, gray to 

buff, medium- to coarse-grained sandstone with intercalated seams and partings 

of shaly siltstone and sandy or silty carbonaceous shale. Carnotite-type 

minerals occur as disseminations in the carbonaceous seams and in the 

adjacent sandstone. Concentration of the minerals occurs where several 



of the thin carbonaceous seams coalesce to form a thicker zone or layer of 

sandy and silty carbonaceous material$ · Ore controls other than these local 

accumulations of carbonaceous material have not been determinedo 

Storm Hill quadrangle, W,yoming 

by 

R. C~ Vickers and· G. A. Izett 

Mapping of the Storm Hill 7-l/2minute quadrangle began in July 1955o () 

The quadrangle occupies approximately 53 square miles in central Crook Coun.ty .o 

Wyoming, and is on the northwest flank of the Black Hills uplift (figo 28, po 

160). Previous work in the quadrangle by the Atmnic Energy Commission and 

prospectors disclosed many radioactivity anomalies and two oc.currences of 

uranium minerals 9 To date, "no uranium deposits of economic to~ge and grade 

have been discovered~ 

The exposed sedimentary rocks range in age from Triassic to Tertiary, 

and the average aggregate thiekness is 1,200 feeto In ascending order the 

stratigraphic sequence is: Spearfish formation o·f Triassic age; Gyps1m1 Sprin.g9 

Sundance~ and Morrison formations of Jurassic age; Lakota-Fuson undivided, 

Fall River sandstone 9 Skull Creek shale, and Newcastle sandstone of Early 

Cretaceous age; and White River group (?) of Oligocene age. A small sill of 

phonolite porphyry crops out near the western edge of the quadrangleo 

Minor structural features are superimposed on a regional dip of 60 feet 

to the mile in the northwest. A dome in sec. 13, To 54 No, · R. 65 We, with 

dips up to 100, is the most prominent structure in the quadrangle; on the 

eastern flank of this domej in the N 1/2 of' sec. 19p visible uranium minerals 

occur in the lower part of the Fall River sandstone , · The Survey's mapping 

shows that radioactivity -anomalies and uranium mineral occurrences are restricted 

• 

• 

• 
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to well-bedded sandstone units, generally less _ ~han 4 feet thick, in the 

lower part of the Fall River sandstone. 

Mapping of the southern half of the quadrangle, at a scale of 1:12,000, · 

has been completed, and the information is being compiled. 

Wind River Basin, wyomine 

Gas Hills area, Fremont County 

by 

H. D. Zeller and P. E. Soister 

Detailed mapping of the Wind River formation of Eocene age was corapleted 

during the report period in the Rongis Reservoir SE, Ervay Basin, and Ervay 

• Basin SW quadrangles and in parts of the Gas Hills, Puddle Springs, Coyote 

Springs, and Muskrat Basin quadrangles. Plane-table maps showing geology and 

topography were prepared for the LuckyMc, Phil No.3, Phil No.4, Bull Rush» 

and Aljob mines. 

A 5-to 30-foot granite cobble- and boulder-conglomerate and its possible 

equivalents were mapped on topographic sheets at a scale of 1:24,000 over an 

area of about 12 square miles in the southeast and south-central parts of the 

Puddle Springs quadrangle and in the north-central and northwestern parts of 

the Coyote Springs quadrangle. This conglomerate apparently pinches 011t to 

the east in coarse-grained arkosic sandstone just inside the Gas Hills qtJ..ad--

rangle. Almost all of the known uranium deposits in the western part of the 

Gas Hills area occur in or stratigraphically near this conglomerate . 

A total of 145 rock samples were collected for mineralogical study, 

• uranium an~lyses, and spectrographic analyses. Fifty-eight water samples 

were collected for uranium analyses. A seep near the center of sec. 22, 
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Tc 33 N., Re 90 W. contains 4,300 ppb uranium and has a Ph of 3.7. This 

seep is about a mile from th~ nearest knownura.nium mineral occurrenceo 

Eight core holes ranging in depth from 348 to 810 feet were drilled by 

the AEC and all but the deepest one reached the base of the Wind River 

formation. The results of this drilling show that in the general area bounded 

by Puddle Springs_, Coyote Springs, the Lucky Me and Vitro mines and Cameron 

Springs 9 the base of the Wind River formation averages· about 340 feet topo­

graphically lower than was indicated by pre-existing evidence. One of the 

holes drilled one-half mile · southwest of the Aljob mine (sec. 15, T. 33 l\J. ,J> 

R. 89 W.) revealed the same anomalous situationo 

A geophysical field p~rty of the Geological Survey worked in the area 

during the later part of the field season. Good results were obtained by 

employing shallow refraction seismic methods to trace faults and check 

possible faults. (See PP• 168-170.) 

Irregularities of the base of the Wind River formation are due .to 

(1) deep pre-Wind River erosion and (2) post Miocene normal faulting. Field 

relationships and data obtained from the core drilling and geophysical work· 

indicate that the principal mineralized area is underlain by a complex basin 

or series of basins. Figure 30 shows the configuration of the pre-Wind 

River erosion surface. 

All recently discovered uranium deposits and occurrences are in, and 

all ore production is from, the Wind River formation. 

Both oxidized and unoxidized uranium ore is being mined at the Lucky Me~ 

Vitro, Aljob, and Bull Rush mines. Oxidized ore is being mJned at the Phil 

Nos. 3 and 4 and the Upetco mineso Some shipments~ mostly of oxidized ore, 

have been made from the McAlester Fuel Company@ Sage Brush, and Blarco mineso 

At the Lucky Me mine the top of the ground water table coincides with the top 

• 

• 
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of the unoxidi.zed zcm.e$ at the Vitro mine, the unoxidi~ed ore zone lies 

partly above and partly below th~ 'f~~Tater table. The oxidized ore :Ln all the 

mines and occurrences is ma~y autunite in yellowish~gray arkosic ~~dstone~ 

and ~the unoxidiz.ed ore i.s mostly grayish-blue siltstone with minor clay and 

sandstone., 

Several new uranium minerals ha.ve been forond within the past year o 

These include ianthinite~ para~schoepite~ umohoitep. tyuyamunite and c.offinite, 

Ilsenuumite (a hydrous molybdenum oxide ?) oacurs in both the oxidi~ed and 

unox.:idized urani:mn ore at the Lucky Me mine and in the unOxidized zone at the 

Vitro mine. Native selenium occurs as interstitial :material in irregul~ pink» 

orange~ and paJ_e brown lenses in the arkosic sandstone in the oxidized ore zone 

at the Lucky Me mine. These lenses lie above, below~ and adjacent to ~~:t:l~es 

of uranitml ore; t ·wo cheJmeJ. samples from a two- foot ~ens of pink arkosic sand .. ,. 

stone contain Oo24 to 2. 73 percent selenium. Selenium also ~ceurs in the 

oxidized ore zone at the Vitro and Upetco mineso 

A few miles west of the Gas Hills area near the axis of the Conant Creek 

anticline (sece 39 T. 32 N.~ R. 94 Wo) 19 uram:um. occurs in coarse=gra~e:d 

asphaltic sandstone near the top of a sequence of unnamed Middle and . ~p~~ 

Eocene rockso The deposit is now being mined. 

Seiamie stud~es 2 by R. A. Black 

Seismic refraction measurements were made in the Gas Hills area (figo 31) 

from September l to October 26 1 1955o The seismic work was done in connection _ 

-with the geologic ma.pping program in this _ areao It has peen suggested that 

the localization of the uranium deposits in the Wind River f orltlation may be 

localized by faults cutting the Wind River sandstoneo The initial seismic 

tests indicated that a small but favorable velocity contrast existed between 

the Wind River sandstone and the underlying Cody or Mowruie shaleso Subsequent 

• 

• 

• 
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work was quite successful in del~neating both major and minor fault trendso 

A large fault exposed approximately one half mine south of Puddle SpringsS) 

and e~ended 4 miles by lineation on aerial photos, was traced for more 

than 6 miles by seismic measurements. Near the Bull Rush mine a fault sus-· 

pected from lineations on aerial photos was verified by seismic means, and 

traced for about 4 miles to the east 1 where it split into five small faults 

before dying out o A fault exposed at Coyote Springs was extended for 3 miles 

to the east and 1· 1/2 miles to the west by seismic measurements. Four other 

lineation patterns indicated on aerial photos were checked by seismic means 

and three of the lineations proved to b~ due to faulting. 

In two places where drill hole control was available, the thioknes s of 

the Wind River sandstone was calculated from the seismic data. The calculated 

• 

thicknesses checked closely with the drill hole determinations; however~ t~e • 

small velocity contrast between the Wind River formation and the underlying 

Cretaceous shales necessitates very long spreads for purposes of depth 

computationo 

Both the method of contin~ous profiling at right angles to suspected 

fault traces with reversed shots, and the fan shooting method with the geo-

phones laid out on a straight line perpendicular to the suspected fault trace 

were employedo Either of the two methods can be used to locate the fault 

traceo Fan shooting is quicker and cheaper t .han continuous profiling, but 

lacks the vertical control possible with the -continuous profiling methodo 
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Hiland-Clarkson Hill area, Natrona. County 

by 

E. I. Rich 

The Hiland-Clarkson Hill area is in the southeastern end of the Wind 

River structural basine The southeastern end of the area is defined by the 

narrow outcrop belt of the Wind River for:ma.tion., The area broadens toward 

the northwest and is bounded on the northeast by the Powder River lineament 

and on the· southwest by the Rattlesnake Hills anticline. The western edge 

of the area is contiguous in part with the Gas Hills area. 

Rocks ranging in age from Precambrian to Paleocene crop out along the 

northeastern limb of the Rattlesnake Hills anticline and along the southwest­

ern flank of the Powder River line~ent. The lower Eocene Wind River formation~ 

deposited in the central part of the basin, laps unconformably upon the Paleocene 

Fort Union formation and in places completely covers it and rests unconformably 

upon the upper Cretaceous strata. No middle and upper Eocene rocks are present 

within the mapped area nor in adjacent areas to the east and northeast; however ~ 

considerable thicknesses of middle and upper Eocene rocks are exposed in the 

Gas Hills area to the west and in the Badwater area to the north. Approximately 

1,000 feet of Oligocene and Miocene rocks crop out along the southeastern mar­

gin of the areao 

The Wind River formation is divided into three facies consisting of (1) a 

"lower19 variegated facies at the base composed of siltstones, claystones, and 

intercalated white to light-gray sandstones; (2) a "middle" d!-ab claystone and 

arkosic channel-type sandstone facies derived chiefly from Preca;mbrian rocksJ 

and (3) an "upper'' conglomeratic arkosic sandstone facies that is much coarser 

and more poorly sized a.nd sorted than the ''middle" facies. The areal distri­

bution of these facies is shown in figure 32. 
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A uranium-bearing st.rat·igraphic · sequence that may be older than the 

Wind River formation but .that rests unconforrnaply on the Fort Union formation 

crops out on Clarkson HiU. A section of these rocks was measured north of 

the major fault on the east-facing cliff of· Clarkson Hill, seco 161 T. 31 N(\, 

R. 82 Wo . The sequence tentatively has been assigned to the Wind River forma­

tion until more complete infor.mation regarding its age relationships can be 

obtained. 

It appears _from .preliminary fossil identi:t;ication and from reconnaissance 

study of a. relatively ~omplete stratigraphic section that no middle and upper 

Eocene rocks are p:resent along th~ southeastern margin of the basin. The middle 

and upper Eocene rocks that may have been pre·sent in this area were removed by 

pre-Oligocene erosion, so that the White River strata fill a channel cut deeply 

into rocks of pre-Wind River age. A post~Oligocene east-west nor.mal fault has 

brought the W¥rte River formation into cont,ct with the "upl'er" facies of the 

Wind River formation. The history of post-Wind R:j_ver--p~e-Oligocene erosion, 

subsequent channel filling by the White River for.mation,and later normal faulting 

is similar in the part of the Gas Hills area, about ~5 miles to the west, where 

the best uranium deposits occur. 

An area of high radioactivity oqcurs about 35 feet above the base of the 

1rJind River (?) format·ion in a.n area about · 500 feet , long and 300 feet wide near 

the base of Clarkson Hill. The zone of highest radioactivity is in a carbonaceous 

siltstone lens within a thick unit of coarse to conglomeratic arkosic sandstone~ 

Chemical analyses have been received for three samples collected at this 

locality; however, these indicate tha.t the uranium is strongly out of equilibrium 

with the equivalent urani~. The following ar.e data on these , tMee analyses: 

<; 



Sample No. 

ER~55-l2 
ER~55-14 

ER~55-15 
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Type of Sample 
9 

.Selected ~ample from siltstone layer 
2t channel sample of 3andstone above 

siltstone 
1' channel sample of sandstone below 

siltstone 

eU% yj 

0.14 0.080 
0.027 0.021 

0.015 0.003 

Uranium occurs in an east-northeast trending channel · in the ''middle" 

facies of the Wind River forma-tion, ·about 2.5 miles northwest of Hiland, 

W,yoming. The channel is about 2,200 feet long and 30 feet wide with the 

highest radioactivity occuring in a ·zone of carbonaceous material and poorly 

indurated ·sandstone about 10 feet wide and l to 5 feet thick. 'Although one 

selected sample contains 0.14 percent uranium and 0;11 perce·nt eq'Q.i valent 

uranium, the average of six channel samples representing 3 feet of average 

stratigraphic thickness from the zone of highest radioactivity is 0~024 per-

·cent. 'uranitun. and 0.055 percent eqUivalent uranium. If occurrences of ore 

grade uranium deposits are found in the "middlen facies, the recogn:i.tlon 
. . 

that localization can occur in a continuous· carbonaceous sandstone channel 

may be important in prospecting~ 

No radioactiVity anomalies were found in the "lowerh f~cies of the Wind 

River formation. 

Washakie Basin, W:vQming and Colorado 

Baggs area, · carbon and Sweetwater Counties, Wyoming 
and Moffat County, Colorado 

by 

G. E. Prichard 

The Browns. Park formation of Miocene age and the immediately underlying 

rocks west of Poison Basin were mapped geologically at a scale of 1:20,000 in 

• 
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an area of about 200 square miles in southern Sweetwater ' Coimty, Wyoming, 

and northern Moffat County, Colorado. 'The mapped area consists of Tps. 12 

and 13 N., Rs. ·95, ·96, and 97 w., Wyoming, a,nd the two northern tiers of 

sections in T. l2 N., Rs. 96 and 97 w., Colorado. In the Baggs (Poison Basin) 

area the Browns Park formation was mapped and studied to determine possible 
- . ' 

relationships between uranium occurrences and the lithology and structure of 

the host rocks. 

All presently known occurrences of uranium minerals in the Browns Park 

formationare in fine- to mediwn-grained, cross;...bedded sandstone except one 

minor occurrence which is in the uppermost 2 feet of the ·basal conglomerate. 

Anomalous radioactivitywas detected at scattered ·Iocalities in rocks of the 

Green River and Wasatch formations of Eocene age, but no visible uranium 

minerals were found. Recent exploratory drilling by private companies in Tps. 12 

and 13 N., Rs. 92 and 93 W. has disclosed, uranium mineralization, . reported to 

be as much as 0~1 percent 1 in·. the uno.xj."dized zone,; the so--called ''blue'' sand-

stone. The depth to the unoxid.ized or "blue" zone ·is from 20to 70 feet, but 

the depth has no apparent relationship to the present land surface. The 

mineralized zones are variable as to thickness -and ,stratigraphic position in 

the sandstone. The operator reportedly shipped ore from the strip mine in 

seco 4~ T. 12 N., R. 92 W. that averaged about Oo3 percent u3og, the maximum 

being about 0.6 percent. The mine and several groups of drill holes in the 

area were mapped 'in detail showing the spatial distribution of the uranium-

bearing zones. Drill cuttings, core·s, and water ·samples from selected drill 

holes were collected for detailed chemical and lithologic studies. 

Selenium in the Browns Park forma.tj_on of Poison Basin has been known for 

many years because· vegetati·on growing on or near the ·sandstone is · toXic to 

livestock. Recent increased industrial demands for selenium have led to· 
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extensive prospecting in the Baggs: area. .Qualitative field tests,_ind,ica.te 

greater cqncentrations of selenium-in unpxidized _tha~ ,in _oxidized -~ zones. The 

association of uranium and seleni-qm probably_ is du~ not to chemical cqmbination 

but to a qommon . origin~ 

Maybell-Lay area, Moffet County, Colorado 

by 

M. J. Bergin 

Extensive exploration for uranium has been· done by private-companies in 

the Maybell-Lay area about 25 miles west of Craig in ~outheastern Moffat 

County,, Colorado (fig. 33, "index map). Ore--grade deposits oc9ur in the Browns 

Park formation of Miocene age both atthe surface and at depths of as much as 

200. feet (Gertrude claims, see. 8, 171 and 18., T. _ 7 No, R. _ 94 W., and Mar~ie 

claims, sec. 24, T. 7 N., R. 95 W•; fig._ 33)• . At t-he present time _ore averaging 

between 0.20 and 0.22 percent uranium is bej.ng .sh,ipped from the Margie claimso 

Geologic investigations consisteg of ge~logic - mappingon aerial photo­

graphs at a scale of 1:201 000 in approximately 240 square miles .in T,pse 59 6, 

and 7 N • .? Rs. 93, 949 and 95 w. Detaileq mapping ,and sampling was undertaken 

only where ore-grade deposits have been _locat.ed (Ger_truqe and Margie clailn.s, 

fig. 33)& 

The Browns- Park formation which ~y be as much as 2, 500 feet th,ick rest.s 

wit h angular discordance _on rocks ranging .in age trom Precambrian to Eocene. 

The formation consists princ~p.ally of fine- .. to medium~gra~ned sandstone made 

up of quartz grains cemented by clay and Galcium c~rboilC!,te. At most localities 

the base of- the _formation :Ls marked by a. conglomerate ranging from 1 to 120 

feet in thickness. The Browns Pafk· formation was d~posited on an -erosional sur­

face cut on older rocks !'fhich were _folded int_o th~ ~al, Basin anticline, during 

• 

• ( 



---------------
R 95W R.94W R.93W 

EXPLANATION 

~ ~ "'D "! l 
~ ~ 
~ Browns Pork formation F 

a: 

~" ~ - mwmwn ~ 
~0:0 -~ o..! Wasatch and Fort Union J I z . ci: formations undivided ~ !! 

oa: 

Mesozoic and Paleozoic 
rocks undivided 

~ + 
+ 

Precambrian rocks undivided 

----6000-- . ········· 
Structure Contour 

~~ 
~~ 
a: 
0 

~ 
iii 
:E 
4 
0 
LrJ a: 
0.. 

ConfDUrS dn:Iom onttw bau of IJrowr>sPrlrk fotmofion; hltlr110l 
500 fHf; dofrm,- S40 Jtw•l. Conlouis dosh#d .,,.,., 
infrrtHI; dof'-d whHtl bas• ~WT~DIIfld by tNOsion 

• Anticlinal oxis 
Doll#<~ wtwn IJuritld by Browns Porlt formotion 

• -----,-----
Synclinal axis 

Otlsh#d wfwr# infrrwl 

__ ..Q.._ •••••• 
u 

F'otAt 
Do:m.dwM,. lnkrr•tf; doff•d whe,. concHI•d 

II, upthrown sltl•; D, downfllrown sit/• 

-¢-
Dry oi test 

X 

Uranium occurrence 

~ oCraiq 

Moybell-Lay Area 

oGrond 
Junction 

COLORADO 

Denwr 
1St 

~~~n': 
0 

Geology modified from Sears, J.D., USGS Bull. 751 pt.U,I924 

'-IGURE ~; 3 GENERALIZED GEOLOGIC MAP SHOWING CONFIGURATION OF THE BASE OF THE BROWNS PARK FORMATION IN THE MAYBELL-LAY AREA, 
MOFFAT COUNTY, COLORADO 

9 ~ ~ ~ 4 5 6 7 8 9 IOMiles 

1955 

• 

1--.J 
--J 
--J 



178 

post=Eocene-pre-Miocene time (fig. 33). A synclinal structure in the Browns 

Park formation superposed on the north flank of the older anticline was formed 

by post-Miocene deformation (fig. 33). Several normal faults of post-Miocene 

age cut the Browns Park formation. 

Uranium occurs in both the basal conglomerate and the overlying sandstone 

of the Browns Park formationD but commercial deposits hav~t been found in the 

basal conglomerate. Slight radioactivity is present in a coal bed one foot 

i.n thickness in the Lance formation of Cretaceous age in sec. 4, To 7 N.~ R. 

93 w., but no abnormal radioactivity was detected in the older rockso 

Company drilling indicates that on the Gertrude claims from one to five 

overlapping mineralized. zones are present' at depths ranging from 5 to 200 feet 

and on the Margie claims one to three mineralized zones are present at depths 

ranging from 'lOto 180 feet. These zones ~ in drill hole$ are reported to range 

from 1 to 19 feet in thickness. The operator reports that samples from the 

zones contain as much as 1.25 percent uranium. The largest mineralized zone 

outlined to date is approxmately 1.;000 feet long and 200 to 300 feet wide. These 

zones are believed to be circular to elongate bodies of irregular thickness lying 

near normal faults which have displacements of about 250 feet (fig. 33). · Uranium 

occurs in gouge zones along faults, as coating material on fracture planes, and 

as disseminated material in ·soft sandstone at several localities (sec. 27, Te 7 No~ 

R., 94 W.~ sec. 29, T. 7 N., R. 94 W., and sec. 9, T. 6 N., R. 94 W.; figo 33). 

Uranium also occurs in association with iron oxide staining around hard calcareous 

cemented sandstone masses in sec. 29, T. 7 N.j) Ro 94 W. and sec. 20, To 7 Nop 

R. 9 5 W. (fig. 3 3 ) • 

Uranium minerals occurring at the surface and in shallow prospect pits 

include meta-autunite, uranophane, and zeunerite or torberniteo Uranium minerals 

have not~ as yet~ been identified from deposits at depth in the unoxidized sand= 

stone. 
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Megascopic examination of mineralized and barren sandstone samples 

show no significant difference in grain size, sorting, mineral assemblageb 

or cementing material, except for the presence of uranium minerals. Since 

the known uranium occurrences are an the steep north flank of a syncline and 

adjacent or in proximity to normal faults, it is believed that localization 

of uranium from solutions moving through the Browns Park formation may have 

been controlled by the presence of these structures (fig. 33). The occur­

rences of uranium along faults, near diastems, and adjacent to some calcareous 

cemented sandstone masses indicates that changes in permeability and porosity 

of the host rocks may also have influenced the localization of uranium. 

Crooks Gap area, Fremont County, Wyoming 

by 

J. G. Stephens 

Approximately 200 square miles have been mapped during the 1954 ~~d 1955 

field seasons in the Crooks Gap area of southeastern Fremont County, Wyoming 

(fig. 34 and 35). The mapped area includes part of the boundary between the 

Sweetwater Arch to the north and the Great Divide Basin to the south. The 

boundary is marked by reverse faults and later normal faults, both of large 

displacement. :South of the boundary, northwest-trending folds of Laramide _ 

age intercept the fault zone to the north. Only in the Crooks Gap area and 

in other -places breached by erosion may the older structures be seen. At most 

places ;the older rocks are covered by a thick sequence of Eocene(?) sediments 

derived from weathering of the Sweetwater granite to the north. The Tertiary 

rocks are folded, apparently along trends d_eterm.ined by the earlier Laramide 

folds. All significant uranium deposits found to date in 'the gap are located 

in the folded Tertiary rocks. 
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The only uranium mines in the area are on the east side of the gap in 

sees. 9, 16, 20, 28, and 29 of T. 2S N., R. 92 W. in a north-trending belt 

three miles long and about two miles wide (fig. 36). All deposits occur in 

the conglomeratic arkose of the Eocene Wasatch(?) formation except at the 

Hazel mine (sec. 91 T. 28 N., R. 92 W•) where the ore mined was along the 

plane of a high angle reverse fault, which places the Triassic Chugwater 

formation on the Cretaceous Cody shale. The Wasatch(?) formation east of 

the gap appears to be folded into two synclines separated by an anticline, 

all of which plunge to the southeast (fig. 36). Along their southern parts 

these structures are covered by a very coarse conglomerate which appears to 

be the same as that capping Sheep Mountain. 

· Recent deep drilling has disclosed mineralized zones at depth near the 

• Sno-ball mine and in the topographic basin of sees. 16 and 21 (fig. 36). 

Deep drilling on the Sundog claims of sec. '2S penetrated, at approximately 

470 feet, material tentatively identified as uraninite. A preliminary study 

of the drill data suggests that the mineralization is controlled by local 

structures, the deposits being tound along the axes of shallow synclinal 

troughs. The delimiting~ of! ore bodies by drilling has not yet been completed. 

Two water samples with anomalously high uranium contents (one of 148 ppb 

and another of 460 ppb, both from sec. 24, T. 28 N., R. 93 W.) have been 

collected from the west side of the gap and may indicate the presence of 

uranium at depth. Uranium minerals also have been found in the vicinity of 

Willow Creek (sec. 27, T. 28 N., R. 90 W.) fifteen miles to the east of 

Crooks Gap. Although extensive cover prohibits detailed work at present, 

the s:i.Jrlla.rity 'of the geologic setting to that of Crooks Gap indicates that 

• the area is worthy of further extensive prospecting. 
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The ore controls in the area as indicated by recent drilling and mining 

areg (l) presenc:e of carbonaceous material~ deposits occur in and adjacent 

to carbonaceous siltstone beds in the arkose; (2) changes in permeability: an 

ore body may be located at the boundary between rocks of different permeabilityo 

The largest ore body mined is at the base of the Wasatch(?) formation where it 

rests on less permeable rocks; (3) structural controls: a fault may produce an 

impermeable barrier as at the Sno-ball mine where faults bound blocks, only 

some of which are mineralized. Drilling results suggest that the Tertiary 

folds may also be important in localizing ore bodies. 

All of the controls suggest that deposition of the uranium minerals was 

from ground water and that features controlling the movement of ground 1vater 

are important in searching for new deposits. Local features that concentrate 

• the flow of uranium-bearing ground water, such as synclinal ·structures, im.penne-

• 

able layers, and faults are likely to cause deposits. In stratigraphic zones 

rich in carbonaceous material, and where the movement of ground water is 

impeded, a reducing environment is formed which favors the deposition of uranium. 

Gravity studiesm by R. A. Black 

Gravity measurement-s were conducted in the Crooks Gap area of Wyoming 

during the period of September 1 to October 28, 1955. The gravity measurements 

were made in conjunction with geologic mapping of the Crooks Gap uranium 

deposits. The gravity measurements were intended to provide information on 

postulated subsurface structures buried beneath unconsolidated Miocene sedimentso 

Such structural information may be quite useful in eventually formulating a 

theory for the origin of the Crooks Gap uranium deposits. The area covered by 

the gravity survey of the Crooks Gap area is shown in figure 35, p •. 180. The 

area surveyed includes the Crooks Mountain~ Crooks Creek NE, and Split Ro~k NW 

7-l/2 minute quadrangles and parts of the Soap Holes, Black Rock Gap, Graham 
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Ranch and Stampede Meadow 7-1/2 minute quadrangles. 

Gravity stations were occupied on approximately one mile spacings t o 

cover an area of approximately 220 square miles. Most of the stations· occupied. 

have been at section corners, benchmarks, or spot elevations where the eleva.tito.ns 

are kno"Wn to within one foot. Plane table traverses were run in areas of little 

vertical control. 

The gravity values have been . reduced and a Bouguer contour map has been 

prepared from the data. Although ~levatiori corrections must be made at some of 

the stations before the gra.vi ty contour map can be used for interpret.ationp i.t 

is interesting to note the following features which are revealed on the present 

map: (1) the Happy Springs oil field is marked by a gravity high trending 

NW ~ SE; (2) the granitic overthrust block in the area is marked by a prominent 

gravity high; and (3) the northern boundary of the Green Mountains is parallisll.;~d 

by a long E-W trending gravity lovr• 

Interpretation of the gravity data will begin when the final corrections 

have been made to the data. 

Laramie Basin, Wyoming 

Uranium in carbonaceous sandstone near Laramie, wyoming 

by 

J. D. Love 

Metatyuyamunite occurs in carbonaceous sandstone in the Lower Cretaceous 

Cloverly formation 22 miles southwest of Laramie, southeastern wyoming. Uranium 

has not previously been reported from the region., except for some radioactive 

titaniferous sandstones in the Mesaverde formation 10 miles to the northQ 

Mineralization was observed in three localities along an outcrop distance of 

• 

I . \,, 

• 
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1 1/2 miles, and many · spots of radioactivity showing from 0.5 to 1 mr/hr. 

were noted in the area extending 1/2 mile beyond :the farthest west mineral 

occurrenceo 

The Cloverly formation is about 150 feet thick and consists of a basal 

white and carbonaceous buff sandstone, a middle variegated claystone, and an 

upper carbonaceous buff ferruginous sandstone. Metatyuyamunite occurs in both 

the upper and lower sandstones. The underlying Morrison formation is , chiefly 

variegated claystone with little sandstone. Some siliceous l~estone nodules 

are moderately radioactive. Overlying the Cloverly formation is the Thermopolis 

shale, about 60 feet thick, consisting of nonradioactive soft, fissUe., ;]black'_ 

shaleo Above the Thermopolis shale is the Muddy sandstone, about 40 feet 

thick, and resembling the sandstones in the Cloverly formation, except that 

~ it contains less carbonaceous materi~l. Only one radioactive spot was observed 

in the Muddy sandstone. The rocks are gently folded and both the Cloverly 

formation and the Muddy sandstone crop out in broad dip slopes that could 

easily ·be stripped. 

Fifteen samples of carbonaceous sandstone from various parts of the 

Cloverly formation were analyzed for uranium. Surface samples contain much 

higher eU than u. Samples one foot or more below the surface contain much more 

U than eU. . Selected samples from the lower sandstone contain as much as 0.8 

percent U, and random samples from an adjacent handpicked stockpile contain 

0.33 pe~cent U and 0.18 percent eU. Random samples from three nearby stockpiles 

of handpicked material from the same sandstone contain 0.1 to 0.14 percent U 

and from 0~069 to Oo097 percent eU. A pit eight feet deep shows at the base 

two feet of plastic variegated claystone, overlain by six feet of highly 

carbonaceous ferruginous fine-grained thin-bedded sandstone with mineralization 

both in the sandstone and along fractures and bedding planes. 
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One and one'-half nd:les farther southwest., numerous radioactive spots 

were sampled on surface outcrops of the uppe~ost sandstone in the Cloverly 

formation. Six-inch to 1-foot channel samples contain from 0.011 to 0.064 

percent eU and from · 0.003 ·.to 0.010 percent u. Metatyuya.munite was identified 

from one pit in this locality. 

The origin of the uranimn in this area is of. considerable interest because 

there are broad outcrops · of the Cloverly formation around the southern margin 

of the Laramie Basin• No evidence of hydrothermal activity was observedo _ No 

Tertiary tuffaceous r~cks are now present in the vicinity of mineralization. 

However:> four miles to the southwest, approXimately 500 feet of tuff, clay­

stonep and tuffaceous limestone comprising the North Park (?} formation of 

Miocene or Pliocene age is present. The top of this sequence ·is approximately 

• 

500 .feet above the urani'U111 occurrences, and it -is likely that the North Park (?) • 

formation ·was stripped off the area of mineralization dpr~ng_. ~leistoc.ene time~ 

One of the limestones in this formation is moderately radioactive and shows 

abundant yellow fluorescence. Analyses of this limestone are ·not yet ava.i.la.bleo 

The North Park (?) formation locally contains uranium minerals in the Saratoga 

area 50 miles to the west and along the northern margin of the Hanna _ Basin" 

75 miles to the northwest. 

Nine water samples collected from ·springs in the general area of the 

uranium occurrences~ contain from 2 to 29 pa.rts per billion, and average 

l2 ppb uranium. 

• 
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Arizona 

Dripping Spring quartzite 

by 

H. c. Granger 

The following data are believed to be of importance in understanding the 

origin and localization of the uranium deposit$ in the Dripping Spring quartzite. 

The abnormally high radioactivity of the upper member of the Dripping 

Spring quartzite is due to the unusually high potassium content of the silt-

stones. Six samples of the uranium-favorable rocks contain an ~verage of 

10 percent K which is equivalent in radioactivity to about 0.005 percent uraniumo 

These favorable siltstones also contain as much as 2 ·percent disseminated 

• organic carbon, some of which is in the form of graphite. 

The most promising uranium deposits have been found within a few feet 

of discordant contacts between the host rock and diabase intrusive bodies. 

The heat and emanations from diabase have, in some places, converted the favor~ 

able siltstone host rock to a crystalline, feldspar-rich rock which will be 

referred to as feldspathized siltstone. Where the deposits occur in feldspathized 

siltstone they commonly follow the margins of narrow rheomorphic breccia zones 

and dikes. This rheomorphic material is believed to have been deriyed by a 

mobilization of the feldspathized siltstone and represents the ultimate degree 

of metamorphism of the siltstone near diabase. 

Where the deposits occur in unmetamorphosed siltstone the ore minerals 

are disseminated in the walls of tight joints. Subsequent opening and deposition 

of carbonate and pyrite in these joints have resulted in limonite-filled fractures 

• in near-surface parts of the deposits. 
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have rio partic'Ular trendo These deposits are invariably of very low gradeo 

The uranium is very finely disseminated in the host rock in a . form not y:et 

identified. 

Another type of deposit .occurs at the base of the upper member of the 

Dripping Spring quartzite.. These deposits» as ,far as is known» contain only 

secondary minerals and were probably derived from leaching of uranium in. over;.... · 

lying rocks. · 

The mineralogy of deposits in · or near feldspa.thized siltstone.? _ differs 

from the mineralogy of those. in unm.eta.morphosed siltstoneso · In and ne?.r 

feldspathized siltstone visible blebs an:d discontinuous veinlets of .fi:iie.:..grained. 

uraninite are · associated with . disseminated pyrrhotite and molybdeni~~-· :; Uranin~te 

has been identified in only one deposit in ~et~orphosed silt.stone,·and ·ther~ . • 

it was near a thick diabase dike. In most deposits in . urimetamorphosed s:il-t­

stone the primary uranium mineral is finely disseminate'd in the host rock but 

has not been identified. Much of the uranium may be adsorbed on clay ~eralso 

Pyri.te is common in most of the deposits in unmetamorphosed siltst9nes but no· 

pyrrhotite or molybdenite has been identified. 

The diabases that are spatially associated with sonie.-of the deposits have· 

differentiated to lo·cal · bodies of sodic . syenite. These differentiates range 

from pegma.toid bodies rich in albite to aplitic textured ·dikes that. a.re 1y:' in 

some instances, almost pure albiteo 'Similardiabase bodies known to intrude 

the Dripping Spring quartzite elsewhere are believed to ·have differentiated 

into potassium-rich· fcp.cies or to have formed coarse-grained pegmatoid, rocks 

with calcic plagioclase. 

A series of samples taken in the chilled border of a diabase sill contains • 

nearly ttdce as much uranium as a similar series taken about 30 feet . f:rom -the 
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• contact in coarser-grained diabase. Very little of this uranium is removed 

from a ground sample in a dilute acid leach~ which suggests that it may be 

held within the crystal lattice of constituent minerals in the diaqa~eo 

HyPOthesis on origin 

The data presented herein and that given in previous semiannual reports 

relates the origin of the uranium deposits in the Dripping Sping quartzite to 

diabaseo Whether the uranium was derived from the diabase, · or was concentrated 

by redistribution of syngenetic uranium in the siltstone by factors related to 

the diabase, probably cannot be proved. It is here suggested, however, that 

the uranium was derived from the diabase. 

Metamorphism of the sedimentary rocks during the period of intrusion and 

cooling of diabase magma was widespread and variedo Much of the intruded rock 

• was unaffected, but locally asbestos and serpentine were developed in siliceous 

limestone and dolomite; magnetic iron ores were for.med in limy siltstones; 

actinolite and other amphiboles were developed in mudstones; and potassium-rich 

siltstones were converted to crystalline feldspar-rich rocks. Locally~ in the 

feldspar-rich rocks (feldspathized siltstone) fissures and breccia were healed 

by a medium-grained crystalline rock similar in composition to the feldspathize~ 
- ' 

siltstone but containing more quartz. 

During this period the diabase was undergoing differentiation. Soda-rich 

components of the magma were concentrated in pegmatoid syenite facies and in 

later aplitic dikes that locally intruded the enclosing rockso The uranium 

originally contained in the magma was sealed into the rock along the quickly 

chilled borders but was expelled from those central parts of the magma under-

going differentiation. None of the facies produced by differentiation contained 

• any minerals with which the uranium could combine; therefore, much of it was 

expelled along with sulfur and other elements in a fluid emanation. 



190 

The fluid emanations permeated the surrounding sed:imenta.ry rocks.9 m.ainl.y 

fo1lowing tight joints~ bedding planese permea·ble beds.$ and the margins of 

rheomorphic dikes and breccia.so Where the heat and other conditions were 

favorable uraninite was depositedo Farther from the source the urani-qmwas 

adsorbed by clay minerals and fine-grained car bono In some deposits near · 

diabase much of the iron in the rocks was converted to pyrrhotite and the 

molybdenum to molybedenite,t in :deposits farther from the diabase pyrite and 

marcasite were for.medo 
• I 

An essential factor indeposition of uranium was a strongly reducing 

condition brought about by finely divided carbon and the original pyrite con-

tent in the rockso 

At a late stage in the process and during the Tertiary and Quaternary 

periods more pyrite and marca:siteiJ chalcopyriteiJ galena and sphalerite were 

deposited~ Generally they were localized along the. same structures that · 

controlled uranium depositiono 

. There is apparently a coincidence between the positions of uranium · deposits 

and of diabase bodies that differentiate to sodic facieso The present study has 

/ 
not thoroughly tested this thesis, .but it is suggested that the uranium is more~ · 

closely related genetically to diabases differentiating to sodic facies than to 

diabases differentiating to potassic or calcic facieso 

The foregoing hypothesis may be of application ·regarding the origin of 

other uranium depositso The persistent tendency has been to relate most uranium 

deposits of hydrothermal origin to acid igneous rockso Acid - igneous · rocks~ 

however~ generally contain accessory minerals such as . zircon which may serve to 

capture the uranium ions from ·the magma into their crystal latticeso Basic 

rocks ~uch as diabase have few of these mineralso If. their -differentiates also 

contain few of these minerals@ there is an excellent possibility that the uranium 

• 

• 

• 
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will be expelled at a late stage in the crystallization history. 

New Mexico 

Tucumcari-Sabinoso area 

by 

R. L. Griggs 

The Tucumcari-Sabinoso area lies mainly in San Miguel and Quay Counties 

in northeastern New Mexico. It embraces the southeastern part of the 

Canadian Plateau and an adjacent plains area which is surmounted by remnants 

of this plateauo 

The rocks of the area are relatively flat-lying and range in age from 

Upper Triass~c to Plioceneo The Upper Triassic Dockum group crops out in the 

plains area, and Jurassic and Cretaceous rocks crop out on the Canadian Plateau 

and its outlying remnantso Deposits of uranium minerals were discovered in the 

area in 1954 in both the Upper Triassic Dockum group and the Upper Jurassic 

Morrison formationo The deposits in the Dockum group are in conglomeratic 

sandstone beds that are present in the lower half of the group. These sand­

stone beds are similar to and occupy approximately the same place in the 

stratigraphic column as the Shinarump conglomerate. They are exposed along 

stream valleys and one bed locally forms cuestas in the plains area. The same 

beds are present under shallow cover over large areas. In one place in southern 

Quay County~ about 15 miles south of Tucumcari; the uppermost of these sandstone 

beds probably is present under very shallow cover over an area of about 100 

square mileso The known uranium mineralization is associated with carbonaceous 

and ferruginous material at the base of the sandstone beds, where the beds 

channel into underlying shale. 
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The known uranium ·mineralization in the Morrison formation is near the 

middl e of the formation and in the upper part of a member in which light gray 

sandstone beds are predominante For the most part this member is poorly 

exposed along the edges of the Canaqia.n Plateau or along the edges of outlying 

remnants of this plateauo The mineralization is associated with plant and 

dinosaur remains in channel sandstoneo 

During the field season of 1955 an ~rea of about 2~000 square miles was 

mapped on a scale of lz60~000, and two prospects were mapped on a scale of 

100 feet per inche 

At the Lucky group prospect in sec. 6, T. 7 N., R. 32 E. in southeastern 

Quay County a mineralized lens is present at the base of a channel of gray 

conglomeratic sandstone in the Dockum group (figso 37 and 38)., This lens.9 

about 60 feet long, and ranging from a knife edge ~o 2 feet thick~ contains a 

yellow uran~um mineral impregnating the sandstone, but some of the uranium is 

apparently held by abundant carbon trash • . The estimated eU content of the 

l ens ranges from about OolO to 0.15 percent for a distance of about 30 f eet 

along the le~so 

At the Bel-Aro prospect in sec. 24~ T. 11 ~·a R. 28 E., in western Quay 

County a yellow uranium mineral occurs in a channel sandstone in the Morrison 

formationo The uranium mineral fills cracks in pet~ified wood and impregnates 

dinosaur bones present in the channel. Mapping indicates that the .mineralization 

i s located in the channel sandstone near the axis of a shallow syncline (figo 39)o 

• 

• 

• 
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Appalachian reg~on 

Mauch Chunk quadrangle~ Pennsylvania 

by 

Harry Klendc 

Geologic mapping in the northern half of the Mauch Chunk 15-minute quad­

rangle was started in July and continued until October lo About 60 percent 

of the northwestern quarter of the quadrangle was mappedo Stratigraphic 

sections were studied along the Lehigh River, along some of the streams 

tributary to the river, and in excavations along the northeastern extension 

of the Pennsylvania Turnpike. Many samples of rock were taken for petrographic 

studyo 

Two occurrences of uranium in the Catskill formation of Devonian age 

are known in the area. No addit~onal occurrences were discovered during the 

investigationso 

Occurrences of uranimn in Paleozoic rocks of Pennsylvania 

In connection with the mapping and geolog~c study of the Mauch Chunk 

quadrangle~ occurrences of uraniferous rock found by prospectors during the 

past three years have been examined. The distribution of some of these 

localities is shown in figure 40o 

Although too small to be important as sources of uranium~ the occurrences 

may be of general interest because they are similar and are widely distributed 

in the same part of the stratigraphic sectiono All are in rocks of Upper 

Devonian age that probably belong to the Catskill formation. Beds of uraniferous 

dark gray to light greenish gray and brown to pale tan sandstone, siltstone9 and 

shale are interbedded with barren red sandstone and shaleo They range from a 

few inches to a few feet in thickness. At several localities the uraniferous 

• 

• 

• 
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FIG. 40 Map of Pennsylvania showing distribution of localities 
where uranium has been found: by pro~pectors in .Paleozoic 
sedimentar.y rockso 

beds occur in two or three stratigraphic zones with intervening barren beds of 

both red and nonred sandstone. 

Within the uraniferous beds the radioactiv~ rock is discontinuously dis-

tributed. Zones in which carbonaceous plant fossils are ab1rndant or where the 
\ 

rock is stained brown with iron oxides generally contain the most uranium. 

Torbernitejl meta-torbernite or meta-zeuneri.te:> and tyuyamlinite have been found 

in trace amounts at some of the localitieso 

Secondary copper minerals are common in the uraniferous rock. At two of 

the occurren'ces in no~thern Pennsylvania.\) uran::i:un:i is in beds which were onc-e 

prospected for copper. Samples from these localities contain 0~008 . to 2.0 

percent coppero No uranium minerals were identified at these prospects. 
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The uranium content of rock samples from the localities shown in figure 

40 ranges from 0.02 to 0.29 percent. In gen,eral~ the higher grade samples 

are from the localities where uranium minerals have been found. A few grams 

of black carbonaceous material from one of the occurrences contains 0.7 per= 

cent uraniumo 

Some of the beds of urani!erous rock are relatively flat lying and others 

are steeply dippingo No structur~l control of uranium deposition has been 

observede 

The source of the uranium in these occurrences is not known. Th~ general 

features of the occurrences and their widespread distribution suggest a source 

within the sediments~ possibly with some redistribution of the uranium by 

percolating waters. 

The Upper Devonian rocks in Pennsylvq.nia contain beds that are favorable 

hosts for uraniumo Areas underlaip. by these rocks may be favorable ground for 

further uranium prospecting. - Background radioactivity in large areas of Upper 

Devonian rocks in Pennsylvania is generally between OoOl and 0.03 milliroentgens 

per houre The known occurrences of uranium have been found in outcrop and in 

old prospect pitso Many are ~all or poorly exposed and their radioactivity 

can only be detected in the immediate vicinity of the outcrop of bedrock. The 

mantle of soil and rocks may shield radioactivity in unexposed areas of favorable 

host rockso 

Uraniferous rocks in New Jersey 

An occurrence of coarse-grained magnetite ore ·containing a few percent 

of rare earth minerals was examined and sampled in the Scrub Oaks mine near Dover 9 

Morris County, New Jerseyo Analyses of five samples show uranium ranging £rom 

• 

• 

Oo002 to Oo013 percent, ThQ2 ranging from 0.020 to Ooll percent, and total rare • 

earths~ calculated as oxides, ranging from Oo53 to 2o30 percento The thorium, 
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uranium, and rare earth elements are in doverite (a recently described yttrium 

fluocarbonate mineral), bastnaesite, xenotime, zircon, allanite, apatite, and 

sphene~ and possibly in some other radioactive minerals in material that is 

still being studied • 
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URANIUM IN VEINS, IGNEOUS ROCKS AND RELATED DEPOSITS 

Colorado Front Range 

by 

P41 K41 Sims 

Field investigations of five mining districts--Centra~ C~ty, Idaho 

Springs, Lawson-Dumont-Fall River, Freeland-Lamartine, and Chicago Creek~-

in a fifty-square mile area between Central City and Georgetown were essentially 

completed in 1954; during 1955 a few weeks were spent in the fiel~ to complete 

the study of active mines. A summary of the general geology of the region and 

an economic evaluation of the deposits were given in the previous semi-annual 

reports--TEI-390 and TEI-490. In this report the distribution, mineralogy and 

paragenesis» structure, and genesis of the uranium deposits are discussedo 

Distribution of uranium deposits 

Abnormally radioactive veins are widely scattered in the Central City­

Georgetown area, but only a few veins contain deposits of commercial importanceo 

One hundred forty-one abnormally radioactive localities are known in the Central 

City district and adjoining mining areas; 53 of these localities contain selected 

material that assays 0.10, percent eU .or :- better; 1; min·es are known to have ·produced 

uranium ore, some of which is high-grade. 

Many of the uranium deposits occur in clusters, the largest of which, in 

the Quartz Hill area, occupies an area of a square mile. Other clusters of 

deposits are considerably smaller. 

• 

• 

• 
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Mineralogy and paragenesis 

The uranium-bearing ores consist of pitchblende and rarely yellow-green 

secondary minerals. The pitchblende occurs in precious-metal-bearing sulfide 

veinse 

The pitchblende~ typically is hard and botryoidal; . locally it is soft and 

sooty. X-ray studies of the mineral indicate that the Ao spacing (cubic cell 

dimension) varies considerably, and it is concluded that the variation is a 

linear function of the state of oxidationo 

The pitchblende at Central City contains unusual quantities of Zr and Y 

and at places contains high Mo and w. The pitchblende at the Joe Reynolds mine~ 

in the Lawson district, contains a s:imilar trace..;.element suiteo 'I'he pitch­

blende from Fall River, however, contains a notably different suite of trace 

elements; it is high in Mn and Ni and low in Zr and Wo 

Structure of deposits 

The pitchblende, and its alteration products~ occur in several fracture 

sets, and commonly within an area containing uranium deposits it is in two 

or more different sets, some of which may intersect. It rarely is present in 

the faults that belong to the breccia-reef system; also it is not known to 

occur in the youngest fracture set. 

The pitchblende is not regularly distributedthroughout the veins, but 

occurs in discrete shoots or small lenses and podso The shoots rarely exceed 

50 feet in height, 50 feet in stope length, and a foot in width. The ore 

shoots were localized by structwal features that provided open spaces for the 

deposition of uranium. In the Fall River area~ the known deposits occur where 

a quartz- and garnet-rich lime silicate gneiss forms the wall rock; possibly 

these deposits owe their location to a chemical. control. 
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Genesis of the ,uranium 

The uranium _at Central City is believed to -have been derived from local, 

relatively shallow ,sources; the pyritic -andbase-metal mineralization, on the 

other hand, is thought to have been derived from a common deep-seated source~ 

the apex of which was beneath the pyritic core of the zoned districto The 

most probable source for the uranium was quartz bostonite magma. Because the 

sources of the uranium ore were asymmetrically located relative to the con­

c.entric zonal arrangement of the pyritic base-metal ores, the uranium deposits 

are not spatially related to the district-wide mineral zoning pattern. The 

deposits south of Lawson, as the Joe Reynolds and perhaps other mines, are 

thought to have been derived also from a quartz bentonite source, for the 

suite of trace elements in these pitchblendes closely resembles that from the 

Central City pitchblende. Possibly the deposits in Fall River, characterized 

by a different trace-element suite, were derived from a different source magmao 

A paper~ ''Pitchblende deposits of the Central City and adjoining areas, 

Gilpin and Clear Creek Counties, Coloradott:, by Po Ko Sims and E. W. Tooker, 

was published in the Proceedings of the United Nations International Conference 

on the Peaceful Uses of Atomic Energy. 

A radioactive copper-bearing shear zone in the vicinity of 

the Fo Mo Do mine, Jefferson County, Colorado 

by 

P. K. Theobald and R. Ro Guilinger 

The Fo M. D.o mine is . at an altitude of 71 200 feet on the east flank of the 

Front Range in the NW 1/4 seco 25, T. 4 So, R. 71 Wo, Jefferson County, Coloradoo 

The mine is on a tributary to Cold Spring Gtilch, which joins Bear Creek 1 mile 

• 

• 

• 
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southeast of the mine and 4-1/2 miles west of Morrison,Coloradoo u. s. Highway 

40 and graded dirt roads provide access to Genessee Mountain, 1-1/2 miles north 

of the mine~ and logging trails lead from-~hereto the western part of the mapped 

area. In the western part of and north of the mapped area (figo 41) the streams 

originate on a surface of low relief where outcrops are pooro Within a short 

distance of their heads, the streams are intrenched, and nearly continuous bed= 

r ock exposures are available -on the canyon walls. 

Lindgren (Uo Se Geol. Survey Bull. 340-B, po 168-169), describes the mine 

a s a shaft 350 feet deep, which reportedly cut three veins of copper-bearing 

ore. The shaft is now flooded and inaccessible, but copper minerals are abundant 

in two nearby adits and in numerous prospect pits which follow the trace of a 

west-northwest-trending shear zone. The Geological Survey's plane-table mapping 

of the shear zone during the fall of 1954 and spring of 1955 was prompted by 

r eports of a highly radioactive zone in the adit 90 feet east of the shaft. 

Radioactivity background during the spring was Oo015 to Oo025 milliroentgens 

per hour, and several of the prospects in the vicinity of the shaft were found 

t o have abnormally high radioactivity. In the fall, however, background had 

i ncreased to Oo07 to Ool7 milliroentgens per hour, effectively masking abnormal.ly 

high radioactivity found the preceding yearo 

Rock types 

Precambrian igneous and metamorphic rocks underlie most of the Front 

Rangee In the vicinity of the F. M. Do mine these are represented by hornblende 

gneiss, probably of metasedimentary origin, gneissic quartz diorite and related 

pegmatite, and a later pegmatite. Lovering and Goddard (U. s~ Geol. Survey 

• Prof. Paper 223, 1950, p. 67) place the hornblende gneiss in the younger part 

of their sequence, younger than the Idaho Springs formation and possibly in the 
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Swandyke hornblende gneiss. Boos (Geol. Soco America Bull., 1954, v. G5 :~ . 

no. 2a P• 168-170) maps the quartz diorite as Mount Morrison orthogneiss, 

migmatite, and injection gneiss. Following Boost classification the pegmatites 

would be related to the Mount Morrison gneiss and the Silver Plume graniteo 

~lost of the area north of the copper-bearing shear zone of figure 41 ·is 

underlain by fine-grained, granular, well-foliated to massive hornblende 

gneiss. The hornblende gneiss is composed of about 65 percent hornblende and 

35 percent andesine with accessory magnetite, apatite, biotite, calcite, and 

allanite. Gneissic banding is common, formed by alternate hornblende- and 

andesite-rich layers 2 to 10 millimeters thick. Numerous oriented hornblende 

metacrysts occur in the hornblende-rich layers. Near contacts with biotite 

gneiss, quartz and biotite become more common, and hornblende appears to be 

~ replaced by plagioclase. Coarse biotite clusters separate the hornblende gneiss 

from pegmatite. Adjacent to the shear zone, the hornblende gneiss is altered 

to a limonitic chlorite-sericite-clay rock; most of the copper minerals occur 

in this rocko 

In the southeast corner of the mapped area gneissic quartz diorite is the 

most common rocko The general aspect of the rock here is that of a migmatite, 

with interlayered fine-grained biotite schist, medium- to coarse-grained pegmatite$ 

and scattered layers of hornblende gneiss. A thin section of mixed schist and 

pegmatite contains 52 percent quartz, 35 percent oligoclase, 7 percent micro­

cline, 6 percent biotite, and accessory zircon, apatite, albite, and orthoclaseo 

This~ however, is not the average composition of the biotite gneiss, which in 

the central part of the mapped area is more uniform, less well foliated, and in 

tabular crosscutting bodieso The weak foliation is parallel to the contacts of 

~ these bodies, and distinctly different from that in the enclosing hornblende 

gneiss. The caracteristics of the rock are those of an igneous, quartz-rich 
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diorite cont.atning ~9 percent oligoclase, 22 ·percent quartz!' 1.3 percent micro­

cline D 13 percent biotite"' 10 percent hornblende, 2 percent monazite., 1 per--

cent apatite, and a trace of zircon. 

Both the hornblende gneiss and quartz· diorite are intruded by pegmatiteso 

A white quartz.;;..albite-microcline pegmatite is mixed with the quartz diorite to 

form a migmatite in the southeast part pf the mapped area an~ is probably 

geneticq,lly related to the quartz dioriteG This pegmatite is parallel to the 

foliation of the quartz diorite and grades into the quartz diorite. A pegmatite 

of similar composition--though coarser, commonly with perthitic and graphic 

feldspar, and well foliated--occurs along the shear zone and as the west-trending 

dike that passes through the ca'red adit shown on figure 42o This dike and the 

others shown on the map are principally of a later!) coarse-grained pink quartz­

mi.crocline pegmatite. This pegmatite intrudes all of the other rocks!) but is 

most common in the well-jointed hornblende gneiss. Most of the pegmat ites follow 

joints or faults, and the large mass of peg111..a.tite in the western part of the 

area is apparently at the junction of the copper-bearing shear zone 'hdth a 

northerly-trending fault that offsets the shear zoneo Reactivation of the 

copper-bearing shear zone is evident in the sheared and kaolinized. pegrnatites 

that cross ·or were emplaced along it. 

Structure 

Foliation and linear trends are shown on figure /+1• The dip of the 

foliation is steep,; ranging from 650 N. to 65° Sa., and the strike is generally 

No 55° to ?00 W. Just east of the large pegmatite in the western part of the 

mapped area9. the foliation has a more westerly trend, No 75° to 85° W.!l and in 

• 

the dike-like -bodies of quartz diorite the foliation has a more northerly trend!' • 

N 35° to 500 w. The linear -features--minor -fold a.xes, crenulations on foliation 
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planesS) and aligned hornblende metacrysts--have consistent northwesterly 

bearings with a gentle plunge to the northwesto 

Except for the raajor copper-bearing shear zone~ faults are difficult 

to recognizee The large pegmatite in the western part of the area probably 

follows a major north-trending fault that offsets the copper-bearing shear 

zonee The more westerly trend of the foliation east of the pegmatite could 

then be explained as caused by a reverse drag fold. At least two fault~ with 

northerly trends can be recognized inunediately west of the mapped area, and 

it is likely that the n?rtherly-trending pegmatites east of the large pegma­

tite body were emplaced along minor, north-trending faults. The pegmatite 

that trends westerly from the north end of the dump of the F. M. Do shaft 

through the caved adit is sheared through most of its length~ and the copper­

bearing shear zone is slightly offset where it crosses this pegmatite. 

Several faults are evident along this trend in the caved aqit (fig. 42), 

though these may be a part of the copper-bearing shear zone. 

Results of 200 measurement$ of joint ·planes are summarized on figur~ 43o 

Although insufficient data are available ·for a precise joint analysis, it is 

worth noting that the north-northwest-trending, west-dipping joints and the 

west-northwest-trending, south-dipping joints commonly are lined by white albite­

microcline-quartz pegmc;ttite. The latter joints are parallel to a group of 

faul.t.s that cut this pegmatite. Pink microcline-quartz pegmatite is common 

along northeasterly-trending~ south-dipping joints and west-northwest-trending, 

south-dipping joints. 

Copper-bearing shear zone 

The feature of major interest· in the area is the west-northwest-trending 

shear zone with its associated alteration, copper minerals., and radioact.ivityo 

The zone is shown on figure 41 and in more detail on figure 42. It probably 

• 

• 

• 
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is one of the breccia-reef ~tructures in the minera~ belt. Although it has 

not been traced into one of these~ it is parallel to a breccia reef that 

crosses Cold Spring Gulch at . ~ts junction. with the stream that flows past 

the mine41 

The shear zone is sl;ightl:v · sili,ci!~ed and in the .west-ce:ntra.l part of 

the mapped area is marked by a vein of quartz-garnet rock. Adjacent to the 

shear zone,hornblende gneiss is oo~verted to clay, chlorite, biotite, and 

sericite; and within it masses of coarse biotite are common. Pegmatite 

minerals were converted tq k~o~in and sericite in and adjacent to the zone. 

In places the hornblende gne~ss has been replaced by copper sulfides, pyrite~ 

and biotiteo (This altered ~ornblende gneiss apparently was the chief source 

of oreo) One cross-fracture in the &dit east of the ~haft is filled with 

manganese oxide and chalcopyrit~ and is coated on the exposed surface with 

copper sulfate. 

Iron oxides are common ~on~ the zone; walls of the adit east of the 

shaft are coated with 1/S tp 1/4 inch of bot·ryoidal l:imonite. L:imonite 

staining is most abundant in hornbl~nde gneiss and pegmatite immediately 

t 
adjacent to the shear zone, and in the caved adit (fig. 42) a hard hematite 

vein crosses the altered horriblenQ.egpeiss. 

Most of these l:imon:i.te-ricb~enes are radioactive, generally 3 to 10 

tmes background, but reaching a ~um. of 100 times background in the back 

of the adit east of the shaft, Three samples of radioactive, limonite-stained, 

altered pegmatite from the shear zone, analyzed by the Survey's Denver labor-
~ 

atoryp contained the following; 

• 

• 
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. Equivalent 
uranium Uranium Copper 

___ sam ...... _.p ..... l;.o..e........-l._o-.c,.;.;.at.-l._. o_n.;_.. _____ ~(·pe~r;;;...c;...e;.;;n.;.;_t~)-----=-_,..("""'p_e_r_c,..,.en,_t,_.)""' .. ---( Eerc-~tL 

Caved adit 

Prospect 250 feet east 
of caved a.dit 

Adit east of Fo M. Do mine 

Oo019 

o2l 

0.007 

.019 

o028 

0 •. 32 

lo79 

.27 

Radiochemical analysis by J. N. Rosholt:> Denver Laboratories, Uo So Geological 

SurveyD of the sample from the adit east of .the shaft shows~ 

'Isotope . Percent eguivalent 

Th230 0.14 

.pa,231 .30 

Ra226 oJO 

.Rn226 o33 

Pb210 o29 

The disequilibrium of uranium with its daughter products probably indicates 

l eaching of uranium from these shallow exposureso 

Relative ages 

The oldest rock in the vicinity of the Fo Mo Do mine is the hornblende 

gneisso This rock probably was metamorphosed and had well developed joints 

before intrusion of the quartz diorite~ because the quartz diorite is general]~ 

less well foliated than the hornblende gneiss, is in places quite poorly 

foliated or has a foliation that cuts across the foliation of the hornblende 

gneiss, and is emplaced in regular, dike-like masses in the hornblende gn.eisso 

The copper-bearing shear zone developed shortly after or during the later stages 

of intrusion of the quartz diorite, and pegmatite related to the quartz diorite 

was emplaced along the shear zone and along a w-est-trending fractureo Tb.e shEtc;,r 
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zone and west-trending fracture were active after emplacement of this pegma­

tite, shearing and foliating the pegmatite before intrusion of the pink 

1nicrocline-quartz pegmatite along these and other fractureso A th~rd period 

of activity along the shear zone was associated with the introduction of 

copper and possibly uranium minerals along f.ractures opened in hornblende 

gneiss and in both generations of pegmatite. This last activity may have 

occurred during the Laramide orogeny; ~arlier activity was probably during 

the Precambrian. Th~s suggests that some of the -breccia reef structures, 

generally considered _,,_to be Laramide, may have originated in the Precambrian 

and were reactivated ·during the Laramide orogenyo 

Economic potential 

• 

The Fo lvio D. mine is significant as another uranium-bearing locality • 

along a northwesterly-trending, copper-bearing f~ult zone cutting hornblende 

gneiss in the Front Range area o;f Colorado. Uranium distribution along the 

shear zone is spotty, and the radioactive zones are generally low in grade. 

Although the grade probably increases where equilibrium conditions are reached 

below the zone of weathering, it is not likelY that commercial deposits of 

large size will be found. 

Ralston Buttes district, Colorado 

by 

D. M. Sheridan 

Significant deposits of uranium occur in the Ralston Buttes district, 

Jefferson County, Colorado. Most of the deposits are pitchblende-bearing 

fault breccias of probable Tertiary age. The Ralston Creek mine in the 

northeastern part of the district (fig, 4h) is continuing to produce pitchblende 
• 
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ore and is the major uranium producer on the eastern. slope of the Colorado 

Front Range. Mining activity at the Ralston Creek mine has been conducted 

along three major ore shootsg but at least tvro other ere structures, as yet 
I 

undeveloped, are knoWn in the mine area. Elsewhere in the district geologic 

exploration has been conducted by at least· seven private individuals and 

companies. This work includes systematic surveys with scintillation dete?tors9 

bulldozer trenching along numerous anomalies, core-drilling, and exploratory 

mining. 

During the report period the following work was done ~ by the Survey: 

(1) Areal mapping:--Thirty square miles of the Precambrian portion of 

the quadrangle were mapped at a scale of 1:20.;000• The mapping included . 

tracing of Tertiary fault breccias and branching fault structures over a ~otaJ . 

length of 176,000 feet. A total of 95 percent of the Precambrian terrain has 

been mapped as a f?Cale of 1:201 000, and mapping of the remaining 5 percent of 

the Precamqrian area is in progress. The mapping emphasizes major structural, 

lithologic, and economic features. 

The area. of sedimentary rocks younger than the Precambrian in the north-

eastern part of the quadrangle is being mapped as part of the Geological 

Survey's Engineering Geology program. 

(2) Detailed mapping:--Triangulation has been completed in the vicinity 

of the producing mine ·- the Ralston Creek (Schwartzwalder) m.ineo Plane-table 

mapping o.f Ool5 square :mile in this mine area. at a. scale of l:l.p200 is in 

progress. Detailed studies have also been ste..rted in several areas of recent 

exploratory activity, including detailed logging and lithologic sa.mpl.ing o.f a. 

private comp:my's diamond drill-hole, 1,963 feet in depth~ and mineralogic 

studies at several uraniferous exposures. 

• 

• 

• 



• 

• 

• 

215 

(J} 

completed in about 85 percent of the Precambrian part of the. qu.a;drangl~.~. The 

data are being correlated Tilfith major geologic features 'On enlarged ba,'3e maps 

{seale 187.~200)o During the report period a total of lli047 r:adioact1lfi.ty 

readings were taken on traverses along most of the Terti;2try faul.t st;ructures' 

and on traverses across Precambrian co?Jntry rock between known fault.so Whereas 

the normal background reading ranges from OoOlO t .o Oo025 mr/'nr9 a t:otal of 

110 anomalous readings. ~ong Tertiary faults ranged from Oo030 t,o over leO lnr/rrr:o 

Presumably this· radioactivity is caused by the presence ofuraniu:m or its 

daughter productso Sampling of some of t .hese radioactive areas along faults 

is now in progress:.& A total of 59 anomalies in the co:u.ntry rock had readings 

:rang:i,ng from Oo030 to 0411 r:rr/hrlli Most of these anomalies are caused by Pre-

cambrian pegm.atites eon~aining monazite 9 zircon.p or rare=-earth m.ine~~S:.o · but 

some are caused by radioactive Tertiary dike rockso 

As mapping and e:x:p"loration have progressed in the district i.s ha~ become 
I 

increasingly e'vident that the l~calization of most of the pitchblende deposits 

has been controlled by structure and fa;vorable host rockso Most of the signi.:f~ 

ieant pitchblende deposita in the district are in or nea.r carbonat,e-bearing 

fault-breccias of probable Tertiary ageo Furthermorev most of these knotrm 

deposits are located where the faults cut Precambrian rock unit,s rich in 

hornblendeD biotite9 or lime s:Llicate mi.ner8l.so · For e.xample.p the only pro= 

ducing mine (Schwartzwalder) is located where a group of faults cuts a zone 

of garnetiferous biotite-rich gneiss. The zone of garnetiferous rock marks 

the gradational contact betwem.. two Irl8 .. jor Precambrian rock uni t,s-=--a unit of 

schist and a. unit of lime sili(l;a,te gneiss and am.phiboliteo T!ro of the m.ore 

promising recent discoveries in the Golden r.~te Car.1yon a,rea are .also lo~ated 

along faults or fractures that eut this same type of lithologic eonta~t o 
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I 

Precambrian layers of amph:i.bolite or b:i.())t:ite- rieh. gneisso One deposit of 

seeondary uranium m.inerals is locc>;,ted i.n frZ8,0tu.res in Precambrian pegm.ati teo 

On the index w.ap (fige 44 ) t"WO major groups of ura.nimn deposit.s are 

indicated=-one group al.cJ;t7.g Ralston Creek and the other in the Golden Gate 

Canyon areao ~rrending northwest from each of these uraniferous areas are 

prominent fault systems ·which e::l\:tend. for miles across the Front Range Mineral 

Belt~ Whereas· the patterns formed by these fa;uJ..ts appear to be relatively 

simple in areas barren of uranium deposits~ in. t,he t,wo uraniferous areas the 

southeastwa.rd extensions of these fa1JJ.t systems seem to have split :into 

wider and more complex zones c:ontai.ni.ng numerous smaJl f a.1iLts. 

exposed by rec·ent exploration in the Golden G&~te Canyon area, disclosed a;n • 
occurrence of urc-m.i.ferous asphal tite o other :minerals in this deposi·t in\"'.;l ude 

pi tehblende ;y rhodcchrosi te 51 gal.ena ~ SJlhaleri.t";), cha..1c;opy.ci te, pyrite:> marcasite;; 

and thucholite (?) o Spectrographic analyses also diselo~ed the presence o.f 

anomuous amou.rrts of cobalt and :m.olybde:rrumf) The asphal.tite occurr<?nce is 

interesting fr6m. a genetic sta::.t1dpoint because an oil seep from Precambrian 

rocks also occurs in the Golden GrZil.te Can_Jron aroB.?1• A west·w-ard-dipping ·thrust 

fault crops out:, t.o the east of' t~he que.d.ran.glef) Pre~ru:nw.bly~ Pennsylva.x~.ian and 

younger sed:lm~:ntary for:mations have been thrust under Precambrian r ocks . 'The 

oil seep ar.1d the asphaltic :rn.:'S',teria .. l :in the m.iner.alizc£<d breccia II!El..Y :t~ave a com-

:mon. <origin in petr©liferou~~ l'l1.at.erial. Ct)ming from. the underlying sedim.e:ntat>y 

thrust block~ 

Gate C.rmyo:n~ Jefferson Gou..11ty ~ Colorado'9 9 by tTe W. Adam.s and Frederick Stugard~ 

was published in the Proceedings o.f the United 1Jai~i.ons International Conference 
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on the Peaceful Uses of Atomic Energyc 

Tho:mas and Dug:tl\f'a.y . Ranges L . Utah 

by 

1-'~o Ho St<l!k~tz 

The Tho:m.as and Dugw-aY Ranges are in centra]. Juab and Tooele Coun.ti.es9 

Utah~ in the Basin and Range Provinceo The Thomas Range consist.s of three 

distinct geologtc-. ~ats g (1) the main eastern part consisting almost entirely . 

of Tertiary rhyolites and tuffs, (2) a western part (Spor Mountain) consisting 

of highly faulted Ordovician to Devonian quartzite~ dolomite-9 and limestone~ 

and (3) a northwestern part consisting of upper Devonian sediments and basic 

volcw..icsc The Dugway Range 9 which adjoins the Thomas Range on the north;;) is 

a distinct topographic unit formed by Paleozoic sediments ranging in age from 

Cambrian to Mississippian, which in the southern part are overlain by Tertiary 

volcanicsc The topography of the Thomas and .Dugway Ranges is shown on the 

Dugway Ra.nge and the northern one-third of the 'Ibpaz !vlountain 15-minute quad~, 

rangleso 

Uranium has · been ·found in fluorspar pipes and veins on Spor Mountain 

and at several places in the volcanic rockso The Spor Mountain area has been 

previously described in Geological Survey Bulletin 1005~ "Fluorspar deposits 

of UtahnD by Wo R., Thurston and others (1954). The aims of the present 1\TOrk 

are (1) study of the known uranium deposits in the sedim.entary and volcan.ic · 

rocks~ (2) study of the volcanic rocks themselves, as all the uranium is believed 

to have been derived from the magma which formed these rocks~ and (3) study of 

carbonate rocks adjacent to the volcanic rocks, in order to evaluate the 

possibility of finding other uraniferous fluorspar depositsc 
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During the report period about 70 square miles were mapped on a. scale 

of ls24,000,1 to complete the mapping of the Thomas Range; and 8.5 square 

miles of Tertiary volcanics in the Dugway Range were mapped. A detailed 

pla.ne-tabie map on the scale of one inch. to 100 feet was made of the Goodwill 

uranium pro,perty. 

Areal ma;pping shows that the volcanic rocks are divided into an older 

sequence consisting of porphyritic rhyolite~ welded tufff crystal tuff, and 

latite.1 and a younger series consisting of tuff or agglomerate, obsidian, 

and a topaz-bearing rhyolite. These two series are separated by a prono.unced 

unconformity. The rocks of the younger series were formed by a number of 

extrusions, which repeated the same sequence of tuff, obsidian, and rhyolite. 

All the volcanic rocks have a high background ceunt on a Geiger counterlt 

Several analyses have been made of the rhyoliteJ the h:ighest shews a. uranitiJil 

content of 0.009 percent. 

Several areas of abnormal radioactivity have been found in th~ younger 

volcanics. These areas are found along hya.lite-coated shear zones, with or 

without the presence of small amounts of fluorite and calcite. T~ low 
/ 

counter readings and the narrowness of the shear zone~ suggest· that these 

deposits are of little economic value. 

The largest uranium deposit associated w:ith the 'volcanic - roCks is the 

Goodwill, which is located along a wide shallow valley on the west side of the 

main volcanic :mass. This deposit is a replacement in a lens of friable sand-

stone and conglomerate lying between two tuffs in the_ older series of volcanic 

rocks. Exposure.s are extremely poor, and it was not -p.ntil extensive · bulldozing 

began in October that it was possible to determine some of the geologic relation­

ships. · Economically significant deposits are found in two places on the 

Goodwill claims. The best known one is on the west side of the va.JJ.ey where 

• 
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a series of clastic rocks unconformably overlies a compacted cryst,al tuff e 

Starting at the base of the sec-tion on the vall.ey bottom~ these rocks a.re 

sandstone 9 conglomeratep and tuffo The sandstone is a friable rock wit h 

coarse rounded grains o.f clear quartz and dark volcanic ma.ter.ial" In some 

places a matrix o.f fine~grained white ashy ma.terial is present o This ·dxd.t 

has a minimum thickness o.f l1-0 .feet and is overlain by a coarse 1~ to 6-.foot,­

thick conglomerate p 111hich lies on an irregul.ar erosion surfaJce on the sand= 

stoneo The conglomerate has pebbles» cobbles:> and boulders of r onxnded p:ink 

l imestone and latite in a matr:L~ of green fine-grained and com'D.only ashy 

clay., Overlying the conglomerate is a ~rhite fine-grained tuff ·which 

commonly weathers to a clayo 

The first uranium fou..n.d occurs a s a. replacement of the limestone cob­

bles by an un.11amed uranium silicate similar in composition to ura.nophane o 

Pebbles from this conglomerate were found scattered along a. strike length 

of 950 feeto The ura..n.ium in the conglomerate, however, is spotty and of 

little economic significance. The major uranium minerals occur i.n the l.rr:.der­

l ying sandstone., The chief ll.ra.nium mineral appe.:lrs to be beta~n.ra.n.opbn,ne ~ 

some schroeckingerite has also been fm.rrldo Small amounts of uranium occl.rr· 

scattered at various places in the sandstone, but the chief deposit is :in 

an area of about 70 .feet long by at least 50 feet wideo The ownerrs report 

finding ore in a drill hole 60 feet belo·w- the surfaceo The outline of the 

ore body is not readil .y visible and must be determined by counter mea.surer.­

ment so A yello·wi.sh clay, interstitial to the sand grains,. is present in 

some places~ and gives the appearance of rich uranium. ores. Four samples 

taken from this deposih contains from Oo021 to Oo65 percent urani'illllo A 

30-·foot. channel sample across the center o.f the deposit contains:· 0.,51 per­

cent urani.u.mo 
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The second area of economic significance at the Goodwill lies 1,000 

feet south of the first on the opposite side of the valley. The strati­

graphic sequence here is similar to that at the first . deposit. The sandstone 

here~ however, is Qnly about 20 feet thick,. It is underlain by a friable 

crystal tuff similar to the sandstone but having a dense matrix of fine 

white ashy material. It is. believed that the tuff is a relatively unfavor­

able host rock for economically significant uranium deposits because of its 

low porosity. Tne beds at this deposit strike at an angle of 83 degrees from 

those on the west side of the valley. This change in strike most likely 

results from folding or initial dip, although the pos~ibility of faulting 

cannot be ruled out. Here too the uranium occurs in the sandstone under­

lying the conglomerate., E:x:posures are poor but sugge~t that the strongly 

mineralized area does not exceed 50 feet in length and 15 teet in width. 

Geiger counter readings suggest that the grade of ore will be three-quarters 

to one~half of that found at the deposit on the opposite side of the valleyo 

A paper entitled "Uranium in the flu<>rspar deposits of the Thomas Range, 

Utah"; by Mo H. Staa.tz and Fo Wo Osterwald, was published in the Proceedings 

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

Energy. 

Jarbidge, Nevada-Idaho 

by 

R. R. Coats 

During the report period, work on the Jarbidge project,, Nevada-Idaho, 

was principally geologic mapping of the Jarbidge 15-minute quadrangle, but 

including some field study of the distribution of radioactivity in the rhyo­

litic rocks.s; and collecting of samples for laboratory studyo 

• 
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ApproxirrL~tely t :wo·-thirds of the quadrangle . is now ma.ppedo About 70 

square miles was completed in the summero About 9 square miles TAfere mapped 

two formations un.®on.f'orm~bly unde.rly.ing the olde.st rhyolite in the area and 

has permitted the subdivision of this rhyoliteo 

Field study has shown only minor variations in the radioactivity of 

the younger rhyolite 9 but laboratory study has sho'Wll variations as great as 

five=fold in the amount of uranium present in the glassy phases. of successive 

welded tuff f l owso The uranium content of spherulites developed in these 

glassy phases seems tQ . be much more consistento 

The amo1~t of uranium in the glassy rocks ranges from Oo0005 to Oo0025 

percent and the amount of fluorine from Oo066 to Ool05 percent~o This is 

three to nine times as much fluorine as the spherulites that have crystallized 

out from the glasses containo No spherulites in the younger rhyolite seem 

to have more than about OoOOl percent uranium and Oo029 percent fluorineo 

This tends to support the good correlation between uranium and fluorin~ 

found in many parts of the westo 

The app:~.rent loss of uranium from the spherulites 0 or its exclusion from 

them during their crystallization!> suggests that the uranium is, to a consider~ 

able extent~ contained in the glass rather than in the accessories~ such as 

zircon9 that are fo~nd in both glassy phase ar1d spherulitic phaseo 

In the older rhyolite.~> the maxinrwn amounts of fluorine are comparable 

to those in the younger rhyolite.~> but the amounts of uranium seem to be lowero 

This conclusion is quite tentative!> because rocks suitable for sampling and 

analysis are hard to findo 

Resul.ts of spect!-"ographic analysis for other trace element-s have not been 

receivedo 
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A summ.ary of the work don_e through fiscal year 1955 _is inel~ded in 

"Dis.tribution of uranium and certain other trace elements in felsic volc·anic 

rocks of Cenozoic age of the western United States", by Ro R. Goats~ published 

in the Proceedings of the United Nations International Conference on the 

Peaceful Uses of Atomic Energyo 

Boulder Batholith, Montana 

by ' 

G. E. Becraft 

In and adjacent to the Boulder batholith geologic mapping of about 

three 7-1/2 minute quadrangles at a scale of 1:241 000 was completed during 

the report period. A ra.dioaeti vity anomaly was detected al.ong a silicified 

fault zone in ;remnants of pre-batholithic volcanic rocks less than 100 feet 

above the roof of the batholith, at the top of Iron Mountain in see. 5~ 

T() 6 N., R. 6 w. Though more than 100 anomalies have been detected in veins 
·· -· -

and fault zones in the batholith, only- two have been found in veins and fault 

zones in pre-batholithic rocks. The strong preponderance of concentrations 

of uranium in structures that cut batholithic rocks suggests that these roeks 

are more favorable hosts than pre-batholithic rocks. If this is true, there 

is a good pOssibility that the Iron Mountain vein may be considerably- higher iQ 

grade where it cuts the batholithic rocks below the contact. This vein is 

well suited to test this hypothesis, for it is a strong struct .. ure that almost 

certainly cuts batholithic rocks at shallow depth. 

A field study of the uranium deposits in tuffaceous Tertiary sedt-

mentary rocks in the Townsend · and Helena Va.lleys, Montana, shows that 

ur~ium-bearing carbonaceous shale and lignite beds are exposed in s.,everal 

areas i.n the two vall~ys. The greatest number of exposures are in an area 

• 

• 
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of several square miles northeast of Winston in the T'rwnsend Valleyo The 

uranium-bearing beds are in the lovler parl of a thick sequence of Olig•ocene 

sedimentary rocks (Tertiary uni.t 2 of Mert:te.!> FischerD and Hobbs.P 1951» 

U.., So Geol.., Survey Bull.., 972) consisting largely of thin-bedded9 white to 

buff}) pu:r~ and impure t-uffs}) parts of which are altered to bentonite C) 

The uranium deposits[) none of which appea:rs t o be of commercial size an.d 

grade?J have several. features in common~ (1) they are in or adjacent to 

carbonaceous shale or lignite; (2) the shale is i..~terbedded with light-gray 

or whiter; fine-grained tuffs and lapilli tuffs;; (3) the st:ratigraphi.c section 

in the vicinity of the deposits includes bentonite and partly bentoni:?;ed tuff3 

(4) the distri.bution of the uranium in the deposits is erratic~ Many of the 

major valleys in western Montana contain si.milar Tertiary rocks and might 

profitably be prospected for u:r'aniume 

uuranium deposits o.f the Boulder Batholith!> Hontana" I by Ge E (') Becraft S) 

V!ras published in the. Proceedings of the United Nations International Confer~ 

ence on the Peaceful Uses of Atom.ic Ene:rgyo 

Stevens Co·•mty_ ... , V!a.shington 

by 

P. L. \'leis 

Field work during the report period included geologic mapping of approrl·~ 

mat ely 30 squc:~ore miles in the Turtle Lake quadrangle P v.rhich includes the 

lc1idnight mine on the Spokane Ix1dian. Reserva:tion . Geologic reconnaissance has 

also been carried out in other parts of the quadrangle . 

The ~10rk done to date shows that tV!ro phases of· granite a-re present 9 11\Thich 

can be distinguished on the basis of textureD mineralogy~ and radioacti~t.Ltyo 

Five of the six ura..11ium deposits nO'II'! knovm in ·the quadrangle occur at least in 
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t hat are clearly younger than the graniteo Faulting is associated with all 

o.f the uranium deposits~ and may have been a factor in localizing the uraniumo 

Reconnaissance suggests the possibil.i.ty of a major fault trending a.ppro.x.imately 

N. 450 w~ along the Spokane Rivere 

Three groups of soil samples taken across the ore body at the Midnight 

mine have been analyzed spectrographicallyo Interpretation of the analyses 

is incomplete, but a significant association of molybdenum. and uranium can be 

recognized. Molybdenite is associated with uranium at the Midnight mine and 

also at the Spokane Molybdenum mine to the south. 

Minerals thus far identified at the Midnight mine include autunite~ 

uranophane, liebigite, phosphuranylite, metatorbernite, chalcopyrite, pyrite!! 

molybdenite, and pitchblende. Pitchblende was found in one drill core~. from • 
Reconnaissance along the north boundary of tne Turtle Lake quadrangle 

shows that the metasedimentary rocks there are less metamorphosed than those 

farther south, where they are in closer proximity to the granites of the 

Loon Lake batholitho Structure can be worked out with assurance in these less 

metamorphosed sediments, and it appears likely that once structures are worked 

out to the north, they can be traced southward into more highly metamorphosed 

rockso Inspection of the less metamorphosed facies of the sediments also shows 

that they bear a. striking resemblance to Belt sediments known in the Coeur 

d'Alene district, Idaho, about 100 miles to the east. 

Results of the work in Stevens Connty Q.uring the report period suggest 

that additional detailed mapping may contribute significant information on the 

origin and distribution of uranium. and the geologic history of the areao 
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Spokane County~ Washington · 

In connection with the mapping program in Stevens County a investigo_.ti.ons 

have been made in the Mount Spc:>kane area"' Spok~e County. The work included 

mineralogical and geochemical. studies of selected samples of urcm.ium :m.ir1eraJ.s 9 

drill cores PJ and surface waters. A comp.a.rison of radiometric and che;mj_cal 

" analyses suggests that meta.·~-autunite from t.he Daybrea.l( mine in the Mount 

Spokane area .. is too old to be related to recent ground-water circulation., 

Analyses of surface waters show that unusual amounts of uranium can be found 

in surface water over an area of approximately 20 square miles. Some springs 

show ver.y high percentages of uranium in solution. However, it has not yet 

been demonstrated that abnormal. amounts of uranium in surface water are neces­

sarily coincident with the occurrence (!)£ minable ore • 

Kern River axeas California 

by 

E o M o MacKe vet t, 

Field work in the Kern River uranium area consisted of geologic mapping 

of 30 square miles in the southern Sierra Nevada» Kern Cmmty, Ca.liforniap and 

detailed mapping of the Miracle and Kergon mines (fig. 45)~ .the most promising 

uranium deposits within the area.. 

The area is underlain by Cretaceous (?) granitic rocks and pegmatitesb 

except for a small septum. of Late Pa;.leo~oic (?) Kernville series metasedimentary 

rocks in the southeast part. The granitic rocks megascopic ally appear to be 

ma.inly quartz diorite and granodiorite which intrude the 'Kernville series rocks e 

The granitic rocks were subdivided during field mapping into three unitsa 

Contacts between the units are gradational. Pegma.tit.e dikes ran~ing from. 
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a few inches to about 150 feet in thickness and from a few tens of f eet to 

over a mile in strike length cut all the ot her rocks. 

No major faults were found in t he area. although the norther ly-trending 

Kern Canyon fault is a few mile s to the east. firo sets of secondary fractures 

are well developed e One set strikes N. 500 to 80° E. and dips vertically or 

steeply southea.st o The other set strikes N. 150 to 45° W. and dips nearly 

vertically o The fractures are mainly joints but regional tectonic forces 

caused movements on many of t hem as evidenced by slickensides, mullion 

structures 9 and offset dikes . Displacements appear to be mainly strike-slip~ 

the largest measured component is right-lateral for 12 feet on the northwest­

striking ~1iracle shea.r. Most of the di screte fractures cannot be definit ely 

traced on the surface for mor e t han a few hundred feet. Ma~y of them apparently 

gi ve w~ to en echelon f ractures, or project into areas of poor outcrop. 

Most of the known uranium occurrences are along the conjugate f ractures 9 

particularly along the northwest-st riking set. Autunite, the dominant uranilun 

mineral 9 is sporadically dist ributed in the iron-stained fractures as t}oating 

on gouge~ altered granitic rock and pegmatite» and as veinlets cutting ar gillic 

material and altered granitic rock. Where the fractures cut pegm.atites they 

commonly are tight and poor :in uranium minerals. To date, exploration has not 

penetrated unoxidized parts of the fractures. Notable features of the deposi tsp 

with the exception of those at t he Kergon mine, are the lack of common gangue 

minerals and the paucity of wall- rock alteration both in extent and intensity . 

The Kergon deposits are 9 in several respects, unique for the area. They 

are on a 2-·12 foot thick N. 26° E.-trending shear that dips 50° to 600 SE .. ---

a structure difficult to r econcile in the regional pattern. Limonitic and 

argillic alteration are locally conspicuous. The minerals associated with 

autunite include sooty pitchblende (Bowes 9 W. A-.!> oral connnu.nication) p f luo:;t·ite.9 
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ilsemannite~ and black ca"rbon.aceous (?) material, that have not been recognized 

in other lll"anium deposits in the districto 

Numerous minor radioactivity anomalies were found throughout the areao 

These commonly emanate gamma rays at a rate 2 or 3 times that of the back-

ground counto Most anomalies are irregularly distributed along the conjugate 

fractures and probably manifest small~ scatteredD low-grade autunite depositso 

One anomaly is probably due to thorium minerals in a biotite-rich inclusion 

within granitic rock., Other anomalies are caused by sparsely disseminated 

radioactive minerals in pegmatiteso 

Occurrence of uranium in veins and igneous rocks 
I 

by 

Go Jo Neuerburg 

Studies primarily intended to explore the relation between petrok-faphic 

character and the leachability of uranium from igneous rocks, were essentially 

completed., To date~ 202 rocks have been anal~zed in the fashion described 

in TEI-540o These rocks were chosen at random~ as especi~ radioactive~ 

and to determine the uranium contents of a variety of rocks not recorded in 

the literatureo The distribution is~ 22 Magnet Cove, Arkansas alkaline 

plutonic rocks~ 68 anorthosites.?> noritic anorthosites, and titaniferous 

magnetite oresJ 37 granitic rocks 9 including syenites, granites, granodiorites~ 

pegmatites@ aplites$ migmatites and other gneissic granitic rocks; "igneous" 

and ''metamorphicn charnockites.; 2 cordierite gneisses; 17 amphibolites of 

diverse character and originj 6 rhyolite flows and ashes; 1 basalt; 1 trocto-

lite; 6 diabases; 1 cal.calkaline diorite~ 7 alkaline di9rites; 9 spessaritite 

plutonic lamprophyres J and 16 "volcanic lamprophyres11 , including anal. cite 

basalt, monchiquite 9 mirietteFJ and t .rachybasalt., o 

• 

• 
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A.lthough not yet completely evalua.ted:; the data accimillated on these 

specimens" with few exceptions 9· show no eYidence of clear-cut rela;t~ions of 

uranium. contenti' uranitJ.Trl leachabil.ityl) and/or rock solubility t (o petrographic 

charaetero In generalS! .the sympathetic relati.on of ura.nium. to silicon an.d 

pota.ssium. noted within :rn.any groups of genetically related igneous rocks does 

not prevail on comparisons of genetically unrelated and geogra,phica:Lly m.ridel.y 

separated rocks" The uranium content of each rock type 9 for which several 

samples were analyzed~ varies appreciably~ but is most commonly less than 3 to 

4 grams per to no The rhyolitic volcanics and the '~volcanic lt:lmprophyres111 are 

the only two groups which show evidence of having most .frequent values i.n 

excess of 4 grams per tone Appraisal of the urani.um. contents of all sa.mples 

according to freshness and extent of alteration indicates the possibility that. 

metamorphosed and hyd:othermally or deuterically altered rocks generally conta.in 

less uranium. than their fresh_., unaltered equi Yalents $ the uranium content of 

weathered specimens varies 'Widely and shO"ws no consistent beh..a.lrJ..zt1r o Chilled 

borders of otherwise undifferentiated spessartite (the rock type.? n6t the 

garnet of the same name) and diabase intrusives contain slightly :more ur-'an:i:unl 

·than their coarser equivalents from the central · parts of the i.:rJJ ... rusiYes (see 

Dripping Spring quartzite, this volume)o 

With the possible . exception. of the rhyolitic rocks~ which contain 1rery, 

little leachable uranium~ the percent of uranium leached in laboratory pro~ 

cedures from all rocks appears to be of similar magnitude; amounts in excess 

of 40 percent leachable uranium are .uncommon and the greatest number of samples 

yields 5 to 15 percent leachable uraniume Very few of the samples yield<:' 

more than a few tenths of a gram per ton of uranium to ·the leach solut;iono 

Most samples yielding in excess. of 40 percent leachable ura .. niu:m are i.:m:>.luded. 

among those rocks considered t..o be hydrothermally or -deuterieaJ.ly alt:::>.2:"edo 
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There is slight indication that less uranium is leachable from the generally 

more weathered anorthosites of the San Gabriel Mountains, California, than 

from the less weathered anorthosites of the Laramie Range, Wyoming. Fifteen 

samples of granites and ampniboiit~e,s from a drill core from the Front Range, 

ranging :Ln depth from 34 to 1,135 feet, were analyzed and the results indicate 

that the percent of leachable uranium increases with depth, although no systematic 

relation between uranium and depth was noted. Suspic~ons of variable · :ura.~um 

content and uranium leachability in otherwise similar . rocks were confirmed by 

analyses of several pairs of samples collected a few feet apart in uniform 

outcrops in the Laramie Range, W,yoming. 

Thorium analyses were made of 48 samples. The results are of much the 

same character as the uranium results. The thorium-uranium ratios of rock, 

leached residue, and leachate (dissolved rock) proved to be random, ranging 

from less than 1 to more than 40, with a slight concentration of values below 

3.0o Despite the remarkable spread and the presence of only ten Th/U ratios 

(out of 144) between 3 and 4, the average (mean) ratios for the total rock, 

the leached residue, and the leachate were all between 3 and 4. 

Commonly, the leachate has a higher concentration (enrichment) of uranium 

and thorium than the leached res:i,due and the rock as a. whole. Except for the 

st~ongly alkaline rocks, where more commonly the leachate has a lower concen­

tration (depletion) of uranium and thorium than the leached residue and total 

rock, the enrichment of uranium and thorium in the leachate shows no compelling 

correlation with the mineralogic composition of the rocko The proportion .of 

total rock dissolved durip.g leaching shows only crude relation to mine~alogy, 

with two notable exceptions. Alkaline rocks yield 10 to 15 percent substance 

to solt!,tion in most cases, presumably due to the solut;ion of nepheline, pyrite., 

and calcite. Granitic rocks yield uniformly less th~ 1~0 percent of their 

• 
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substance to solutione The other rocks yield from less than 1 percent to 

7 percent in a random pattern_, In view of the fair proportion of rock dis­

solved in all but one rock (syenite ~ Oo0025 percent).9 i.t is most unlikely 

that even large enrichments of uranium in the leacr.ate can be defensibly 

construed as evidence for the occurrence of interstitial uraniumo In one 

rock it is possible to assign all leached uranium to the proportion of dis­

solved apatite~ the uranium content of which had been determineds 

From the results so far obtained and eva.lua.ted, it is e~:rident that the 

solubility o~ uranium in an igneous rock is a function of a complex series 

of geologic processes and events as well as of petrographic character~ vari­

ables which require exp~oration before the possibility of using leachable 

uranium as a guide to ore can be intelligently assessedo Accordinglyc these 

studies are now being oriented toward investigations of the effects of geologic 

processes on uranium solubilityo For this purpose, samples to explore relations 

with depth and thus indirectly with weathering were obtained from Butte!> Mont .. a:na . ., 

and from the Laramie Range, Wyoming; samples to explore the effects of hydro~ 

thermal alteration of igneous rocks with and without accompanying sulfide 

mineralization were obtained from Montana and California; samples to study the 

effects of assimilation and to cast some light on the _ high uranium contents of 

nvolcanic lamprophyres" were collected from Montanaz and samples to further 

elucidate the chilled border effect on uranium contents will be collected 

shortly from Arizonao These studies and the analysis of a group of zeolites 

from near Golden» Colorado, collected to test the possibility of using zeolites 

to trace the movements of uraniferous solutions, are scheduled for completion 

during the next six months • 

Continued testing of analytical procedures resulted in methods for cc\m­

pletely dissolving 4- to 5-gra.m samples of rock crushed only to pra.ss 20 mesb.D 
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thus -obviating chanC"es for error in splitting and pul.veri20ing the residue 

from leaching. At tempts are now-being made t.o increase the proportion of 

sample taken into the phosphor for fluorimetric determination in order to 

increase the nuorimetric readings and thus the sensitivity and accuracy of 

the analyses, especially in those rocks containing less than 1 gram. per ton 

of uranium. As an analytical sidelight of these studies, the eonnn.only 

appreciable enrichment of uranium in lea.chates provides a means for detecting 

uranium in rocks which themselves contain too small a concentration of uranium 

for direct determination. That this approach could be extended to other minor 

elements is indicated by the results of leaching studies made by Harrison 

Brown and his associates at California Institute of Technology-. 

Because sample splitting at the "coarse1t grinds necessary for leaching 

experiments proved unreproducible, studi_es are currently being mad~ to t.est 

the advisability and meaning of analyzing entire samples of rock weighing 

4-5 grams (blocks a.pprox:ilnately 1 cm3)~ neglecting crushing and splitt ing, 

and relating the results only to the volume o.f rock actually analyzed~ 

A paper by G. J. Neuer burg titled "Uranium in igneous rocks of the United 

States of American, -wa.s published in the Proceedings of the United Nations 

International Conference on the Peaceful Uses of Atomic Energy. 
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URANitlli IN CARBONACEOUS ROCKS 

Lignit~ investigations 

Regional synthesis FJ eastern ~1ontcma. and North and South Dakota 

by 

Jo Ro Gill and No M- Denson 

During the repo:.'"ti.ng period vertical controls were obtained on 

the pre-Oligocene erosion surface in southwestern North Dakota,, noTch­

western South Da.kota9 and eastern Montana. The generalized map sho-wing 

the present configuration of this surface (fig. 46), based on m.o:r<!l 

than a thousand control points b relates the location a..nd altit.udes of 

the higher grade ura~ium occurrences to the pre-Oligocene erosion 

surface. All known occurrences are near this surface, which, therefore~ 

is believed to have had a mar~ed influence on the concentration of 

uraniumo 

The gently folded pre-Oligocene erosion surface in the area studied 

has a regional relief of about 2,000 feet and is characterized by an 

average slope of about 12 feet to the mile to the northeast. The erosion 

surface had a. relief of about 100 feet locally~~ At many places the rocks 

beneath this surface are deeply or highly oxidized» and are readily 

recognizable by their pastel shades of red1 yellow 1 and bl--oirffi• Ha.-rdp 

dense quartzite, chert t~ ironstone!' and other resist.::1-11t rock debris are 

common lag constituents developed on the surface prior to deposition 

of the ~rvbite River group., These feat"L'!.res,p inasmuch as they appe,aJ: .. t o 

indicate proximity t o the pre-Oligocene erosion surface, are usef"l}.l 

guides to uranium rrd.neralization. 
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FIGURE 46 PRELIMINARY MAP SHOWING CONFIGURATION OF THE 
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AND THE DAKOTAS 
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Post-Oligocene structural features appear to have had a .signif.ica.nt 

influence on the accumulation of uranium _.of ore gra.de e Structures 

apparently favorable for such concentration are flanks or tro-:.:tghs of 

synclines which are believed to have guided the circulation of miner-

alizing ground watero Examples of such structures are found in the 

Little Badlands IJ Cave Hills» and Slim Buttes areas. Along the axis of 

the Little Badlands syncline in Stark Countyp North Dakota urar.Liferm.1s 

opal and carnotite in clay occur in the Chadron form.ationD while in the. 

southern part of Slim Buttes, Harding County~ South Dakota, significe:1.r1t 

deposits of uraniferous lignite in the Fori Union formation occu~::'" a.lor.g 

the axis of a shallow post-Oligocene syncline (fig. 47). 

A study of known uranium occurrences in the region reveals striking 

similarities and variations. Sem.i.quantitati ve spectrographic a11.alyses 

of the uranium-bearing lignite, and mineralogic and petrographic studies 

of potential source rock.P are in progress. Results of rapid rock 

analysis of potential source rock from the Slim Buttes area are con·-

trasted with similar analysis of rocks from the underlying Fort Urd.on 

formation in table 11. 

Table llo--Average analysesp in percentp of samples from core hole SD-24b 
Mv~ NW~ seco 31, To 18 No, R. 8 E.D Slim Buttes, Harding Co,~ty~ S. Dak. 

Tuffaceous Sandstone Tuffaceous Sandstone 
sandstonez, from sandstone f:roJn 
Arikaree Fort Union Arikaree Fort, Union 

Constit- formation formation Constit- .formation fo:r1na.tion 
uent (10 samples) (3 samples) uent {10. §;§lllJ?les) ..c~-"~ ./ 0 ! ..;l...\..,/1(-

· Si~ 6le3 77.5 K
2
o 3.2 2.9 

Al203 l2.4 11.2 Ti02 0.39 OcJ2 

Fe2o3 2o7 2.1 P205 0.10 0.10 
FeO Oel5 0.16 lvlnO 0.07 0.02 
NgO lo7 0.74 H20 8.4 3.1 
GaO 487 0.45 C02 2.9 (0.05 

Na2o 2.0 1.4 
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Semiquantitative spectrographic .analyses o£ selected samples of · 

or e-grade uranium-bearing lignite from the Dakotas are shown in table 12 Q. 

The samples contain appr eciable amounts of vanadium9 mozybdenum9 

arsenic SJ and the rare earths as well as uraniumc 

Table 1~--Comparison of semiquantitative spectrographic analyses of 
ash from uranium-bearing lignite deposits in North and 
South Dakota 

North Cave Hills 
. Harding County 

Sample from: South Dakota 

Uranium in ash 1.6 
(percent) 

Range (percent) 
10 

5-10 

1-5 

·1-• .5 

,05-,.1 

.005-eOl 

o001-o005 

o0005-.001 

oOOOl-.0005 

Si 

Al, 

Mg 

Mo1 

Ba, 

Zr-~' 

v, 
Pb 

Be 

Ag 

Na, Fe 1 Ca 

K 

Sr, As, Ti 

B 

Ni1 Y, Ca, Cu, 

Rocky Ridge area 
Billings County 
North Dakota 

Si 

Alp P, Ga" Fep 
Mo 

Ea. 

Na, K9 As, Mg, B 

Sr~ Ti 

Li, Zr, Co; Ni, 
Pb, y» M 

Sn,p Ga, Sc, Yb 

Bei Ag 

Killdeer Mt-o . area 
1-fcKenzie County 
North Dakot a 

4o2 

Si, Al 

Fe 

Ca 

K9 l'·fg, Ti 

Ba9 Yl' Na, Nd, 
Ce, La 

Zr 

B, Sr» Pr9 Ni 9 
Yb 9 Gd 9 Mo, Sm9 

V9 Ca, Dy 

Co 9 Mh9 Sc !J Ge9 
Pbl) Ho 

Be 

Ag 
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• A detailed study was made of uraniferous lignite in t he Ludlow 

member of the Fort. Union formation in the southern part of the Slim. 
-

Buttes area (fig. 47), Harding County~ So~th Dak?ta~ St rat.igraphic 

and sample data were collected and a strqeture map was compiled on 

the base of the Miocene rocks to determine the relation of l ocal 

structure to uranium mineraJ.izationo The study indicates that the 

more intensely mineralized beds have several stratigraphic and 

structural features in common. This is . particularly striking at 

localities 1-13 inclusive, 15 and 16 (fige4,~. 

Structural features present in this .area which may effect con- · 

centration of uranium are broad gentle synclines of post-Mi.ocene a.ge 

which may have concentrated the flow of the mineralizing solutionso 

The fault blocks shown in figure 47 are the result of la.n.dsliding • which .took place along topographic highs on the pre·-Oligocene erosi on 

surface prior to the deposition of the Arikaree f ormationo These 

blocks are composed chiefly of Oligocene strata and appear to bear no 

relation to uranium mineralization other than forming possible barriers 

to ground-water circulation. 

At localities 5, 6, 101 and U (fig. 48) lignite and carbonaceous 

shale contain OolO percent or more uraniumo These deposits differ 

from lower grade occurrences at nearby localities because of their 

st ructural and stratigraphic settingse The highly mineralized deposit s 

lie along the axis of a gentle syncline 9 are overlain by soft permeable 

. sa.ndstone 9 and are underlain by cl.:zy- or shaleo They also are closel y 

overlain by the Chadron or .Arikaree formations. Evidently no single 

factor such as structure entirely controls mineralization as can be • 
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seen at lo'cality 16 where a weakly miner~d lignite lies at the axis 

of the ~yncline 9 but there the bed is enclosed in impervious clay. 

Probably' the most important single control is the permeability of the 

rocks directly overlying the receptor beds (lignite) • 

A paper 9 "Uranium-bearing lignite and its relation to volcanic 

tuffs in eastern Montana- and the Dakotas", by N. M. Denson and J ._ R. 
·~ 

GUl, was published in the Proceedings o.f the United Nations Inter-

national Conference on the Peaceful Uses of Atomic Energy. 

Cave Hills, Harding County 1 South Dakota 

by 

R. c. Kepferle and w. A. Chisholm 

Since the discovery of ore-grade lignite in the North Cave Hills 

in - ~954, reas·ons for its occurrence have been sought to facilitate the 

detection of additional deposits o In the search for indicators or 

. guides to ore deposition a structure map was made of the Cave Hills area 

and the·!": principal types of deposits were mapped in detail by plane table 

at a scale of about 1:3600. 

Less than 400 feet of structural relief is pre$ent in the area 

,mapped (fig. 49) and the dips range from .10 to ~00 feet per mile; the 

average is about .30 feet per mile • The regional dip is 40 to 80 feet 

per mile to the northeast into the Willis~on Basin off the east flank 

of the Cedar Creek anticline, the axis of which lies about 5 miles west , 

of the Cave Hills (fig. / 49). Most of the known ore-grade deposits are 

in minor stru.cturaJ. irregularities superimposed on the regional dip . 

of the Fort Union formationo 

• 
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The principal types of deposits stu~ed include the strongly 

mineral.ized areas in the E lignite bed in the Riley Pass area of t he 

North Cave Hills» in the phosphatic mudstone at the Lonesome Pete 

prospect9 and in the earbonace~us mudstone at the Carbonate prospect 9 

in the South Cave Hills (figo 50) 6 

All three occurrences are in the Fort Union formation of Pal~ocene 

age 9 which is locally overlain by tuffaceous rocks o.f Oligocene age o 

The uraniferous lignite deposits Qf the ''E" bed are approximately 

100 feet above the base of the Tongue River member. The two mudstone 

deposits are in the upper part of the Ludlow member6 

Channel samples were taken on 25- to 50-foot centers in all of 

the deposits studied to determine the variation .in uranium content wi·t.h 

lithology e About 500 lignite and mudstone samples were taken~ 

Detailed water sampling in the area shows that the more ur.ani.fer ·-· 

ous waters are adjacent to the ore-grade deposits (fig • . "51)~ · The· wat er ·. 

with the most uranium (2250 parts per billion) "Was from a small pond 

in an exploration pit where meta-autunite occurs as a seeondar,y coat ing 

alo~g bedding planes and cleats in lignite. The waters sampl ed have a 

pH ranging from 7 64 to 9 e 6; the average is about 8.2. 

Ground water is believed to be the vehicle of emplacement of t he 

uranium in the lignite and mudstone deposits. The ground water con-

ditions 9 that is the zones of saturation and aeration9 at the t ime of 

emplacement appear to have been largely controlled by the distance be-

low the pre-Oligocene erosion surface~ and the porosi·ty ~ permeability 9 

and st:ructure of the rocks directly below this surfa.ee., The position 

of this erosion surface over much of the area must be left l argely to 

inference because most of the late Tertiary rocks in the Cave Hills 

area have been removed by erosione 

• 
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The high-grade deposits of uranium 1ri l:i,gnit'e haYe not} prtY\Ted 

to be as extensive as first surmised because of the lenticularity o:f 

the beds and the spotty character of mineralizatione The mineralized 

''E" lignite bed is generally less than 2 feet thick and may pinch ou:c 

to a mere carbonaceous streak within half a mile & Throughout most, of 

the area examined in detail the nwr bed appears to consist mainly of 

detrital coal with an adm..ix:ture of silty sand and clay, and even where 

under- ·'as much as __ 80 feet of cover P appears to be highly weathered.. 

The ore bodies within the nEtt bed are irregularly elongate wit,h a 

maximum. known length of about 1»000 feet and a width of a.s much as 

700 feet. Ur~~ium minerals reported in the lignite include ~ut~nite, 

- torbernite, and zeunerite (Gill, TEI-540). In the higher grad.•8 t_)art.s 

of deposits, those containing 4 ± percent uranium, the u.Y"e:du.m ma;y· 

occur :Ln. the lignite in the form of ura..rrl.nite. Much of the uraniuntv 

however 9 is in an unidentifiable forme. The grade of a lo3-foot ~.~hc;J.nnel 

sample containing as much as 3 $8 _per_cent uranium 1f/as increased to 14e 7 
·'• 

·percent by ashing. The ash content C:)f surface samples of the P-tE!~ bed 

generally ranges from 20 to 45 percent and averages about 33 percerrt o 

Nearly all the samples are out of equilibritun in favor of chemical 
1' 

uranium11 generally by a factor of 200 to 300 percent. As · much as 0.5 

percent molybdenum and 0&9 percent arsenic have been reported from the 

Riley Pass area. 

The ura...."1ium in the mildly uraniferous carbonaceous mudst.one at 

the Carbonate prospect appears to have been concentrated locally by 

ground water passing through -vertical sa.n.dstone dikes o Because of 

the lack of permeability of the mudstone~ high-grade ma.terial. dorss 

not extend laterally more tha.ll a foot from the dikes. A seconda:cy 



uranium mineral9 tentatively identified as autunite, appears as a 

fracture coating on some of the more uraniferous mudstone o 

Preliminary analyses indicate that much of the uranium in the 

phosphatic mudstone ore at the Lonesome Pete prospect is closely 

associated with abundant analcite and apatite (Virgin» W o and st. one» 

JQ~ written communication)o A marine origin for the phosphate is 

suggested by fossil remains -tentatively ic;lent:i.fied as marine sharks 

in an overlying sandstone e The phosphate and the sandston:e·-With shark 

r~mains could easily be tongues of the marine Cannonball member of the 

Fort Union formation which has been mapped within 15 miles of the 

eastern boundary of the area (Winchester, U. So G. S. Bulletin 627) o 

Features that may control: the localization of uranium in the Cave 

Hills area are~ (1) structural irregularities iJ:n,posed on a low 

regional dip; (2) high porosity in rocks o.verlying receptor beds 
. -

(lignite 9 phosphatic mudstone, or carbonaceous mudstone); (3) areas 

of higher porosity of receptor beds to uranium resulting from 

weathering prior to or during mineralization; and (4) impermeable 

clays, siltstone9 and sandstone directly below receptor beds that 

might impede downward migration and introduce lateral. migration of 

mineralizing solutions o 

· Features which are thought to indicate the :gresence of uranium 

occurrences are~ (l) orthoquartzite in beds and as surface debris-

common in the vicinity of ore deposits o The importance of this feature 

is thought to lie chiefly in the fact that it supports some of the 

higher hills, thereby preserving the mineralized beds from erosion; 

(2) the various hues of red staining in the topographically high rocks; 
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and (3) the presence of analcite. The laS,t .:two features are thO'ught 

to be directly related to the pre-Oligocene unconformity. 

Coal petrology­

by 

J. M. SchopfD R., J. Gr~ and B. D. Middleton 

Two sets of high-grade uranium-bearing lignite samples from 

Harding Co1.mty ~ S. Dakotail were studied in the laboratory. About 

8 feet of core 9 including highly uraniferous coal and associated 

strata9 from a uranium deposit in the North Cave -Hills (sec . 269 

T • 22 N. ~' R. 5 Eo) 11 and t·wo large blocks 1 representing a nearly com--, 

plete column sample of unweathered uraniferous ccu:U from an open pit~ 

in the southern Slim Buttes (sec. 2, T. 16 N., R. 8 E e), were E::fXl:Ul1.i:t1ed o 

Lithologic sections of this material are illustrated in figure 52 o 

The results of radioactivity determinations (pulses per minute per 

gra.m) from samples of this material are shown graphica.lly in the 

same illustration., 

Noteworthy irregularity is evident in ·the distribution of radio·­

acti vity ~ and chemical analyses of the core samples show that a good 

general correlation exists between total rad.ioa.cti vity and the amount 

of uranium present~ Chemical analyses have not yet been receive~ for 

samples from the column specimen. The three high peaks of radio­

activity from the core samples correspond, respectively-, with 0.11 

percent.!) Oell percent, and 0.17 percent uranium in the coal. The 

intermediate peaks correspond~ on the average, with about 0.023 per­

cent uranium; the samples showing lowest radioactivity average about 

0 o005 percent uranium.. All values given are for samples of coal :in 

dry condition. 
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Spectrographic results on t he suite of core samples show unusually 

large amounts of potassium~ ranging up to about 3 percent (dr,y basis) 

in samples 9, J2~ 29 and .31~ Samples including trJ.s much potassium 

do not seem to show an.y greater variation in radioactivity than those 

low in potassium, when t he measurements are made on coarsely crushed 

samples in a cup-mounted Geiger tube. 

Preliminar.y microscopic studies of thin sections prepared from 

the core and column samples show that analcite spherulites are present 

in the coal and some of the associated cl~s. These do not seem to be 

direct (in situ) alteration products of volcanic ash, but appear to 

have been introduced secondarily in solution during late diagenesis 

when compaction of plant material and cl~ was nearly complete • 

Carbonaceous rock investigations 

Midcontinent Devonian shale 

by 

E. R. Landis 
; 

j 
~ 
\ 

During the report period a study of the Chattanooga shale in 

Kansas was made, using chief~ radioactivity logs. The Chattanooga 

shale does not crop out in the state, but is exposed to the southeast 

in Oklahoma~ Arkansas and Missouri. In the subsurface in Kansas the 

formation ranges from a knife edge to 250 feet in thickness. In the 

southern part of the state it consists chiefly of dark-gray and black 

bituminous shale that changes progressively to the north to light-

grey- and light-green shale; in the northern part of Kansas it consists 

almost wholly of non-bituminous,!) light-colored shale. 



Locality No.8 
T. C. J~hq~on .Estate 
Show 8 No. I 

sw V4sec. 20, 'T.t9S.,R.IW. 
McPherson County 

I 2 

·240' MOe 

Locality No.2 
Atlantic Refinino Co. 
Marshall No.I 
NW 1/4 sec.51T. 335., R.3W. 
Sumner Co...rty 

Locality No. 9 
Cooperative Refinino Assn. 
Johnson No.I 
NE IJ4sdc. 30, t IBS.,R.2W. 
McPherson County 

IOml 

Locality No. 3 
Westgate and Greenland Oil Co. 
Davis No. tO 
sw Y4S8C.31,T. 2:7S.,R.4W 
Sedgwick County 

LocolityNo. IO 
Bay PetroleumCo_rp. 
FoberberQ No.I 
NW 1/4sec.8, T.I7S.,R.3W. 

McPhers~ County 
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Locality No.4 
Phillips Petroteum Co. 
Cooleys No.2 
NE ~4&eC.33~T. 25S.,R.4W 
Reno County 

Locality No.JI 
Atlantic RefininQ Co. 
Swen11on No.I 
SE 1/4 sec. 30, t 16$.,R. 3 W. 
Saline County 

Locality No.~s 

Cooperative Refinin;Assn. 
Sobin No.5 . 
NE , Lf4S8C.I3~ t 235., R.4 W. 
Reno<;:ounly 

Locality No: t2 
Fronco-Cen1rol0il Co. 
Kelly Np.2 
SW .'I4sec.2, T.I6S.,R.4W. 

Soline County 

Locality No.6 
• Brunson Drilling Co. 

Frontz No.I 
NW ~sec.30,T. 22S.,R3W. 
Ha~vey County 

Locality No.l3 
Brock Oil Co. 
Commerford No.2 
SW If• sec.l3, T.I5S.,R.3W. 
Saline County 

LoCality Nd.7 
ContinentoiOirCo . 
Boe-c:hner'A" No.2 
NW ~sec.28~t 21S.,R.IW. 
McPherson COU'Ity 
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~I! ~wtth~,::;, :S shale 

g i ·=.~ik>col~ -~ ~ 
Viola limestone 

'~ 
Simpson ~roup 

~ FIGURE 5 )' GAMMA-~AY LOGS OF CHATTANOOGA SHALE IN EASTERN KANSAS 

ttf.· ; 

In Kansas the Chattanooga sha.le 9 which is of 1?-t.e De.N:o,wi.~ or ea'r.ly 

Mississippian age 9 lies unconformably on rocks ranging in age from Ordovician 

t o Devoniano 
; ) 

In most of the state t he Chattanooga srtale is overlain by r ocks 

of Mississippian :,.age~ but d .e t o post=lYiississippian pre-PennsjT'lvanian erosicn 9 . 

it is overla'in by rocks of Pennsylvanian age in several '.'Smala .. areas near t he 

center and along t he west ern margin of the stateo 

Figure 54 shows t he loc,ations of wells. in . Kansas that have been used in 

t he ga.rnma- ray log stttciy IY and al.:so shows the approximate thickness of the 

Chattanooga shale prior to subsequent erosiono In general the Chattanooga 

in Kansas exhibits a radioactivit y in t he gamma;_ ray .logs of from 0 o004 to 

0 o005 percent eU up to a maximum of Oo014 perqent eU o The equivalent uranium 

• 

• 
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values were calculated by use of the ratio~ a one·-inch deflecrt.ion on. 

a ten-inch sensitivity index on Lane Wells gamma-r8¥ logs .is equ..u t o 

about Oo0007 percent equivalent uraniume Chemical uranium analyses 

of subsurface samples will be Il'Jade to verify this ratio as applied to 

the Chattanooga shale o 

. The Chattanooga. in Kansas generally is most radioactive in areas 

where t he original thickness o:f the .formation was l~ss than 100 feet. 
! ···1.": ·,;'1.,..~::.:,.~-:~!-:~:;; ·:::;"'' 

This suggests that the rate of deposition eDrled some control over 

the amount of radioactive material present o 

Figu.:re 54 shows significant portions of selected gaurnr!i3.-ray l ogs 

in the south-central pa.:,~ of the area of investigationo These l ogs 

show that the basal part of the Chattanooga shale near the sta:te 

boWJ.dary of south-central Kansas is much more radioactive than the 

upper part and that the peak radioactivity is consistently located 

near the base of the formation . To the nort.h the difference Ln. radio-

activity of individual parts of the Chattanooga shale is greatly l essened 

and the peak radioactivity shown on the log is inconsistent in its 

stra.ti~aphio location in the formation. In this a.rea the Chattanooga 

shale is reported to comprise a basal sequence of black shale that. 

thins norlhward9 overlain by a dark-gray shale and gray shale sequence 

that thickens northward~ 

In eastern and southeastern Kansas the lolifer.most part of the 

Chattanooga shale is also consistently the most radioaotiveo Somis 

black shale is reporlecLcy present at the base of the for:m.ation in 

southeastern Kansas 9 but to the north it is reported to consist 

largely of dark-gTa,y and gray shale with no bla.ck shale present~ The 

Chattanooga shale of Kansas seems to increase in radioactivity9 &~d 

presumably uranium content 9 in a. south and southe,astward direction. 
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EXPLANATION 

00.,.4 
··.. Locality of gommo.:.roy log 

Shown on figure 

e4 
Local.ity of other gamma-roy logs 
Not shown on figure 

The ploin number is the maximum 
eq·uivolent uranium content in 
thousandths of o percent calculated 
from the gamma- roy log using 
the ratio : one inch of deflection 
on o ten inch sensitivity scale 
equals 0 .0007 % eU. 
E11omple: 4 indicates o maximum 
equivalent uranium content of 
0.004 percent. 
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Midcontinent Pennsylvanian shales 

by 

H. J. Hyden and Walter Dan:ilch.ik 

An investigation of the distribution of uranium and other metal.s 

in Pennsylvanian rocks of the Midcontinent was initiated in July 195 5. 

As a first step9 reports of uranium concentrations and other radio­

active anomalies (including gamma-ray logs) i..n. Pennsylvanian rocks 

were gathered and catalogued.. These included reports on uraniferous 

black shales; on abnor.m.ally high uranium contents in asphalts; a.nd 

on the high radioactivity of the oils and waters produced from the 

Nowata and other fields in Oklahomao The ult:imate objective to be 

gained from the synthesis of data from previous reports and field work 

of this project is to discover geological and geochemical controls for 

the st·ratigraphic and geographic distribution of uranium in the area 

investigatedo 

Area of investigation 

Rocks of Pennsylvanian age in the Midcontinent crop out in a belt 

bordering the Ozark dome that trends from central Arkansas into eastern 

Oklahoma and north-northeast through eastern Kansas and western M:i.ssouri 

into Nebraska and Iowa. 

Rocks of the Des Moines series 9 which includes the Ma.rmaton an.d 

Cherokee groups in northeastern Oklahoma and southeastern Kansas, were 

selected for initial field investigations (fig. 55)~ These rocks strike 

generally north--northeast D and the regioqal dip is westward 25 to 50 

feet per mile. The area ha.s a rolling, low relief" with gentle north­

northeast trending cuestas capped by sar1dstone or limestone and separated 
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·i EXPLANAT'I ON 
Blaek shale ~ phospnaL.i.c nodulesJ> and/or l 

coal collected by authors¢ 
Black shale;;; and/or nodules collected I 
by previous workers & 

• .005 Upper number or on.1y number" is %U in I 
t:~~ nodules (~ if missing) o I 

~ Lm..rer number is %U in shale {I> 

• ·:Asphalt & Number i s %U in ash o 
X · ·Crude oil and oil field v.ra ter collected 

i .; by authors <~ 
-----

1
1ine ·of sample s representing composite 

sectiono 

• 

KANSAS 

--.-------

• • 
.07 ~ 

. -.· .003 .01~\~ 
......... 0\3 •• 

-- ....... ....!... 
l --........., 
\ ....... 

• 

' ........ 
:R~+) -. 

I 
i • . oht, • 

•• 005 

•
. 021 
.OOB 

,--------) 

i KANSAS t 
I_: ~-:;----1 

l OI<.L~\..\Oti\A I 
-\.... ~ . ... , .._,.--- - :-'--~ 

Inde~ Map 

I 
I 

I 
I 
\ 

\ 
\ 

\ 

\ 

F~iguJt"e 5~ Map of northeastern Oklahoma and southeastern Kansas shewing 
ln)rc:a litie s where samples from Pennsylvanian rocks have been col:lected e 
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by shale lowlands a Exposure.s of shale are generaJJ..y confined to 

This area is considersd to haw been a shelf area for the 

Pennsylvanian sediments which thicken toward the McAlester Ba.si.n to 

th-e south and toward the Forrest City Basin on the north. The Bourbon 

arch which trends west-northwest across southeastern Kan.sa.s is th® 

approximate line of minimum thickness o.f these sediments e 

'l'he dominant lithology- of the Pennsylvanian sediments of this 

area is a dark gray ol~ shale with abundant siderite concretionse 

Also present are thin~ persistent fossiliferous marine limestones; 

hard fissile bituminous black shales with phosphatic nodules~ f1~sh 

water limestones~ sandstones which in places occu.:gy channels into the 

underlying rocks; soft fossiliferous black shales; and coals. These 

different lithologies gener~ ~-e repeated in a cyclical manner in 

vertical sequeneeo A complete set of these repeating units represents 

a pulsation of sea levelj} and includes both .marine and continental 

sediments~ 

Pennsylvanian rocks of all lithologic typc~s were field chec;ked 

radiometric~; however~ wlth the exception of a few coals, only black 

bituminous shales were found to be appreciably radioactive. Numerous 

black shalesp many containing phosphatic nodules 9 are present in the 

Des Moines series9 those in and immediately below the M,ar.maton group, 

the upper group of the Des Moines» are mlldly radioactive and most 

persistent o 

Samples were collected for laboratorJ study and analysis from 

most of the black shale units in the Des Mc;in.es series near five 

different lines of section about 35 miles a.pa...1""t ( fig. 55)o _ Because the 
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Excello shale$) the uppermost unit of the Cherokee group~ is the most 

persistent of the more highly rad~oactive black shales 9 it was sampled 

at 14 localities. The Lake Neosho and Little Osage shales of the 

Marnta.ton "group; and the shale underlying the Verdigris (or Ardmore) 

liJnestone of the upper part of the Cherokee grot1.p were also sampled 

at many ~ocallties& A small number of shale samples from Pennsylvanian 

rooks yOttngeJ» than Des Moines ~ as 'Well as a few eoai samples 9 and one 

sample of asphaltic sandstone, were also collected for an~siso 

'I,'alDJ..e 13 shQW'S anaJ_yt,ical data available at this time for a. group 

Of S~ples 1 which COnstitute a part Of the . SOUthernmost c'omposite 

seotiono These data confirm previous reports that the uranium in 

black shale is concentrated in the phosphate nodules. However, the 

presen~e of uranium in the shales themselve-s should be noted. Sample 

noo ~ 4~ a channel sample including both shale and phosphate.9 cont<Sjns 

an interestingly high uranium contento Ta,b.le 13 .also shows that .f'or 

the given group of samples the black shales capped by limestones a:!'\9 

general.ly slightly more uraniferous than the blaqck shal.es capped by 

sandstones; and that the uranium in the black shal.es capped by lime­

stones is closer to equilibrium than the uranium in the black shales 

capped by /sandstones o 

Nowata oil field 

In order to investigate the origin and distribution of uranium 

and radium in the Nowata oil field, samples of oil, brine~ injection 

water and produced water were collected at different localities in 

the field (fig. 55). In all1 11 samples of crude oil, 20 samples of 

water .and four samples of detergent additives for the injection water 

• 
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were taken for chemical and spectrographtc analyses~ Se1reral drill cores 

were also collected .for field and laboratory study. Asphaltic m-aterial w.d 

black shue lying innnediately below the oi.l·~producing s,~,ndstone. are being 

investigated as possible sources of the radium L~ the brinee 

Table 13() Uranium and equivalent. urMium content of 
black shales and associated phosphate nodules r; 
southeastern Kansas a~d northeastern Oklahoma 

(Lithologic units in order . of natu:ral superposition) 

Uranium 
Lith<:>logic in sh,ue 

Phosphate 
Nodules 

Name of unit Series Gro¥.E_ AsscH~iat~ ..... • o_n_...· ___ .J(~ %u %eu %u 
(Unnamed sh.) Missouri Pleasant ~1erLies Checker- .004 

~ board ss. 
Little Osage Des Moines Marmaton Lies between two .004 

Excello sho 
.(Unnamed sho) 

n 

n 
n 

u 
n 

n 
n 

ls .• 
Cherokee Capped by a lso 

n Capped by Verdi-
g:Ls lso 
Capped by Taf't 
SSe 

Capped by Tiawah 
lso 
Gapped by SSo 

Capped by Little 
Cab:in SSo 

.-- .002 

.004 
o002 

!/. Data from previous investigationo 
g( Channel sample included both shale and phosphate nodules. 

Permian and Triassic sediments of' 

Northern Texas and Southern Oklahoma 

by 

D. Hoyle Eargle and Ee Jo NcKay 

.003 

.002.5 

.0052 I 
o0106f 

.0005 

.002 

.0005 

l .1oab 

~009 

The uranium. localitie's of the Red River region of northern Texas and 

southern Oklahoma. are in Permian and Triassic red-bed sediment~77 rocks that are 

1 '/ .os:=i' 

oOOB2 

• generally thick and distinguishable only as groups. Cor-.relati ve groups to the 

north in Oklahoma and ·to the south in Texas are divisible i..'1to formations chiefly 
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because of fossiliferous limestone units in the section, and because of 

other lithologic distinctions that are not present in the Red River region. 

Unit s having uraniferous rocks in the Red River region are being mapped in 
-· ' I 

reconnaissance and correlated with known stratigraphic units to the south 

and with the groups and formations shown on the geologic map of Oklahoma. 

(Iliserl> 1954). The present work includes ·field checking of reported uranium 

finds and determining their stratigraphic positions, a.s weU as the gamma-

ray logging of selected oil and water wells and test holes 9 and correlation 

of radioactive beds shown on commercial· gamma-racy- logs. 

The genera.l geology of the area and the position or ·lmown uranium. 

localities are shown on figure ::56. The principal stratigraphic divisions 

of the region, as recognized in Texas and Oklahoma., and the general type of 

U'I"anium occurrences in each of the divisions are shown in table / 14. 

The Wiehita formation in northern Texas and southwestern Oklahoma consists 

chiefly of red shale containing lenticular beds of sandstone. Near the Wichita 

Mountains, which consist chieflY of Precambrian red granite and are believed 

to have been a major source o.:r the . sediments, the greater part. of the Wichita 

formation is arkosic conglomerate. Farther from the mountains tongues of 

arkosic coarse sand extend outward into red shale, and the sand becomes finer 

grained and the beds more sheetlike in character with increasing distance 

from the mountains • Iii the vicinity of Red River, the sandstone beds average 

10 to 15 feet in thickness and may- be traced for seve raJ. miles~ but some are , 

ch.rumel sands 50 to 60 feet thick and a few hundred feet wide. One sandstone 

bed, or sequence of channel-filling len5es1 near the top o! the Wichita · 

formation9 has been term.ed9 in Oklahoma, the "t" bed, or the Ryan sandstone., 

and oon:sists of strongly crossbedded to thinly laminated carbonaceous arkosic 

sandstoneo It is a.bnormaJ.ly radioactive near its base :in many places9 chiefly 

• 

• 

• 
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Table'. .14 o Types of uranium oc~urrenees in northern 
Tens and so·uthern Oklaho:m.a 

Age 

Post-Triassic 

Triassic 

Permian 

Pennsylvanian 

Southwestern Oklahoma. 
(MiserS) 1954) 

Ogallala formation 
(Tertiary) and 
Pleistocene deposits 

(Not present) 

Quartermaster 
formation 

Cloud Chief 
formation 

Whitehorse group 
(Dog Creek sha.le 
(Blaine gypsum . 
(Flower Pot shale 
(Duncan sandstone 

Hennessey shale 

Wichita formation, 
includes, near top, 
"t':' bed, and at base» 
Post Oak conglomerate 

Vanoss formation 

Northern Texas 
(Darton and 
other~s, 19.37) 

Ogallala .formation 
(Tertia.ry) and 
Pleistocene deposits 

Dockum group1 un­
differentiated 

Quartermaster 
forma.tion 

Cloud Ghief 
8:;yp:smu. '' ~·· ' 

Whitehorse group 
Dog Creek shale 
Blaine gypsum 

San Angelo sandstone 
Clear Fork group, 
undifferentiated 

Wichita formation 
(group divi·sible 

· into for.mations to 
the south, and in­
cludes limestone, 
shale, and sand­
stone members) 
Cisco group 

Type of 
occurrence 

A few reported 
occurrences of 
uranium minerals in 
caliche. 
Radioactive cross­
bedded carbonaceous 
conglomerate and 
sa.ndstoneo 
Thin beds of ra.dio­
active carbonaceous 
sandstone() 
Uranium minerals in 
thin beds of .s.and­
stone ar1d silt. stone. 
None reported 

n n 
n u 

n n 
Uranium minerals in 
bituminous(?) nod~ 
ules in oli ve-gra.y 
claystone. 
Channel deposi~s of 
erossbedded carbon­
aceous smmstone 
containing uranium 
and copper minerals 
near base. 

None reported. 

in ~he ~vicinity- of· ·Red' Ri wr £) .':and ·· loo~ ·· contains·-eopper and:. urariium 

minerals, abundant plant fragments~ and clay pebbles. The correlative position 

of this sandstone in Texas is appro:x:i.ma.tely the Coleman Junction limestone, and 

in central and ..northern Oklahoma, the Garber sandstone. 

The Wichita £ormation is underlain by the Pennsylvanian Vanoss formation 

in Oklahoma, and by the Cisco group in north-central Texas 1 but rocks of this 

•• 

• 

• 
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age do not crop out in the Red River areao The thickness of Jc,he Wichita is 

about 2,000 feet in wells down the cLip~ but is slight:cy les·s towa.rd th@ out~ 

crop$ and considerably less over the higher buried st.t'Uctu.r~s Era<Jh ta.<5 the 

Electra arch. The Wichit.a. formation in northern Texas and southwestern 

Oklahoma. is correlative With the Garber sandstone 1 Wellington formation, .and 

t he upper part of the Pontotoc group of central and northern Oklahoma. 

The Clear Fork group, undifferentiated~ of Texa..'3.9 and its correlative, 

t he Hennessey shale of Oklahama9 consist chiefly of red shale and thin beds 

of light-gray t~ olive sha.le. Near the top o:f' this unit in a few pla.c~s, 

soft dark bituminous(?) nodules a.n inch or less in diameter containing yellow 

uranium minerals are sparsely distributed through a. thin bed of pale-oil ve 

claystone~ The maximum thickness of the Clear Fork group is about 1,200 feet • 

Down dip to the west, this group, as well as the underlying ~iichita. f ormation, 

consists of evaporites, red shales~ a.nd dolomite. 

The San Angelo sandstone lies unconformably on., and partly overla,ps,. the 

sedimentary rocks of the Clear Fork group and its correlative in Okli~_om!;j,p 

t he Hennessey shaJ.e 8 It is a. pale-gr(\)1" cross bedded sandstone th.at a"'.r~:1"ag1t=Js 

les s than 100 feet in thickness near Red River., The correlative of the Sru1 

Angel o in Oklahoma is the Duncan sandstone i) Numerous deposits of sedimentary 

copper have been f ound in this and the immediately overlying f o:r"lllations, but 

none of them have been found to be radioactive. The San Angelo-Duncan sand­

stone is overlain by the Flower Pot shale, the Blaine gypsum, and the Dog 

Creek shaJ.e., in which no radioactive deposits have been repor-1:-ede These 

formations constitute the El Reno group of Oklahoma. 

No uranium localities have been reported from the Whitehorse grou.p of 

Oklahoma and the Whitehorse sandstone of Texas c This unit consists chiefly 

of red sandstone and gypsi.ferous red shal.e. 
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In the Cloud Chief for:m.ation~ consisting chiefly of gypsife:rous red 

shale and thin beds of sandstone!) high · radioaeti rlty and yellow uranium 

minerals have been reported from several lo<lalities in western Oklahoma 

near Clinto41 . and Elk City. The minerals are disseminated in th:i.nly laminated 

oil ve-gray clayey very fine sandstone and siltstone» enclosed by reddish­

brown gypsiferous shale o 

Near the base of the Quart.erma.ster, fo:r.tnation in western Oklahoma., 

especially west of Cheyenne 9 high radioaeti vity is found in~ thin beds of 

yellow to gray sandstone~ enclosed by red shaJ.se In these regions., local 

caving-in of surface rocks, associated with leadhing-out of gypsum. at depth, 

has produced high dips and false structures8 and makes tracing and correlation 

of the beds difficult. Structure in sandstone beds that axe ttquifers ~ 

provide loeaJ. controls of uranium concentration in this region. 

Ext,ensi ve exploration of highly ra.dioacti ve zones near the base of the 

Triassic Dockum group in the Quitaque area9 Briscoe County,, Texas 9 is being 

ea.rried on by private operators. F!ere, cross bedded pale-red to gra:y micaceous 

sandstone contains abundant radioactive fragments of plant matter and ol~ 

pellets. The basal conglomerate of the Triassic is here about 50 feet thick 

and grades i+J'Ward into red . and variegated shale lying beneath the "Cap rock'' 

caliche of the Ogallala ·formation of the High Plains& 

• 

• 

• 
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Uraniferous zones in the Green River formation~ southwestern wyoming 

by 

J. D. Love 

Four low-grade uraniferous zones in the Laney shale tongue (including 

at the base the lateral vestiges of the Cathedral Bluffs tongue) of the Green 

River ·formation were identified and sampled during October and November 195.5p 

along the west side of the Rock Springs upl.ifi. »: southwestern Wyoming o The 

lowest stratigra.phica.ll.y and most ra.dioa.cti ve of these zones is a slab by 

slightly calcareous gra:y shale interbedded with ferruginous sandstones and 

siltstones between 10 and 25 feet above the top of the Tipton tongu.eo The 

maximum analysis obtained to date is 0.15 percent U for a .3-inch bed, and 

Oo041 percent U for 21.5 inches of shale within the center of the zoneo The 

zone was recognized along an outcrop distmce of more than 90 miles. 

A second radioactive zone is a dark green blocky cl~stone between 60 

and 65 feet above the Tipton tongue. Samples from one foot of section contain 

from 0.009 to 0.020 percent eU. A 3-inch brown oil sha.le 44 to 55 feet a.bove 

the second zone contains from 0.003 to 0.020 percent eUo A fourth zone is a 
'!. 
I'• 
'. \ 

dark green cl~stone about 185 f'set above the thin radioaeti ve oil shale J> and 

contains Oo007 to 0.008 percent eU in a one-foot interval.o 

At depths of 1 to 3 feet; the uranium content of the lowest zone is 

moderately close to being in equilibrium. Erratic surface radioactivity is 

thought to be, in part .\ at least, the result of surface leaching. No uranium 
i 

mineral was observed megasaopica.lly, even in the l.qers containing 0.15 percent 

u. The uraniferous zones and · the rooks both above and below them have very 

little porosity or permeability so it is possible that the uranilllJl ~ have 

been deposited along with the Laney sediments. 
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Ma'fl.ri~e DeUl and Ic A~ Brege.r 

· Experiments to determine the mode,. o£ occurrence of' uranium in the 

Chattanooga shale were eompletecL, Some of the.se data were reported in 

previous semiannual reports but a more positive interpretation can be made 

at this time. It can now be· definitely stated that regardl:ess of the man-

, ner or degree of' mechanical reduction in size,b the fine·st 'Sized fraction 

of shale separated contains the greatest eoneentr-ation of uranium& This 
/ .-

is illustrated in figure .. ~ :57 where the data are plotted for the carbon and 

uraniu,m. content of stibsieve fractions obtained by air e1utriation from the 

pulverized shale e, 

In figure 57 ~he· lower curves, A, are for subsieve size fractions from 

a head sample of original shale ground to pass a 44 micron screen and whioh 

assqs 1.3 () 7 percent carbon and 0.009 percent U c The upper curves~ B0 are 

for subsieve size fractions from a sha.le separate previously concentrated 

by separation of an ext,rem.ely fine size collected from an air jet pul.v<&rized 

as a ''smoke''; this sample, which was composed of particles of about Oel mieron 

. in siz.eg contained l9o4 percent carbon and Oo0129 percent Uo From these curves 

it is evident that the finest sized frao~ions are enriched in uranium as well 

as in carbono Although a rough correlation of uranium and carbon exists9 

from these data it does not appear that the uranium content is a simple 

function of' the carbon content. 

Figure 58 shows the composition of the mineral.9 organic 9 and inter- . 

mediate fra,ctions from three diff-erent experiment's in the fractionation of 

Chattanooga shale to obtain separation and concentration of shale componentso 

• 

• 

• 
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All three experiments wer~ performed on splits of the original shale which 

contains Oo009 percent U and l 3e7 pert~ent carbon. The mineral fractions 

frQm all these separations are represented by the lower left points of the 

triangles 9 the organic fra~tions by the lower right points of the triangles, 

and the intermediate or middlings fractions are represented by the apices of 

the triangleso 

Analysis of these d~tta l~ads to oertai.n conclusions of fundamental 

importance o There are g 

1) The mineral~rich and orga:r1ic~rich end members from each experiment 

are not enriched in ur&nium.o 

2) Uranium is concentrated in the middl:lngs fr~a.ction. 

3) The greatest con~entration of uranium is in the middlings fraction 

of the shale ground for the longest period of time • 

The increase in carbon content of the m!ddlings fraction is believed 

to be a. function of the grinding time with consequent reduction of the organic 

material to colloidal sizes which are not readily separable. other experiments 

demonstrated that for a given organic-rich or m.ineral.-rich concentrate a 

second fractionation yields cleaner end fractions each of which is lower in 

uranium content than the preliminary concentrate o Thus a fraction containing 

48o8 percent carbon contained only Oo0045 percent Uo 

Uranium in MQh:altite and petroleum 

by 

Ao To :Myers 

In the last six months tJ 270 chemical deter.minations were completed on 

166 sa;mpleso In addition.!' 6~060 semiquantitative and lll quantitative 

spectrographic determinations ~re completed on 138 samples. Distribution 
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of che~cal determinations by sample type and constituent is shown in 

t able l5e . 

Table 15- Distribution of asphaltite and petroleum samples by 
sample type and constituten.t 

Sample Type 

Crude oil 
Petroliferous rocks 
Asphaltite 
other y 

Constituent 

Oil l/ 
Ash {of oil) 
U in ash 
uJ} 
Carbon 
eU 

Total 

No<t o:f Sa.moles 

120 
10 
11 
-~ 
~ 

No. of Determinations 

Total 

10 
100 
142 
16 

1 
l 

270 

!/ Includes oil well brine~- filter sands~ marine organisms. 
g( Refers to material extracted by a hot solvent mixture composed 

of 75 percent benzene, 15 percent acetoneb 10 percent methanol. 
'J/ U in water and unashed material., 

The stuqy of dry ashing losses on crude petroleum is nearly completed. 

Results so far obtained ~how excellent agreement between duplicates fer the 

amounts of Cu9 Ni 9 v., ~:Pb~ Co, Ca, Mo~ and Mn, and acceptable agreement for the 

percent ash() The amount of uranium lost by ashing varied somewhat, depending 

upon the amount of uranium present. The largest amount of loss noted was 

about 1 part uranium in 70 9 000 which may be considered analytically insignif-· 

iaant for the samples studi~d. 

An experiment was designed to determine if various types of crude oil 

could leach uranium and other metals from uraniferous cres. The ore types 

included carnotite., phosphate, ca.rbona.te 9 autunite 9 and a highly vanadiferous 

• 

• 
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ore o Paraffinic a aromatic@ asphaltic$ and mixed base oils were used. Beth 

·ores and oils were carefully analyzed prior to mixing and at the end of 9 9 

12 and 15 months small samples will be removed for analysise 

Spectrographic data from 148 samples of asphalt deposits from western 

states were correlated. Of interest wa.s the concentration of the following 

16 elements with relation to ura.niumg Zn, B9 Fe» Al, Cu, Ni9 Zr, Ba0 Cr9 

CoD V a Pb, Sr 9 Mg9 Ti~ and Mn. Positive.:' correlation of the uranium content 

was found to be probably significant with Znp B, Fe p Al., Cu, Ni, a1·1d Zr. 

Preliminar,y study on petroliferous sediments 

from Carlsbad, New Mexico 

Oil extracted from a. petroliferous asphaltite-bearing dolomite and from 

a sandstone of Bermian a.ge, in an exelusi vely marine environment, contained 

154 ppm and 30 ppm of uranium. respectively. Before analysis both extracted 

oils were passed through a filter of 0&5 micron pore size,!) to a.void contam-~ 

jnation from asphaltite or host rock particles. Therefore, the uranium must 

be present in colloidal or true solution. The a.sphaltite pellets associated 

with the dolomite and sandstone contained 2.7 percent and 1.0 percent uranium 

respectivezy. 

A thermal diffusion experiment was conducted on the extracted oil from 

the dolomite (containing 154 ppm uranium) in a stainless s"t.eel diffusion 

column o The thermally diffused fractions were analyzed chemically for uranium 

and spectrographically for other trace metals. 

Analysis of 9 fractions obtained from the thermal diffusion column showed 

uranium to be concentrated by a factor of 6 in the ninth fraction, by 1.5 in 

another fraction and by 3 in ;&·1.third fraction. The concentration of uranium 

in the remaining fractions was one-half or less the concentration of uranium 
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. in the original ail6 As~ B9 Cd9 Co 9 Mo 9 Pb 9 Sn9 V9 and Zn and possibly Cu 

seem to be selectively et')ncentrated in two fractions o This experiment will 

be repeated on a. fresh sample of the smne oil using a glass diffusion colllJDll 

to eliminate the possibility of contaminatione 

A paper~ uuranium in asphalt-bearing rocks'' J) by We J o Hail; Jr e a 

A0 T $ Myers and Co Ao Horr2> was published in the Proceedings of the United 

Nations Internationa.l Conference on the Peaceful Uses of Atomic :Energy o 

Uranium in petroleum in the western United States 

by 

He J o Hyden and Ne W. Bass 

Uranium in different erude oils 

A routine distillation analysis was made by the Uo So Bureau of Mines 

of most of the samples of crude oil collected for this investigationo On 

the basis of these analyses the crude oils were separated into 13 types • 

The oils of higher uranium eontent 9 ho-wever9 appear to be random.l.y distri­

buted among these 1.3 oil types o No preferential. distribution of oils either 

relatively rich or poor in uranium was discernedo Fu.rthennore, the uranium 

content of the oils seems to vary independent:cy- of -the age, lithology 1 and 

geographic province of the reservoir rocks o 

Uranium.9 vanad.ium.p nickel and nitrogen in crude oils 

The ratios of vanadium to nickel and of vanadium to uranium :in the cru.de 

oils investigated (see 'l'EI-5409 Po 182-·183) are shown in table 16 • The oils 

are grouped chronologically by the geologic age of the reservoir rocks$ 

beginning with the oldest., The data. for table 16-were obtained from quantitative 

• 
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s pectrographic analyses by the Geological Sur-v·ey laboratory for vanadium and 

nickel in the oils, and from chemical analysis for urani.um. in the oils . 

Table 16. V/Ni & V/U ratios in. ash of crude oil s 
grouped by geologic age of reservoir rock 

~ge of Reservoir Rock 

Cambrian 

Ordovician 

Mississippian 

Pennsylvanian 

Permian 

Triassic 

Jurassic 

Cretaceous 

Tertiary 

Y&l 
3.55 

1.32 
2917 
1.55 
3.66 
4 • .52 

3G44 
4.00 

.4.1t-7 
3<)>81 
1.55 
2.63 
1.74 
1.85 
4.13 

220.00 
4088 
1..,.2.4 

~ t:;('. ..,.,· 0,.,"·' 

5.26 
6.05 

4-4J3S 
3o6J 

.679 
1C>4.8 

0.422 
• 9'70 
.779 
C>.550 
.077 
.816 

~054 
.041 

3.44 

yLu 

7!)3.30 

176 
22.0200 

610 
2.2 !) 0JO 

956 
13!> JOO 

lOr- 000 
7 ~) 000 

42,') 500 
2D 640 
7;;6.50 
4,440 
6f)OOO 

133,90;)0 
);y8CXJ 
73~300 

5:>330 
lg0,30 

56)000 
9nJOQ 

167:ooo 

7;;.570 
l75DOOO 

45;;900 
21+:>800 

2DJJQ 

2 
3[)670 

49 100 
778 
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It is ~OlmlWnlf kn~ t.hat p~rphyrl.ns (~tal.l©~©rgmi~ ~ompl~xes) a.:~e 

present in crud~ oils., Ful'th~reg· p~V:i©r~s inn!Stigators have ideJ:nti:tield 

vanadium and nickel ~rp~s in ©rude (QJ~ o It is notewo;rrt,by in ta.blel 16 

t hat the vanadium to ni~kel ratio ha~ · rel~ti:vely mn.all variation and£> on the 

oth~r hand9 the vmadi~ teil uranium ratio · has wry la,rge variation. These 

data suggest that most c>~r the Va.na.di'mn and nickel in. crude oils is present in 

organic ~omplexe·s~ and the majo·r part of th~ uranium. ·in crude oil is ncrt pre-

$<ent in org&lic complexes. This suggests that vanadium and nickel ~ probably 

preJsent mostly as porphyrin ciOmplexes. 

It is noteworthy that the V/Ni ratio varies from 1 .,21 to 6 .,05 (with one 

exception of 220o0) in oils from ro~ks of Cambrim to Jurassic age·v fl.!ld is 

(with one exception of 3 ~·44) less than one in oils from rocks of Greta.~eous 

and Tertiary age. The i.nfemn-ae m.a~ be drawn that the vanadium po:r:ph;yrin is 

more stable than the nickel porphyrine 

Linear correlation coe£i"icients we>,.re determined i~or 21 samples of crude 

oil on which quantitative spectrographic detenninat.ions had been ma.de and 

nitrogen percentage-s detEn'minede The linear eorrelation coefficients axe: 

(1) V content of ash to N content of oil is .6985!> (2) V content to N content 

of oil is e8407 lJ (3) Ni , ~ontent of ash to N eontent of oil is o20191 (4) Ni 

content to N content of oil is o 7087ls ( 5) U content of ash to N content of 

oil is - oll7.33 9 and ( 6) U content o! oil to N t-:ontent of oil is .25664 o 

These data show that in crude oil the vanadium9 and to a lesser extent the 

nickel.~> are assooiated rlth nitrogen and that uranium bears little direct 

relation to the nitrogen. Hence-9 most of the vanad.ium and nickel in erade 

oil may be present as nitrogenous compoundso A :much sm.aller amount of uraniu.m 

• 

may be present as a nitrogenous compoundo Inasmuc;h a.s porphy-rins are nitrogenous • 

compounds~ it is inferred .from these coefficients that, a greater pe:rc~ntage of 
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vanadiumlil a smaller amount. of nickel9 and an even smaller amount of urani.um 

are present as porphyrin complexeso 

The possibility of d:Lfferent:i.al losses of metals during the ashing proces s 

is of major concern~ henc e.9 these data and inferences are tentatively offered 

until. reliability of analytical data for each metal is determinedo 

A paper9 nuranium and other trace elements in crude oils of the wes.tern 

Urd.ted States"~ . by Ho J o Hyden.v was published in the Proceedings of the United 

Nations International Conference on. the Peaceful Uses of Atomic Energyo 

Geochendstry of urani.um~~be~ carbonaceous rocks 

by 

I o Ao Breger and Maurice Deul 

st~udies o.f the carbonaceous sandstone ore from the AEC Noo 9 mine 9 

Temple Hountai.nD Emery County~ Utah~ were completedo Infrared analysis o.f 

the extract (Oo09 percent) isolated from the ore shows it to be unrelated to 

petroleumo Ultima.te analyses 9 studies o.f the yield of tar acids on distil.lat.ion9 

infrared absorption a:q.alysis IY and yacuu .. m differential thermal analysis a~l 

provide evidence for the conclusion that the carbonaceous material i.s related 

to coal and not to petroleumo 

A composite of carbonaceous pellets from the AEC Noo 8 mine (Temple 

Hounta:i.n area) was ground in a bal.l mill wi.th a mixture of kerosene and water 

to decrease the mineral content o In this manner the ash content of the material 

was reduced from 24o15 to 12o77 percento Anal ysis of the organic concentrat;e 9 

computed on a moisture= and ash-free basis9 shows it to contain 74o7 percent 

carbon9 5ol percent hydrogen~ and by difference 20o2 percent oxygen, nitrogen9 

• and sulfur$ This composition i.s essentially the same as that of the carbonaceous 

material isolated from. the sandstone ore (carbon9 76o5 percent; hydrogen.&J 4o9 
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percent; oxygen, nitrogen, and sulfur, 18.6 percent). This is not surprising 

i nasmuch as the pelletal material merges or coalesces with the carbonaceous 

sandstone in many placeso 

The movement of coal extracts or colloids on a micro scale has long been 

recognized by coal petrographers; the carbonaceous material from the sandstone 

or pellets» howeyer, is believed to be the first reported occurrence of such 

material on a micro scale. To confirm these conclusions:> a number of samples 

. of similar occurrences in the Colorado Plateau region were-collected during 

t he past field season and are now being studied. Information regarding the 

association of the carbonaceous material with the quartz grains and clay balls 

of the sediments in which it occurs may perinit deductions regarding the nature 

of the ore-bearing fluid that deposited uranitnn. and vanadium in the region. 

The insolubility in common solvents for coal of carbonaceous matter asso­

ciated with the sandstone ore is thought to result from cross-linkage of coal 

mol ecules by the alpha particles from the dispersed uranium and its. daughter 

products.o There is evidence that under certain conditions coalified wood of 

t he Plateau can be increased in rank from lignite to bituminous depending on 

t he nature of the uranium-coalified wood association and/or the concentration _ 

of the ~anium. To investigate this matter, samples of coals and other 

carbonaceous substances were exposed in the Brookhaven pile for periods up 

t o 10 days. Although significant increases in carbon content were noted as 

a result of the exposure~ the changes in rank were small. New expe.riments of 

much longer duration are now being planned. Use of pile radiation as a source 

of low-temperature energy may be useful in simultaneous studies of the origin 

of coalo 

Autoradiographic studies are being carried out on microtome sections of 

degraded wood that have been immersed in circulating solutions of uranium at 

• 

• 

• 



275 

• 75° Co Observations are being made of changes in the cellular and chemical 

structure of the wood9 and the areas of the wood where uranium concentratesb 

Simil.ar experiments at 1000 C are also underwayo When degraded wood or sub.= 

bituminous coal w~s treated with a solution of uranyl sUlfate or chloride at 

2000 C for three days~ the uranyl ion was reduced to ura.ninitee Although the 

coal was found to contain 33 percent U, most if not all of which was uraninite~ 

the mineral had formed on the external edges of the coal fragments and not 

within the cell lumens or walls (Schopf~ personal communication)o Placing the 

experimental system under a pressure of about 2»000 psi prior to heating did 

not alter the results. New experiJnents have been designed in an attempt to 

obtain a product similar to the uraninite-bearing coalified wood of the Plateauo 

Such experiments will yield durther information on geologic conditions at the 

• time the uranium was depositedo 

Continued studies of a coalified log from the Maury glauconitic member 

of the Ridgetop shale shows that the contained rare earths are associated with 

carbonaceous mattero 

During the report period a paper entitled "The organic geochemistry of 

uranium"~ by Io Ao Breger and Mo Deul, was published in the Proceedings of the 

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

A paper by Io A_o Breger S~ Mo Deul9 and Ro Meyrowi.tz, ttGeochemistry and mineralogy 

of a uraniferous subbituminous coal", was published in~~ Geology~ Yo 509 

ppo 610-624; and a paper by Io Ao Breger~ ''Radioactive equilibrium in ancient 

marine sediments", was published in Geochimica et cosmochimica acta9 Vo 8, 

ppo ?3-8Je 

• 
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URANIUM IN PHOSPHATE 

Northwest phosphate 

Phosphate investigations in northwest Utah, northeast 

Nevada1 :. ;and south-central. Idaho 

by 

T. M. Cheney, w~ Co Gere, Co Eo Dobbin, D. VanSickle, 
a.nd Eo Ric:hardson 

Investigations during the smnmer and fall of 1955 resulted in the 

discovery of about 75 miles of outcrop of phosphate-bearing formations 

(figo 59) in northwestern Utah, south-central Idaho, and northeastern Nevadao 

The thickest and most phosphatic of these deposits appear to be those 

in the Leach Mountains (locality 3, fig. 59) near Montello, Nevada. There 

t he phosphatic shale member 1 which was e:xposed by trenching with a b?lldozer, 

is about 680 feet thicko OVerlying the · phosphatic . sha~e are 2;520 feet of 

beds roughly equivalent to the Rex chert member .of ' the Phosphoria in south-

eastern Ida.hoo These beds in turn are overlain conformably by shales of 

Triassic ~ge o A cherty phosphate rock at the base of the phosphat.ic shale 

member averages 28 percent P205 and is 2o8 to 3o2 feet in thieknesso About 

80 feet above the base of the shale is a zone of interbedded calcareous 

phosphate rock a.nd mudstone that is l0o3 feet thick and averages 17 percent 

P205o The lower 3o7 feet of this unit averages 22 percent P205 and the 

l ower 5..,5 feet averages 20o5 percent P205o Other phosphatic beds are present 

but are thinner and lower in grade o The uranium content of the highest grade 

phosphate rocks ranges from Oo002 to 0&004 percent and is thus conspicuously 
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l o-w-er than that of rocks of equivalent phos.pha.te content in the phosphatic 

shale to the easto 

) 
Geology of the Snowdrift Mountain quadrangle, Idaho 

by 

Eo Ro Cressman 

Mapping in the Snowdrift Mountain 7~-minute quadrangle of southeastern 

Idaho was essentiaJJ.y completed during the 1955 field season, and about 15 

square miles were ~pped in the adjacent 7~-minute quadrangle to the wasta 

The area. was mapped by Mansfield (U.,SoGeS. Prof o Paper 152, plse 6., 7) as 

part of the Brannock overthrust sheeto 

The pre-Tertiary sedimentary rocks exposed in the Snowdrift Mountain 

quadrangle range in age from Mississippian to Early Cretaceous .. and total 

8 9 500 feet in thicknesso The Paleozoic rocks consist in general of competent 

limestone and sandstone whereas the Mesozoic section consists of incompetent 

shale and shaly lime stone a.l terna.ting W:i. th e·ompetent lime stone" and sandstone o 

The structure consists of several north-northeast trending folds in the 
I . 

l ower Triassic and older rocks and a north-northeast tre~ding zone o~ . thrusts­

near the eastern margin of the quadrangle that have brought the older for.mations 

i n contact with Jurassic and lGwer Cretaceous, rocks to the easto Axial planes 

generally dip steeply west, and a few of the fol.ds are overturned to the easto 

The thrusts dip west at angles of from 45 to 80 degrees., Several transverse 

f aults extend from the thrust belt 2 or 3 miles westward into the thrust block 

where they die out in the upper Paleozoic strat.ao Although the thrust belt 

n s mapped previously as part of the Brannock overthrust, relations within the 

~ . ' - ... ~ . 
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quadrangle . can be adequately explained by high-angle thrusting on the east 

limb of a large overturned anticline. 

Cenozoic sedimentary deposits ~n the quadrangle probably range in age 

from Late Tertiary to Recent and together with the associated physiographic 

features record a complex history of erosion, valley filling, and re-exeavation. 

Spectrographic analyses of samples of the pho~phatic 

members of the Phosphoria formation 

b:y 

Bond Tabor and R. A. Gulbrandsen 

During the past several years approximately 1,200 samples of the phos-

phatic members of the Phosphoria formation have been semiquantitatively 

spectrographically analyzed by the U. s. Geological Survey laboratory in 

Washington, D. c., and by the U. s. Bureau of Mines laboratory in Albany, 

Oregon. Preliminary study of these analyses shows that the concentrations 

of minor elements in the phosphatic shale members of the Phosphoria formation 

are typical of shales as a whole, with some noteworthy exceptions. Cd occurs 

in modal c~ncentration 1000 fold greater, Ag 100 fold, and Cr, Ni, Sc, and Y 

10 fold greater than their respective average values in shale as given by 

Rankama and Sa.hama. (Geochemistry, 1950, p. 226). Ti occurs in concentration 

about 10 fold less than that in shales generally. 

The phosphatic shale members are composed of three principal compositional 

rock types--phosphorite, carbonate rock, and quartz-silicate rock. · Of these, 

quartz-silicate rock contains Be, B, Ti1 Zr, and Sn in greater concentration 

than in other types; phosphorite contains Cd and Sr in greater concentration 



than in other rocks.z and carbonate rock celnt.a.ins-no -abnor.m.aJ. concentration 

of minor metals. 

The content :Of organic matt~r · in aJ_l rocks shows a ·positiye correlation 

Southeast phosphate 

Exploration 

by 

W. 1. Emerick 

Jia,dioactivity logging of drill holes 

A total of 57 holes aggregating 5,402e4 feet were logged by the gamma-

ray unit during the period. Fourteen of the 57 holes were drai.m\ge or 

observation wells in Orange~ Orlando~ Polk and Hillsborough Counties logged 

for geologic information on the phosphate-bearing Hawthorn for.matione The 

cumulati-v-e total for the gamma-ray unit is 3,650 holes totalling 133,575 feet. 

Calibration work on the garmna.-ra.y ,unit was resl.llil.ed in October after a summer 

recesse 

Geologic studies 

Report work on the aluminum phosphate zone in the Clarke James-South 

Ridgewod tract of · the Davison Chemical. Company was suspended during the 

period pending additional studies of the zone in other parts of the districto 

Final field work depends upon the drilling of additional hples in the southern 

part of the tract for gamma-ray data. 

Field and laboratory studies on drill core from the Lakeland Highlands 

' • ! ~ 
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area of the land-pebble phosphate district were made duri,ng the period; gamma~ 

-~ray logs and chemical assays indicate an aluminum phosphate zone of minable 

t hicknesses with average to above-average uranium and aluminum content o The 

aluminum phosphate zone in the area is a clayey phosphatic sand with only 

minor fragments or thin layers of vesicular sandstone. 

Economic geology of the land-pebble phosphate district 

by 

J o B. Cathcart 

Compilation of data on the uranium and phosphate content of the land­

pebble phosphate deposits of Florida is continuing, and all of the data on 

_the uranium and phosphate content, thickness, and tonnage for the aluminum 

phosphate zone has been compiled in rough draft form. Data on the uranium 

content of the pebble and concentra~e fractions (the phosphate products) of 

the calcium phosphate zone are being compiled on base maps with a scale of 

one inch to one mile, and will be assembled fina.lly on 15-minute quadrangle 

sheetse Fo~ each quadrangle there will be a geologic map, a subsurface 

structure contour map dra"Wn on the contact of the matrix with the top of t1he 

Hawthorn formation, an isograde map of the uranium content of the pebble and 

of the concentrate fractions of the matrix, an isopach map of the aluminum 

phosphate zone, and an isograde map of the uranium content of the aluminum 

phosphat e zone o 

A study of the relation of size distribution9 phosphat.e and uranium 

contents in the aluminum and calcium phosphate zones is shown in figure 60. 

This bar chart shows the weight percent distribution of the size products, 

• and the phosphate and uranium distribution, in percent, in the size productso 
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In the calcium phosphate zone» or matrix, although 30 percent of the material. 

mined is rewovered as merchantable products 9 the coarse fraction contains 61 

percent of the total phosphate and 60 percent of the total uraniwn.o In the 

aluminum phosphate zone 9 however 9 the finest fraction.. or slime,, is about .33 

percent by weight of the - total~ but contains 68 percent of the total phosphate 9 

and 72 percent of the total uranium& The, coar$est (pebble) fraot.ion of the 

aluminum phosphate zone contains only about 5 percent of the total uranium 

and phosphatee 

Two P._apers on the phosphate deposits of Florida were published in 

the Proceedings of the United Nations International Conference on the 

Peac;eful Uses of Atomic Energy- g "Distribution and occurrence of uranimn 

in tbe calcium phosphate zone of the Land-pebble district of Florid~'~ by 

• 

J It B ~ Cathcart, and ''The aluminum phosphate zane of the Bone V a.]J_ey formation • 

and its uranium deposits'', by z. S& Altschuler8 E., Re Jaffe, and Frank Cuttittao 

Phosphate deposits a.nd their "leached zones" in the 

northern.pa.rt of Florida 

by 

Go H. Espenshade 

Area of abnormal radioactivity south of Ocala 

Analytical work was completed on the surface and auger drill samples from 

an area of abnormal radioactivity associated with phosphatic-Miocene outliers 

south of Ooalae The radioact.i'Vity .anoinalies are, :associated both with pellet 

phosphorite composed of apatite pellets JJ sand~ and clay, :and with very porous, 

leached phosphatic sandstone consisting of aluminum phosphate minerals and 

• 
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AI uminum phos phote Col cium phosphate 
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in percent 

35% Products 
61% 
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0 Pebble 25% , .... 
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FIGURE 60 COMPARISON OF DISTRIBUTION OF SIZE PRODUCTS, PHOSPHATE, AND 
URANIUM IN THE ALUMINUM AND CALCIUM PHOSPHATE ZONES, LAND- PEBBLE 

PHOSPHATE DISTRICT, FLORIDA. 
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qua.rlzp and derived from the thorough weathering o£ pellet phosphorite o 

Samples of pellet phosphorite contain -qp to about 20 percent P2059 and from . 

o004 to ,022 percent U; samples of the leached phosphatic sandstone cont,~,;..n 

from l2o7 percent to 16.8 per.eent P20;, and f:ro]Jl .019 to .023 percent Uo 

Hardrock phosphate district 

Investigation of the hardrock phosphate deposits was continued by means 

o.f petrographic studies, compilation of anaJ..yticaJ. data9 review of drillin.g 

records and geologic interpretation of aerial photographs. 
. -

Samples of" phosphatic sand overburden contain from 50 to 95 per~~nt, 

quartz (average about 80 percent),_ 0.3 to 9.5 percent P20;~ and . OOl ' t© ~005 

percent U., The calculated uranium content of the non-quartz portion rmges .2' 

from o005 to o035 percent. X-rc11cy" analyses of the minus 250-mesh fractions 

of several samples of phosphatic sands show kaoliniteb mill.isite, crandalllte 

(pseudowavellite), and wavellite. 

The common occurrence of phosphate pellets in these deposits, a..YJ.d 

other field evidence, supports the conc:I_usion that these secondary deposits 

were derived from the weathering of Miocene phosphorite, perhaps very 

similar to the Bone Valley phosphorite, that formerlY ~~ended over ·the 

areao The hardrock deposits were evidently formed by very thorough leaching 

of phosphate, and its reprecipitation in limestone by descending ground 

waters 9 combined with the mechanical mixture of phosphatic material that 

slumped into solution cavities. The phosphatic sands overlying these _ dep~sits 

are probably the residuum of a widespread sandy bed that may have been very 

similar to the upperJ) sandy part of the Bone Val.ley for.m.ationo 

• 

• 
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URANUTM IN NATURAL WATERS 

by 

Pc F. Fix 

Recent investigations by the AEC 9 private groups and individual 

prospectors confirmed the suggestion in TEI-540 that the Karnes County 

area of Texas was anomalously uraniferous and merited careful eonsidera­

tiono Laboratory analysis of waters collected from these areas continued~ 

followed by correlation of the resultant data as it became available. 

Although the results are not complete enough for quantitative evaluation, 

ithey show clearly thab, qualitativelY'$ natural waters can be··.·used most 

--advantageously in geoqbemical ·prospectii1g for ,,uranium' 

Preliminary inve~tigations suggested that the autunite type deposits 

in the vicinity of Spdkane, vlashington are suitable for checking the 

relationships of uranium in natural water to associated deposits. Suf­

ficient field studies of this type have now been completed to permit 

swmnary results and evaluation. No further field work is contemplated 

beyond that required to obtain minor details that may be needed to fill 

in the final report tq be completed during the ensuLng fiscal yearo 

A paper, "Geoohe~cal prospecting for uranium by sampling ground 

and surface waters"D by P. F. Fix was published in the Proceedings of 

the United Nations Int,ernational Conference on the Peaceful Uses of 

Atomic Energy o 
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URANIUM IN PLACER. DEPOSITS 

Central Idaho pla.ce:r,s 

by 

De Le Schmidt 

The petrographic study of the be<'.irock of the Cascade-Bear Valley 

placer area was compl~ted ·during ·the report period, and one month was 

spent in field study of petrogenetic problems in the Hailey uranothorite 

The Cascade-Bear Valley placer area includes the western border of 

the Idaho bathclitho Part of the border zone consists of hornblende-

biotite gneiss with relatively ablli~dant allanite and sphene. Monazite 

and ilmenite are rare or absent o The gn~isses grade .eastward int9 an 

ill-defined belt of structureless leucocratic granite rock without allanite 

and sphene but with monazite and ilmenite as common accessories e This 

granitic rock is the source of the placer monazite$ Several lines of · 

evidence indicate that the structureless granitic rock was produced by 

replacement of rock similar to the border zone gneisses, and that the 

monazite and ilmenite were for.med by crystallization of substances released 

by the destruction9 during replacement 9 of the sphene and mafics of the 

gneisses. other hypotheses for the origin of the monazite cannot be 

eleminated.s> hoillre·ver P and many of the broad petrogenetic problems are still 

unsolvedo 

The source rock of the Hailey placers is a bo~ of intrusive quartz 

monzonite in which the ur&"lothorite is a. pyrogenic accessory. The quartz • monzonite is cut by a system of faults and fra.ctures which in the Hailey 

Gold Belt carry quartz veins with gold9 silverp uraniniteJ> and base metalsl, 



• 
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The veins are characteristically bordered by broad zones of wall-rock 

alteration. The uranothorite in these zones is altered and is somewhat 

lower radiometrically than the uranothorite in the quartz monzonite 

outside of the zone of alteratione This and other lines of evidence 

suggest that the uraninite of the veins was derived from alteration of 

the pyrogenic uranothorite. 

A paper, "Uranium and thorium-bearing minerals in placer deposits 

of Idaho", by J o Ho Mackin and De L. Schmidt, was published in the 

Proceedings of the United Nations International Conference on the Peaceful 

Uses of Atomic Energy o 
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AIRBORNE R.ADIOACTIVITry SU;RVE'Y'ING 

by 

W o J' o Dempsey 

Appro.ximately 2211 500 traverse miles were flown :in the study of the 

correlation between airborne radioactivity data and areal geology in 

Al.aska.9 Maine 9 Michigan9 Montana9 Wyom..i.ng 8 Nebraska,, Kansas~ and Texas c 

In conducting these su:rveys considerable care was taken to measure 

instrument and cosntic background drift o The 1Jaokgr-ound at flight ele­

vation along a test line ~Tas measu~ced at the start~!} durin& &"'ld at the 

completion of each day'J s flight c Response of the eqtlipment to a radium· 

source and a. cesium . source was measured at the ~:rtart, during,!) and at 

the completion cf each day's su:r"Veyingo Results of these measurements 

have not been completely analyzed, but in the Findlay b Ohio~ area an 

average drift of 20 c/p/ s per hour dmmward was determined from test 

line flying o The average baokgrm.u1d from all sou:rcef3 along this test 

line was about 400 c/p/s~ Ll'lsuf.fic:i.ent evidence is at hand to indicate 

that this drift is linear & AJJ. of the fligh.ts were r:r_om approximately 

7 z30 AoMo to l P oM., and it is conceivable that this is not an instrumental 

drift but represents a diurnal variation$ possibly associated with early 

morning mve-rs'icn layers o Evidence ebnt-radictorj: to this is found in the 

cesiumm source measuremerms~ which c~so show a progressive lesser counting 

rate during the day e Results from the radium. source indicate either that 

there is no drift or that the results are inconclusiveo Studies of the 

drift problem will be continuedo 

Preliminary analysis ~.f the airborne radioactiv-ity results indicat.es 

that significant background differences of" approximately .50 c/p/ s are 

• 

• 
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sustained along large segments of the records and that these ba.ckgrou..rJ.d 

differences continue across several flight traverseso Contouring of. 

the airborne radioactivity results is being done for surveys in Kansasp 

W,yorning1 and Texas in order to study measured radioactivity background 

variations with respect to the surface geology. 

The most significant background changes were obse~red in Karnes 

County, Texas where a sharp change of from 220 to 400 c/p/s across several 

miles was seen at 500 feeto This same background d:ifference appeared as 

a change of from 200 c/p/s to 300 c/p/s at 750 feete Magnetic intensity 

was measured but no significant anomalies were observed in the Texas 

survey. 

The following is a summary of radioactivity surveys completed from 

June 1 to November 30: 

State 

Ohio 
n 
n 

n 
n 

n 
n 

California 
n 

Alaska 
n 
n 
n 
n 

n 

Hichigan 
Ti 

" n 

No. on 
map 

1 

2 

3 
4 
5 
6 
7 

8 

9 

Findlay 
n 
n 
It 

n 
n 

u 

Taft-McKittrick 
n 

Cou.n~y 

Wood 
Ha..n.cock 
Seneca 
Wyandot. 
Allen 
Putnam 
Hardin 

San Luis Obispo 
Kern 

Red Bay (Prince of Wales Island) 
Kasaan Bay (Prince of Wales Island) 
Ugashik (near Lake Beckerooff) 
Russian Mountains (near Anicak) 
Kahiltna (between Kahiltna River 

and Yentna River) 
Tanana 

Narque-'cte 
Baraga 
Dickinson 

175 
1 '76/X j) i ;l 

200 
90 

12.0 
140 

220 
1,045 

200 
150 
150 
400 
210 

400 

2.9100 
152 
510 



State 

Montana 
n 
u 
n 
f! 

If 

n 
n 
n 

Maine 
n 
n 
u 

Nebraska 
n 

South Dakota 
n 

" 
Wyoming 

n 
n 
u 

Utah & Wyoming 

Colorado 

Vermont 

Texas 
n 

" 
Kansas 

n 
n 

Noo on 
map 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 

20 

21 

22 

23 

24 

25 

26 
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Area 

Townsend Va.liey 
n 
n 
n 

Bozeman 
n 
n 

" Plenty-wood · 

Chamberlain 
n 
u 

Eastport 

Scotts Bluff 
n 

Black Hills 
u 

Saddle Back Hills 
Esterbrook 

n 

IYiesa Verde 

North Fort Collins 

Walcott 

.Qounty 

Broadwater 
Jefferson · 
Lewis & Clark 
Gallatin · 
Gallatin 
Madis~·)n 

-.Teffezoson 
Broadw~ater 

Sheridan 

Piscataquis 
Aroostook 
Penobscot 
Washington 

. Sc~tts Bluff 
Siou:x: 

Pennington 
Custer 
Lawrence 

Carbon 
Albany 
Converse 
~iashakie 

Daggett & Sweetwater 

". 

Traverse m.ileJs. 

lp825 
230 
270 
200 

l:J6oo 
275 
175 

50 
567 

1~990 
llC 
100 
165 

585 
285 

50 
50 

l.v050 

442 
200 
160 
550 

000 

:<!20 

50 

Oldham 170 
Potter 330 

Texas Coastal Plain ( c~J.lntering around Karnes) 5}) 100 

Barton 
Ellswort:.h 
Ric~e . 

110 
340 
100 

• 
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URANIUM IN ALASKA 

by 

J. J. Matzko 

No uranium occurrences of commercial grade were found in studies 

of sedimentar,y rocks of Cretaceous and Tertiary age and granite of 

Mesozoic age, east of Kotzebue B~, west-central Alaska. The highest 

field reading obtained was 0.050 mr/hr from ~ gneissic granite on 

Kogoluktuk River. 

An airborne radioactivity anomaly one-half mile west of Circle 

Hot Springs, Circle quaqrangle, is apparently que to radioactive acces-

sor.y minerals such as zircon and sphene in the granite. 

~ The Bokan Mountain-Kendrick B~ radioactive area, Prince of Wales 

Island, Dixon Entrance quadrangle, discovered by airborne radioactivity 

reconnaissance by two pro:;>pectors 1 contains what appears at the present~: 

to be the best deposit of potential commercial grade uranium in Alaska. 

Primary and secondary minerals identified so far are thorianite, brarmerite, 

bassetite, and novacekite. Preliminary examinations indicate that the 

radioactive minerals occur, (1) disseminated in the metasediments, 

(2) concentrated locally along the joints, and (3) along a prominent set 

of east-west trending structures. 

The results of investig~tions made in previous years for radioactive 

deposits in Alaska have been published in the following U. S. Geological 

Survey Bulletins: 1024-A, "Radioactivity investigations in the Cache 

Creek area, Yentna district, Alaska, 1945n, by G. D. Robinson, Helmuth 

~ Wedow, Jr., and J. B. !Qons; 1024-B, "Investigations for radioactive 

deposits in southeastern Alaska", by W. s. West and P. D. Benson; and 
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l024-C 9 "Radioactivity investigations in the Ear Mountain area~ Alaska, 

1945u, by Po 1 .. Killeen and Ro J. Ordw~. 

• 
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ANALYTICAL SERVICE AND RESEARCH ON METHODS 

Sample control and processing 

by 

J. J. Rowe 

During the six-months period covered by this report, the number 

of samples received increased slightly. Work requests continued the 

previously noted trend toward analyses of more varied and difficult 

nature, and showed an increasing interest in geologic interpretations . 

Although backlogs have increased slightly, they are well balanced 

considering the nature and type of work required. A study of the labora­

tory services and the functions of the Sample Control unit in providing 

more efficient control and routing of laboratory production has been 

started. This study will serve as a guide to the laboratories in future 

operations. 

In the Denver laboratory improvements were made in the processing of 

samples to avoid contamination from steel grinding plates. Crusher jaws 

were redesigned to provide a minus-1/8-inch product, which is then further 

processed by Braun grinders equipped with ceramic plates. 

Radioactivity 

Analysis and services 

by 

F. J. Flanagan and J. N. Rosholt 

~ During the report period 9,447 radioactivlty determinations were 

made, 4,640 in the Washington laboratory and 4~807 in the Denver laborator,yo 



Table 17 c ·-,~-·.Analytical service and sample :in.vento:ry~ June 1~ 1955 ·= December 1 9 1955 

·-- DETERMTI~AT·~:QNS ~- . -~~ ~- . SAMP_LES ~~ 
Chemical Radi6-:~ _ Specrt.r-bgraphlc On Hand Rec 'd (.June 

Project or sour£~ ·===-= 

W a.st_i~c.:rr_ laboratory 
AEC 

U Others ac~_i vltz.= S~~elep_, = X~r_&_ _ Jttt1ti ~~ Deco_ 

236 41 ?87 48 100 ]
·- ry -{ 9?5 

531 
936 

n ., _,_,ec o .,b 

56 
531 Co~orado Plateau sso 

Sa..nd.st.one::-Other than 
Plateau 

Carbonaceous Rocks 
·Southeast. Phosphates 
Northwest P,hospha:t.es 
Alaskan 
Public Samples 
}1:ineralqgical Projects 
Geoche:mistry of U 
Miscella:t'leous 

Total 

PeJ?.'Zer J-abora.to;:z 
AEG -
Plants and Soils 
Colo:radc Plateau ss o 

Sandstones~~other than 
Plateau -

Veins~ Igneous Roc.ks 
Carbonaceous Rocks 
Phosphat.es 
·waters 
Public Samples 
G-eochemistry o.f U 
M.i~cellaneous 

T,:;,ta.l 

· Grand Tot .::U 

• 

8 
2,37 
742 
32.3 
35 

500 
90 

19177 
~37. 

3~585 

li6oo 
298 
527 

479 
193 
190 
18 

583 
48 

6 

9 8 142 11 ;···" ' 481 158 323 
178 422 181 15 106 354 336 J24 

1~020 2;y566 ~~,~~ 14 1~793 1.9429 :39041~ 178 
29023 927 '~ ·~~ -=~~ 6j~ 436 927 120 

10 7 21 17 7 60 51 16 
9 641 "'0 ,.,~ 29h 2 6 13 ,......-;') d5~ 1"'2 . - .) __ .~-_.. u ~0- ' ;'/ t-"· ~ l / {/ ' 

.3 54 9 256 245 179 802 '---- 617 364 
167 36 . . . 22lJ. 209 4.38 'lpl02 1~151 389 

__ __§77· . - ... *-~~-=>=2f:>lt~.,--=-=-==-=1?,L~04_~~-~~~-<~-="=··~_§~?2 ==~·==~:S2. ~ 
4~Ll-88 5~o21 1Dibb 851 3.9651 9 9 87o 119 049 2~!+78 a-. 

' ~ ' 484' 
523 

2$397 

529 
414 
296 
. 29 
66.2 

~--
.; 

~ .,.., 

2921.2 
50 

788 

646 
192 
'?1} 
"''-•'-4 

130 

186 
8 

872 

47 

19 

430 
199 

la561 

~29588 
2~229 
1.9638 

2s713 
225 

11)434 

305 
2D203 
1/765 

81 85 437 lg38~ 1~348 < • 4 72 
192 3:3 490 . 75~ 19036 212 
213 39 392 451 446 397 
18 5 13 155 155 1.3 
12 ·=~~= 67 752 605 214 

101 ' 13 1 20 108 ~ 50 
.3 6 2 . -40 ' 22 '-----6 56 

q; 91:. 
49037;- w 5 ~~.3~ =-=-=-~_.=-~~=-~~~~~_....,..=--~=-c. 7~ ~--~¥~~1-:~ .. JJ:~L__.=~-=='l:J,;}~~· . -~~ 

49621 ' l ;;?lb 303 4l'052 ll$)224 8.99?8 6~298 

7;;621 9»923 1092l.J,2 2~982 1.9154 7s703 21.9100 ?c~ ·1 fi"':Y 
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At Denver 29 low-level alpha particle equivalent uranium determinations 

were made as wellas 177 radiochemical determinations, which included 

analyses for Th232, Th228 1 Th23°, Pa2.31, Ra226, Ra22.3, and Pb210 • In 

addition, 27 ;er.y low Ra226. determinations were made using the radon 

train apparatus. In an attempt · to definitely establish the half-life of 

Th232, .further measurements of the specific activity of Th232, Th228, 

Ra224 and Bi212 isotopes in the Th232 decay- series were continued. A 

great interest is being shown by geologists in disequilibrium studies 

in both uranium and thorium ores and in concentrations of their decay 

products e Requests .for this type of work require radiochemical analyses 

for most of the isotopes listed above. 

The decrease in radioactivity determinations at the Washington labora-

• tory as compared with the previous six-months period is due . partly to an 

increase in background count which for a time precluded the use of the 

unshielded coaxial counting techniqueo The unshielded background, which 

was from 27 to .30 c.p~m. when the laboratory was opened in 1949, increased 

to from 42 to 47 c ep.,m. during the past year. This is due, it is believed, 

to gradual accumulation of dust on the walls and ceilingo Occasionally, 

when high-grade. uranium or thorium ores are brought into the laboratory 

for study, background in the counting room ·I''ises to as m;uch as 65 to 

75 c~p.m. To eliminate this high and variable ~ackgrs>und the h~ged doors 

of horizontal lead shields were removed and the open end placed over a 

3-inch hole bored in the upper tier of the counting tables. The coaxial 

holder filled wi4h sample is now raised through the hole in the table into 

the interior of the lead chamber during the counting period. By this 

• procedure the background count has been reduced to a range of 19 to 23 c.p.m. 
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In the Denver laboratory a · study of voltage v-ar:iations .was conduot,ed 

primarily t o increase the stabilit y of several types of electronic 

laboratory equipment and provide a f oundation f or improving instrumental. 

accur acy at the lower limits of analytical measurements. A third auto-

ma.tic sample changer unit f or use in radiochemical analysis measurements 

was placed in ·opera.tione Work started on the design and fabrication of 

a gas-chamber type of alpha particle scinti~llation counter for use in the 

measurement of radon isotopes in the uranium and thorium series e Pre-

l iminar.y measurements using this general ·type of instrument were made 

during the determination of the magnitude of Rn220 emanation from thorium 

ni t rate salts fJ 

Research 

Thorium an2lYsis 

Experiments were performed to determine methods of loading nucl ear 

enrulsionso A'-satisfactory solution of the problem appears to have been 

found by loading a known area of the nuclear errru.lsion with a known volume 

of a solution containing thorium and 'lJ.raniu.m.., Preliminary study of the 

loaded plates does not indicate that diffusion of the solution occurs 

beyond the boundar,r of the controlled area& The distribution of the 

t racks within the controlled area appears t o be quite uniformo 

The three-channel gamma~r~ spectrometer is about 95 percent eompleteo 

It is expected that this , instrument will aid the determination of thorium 

and uranium in zircon and other mineralso 

Half- life measurements ~rere completed on three Th(N03)4 samples 

known to be in equilibrium9 and on one old thorite sample o The measure.-
! . 

ments were made by a radiochemical analysis and alpha counting of 

• 
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Bi212_Po212 and also by measuring the specific alpha activity of Tl~9?. 

The precision _of each method is better than one percent but the results 

differ by about 7 percent& The radiochemically determined ~h232 is 1.45 x 

1o-l8 sec -l whereas the ~Th232 determined from the alpha activity is 

le55 x lo-18 ., Work is proceeding to deter-mine the cause of the ~screpancy 

between the two methods. 

Equilibrium studies 

Preliminary studies on measuring the thorium and uranium content of 

ores which are out of equilibrium were undertaken on samples from Wyoming o 

It is planned to do further work on these samples and establish a method 

of analysis. 

Spectrography 

An~sis and services 

by 

A. T. Myers and Ce L. \'Jaring 

During the report period 1,125 samples for a total of 649 800 

determinations were analyzed at the Washington laboratory, and 1,735 

samples for a total of 98,544 determinations were analyzed at the Denver 

laboratory o Many of the routine analyses included in the above totals 

were analyzed by the semiquantitative method, reported to one-third of an 

order of magnitude. A wide variety of geologic materials were analyzed, 

including igneous rocks, vein material, uranium and other ore pulps, 

sediments (including shales, lignites, and phosphates), terrestrial and 

marine plant ashes, crude oil ashes, asphalts and brine, and water residueso 

As in the past, m.a.ny uranium-bearing and other minerals were analyzed. e 
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An incre~asing numbe·r of mu:Ltiplti:l 'orldes su® a,s,. ~.Miare~ 

~amal"$kitek1 columbitep and tantalite, as well a.s· ·other eomplex miner~ 

like d:Lan.i:te w~ an~ed-., Thase minerals), high in rare e'arlhs ;and 

01t.her ~rractory elements that •-e difficult t~o analyze~ ha.ve been ·st.tb.., 

mitted to aid X-rq and m.i.n.eralogic &nalyses a well as to ~sist fiel d 

geolilgists directly. 

In addition to the uswU. sample load of ores, igneous rooke1>' and 

$®diments 9 an increasing intererst d~loped in the mineral. type· 4~£ !S~1s . 

Thii5! is emphasized because it requires moditieation and imp:ro~~.nt, ~r 'the!l 

U$ual routine techniques» frequently making euston{ · tathe1t' than lf©>~ti;l.ne 

pr@C®du.r®s n~cessa.ryo 

A paper 9 n A new cerandc b'tl.Okboard and muller" 9 by Ho BloiOm and 

Po Ro Barn~tt 9 was published in Ana.lo Cb.emtt v. 27~ Pa 1037» June 9 1955o 

TA!ad age method 

Research 

by 

Co Lo Waring 

Guided by service requests studies were made to broaden the a,pplieati©n 

of the speetrograpr..ic method for the dete:rmina:t.iQn of. lead in th~ l&"seu 

ag~ procedu.re & The lead in four monazite aamplea was dete:r-min~d. U.Bing ·fr;h~ 

nelw monuite st~dards and the results comp.tared 'With the f :loguJr'l' iel t~~tai..TI.~d 

with the zir~on st-andards. Agreement was good in all CatSeso ·wor"k is in. 

pr~gress in an attempt to explain why the spectrographic result~s . on @n® 

$ample of Mountain Pass monazite do not. check ·with the resuJ..ts obt~ine:;d by 

(l)ther met hodse 
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The lead method normally used in the determination o:f lead in 

~iroon ( La.r~en age method) was applied to granite and diabase standards ~ 

and found to be in agreement with the published. averages. 

Controlled atmosphere experiments 

The development of a satisfactory method for the suppression o:f 

CN bands in the course of spectrographic work was concludede Work that 

had been done previously included the design of a gas ''jet" which possessed 

simplicity Of operation and effectiveness in suppressing CN bands in the 

carbon a.ro o The residual CN int.er.ference w~ found to come from Nz impurity 

in the gases used and from air entering the are coJ.umn because ef tur­

bul.ence in the gas £low. Sufficient reduction of ON band intensity is 

possible 'With the "jet" to remove most interferemce &nd ,m.ake 'UliW'arrant,ed 

• the us~ of a more elaborate n jettt or gas ehamber • 

Reprod.uoibUity and line int~nsity tests were made by using three 

different kinds of rock samples which were arced in tripl.icateo Eaeh series 

of tests was made in. C021 He-~9 .flowing air, and still. dre On the basis 

of these tests9 the C02 atmosphere was found to afford the best average 

results o 1'nis and earlier experimentation. reB'nlted in the choice of C02 

u the most: satisfactory gas for use in the course o-£ routin~ qualitative 

and semiquantitative spectr~_graphic ~ses. 

Rapid scanning mierophotometer 

For the ·semiquantitative determi.na.tions.9 visul. estimates are made : 

aided by re.ference to standard platesc, This ~ be done with an eyepiece 

or with greater precision with an optical comparator. Improved quantitative 

results with photographic recording are obtained by the use of a recording 

microphotometer. The eo:mm.ereia.lly ava:ilable instl"'Ulnents are too slow for 

many applications in which the precision exceeds errors elsewhere in the 
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proc~dure , · such as variable matrices and lack of internal. standar.d6 A 

direct reading microphotometer was rebuilt to make a recording micro-

photometer in which high precision is compromised in favor of scanning 

speed6 A 10-inoh spectrum on the new instrument mJcy" be saanned in 2 

minutes o A direct reading Jarrell-Ash mierophotometer was used f or this 

purposej the following changes and additions were madeg (1) a plate 

carriage drive by means of an accurate screw and synchronous motor mts 

installed9 (2) a vacuum type 9 photoelectric cell was insta.lled, and 

(3) a. Brttsh oscillograph and amplifier attached for recording~ This pro­

duces traces of spectra 4 em high (intensity scale) and ·6o$> 300j or 1500 em 

l ong (wavelength scale) depending upon the paper speed usedo 

· nAn application of mierophotometrio sca.nirl.ngtt 11 by Co L. Waringp Mona 

Frank, and A. M. Sherwood, was published ~ u. s. Geological Survey 

Bulletin 1036-E in June 1955. 

Services 

Infrared spectroscopy 

by 

R6 G() Milkey 

Some typical materials an~ed by infrared spectroscopy ine~uded 

the organic extract of a limestone material, an oil sample from .Alaska.~ 

the products of oxidation of spruce after digestion with ura:rzy-1 SUl.f.ate 9 

and a. sample of iron bacteria precipitated from aqueous solutione~ The 

spectra of these materials were inspected for the types of unit structures 

such a.s hydro:xyl, carbonyl~ methyl and methylene, and aroma.tie or &liphatic 

• 

• 
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other organic samples included the products of the reduction of 

vanadate with glucose 9 lignin, lignite a and de.xtro.se 9 which were analyzed 

for the types of reduction products obtainede 

S~ples of ghassoulite from Morocco were analyzed for comparison with 

the spectra of stevensite, and the similarity of structures of these 

minerals was corroborated~ Samples of carbonate nuorapatite were analyzed 

to obtain information pertaining to structure; the spectra of carbonate 

fluorapatite contain distinctive absorption peaks which do not appear in 

t he spectra of normal fluorapatite o Thay provide definite evidence th(l.t 

the carbonate in carbonate fluorapatite is not present as a. separate pha.se 

of calcite or aragonite G Additional samples were analyzed to provide pro-­

cess control of an industrial liquid-liquid extraction process operated 

• for the Atomic Energy Commission. 

].fethods developmentAmd basic studies 

For purposes of improving analytical techniques, the following new 

equipment was acquired~ (a) a. high-pressure die for making potassiJliil 

bromide windows, (b) a dental a.:malga.m.a:tor 9 which disperses mechanically 

the powered sample throughout the dispersing mediu.rn» .md (c) the hori.zontcti=· 

stage motor-driven grinding wheel which facilitates the gr'inding of salt 

windows o Special liquid sampling cells were designed utilizing silver 

ehloride windows~ these will permit. the analysis of many types of a.queous 

solutionse 

Various research studies of interest in the field of infrared spectroscopy 

were carried on concurrently with the service work,ineluding a. comprehensive 

survey of the infrared absorption of the silica.tes-9 analysis of all available 

• synthetic and naturally occurring vanadate compounds 1 a. study of the infrared 

absorption due to hydroxyl and to molecular water 3 and analysis of aqueous 
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solutions of various oomple:x; ionse 

An~sis and services 

by 

Irving May and Lo F <> Rader s Jr 6 

During the report period a. totaJ. of 15 9426 chemical determinations 

were Il1&de, 6~819 at the Washington laboratory and 8»610 at the Denver 

laboratory . (table 18) ., Approximately 58 percent of the determinations 

were for elements other than uranium, and the increasing demand for the 

more time·-consuming an~ses is evidenced by the fact that in the Denver 

laboratory alone, a total of about 1,000 more determinations were made 

for Se, As, F, s, and P than were requested during the previous periodo 

In the Washington laboratory a. study of the flame photometric 

determination of calcium in phosphate rocks was initiated during this 

report period G This resulted in development of a tentative procedure 

which will be tested on a group cf representative samples., 

An apparatus was assembled for the isolation of carbon from rocks 

as barium carbonate" Carbon isotope ratios will be determined elsewhere 

on the carbon isolated from these samples ·IJ 

A bank of gas-heated glass stills was assembled fnr .the determination 

of fluorine~ The comp~ct arrangement of t,he un.it reduces fatigue for the 

analysto 

Adaptation and development of methods applicable to particular problems 

of analysis continued. At the Denver laboratory a new volumetric method 

for determinati9n of uranium was developedr, for routine determinations on ore 

• 

• 

• 
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Table 18& Breakdown of completed determinations.? Washington and 
Denver laboratories§ June 1 - November 309 1955 

Type of .Ana.lyses 

Uranium 
Vanadium 
Calcium carbonate 
Calcium 
Gold 
Silver 
Copper 
l-ead 
Antimony 
zinc 
Iron 
1-fanganese 
Phosphorus 
Thorium 
Aluminum 
Fluorine 
Selenium 
Sulfur 
Quartz 

No. of An!].yses 

6~4.68 
953 
455 
.3.30 

89 
89 

419 
73 
11 
70 

626 
62 

1,318 
22 

246 
300 
572 
215 
111 

Sil:i.oon 
C~bon (micro) 
Arsenic 
Sodium 
Pota.ssin.m 
Molybdenum 
Magnesium 
Rare earths 
S'trontium 
Boron 
Lithiu.lll 
Carbon dioxide 
Organic matter 
Acid insoluble 
ASh 
Dissol-ved solids 
pH 
Miscellaneous 

Total 

47 
54 

233 
61 
62 
7 

41 
31 
.30 
30 
J? 
35 

248 
761 
3?6 
39 

689 
216 

T57"'6:--""- t)t+·<, 

grade materials • This method eliminates the use of a Jones reduct or and 
/ 

the need for removing the acid hydrogen sulf'ide group 8 thus shortening th~ 

method significantly · without sacrificing precision. The reduction st.ep i.s 

accomplished by addition of an excess of titanous sulfa±.e solution in the 
I 

presence of copper ion e An excess is indicated by the appearance of red 

copper metal9 which is reoxidized with mercuric perchlorate before proceeding 

with the titrationu Nickel and cobalt which may interfere in other me!!thods 

do not affect the titanous sulfate method. 

The training program for chemists from private industry in methods of 

analysis for uranium continued. Eleven chemists from private laboratories 

spent em average of four days each in the la.bora.tory • Partly as a result 

of this training program9 several compara.ti ve analytical studies w·ere made 

between the Denver laboratory and other laboratories b The results were in 
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reasonably close agreement~ discrepancies being noted onlY where the 

volumetric method was used on samples containing ].ess than Ool percent 

UJ08o Where possible--the ' use of the faster fluorimetrie method is being 

encouraged for ~he range of uranium. near or below the threshold limit. of 

acceptable precision with the volumetric method. 

A paper9 ''Determination of thorium and rare-earth elements in cerium~ 

e-arth minerals and ores'', by Me K~ Garron, D$ Le Skinner, and Ro Eo Stevens 9 

as published in .Analytical Chemistry, Vo 27, 10.58-·1061. A paper ''Doverite 9 

a new yttrium mineral'' 9 by w. L. Smith, J o Stone., D. D. Riska and H. Levine 

~ras published in Science, v. 122, no~ 3157,; 31. 

Research 

The a.naJ...vtical chemistg of thorium, by M. He Fletcher: F. S. Grimaldi 

and Lillie Jenkins 

Investigations on the thorium-thoron~tartaric acid systems were com­

pleted and three new spectrophotometric procedures were developed for the 

determination of thoritimo The new procedures minimize the interference of 

several elements such as zirconium a...nd tungsten and a.re useful for the 

direct determination of thoriwn in ores containing more than one percent 

Th02 and less than four percent Ti02o 

Research on t.horium chemistry is now in a new phase~ the development 

of rapid methods for the determination of small amounts of thoriumo The 

initial objective is to separate~ in one step, one microgram or more of 

Th02 from up to 301 000 times that amount of rare earths., Ti, Nd, Ta.., Zr, 

Fe, and Sco For this purpose the precipitation of thorium iodate from 

nitric acid medium containing tartaric acid, hydrogen peroxide~ and 

3-hydroxyquinoline is under ~tud.y o Tartaric acid hinders the precipitation 

• 

• 
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• of zirconium while hydrogen . peroxide is silnilarly effective ~rith Tal' 

Nb 1 and Ti o Oxine prevents the catalytic decomposition of hydrogen 

peroxide which is especially serious in the presence of eerium. Sub-

stantial progress was made and the separation procedure appears very 

promising~ 

:rhe determination of uranium by the spectrophotometric method$! by 

He Io Feinstein 

The spectrophotometric determination of uranium by means of the 

azide ion wa.s studied from the standpoint o.f applying the method to 

natural samples. Because aluminum interferes, aluminum nitra.t~e cannot 

be used as the s~ting agent in the sol vent ext:.ra..ction process for i.so--

lating uranium. Studies confirmed that uranium is quantitatively extracted 

by ethyl acetate when magnesium nitrate is used as a saJ.ting agent. 

The determination of lead in a standard granite. s:&mplea 'by Re. A. ·Powen 
... 

and J. Je Warr 

A cooperative study with six, participating laboratories was planned 

to establish the lead content md homogeneity of a st.anda.rd granite sample 6 

~drofluoric acid for decomposing the samples ·was found to contain much 

lead and in preliminary work substa..l'ltia.l amounts of bydrof·luoric acid were 

purified by distillation. 

The preparation of cuprous iodides by Frank Cuttitta., J. J. Warrn and 

Ivan Barlow 

A method was developed for the isolation of traces of copper and prep-

a.ra.tioq' wd purification of cuprous iodide from such materials as dolomite9 

limestone~ sea bottom muds and plants to assist in a study of the isotopic 

• diffusion of coppero The sample is first ignited to remove organic matter 

and carbon dioxide~ and then leached with hydrochloric acid. After liltefing9 
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copper sulfide is precipitated from the solution. using lead as a 

carrier. Lead is removed by preeipitation as lead sulfate and the 

copper is further purified by precipitation as cuprous thiocyanate 

and finally as cuprous iodide. 

• 

• 
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GEOCHEMICAL AND PETROLOGIC RESEARCH ON BASIC PRINCIPLES 

Radon and helium studies 

by 

.Ae P e Pierce 

~ologio studies :i.n the West Panhandle field~ Texas were completed 

during the report periode Th~ principal conclusion reached from these 

studies is that uranium has been redistributed and ·concentrated in the 

interstices of rocks through which petroleum and associated waters and 

gases have migrated or aec'Olilllla.ted a Evidence that this has occurred is 

shown by the epigenetic nature of occurrence» the eompositi.on, and the 

spatial distribution of the uraniferous asphaltite which is a product of 

• these processeso Studies of the relationships of the uraniferous asphaltite 

to the host roek indicate that the processes responsible for its deposition 

have been associated in time with structural and diagenetic events including 

recrystillization, solution9 cementation9 and adsorption of metalliferous 

fractions of migrating petroleum a The result has been to · mru.ce uranium a:n.d 

its daughter products easily accessible to fluids and ga.sese 

The presence of relativelY high concentrations of helium and radon in 

the gases associated with the asphaltite suggests that significant portions 

of these two gases are products of uranium. that has been distributed in the 

manner described abovee 

The associations existing between urani.fer0us asphaltit.e, petroleum and 

helium-bearing gases in the Panhandle field are known to be present in 

several other areas of the United States o Consequently, the associations 

• in the Panhandle field are not 1.mique.9 nor necessarily unconnnono 
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Further research on the behavior of uranium during the diagenesis 

of sedimentary rocks is necessary to complete understanding of the origin 

of the uraniferous aspha.ltite and its contributipn to helium in natural 

gaseso 

The evidence now available on the origin of the a.sphaltite indicates 

that the process responsible for its localizatioq. must have (1) operated 

iri the presence of petroleum, or in a combination of petroleum and water 9 

~rl.thin the rook pores; (2) been capable of concentratine; ura.rlium and the 

other metals into the ;form of disseminated point~segrega.tes; (3) operated. 

independently of the type of rook in which concentration took place9 and 

(4) been effective over broad structural provine~s. 

Distribution of uranium in igpeous complexes 

Uranium in the Precambrian n granites" of the Colorado Front Range 

by 

George Phair and David Gottfried 

Semiquantitative spectrographic analyses on : 12 sru,nples indicate that 

the "Silver Plume"-type granites contain on the average more than ten times 

as mu.oh cerium-rare earths as do the oorrespondizls rocks of the Boulder 

Creek-type e This difference is probably eorrela.table with the high monazite 

content of the Silver Plume as reported in~~:-540· Also probably correlatable 
. . I 

with the abundance of monazite in a. high thoriUm. content (up to 100 ppm 

according to Hurley's gatmn.a-rq spectrometer mea~rements), a fact which 

explains the unusual radioactivity of the Silver ·Plume-type rocks in the 

fieldo The differentiated rocks of the B.oulder Creek intrusions contain 

only the normal amounts of thorium (less than 10 ppm) whieh may be expected 

• 

• 

• 



311 

in such calc-a.lkll.ic :serie.·s f) In general the Silvet·· Pltttne;; ... typet rooks 

are so111ewha.t morse ~reme diff'erentate)s thar.<YJ. the Bau.lde:r Cr~~k type$t) 

.All mq be genetically rel~ted in 'the se:Qtae of b~longing ·to a; single, 

batholithic cycle 9 but it h<ts hecoxne ·more and more e'Vident that they d'O 

not constitute a simple differentiation series~ If the alph~/le.a.d method 

as applied to z,ircon from such c·o:mplex rocks gives~ t~h.e age of em.pl.ac~ment!$> 

the preliminary data suggest .in interrval of abol.tt 300 million ye·ars elapsed 

between the intrusion of the Boulder Creek and of the more aJ.ka.lic S:llv'er 

Plume types o This ag:re~.s wi'th the order of intrusion indicated. by field 

relationships~ · Nearly identical ages of 700 million years haN·e been 

obtained on t.wo sample·s of SilveJr Plume type, one from the large Log Cabin 

batholith at the northern end of the range and one, from a large Silver 

• Plume-type dike cutting the rocks of the Boulder Creek ba.tholith. A 

single determination on the more calcic rock comprising the nsilve:r Pl'Ul'Iien 

at its type lodaJ..ity gave an age of 900 million years. Petrographi:c arld 

chemical studies origina.lly suggested that the Silver Plume grani:te at 

Silver Plume was transitional between the more leucot~ra:tic rocks COirl:Pl":bd.ng 

the main m.a.sses of the Silver Plume correlatives elsewhere a!nd ·the :more 

calcic rocks comprising the granitic end members of the Boul.der Cre·ek series~ 

T''Wo samples from the interior of the main Boulder Creek ma.ss gave geologica1Jy 

~eeeptable ages Qf alo:se to 100 million years. A single sample from the, 

defor.m.edj) partly recrystallized mafic border of the same body gave an age 

of 700 million yearso This m~ reflect recl"Jrstalliza.tion at the time the; 

large U>ngs Peak-Ste Vrain batholith, a. Silver Pl'Ume correJ..ative.!' was 

intru.dedo This body enends southward to within one mile of the defor:med 

• northern margin of the Boulder Creek batholith. Much more data; is neede'd,.9 

however~ before a ·· final interpretation of ~ o.f th®.se age,a in te:rm.s of 
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of geology can be :ma.de o 

Uranium analyses on 5-gram splits of one hundred and fifty 25 to 

50-pound samples covering the range of differentiation in the Boulder 

Creek batholith show 'the low uranium contents (with twQ exceptions all­

less than 7 ppm) expectable in such a calc-alkalic series. An interesting 

featu:re, illustrated in figure 63 1 is the pronouneed tendency .for the 

uranium contents of. compa.ra.b~e rock types to be lawe.st in the northern 

third of the body and to incre.ase :rou.ghly progressively towards ' the 

central. and southern thirds. The possible reasons for this variation 

are now under study o During the past field season some 120 more samples 

_were collected to fill gaps in the previous sampl¥1g pattern and for 

special purposes • The high uranium contents of eertain border rocks pre-

viously reported seems to represent a local ''hot spot"; the adjacent meta- • 

sediments run at most about 50 percent high in uranium. A similar but 

more widespread border enrichment seems to be evident in the 20 samples 

so far analyzed from the Boulder Creek rocks comprising the Mt e Evans 

batholith$ 

Distribution of uranium in the Boulder Batholith, Montana 

by 

R o ilv o Chapman 

Spectrographic 9 · chE:mtical, modal and accessory mineral data on 30 

quartz monzonites axe being assembled as the first step in preparation of 

a report$ The tentative conclusions areg (1) no apparent relationship 

exists between the classification types of quartz monzonites in the 

batholith and their contents of uranium and other trace elements, the 

classification types having textural significance only; (2) uranium is • 
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j . ::, markedly more abun~~t in those 'quartz monzonites whose orldes shbw the . 

following a.pprox:i;Jaate pe;rce:ntaps: , Si026 65 perc~nt; K209 4 percent~ 

Na.20, 3 percent J Ca.O, :3-4 pe:reent; Mg06 2.5 p~rcent • and FeO plus Fe203P 

5 percent o There is th~ a de.fj,nite relation between the chemical content 

of these rooks · ~d tneil'" uranium c;ontent; . (3) 'the tot.al ~anium content 

of the accessory- Jqiner~s in any individ'u.al rock falls below the total 

uranium content of the ~ole roc~; thus ·must of the uranium seems to be 

associated in some Illa.l'lQ~r with ~eldspars ®d quartz; and (4) in the selected 

m:lnerals there ar, signU.i,.cant relati<;>ns between the percentage of uranium. 

~:. :,~-~ ":. an~ ·-· ~-~~, .. ~.:~::e~~:~-~~---~,~~; ... ~e~;; ~~~~us , ofi-~~s.~ /. Ir; ~.~-h~ .. ?~~tit.~~~ . £.9~ - ~~P;l.~.-P i·~ .. -, · ··,~ ··;~ ... ·,,, ·~~_.,;.-:··~·-~ 

.. -;.. ...... ~ ,, 
.~r •· ~ 

I 

with an increase in uranium, there is an increase in FeO and a decrease in. 

MgO, Fe203, and possibly CaO. In the hornblendesg with increasing u.:r.aniu:m.9 

there is an inc:rease in Mg0 and a d.ecrease in FeO, Al203 9 and Fe203~ 

.A paper by R. W. Chapman, D. Gottfr.iecl1 and C .. Le Waring» titled.9 

"Age of the Boulcler Batholith and other batholiths of western Mont. ana" 9 

was published in the ~etin of the Geolog:i.cal SP.ciety of America.9 v o 66 f> 

607 ... 610. 

G~-:rq spect;r<;>metry 

by . 

Gannna..-r~ spectrontetry measurements on the Th/U rat,ios on accessory 

minerals in ign~o11s roc~s were made on several samples from New England$ 

Cana4a, and Nova ScQtia. ln zirc9n ·separated from a sirigle granite pluton 

the Th/U ratios appear to be constant. The T~/U ratiof:· t) in zircon from these · 

localities thus :tar has r~ged !.rom, 0.2 to Oo6o These data ind.ica:taet:that 

nearly! . 90 M:rce~ of the +adi<;>acti vity ·from the zircon tested is due to • 
... 1 
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uraniumo In pegmatitic crystals the ratios are more variable) ranging 

Weathering 2 t ransportation and redeposition of uranium 

by 

Oxidation potential and reducing capacity studies 

Thermodynamically calculated pH-potential data agree well 'With 

e1ectr.ometricdeterminations in reduced and oxidized vanadium solutions 
I 

of varying pH., 

Oxidation-potential studies and reducing capacity determinations 

on uranium-bearing minerals correlated well with other chemical. and 

mineralogical determinations and showed that some carnotite-type deposits 

were derived from reduced minerals by moist-air oxidation. 

The reduction of vanadium(V) solutions by wood or lignite 

Reducing capacities of fresh wood;> a series of degraded wood, lign.in, 

and glucose in vanadium(V) and vanadium( IV) solutions were studied at 

elevat.e.d temperatures and pressures. It was shown that vanadium solutions 

may be reduced to the trivalent state by woody material. The reducing 

capacities of wood9 degraded:- wood» and lignite were estimated from 

theoretical considerations, and it was shown that vanadium(V) solutions 

at elevated temperatures and pressures may be reduced bywooq material to 

vanadium(IV) with as much as 60 percent efficiency. The amount of woody 

material required to yield typical concentrations of reduced uranium.-

vanadium ores is less than the amount normally present in typical sediments o 
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Mineral synthesis 

by 

A. Mo Pommer 

A reduced vanadium mineral with the composition VO(OH)49 natural.J.y 

occurring in South Drucota and New Mexico,was prepared by reduction of a 

vanadium.(V) solution with wood at elevated temperature and pressure. 

Turanite was prepared by precipitation from solutions containing copper>' 

calcium, and vanadate ions~ at a pH of 9-10 o Precipitates ha·ving a 

rauvite~like X-r~ diffraction pattern were prepared from uranyl nitrate 

and vanadium(V) solutionse 
I 

Attempts to increase the grain size of carnotite and tyuyamunite or 

to prepare crystalline iron and aluminum vanadates by diffusion :methods 

or heat and pressure were unsuccessful. 

Zircon was synthesized ~drothermally from hydrofluoric and fluosilicie 

acid solutions with a temperature gradient of 2500 C - 400° C between t.op 

and bottom of the bomb, at a pressure of about 21 000 psie 

Isotope geology and nuclear rasearoh 

Geochronology 

by 

During the report period 21 samples of uranium9 thorium, and lead 

minerals were prepared as part of the Geochronology program& Lead iodides 

were prepared on 18 samples, isotopic analyses on 13 samples were received 

from the Mass Assay Laboratory, Oak Ridge1 and 14 isotopic analyses were 

made in the USGS laboratorye Co-operative age studies ~rere, undertaken 

• 

• 

• 
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with Geological. Survey projects in Massachusetts, South Dakota, and 

Wyoming and several other co-operative age studies on · related mineral. 

studies are in progre.ss. 

A joint age study with the members o.f the Geology Department., 

California Institute of Technology was initiated with the collection of 

four samples of stratigraphically well dated uppe~-Cretaceous quartz 

diorite from Baja;- CaJ.ifornia., Mexieoo These samples are the first of 

a series in a long-range program for establishing reliable isotopic· ages 

at key points in the geologic time scale. A small fossil collection was 

made to confirm the lower Cretaceous age of the sediments intruded by the 

quartz diorite. If preliminary age results on the accessory minerals of 

the quarlz diorite are satisfactory 1 much more detailed stratigraphic, 

• pal.eontologic, and isotopic age work will be underla.ken. 

In an efforl to test a new area the age interpretations . deireloped 

from the detailed study of the isotopic data on the uranium ores and the 

lead minerals of the Colorado Plateau~ a suite of ,samples was collected 

from the uraniferous conglomerates of the Algoma district, Blind River 

a.rea9 Ontario 1 Canada<!) .. Preliminary isotopic data on some of the high 

grade samples shaw markedly different Pb207 /Pb206 ratios. Incomplete lead­

uranium data aJ.so suggest an age pattern similar to that found for Plateau 

oreso The presence of gal.ena, which contaJ.ns· predominantly radiogenic 

Pb206 and Pb207, suggests that the presence of old radiogenic lea.d m.ay­

account for the Blind River age anomalies as well as those found on the 

Colorado Plateau. 

The first 12~ineh radius mass spectrometer is expected tG be in 

• operation during Jatr.la.l'7 ·1956. Reclesign and construction of a.n e1eetrmr­

bomb~ent-surface ionization source for the 6-inch mass spectrometer was 

\ 
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completed and testedo The performance of the electron bombardment 

source is good and the sample requirements were rE!d,uoed from appro.:x:i--

mately 10 mg to 1 mgo Using a vibrating reed electrometer~ a m.e:asura'ble 

but inadequate signal was obtained when the source was operating by sur-

• face ionization.- Additional. changes in the source will be made to 

increase the signal produced by the· surface ionization methode 

During the report period the £ollowing isotopic ages, in relatively 

good agreement with eaeh other, were obtained for Phillips mine uraninite 1 

Peekskill quadrangle, Putman County, -New York: Pb206;u238 :: 920 m.y:.~ 

Pb207 ju235 = 928 mf)y., 1 Pb207jpb206 = 970 m,y., Pb208jTh232 = 960 maY e . ·The 

p~06ju238 age of 920 m.y. is considered to be the most reliable of the 

four ages. A Larsen age of 620 m.y., was obtained from zirc':on .from a 

granodiorite pegmatite cross cutting the hornblende gneiss and believed 

to be younger than other rocks in the areao- Additional isotopic age 

studies are planned on zircons from tbe hornb1ende gneiss ~d granodiorite-

to confirm the 620 moY• Larsen a.geo 

Preliminary results on a mo~azite 

Canada yielded the following results: 

lead/alphas per mg/per hr = 2,610 moy. 

tro~azrdr:~e, North West 'l'erl'itory• 

Pb207 /Pb206 age = 2,640 moY•~ total 

Quantitative ana.lyses for uranium 

a.nd thorium are not yet complete o The good agreement between the Pb207j 

Pb206 age and the modified ''Larsen age" suggest that reasonably clo~e 
agreement between the methods of age calculation might be e:xpected., If 

this expectation is realized, t 

radioactive mineral on the North American Continent yet dated by isotopic . 

methodso 

sequence of uranium ores" 8 by L. R • stieff and T. W o Sternp was published 

• 

• 

• 
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in the Proceedings ~f the Uaited Nations International Conference on 

the Peaceful Uses of Atomic Energj?e 

Stable isotopes 

by 

Irvi.ng Friedman 

The water content ... and D/H ratio of dissol"'~ed water contained in 

samples of tektites and other natural. glasses w·as determined and it now 

appears that such glasses can be categorized by their wa:ter content .• 

Most tektites can be c:Lassed as natural gla.~ses contaiiling less tha..l'l 

0~008 percent H20• A supposed tektite from Peru, described by Linck9 

and containing euhedral crystals of andalusite (5 mm long), biotite f) 

• potash feldspar, plagioclase feldspar~ wollastonite9 sillimanit~, zirconp 

dunite,- qri.mz~ and cordierite, contains Oo23 percent II2,0e This places 

it in the same class as obsidian. (0~08 to Oo5 percent H20) a A possible 

origin of the n Americaniten is by the refusion o:f a sandstone o Libyan 

desert glass ( 97 percent sio2) contains about 0 &07 percent water and 

again is quite close Ln water content, t.o cert.a~in obsidi.a:n.s o The Libyan 

desert glass might have been formed by fusion of the Nubian quartzite 

by a meteorite impacto The ntruen tektites are very anhydrous and at 

the present w.riting9 all of the glasses i ~hq:t. are known ·to have solidified 
,. , ... \,. 

at or near the earth t s surface contain more than 0 &05 percent water o At 

this juncture an extra-terrestrial origin for tektites would seem to be 

indicated" 

Previous analysis of tektites shows that they range from Oo02 to 

• Oo6 percent waterZ~ figures which P.'f'obably are hi.gh by about one or two 

orders of magnitude e The met.hod of vacuum fusion and conversion of the 
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condensed water to hydrogen gas~ used he:re-9 is capable of greater 

precision than the usual. chemical. techniques~ 

The analysis of' gas in tek.tites is also probably in errore All 

authors, including the recent work of Suessj) report C02, co, and hydrogen 

as the predom:i.nant gas~ 'W'ith smaller arn<:runt.s of H20-e · The present research 

fails to find ~ CO, C029 or bydrogen) but or~ H20o It is believed 

that the other reported gaSes:~ .. · ror.rned: ~'by the reaction of the water 

with the tektite and with carbon contained in the crucible o 

The D/H ratio of water in the tektites covers the whole range of 

natural abunda.neee Howevera there :m.a;sr be a grouping of results indicating 

that the water in tektites is slightly richer in deuterium. than the water 

in obsidiane 

Deuterium analysis of ocean waters in cooperation with Woods Hole 

Oceanographic Institution were continued o Several hundred samples 9 repre.;.. 

senting stations in the ArCtic., Northwest Passage8 Baffin B~8 Norwegian 

Sea, Barents Sea9 Inninger Sea. and North Atlantic were analy.zed& Plots 

of D/H vs. salinity permit ocean waters to be characterized in a f.a.;.b~1y 

unique manner o Such data should give information · about large scale oceanic 

circulations & 

Isotope geology of lead 

by 

Ro S& Cannon9 Jr~ 

Chemical evaluation of samples collected as potential material for 

study of isotopic variations in the rock~lead of igneous and sedimentary 

rocks was virtu~ completed with the analysis of 70 additional samples 

for uranium by the fluorimetr_ic, method o The samples analyzed most recently 

• 

• 

• 
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include both plutonic and volcanic igne·ous rocks, limestones, and other 

kinds of geologic materials, . so that the results do not lend themselves 

to generalizationo · 

Geologic activity this period consisted entirelY of completing a 

study of carnotite deposits in the Santa Fe formation at Cuyannmgue in 

north-central New Mexico, discovered in 1954 while collecting samples 

for lead-isotope studieso This work included stu~ of the geochemistr.y, 

geobotany, and economic geology of the deposits in cooperation with 

specialists in those .fields o The deposits ocet,ir in unconsolidated eleys 

and sands of late Tertiary age and must have been formed not earlier 

than late Miocene time. Yet~ in both physical and chemical. characteristics 

they bear resemblance to carnotite deposits in much older sandstones of 

• the Colorado Plateauo In the enreme southeastern corner of the Colorado 

Plateau province, typical uranium deposits assumed to be of late Mesozoic 

or early Tertiary age occur in Jurassic Todilto limestone and Morrison 

formation less than 40 miles away from Cu~,b.mungue. Be·cause typical sand-

stone ores of two different geologic ages can be sbow.n to coexist in such 
~;" .: ·f 

proximity 9 this area is of great interest for future research on ages of 

uranium ores by the lead-uranium method. The Guyamungu.e deposits are so 

thoroughly oxidized that material suitable for age studies will not be 
I· !,,., 

obtained unt~l they are explored below the permanent water table. The 

area should prove of interest also for rqtke research on relat:ionships 
~. 

between uranium deposits and volcanic asho Present-day weathering of urani-

ferous vitric a.sh interbedded in the Santa Fe formation does set free s 'ome 

mobile uranium in ground waters, and the situation seems favorable for 

• proving whether such ash was or was not the source of the uranium that was 

concentrated at some -eiml.ie.~ :time\ in the uranium depositso The deposits 
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are small and of low grade at the outc~op, but their potential cannot 

be evaluated lintil eXploration penetrates below the water table. ~rhe 

range of available prospecting techniques has been reviewed and suggestions 

made concerning uranium prospecting in Tertia.r:r ooritinental. sediments that 

eontain volcanic ash, pa.rtioul.arly in the Tertiarr fill of the Upper Rio · 

Grande Valley~ 

Nuclear geology 

by 

F. E. Sent!le 
) 

/ 

During the past six months about 30 ;:;amples were run for eu63Jcu65 

ratioo While smaJ.l variations were noted in a few casesjl the result~s 

were little above the experimental error exi>ected. The ratio of cu63j 

Gu65 at the contact of a "roll" in the Peanut mine was slightly different 

from that in the adjoining sediments, but more recent runs indicat,e that 

this variation ··represeht.e0: " fractionation :in the source. Similar small 

variations were noted in the native copper and other copper in the host 

rooko At this writing it is not eerta.in that these variations are real~; 

The only relatively large variation noted to date is in copper extracted 

from bottom muds from East Sound, Washington. Here it appears that 

anaerobic actiVity resulted in an exchange reaction which concentrated 

the heavy copper isotope. The cu63jcu_;65 ratio was found to be 21!i205 which 

represents about a 0.8 percent enrichment of the heayy isotope~ ; 

Five more analyses of the u2)5ju238 ratio were obtained from the 

Mass Assay Laboratory, Oak Ridge. 'l'hese last five represent uranium. 

specimens from widely separated places on the Colorado Plateau. 

• 

• 
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Sample Noo 

PK~·l8 

AE-ll65 
AE~l288 

AE=l271 
AE-1260 
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Temple l•1t ~ » Utah 
Mi Vida :Mine.& Utah 
Paradox Valley~ Colo. 
Poison Canyon ~4ine f' No Mex~ 
Woodrow Pipe 9 LagLLi'lal) No · 1-lex fl 

\vt. & u235 
___ ;;_,;;,. __ 

0.7115 
0.7119 
o.r7J.24 
o,.7ll6 
0.7116 

Lir.nit of E;rror 

:.\: 0.0022 
: o .. oo22 
~ 0.0017 . 
.&: 0.0022 
.i:. 0.0022 

As in the previous analyses no significant Yariations were noted. 

A magnetic susceptibility curie balance wa.s constructed to compare 

the magnetic properties of zircons from different places$) and also to 

see if there is any correlation with t.he degree of metamictization o.f 

the zircons o The equipment is currently being ca.libratedo Further 

bombardment of zircon with alpha particles a:t Oak Ridge National L.ribor-

atory failed to produce further da.mage in the original. specimens of zircon, 

New target.s of fresh zircon were prepared bu1~ no .f'tl:.rt.her bo:mbaJ?dment~ wa,s 

madeG 



MINERALOGIC AND PETROGRAPHIC SERVICE AND RESEARCH ON BASIC PRINCIPLES 

Services 

by 

E I) J. Dwornik and George Ashby 

The increase in t.he number of samples submitted by the public to 

the Washington laboratory for radioaoti vity analysis.9 which has been 

noted in the three previous semiannual reports g is still in evidence • 

During the present report period app;roximately 21900 persons SUbmitted 

a totaJ.. of about 4,600 samples; this compares with 2,200 persons sub-· 

mitting 3~500 samples during the preceding six-month periodo All of 

these samples are given routine mineralogical9 petrological1 and radio­

activity analyses, more detailed work being done only if the samples 

are of interest to the Geological Su.rvey-& Special samples are also sub­

mitted by Geological Survey and AEC projects 9 ma.ny of these requiring 

detailed mineralogical and petrogra-phic study. During the report period 

mineralogical reports were written for 240 sueh samples, as compared with 

200 samples during the preceding period e 

At the Denver laboratory 450 samples were processed. About ,:300 

samples were examined by X-ray diffractometer analyses. There was a. 

considerable increase in number and variety of minerals identified per 

sample» reflecting here as elsewhere both increasing knowledge and interest 

in mineralogy 1 and increasing complexity in ore types under investigation. 

The use o£ autoradiographs to locate are,a,s of radioact·ivity has 

become common practice in the laboratory. The radiographs are particularJ.y 

useful in differentiating low-grade specimens with discrete ra.dioacti ve 

minerals from those in which the radioactive elements are dispersed$ as 

• 

• 
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in limonite and carbonaceous material. 

A large increase in samples of the ttmultiple-ox:ide" type such as 

sa.marskite, ura.nothorite, and pyrochlore has occurred during the last 

six months e In parl this represents increasing interest from the 

general public in pegmatite sources~ and attention to thorium sources 

of radioactivity. Many of these multiple ·oxide mineral samples are 

metamict, and many require concentration and heating before X-r~ 

identification is possible. A metamict high-uranium thorite from El 

Paso County, Texas was particularly interesting in that it appeared 

quite deficient in both Ra228 and Ra226; Ra.228 has a half-life of 6.7 

years, which suggests relatively rapid remova1, in recent times, of this 

daughter product • 

A preliminar.y investigation of the possible use of ultrasonics for 

mineral separations was made on a pink sandstone from the southern Black 

Hills. It showed that this method of separating constituents has con­

siderable promise. 

A detailed study of multiple geochemical factors involved in halo 

searching for ore is being made on an area in the southern BlAck Hills, 

South Dakotae 

Electron microscopy and electron diffraction 

by 

E .. J & Dwornik 

A method was devised for interpretib.g itransmission electron dif­

fraction spot patterns of monoclinic crystals which orient with the plane 

of two crystallographic axes parallel to the plane of the specimen mount • 

If a monoclinic crystal orients with the (001) or (100) face parallel to 
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the specimen mount the resulting spot pattern will represent the 

e:t~*' b~~ er b~~ c~~ reciprocal net plane pro.jected onto the phot.ogr.aphic 

plate at an ~gle of ({J-90°) (OJ · Such patterns will give directly the 

a and b or b and c unit cell constants o If a monoclinic crystal 

orients with the (010) face paraLlel to the specimen mount the spot 

pattern ·will represent the a?} c* reciprocal net plane-' and will give 

directly the hOl parameters ·and the ja-1~ angle e This method was used 

successfully in determining unit cell data for simplotite ( ca,v 4 09~5H20) .. 

Electron microscope studies of a suite of clays from the Colorado 

Plate.au revealed characteristic platy crystals typical of hydrous micas 

and montmorillonitic · type material & Selected area diffraction of 

apparently different phases gave characteristic clccy" patterns · :indi­

ca.t!P;g that vanadium is an integral parl of the clay structure o 

Other work included identification of various clay f) uranium, and 

vanadium minerals~ a particle size determination of zircon samples; 

a study of electron diffraction patterns of triclinic minerals in order 

to find a basis for interpreting such patterns; and studies of fine 

grained materials such as leucoxene, surface coatings on minerals~ and 

chemical precipitateso 

Research .on techniques 

by 

E.. J e Dworni.k 

Laboratory sampling has become an important factor in the study of 

the distribution of trace elements in rocko In order to determine the 

magnitude of sampling error9 studies of sample splitting methods and 

grain size vs number relationship were initiatedo In connection "Vtr:ith 

• 

• 

• 
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these studies crushing tests using a. laboratory roll mill were conducted 

to determine the resulting size distributio~l and the relation of uranium 

content to grain size in Conw~ graniteo 

An experimental de~J,.gn was set up by which the products of three 

different roll settings could be compared.. Pre-'siz$d sa.mples . of : .. th.e 

granite ( 1-10., -10tl4 -141-QO mesh) were passed through the rolls at one 

setting and the resulting size distribution plotted'O Comparison of these 

size distributions showed :marked s:i.mil.arity in th~t·c-dis~in~t!· · '~~~hil:lg 

peaks were observed in al1 nine curves and that the size dis"t,rib1.1tions 

were grouped according to the roll settingse 

It was apparent that the original si21e of the ma.terial eru.shed by 

the rolls had no influence in the cru.shing operation except on those 

samples where the gap between the r~Dlls approached the grain. size of 

the ma.teriale 

Chemical uranium analyses wer~ made on all samples in each of te--ar 

selected mesh sizes"' The re~ults of these ana.lyses are shown in table 19.., 

In eight of the nine size distributions the urru1iu.m content was great·est, 

in the s:m.al.lest sizes e There is also indication ·that increased :·:crushing 

action of the rolls decreases the uranium content of the coarse size 

fractions~ 

X-ray serrices 

by 

George Ashby 

During t,he last six months 9 796 determina:i;ions were made on 6.50 

• samples o An extensive revision of the power film file was eomplei:,ed 

with the exception of approximately 200 unidentified fi.J..m!:3 e .. The latnter 



Table 19 o Distribution of uranium in seleoted size .fractions of Conway granite after crushing 

R~~ . .. . u1ppm d, - U1ppm · ~u1 ppm U1ppm 
Setting Original -40 Mesh -SO Mesh -120 Mesh -270 Mesh 
(mesh) Grain iJise size +50 wt. 1 tlOO wt. % +140 * , Wt. % Wt. % 

I , _ : i • \ ' ~ ' , _ : 

1.20 

40 

20 

120 

40 

20 

120 

40 

20 ;' 

• 

~lel} 
SBJJ;lle 2 

Sample 3 

Srunple 4} 
Sample 5 

Sample 6 

Srunple 7} 
Sample 8 

Sample 9 

8.7 

10 ll.6 

2.3.5 

9.0 

-10 l4 ll.~ 

14·5 

13.5 

-14 20 u.o 
...... 1.3.5 ~-~ 

u..9 -s.; 

12.52 9.5 

7.Q3 tJ .• ~ 

;7.84 . s.; 
/ 
20.2 11.2 

4.8 -J1~~5 

18.5 8.5 

12.4 12.5 

.369 ·14.0 

•• 

7.7 10.4 3.29 17.0 15.0 

3.78 1.3.; 1.41 .32.5 4.0 

2.0 l7.5 .. . 69 45o0 2.7 

7.40 27.5 2e9 24e0 u..s 
3~12 11.0 le4 2.3 ~o '5.6 \.JJ 

' I\) 
~ 

1.1 17 • .3 e4 .33o0 1"45 

?eO ll•O .3&2 17.0 12~~9 

2 • .3 14.0 1~.5 .38~5 3.6 

·7 15.-5 ~ • .3 ·· 3s.o .9 
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were cat-alogued for further investigation. Seventy-three hundred films 

were catalogued alphabetica.lly under mineral .name, element, or chemical 

compoundo This reference flle represents one of the best collections of 

X-ray data on uranium. ore mineralogy in the world. 

An automatic sample changer was constructed. fo.r t~e ;-:-ray diffraeto­

meter o It was designed. to automatica.lly record diffractometer charts from 

twelve samples during a sixteen hour -pericid:' '·and :·thus triple··.the recording 

time ."bY .Pe-rmitting unatt-ended operati~n~ The. changer .was. suc.ce.ss.fu.l.J.y .J~~e..d .. 
,_. ' . ' . ' • -:0- ~. • !- . ·~ .·• ! . . jj"' • 

on a set of 500 elay samples recently submitted to this laboratory. 

C;rstallography of uranium and a$Soeiated minerals 

by 

H. T. Evans, Jr. 

The study of the structures of uranyl complexes, begun last summer 

with the solution of the liebigite structure, has continued. The details 

of the structure of liebigite ~~U02(C03)3.lOHzQlwere refined in two 

dimensions, and refinement of the third dimension is · in progress. The 

essentia.lly pl~ar aspect of the .carbonate groups in the U02(COJ)J~~4 com-

plex ion was confirmed. Preliminary structure studies on johannite 

atoms in the trielinic unit cell. Accurate intensity data were collected 

for the purpose of studying the constitution of the uranyl sulfate complex. 

This work was augmented by chemical studies of various uranyl complexes 

with the prineipaJ. aim that of growing crystals suitable for structure 

analysis& Thus, large untwinned crystals of johannite, greatly superior 

• ·to the natural crystals . were grown by a sealed tube method. 
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The studies· on the ' uranium oxide hydrates were .f'trrth.er extended t© 

~omplete . the physical characterizati·on . of the members of . this complex . 

series of ni.inerals o The optical properties were ~a.sured and correlated 

with the structures o Fourier analyses of intensities measured for 

beequerelite were carried out in order to determine the structural deta:Us 

of the U02(0H)2 sheet which is common to these Edneralsc 

Chemical studies were initiated in the carnotite syst.em.. Procedur~s 

described in the literature for the preparat.ion of carnotite from various 

melts were followedj> but new"' previou~.ly u.nrecord~d · products were obt~j_:n.sd ·o 

Large yellow crystals of ea.rnotit~ whose X-ray patterns correrJpond t o the 

classical descriptions of the mineral were obta.in~d from potassium. met a-

vanadate melts .. but a new orange. pseudotetra.gona.l. .form was obtained from 

potassium carbonate fusion$o These crystal$ will be 1,15ed for 4etailed 

structure analysis in order to determine the nature of the '(u~vo4)- : 

sheet 11 · especially since some doubt has been ~re~sed concern:lng the validity 
. ; 

' i' . 
of the structure of carnotite proposed by Sundber'~ ~ Silleno Single 

.. 'I 

crystals were prepared from m.etavanadate melts of.. the lithium;, sodilJJD.p 

rubidiumg cesium and thal.li.um analogues o! carnotite, and subjected to 

X-ray studyo 

New information was obtained on vanadium oxi~ structures& The ,cryst-al 

atructu.re of a new oxide mineral from Carlile~ S~th ·nakota was solvede It 

was found to consist of the same zig-zag octahedron chains that occur in 

montroseite and paramontroseiteg but linked into a sheet structure irrstead 

of a network Structure., The sheets are held 'together by a system. of hydrogen 

bonds<!> The probable :f"ormul~ is V20Ji)2H20s; .wn.ioh implfes that this mineral 

is also a primary one (not a weathering pl-oduet) 9 like montroseite (V203bH20) o 

T~s orl,de 'W'Sf! also ident.ir~ed in specimens from McKinley County~: New Maxie© f) 

• 

• 
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and in a synthetic product of a sealed bomb run experiment o This m.iner?al 

is another example of a case where the X-ri;r structure analysis method 

provides the only approach to the problem of the chemical constitution of 

the mineral and its relation to others in the geochemical scheme. 

A paper by Ho T iJ Evans, Jr., and M. E. Mrose, titled ''A crystal 

chemical study of montroseite and pa.ramontroseiten, was published in 

The American Mineralogist, v. 40g 861-75e 



GEOPHYSICAL SERVICES AND RESEARCH ON METHODS AND PRINCIPLES 

Development and maintenance o£ radiation detection equipment 

by 

w. w. Vaughn 

The response_ of the c~borne scintillation counter to a. 25 mg Ra. 

needle at 50-foot intervals to a ma.x:i.mum distance of 300 feet was plotted 

against· ... horizontal. ~istanee. The scattered radiation measured :in a plane, 

8 ·· f'eet from the surface of a homogeneous medium, was 100 percent of the 

values derived from the inverse· square law. The instrument contained a 

3-inoh diameter by 1~-inch thick Nai crystal.. · One might logically assume 

the s·oattering from a natural source of radiation in proximity with dense 

materiaJ.s would be a greater percentage of the radiation as a.n integral 

reading., 

.Although the ca.rborne scintillation counter yvas designed primarily 

to make a graph of radioactivity vs distance fo~ road traverses or open 

terrain, other uses a.re being found for the equipn1ent. In Karnes County, 

Texas, and similar areas, the instrument was used effectively as a tool 

fo·r lo·eating hidden faul,ts. 

A scintillation core scanner using four 2-ineh x 2-inoh Nai crystals 

shielded by 2 inches of lead was const.ruated. Pr~im.ina.ry t .ests indicate 

the instrument has five times the sensitivity of equipment previously used 

for this purpose. It is possible to detect a difference of .001 percent eU 

in the drill coree. The chamber 'Which allows thr~ugh passage of material 

is an axial. bore 4 inches in diameter by 12 inches long. The sensitive area 

• 

• 

of the chamber measures 2 inches in length., The radial distance to the . • 

crystals is adjustable e The instrument automatically graph_s _radioaoti vity 
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v-ersus time or length of drill core o The design of similar instruments 

is being considered for continuously monitoring a process where radioactive 

solutions are transported by pipe or ~plastic tubing. 

The development or selection of a suitable ratemeter for the quanti­

tative measurement of radioactivity in a drill hole conti:nuese This 

in~t1r:ument i .s to be used in a jeep~mount~d scintillation logger., It is 

obvious the best commercial instrument available for use under these 

rigorous circumstances will require further modification to obtain the 

necessary accll.:r'acy e Further tests are being made to determine the possi-· 

bility of inhole spectral measurements with this equipment. Two simulated 

drill holes and a water tank 9 £eet deep~ 6 feet wide will be used in these 

experiments & The portable . scintillation logger with the high-low range to 

• log ore-grade materials , as well as .formations containing very little radio­

activity, has been accepted widely as an. effective tool in stu~ing and 

correlating stratigraphy. 

The development of a new circuit for an nemanat.ion pulse differentia.torn 

was begune The original proto-type circuit will be used as a guide 6 

It has been determined that a super-·sensitive portable saintill.a:tion 

counter of the type prospectors use will serve well to detect the radio­

activity in uranium~bearing plants in place. 

Further changes are being made in the seint:Ulation counting equipment 

for the gamma-ray absorption experim.ent o It ·was recommended that a double 

differentiation amplifier be used in taking data() Fabrication of two such 

amplifiers has beguno 

These were made to COIII.Pare the sensitiv:i:ty of a multi-geiger tube 

• (as many as 24 GM tubes in parallel) survey meter to a scintillation 

countero The sensitivity of the average scintillation courtter with a 
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1!-inch-diameter by l-inch-long Nai crystal. is 100 percent greater than 

the l'llJJl.ti-geiger tube equipment& 

Research on utilizing transistorized circuits for .impedance matching9 

amplification~ etc&, eontinu.es. The germanium transistors were too tempera­

ture-dependent for reliable field operati.ono The silicon varieties so fa:r 

pro'Ve to b.e better in this respect e 

A test system for elassi.fyi.ng phototube and crystal combinations 

relattve .' to their ~ energy response was devised& Uniform energy dependency 

within a group of instruments is desirable from the standpoint of main-

taining close calibration which is necessary .with the ga.mm.a-ray loggers 1 etc e 

The consulting maintenance and calibration service for all types of 

radiation equipment continues e At the request of the Atomic Energy Commis-

• 

sion, a laborator.y facility for fluorimetric and radiometric ~ses and • 

the maintenance and calibration of radiation detecting equipment was e.·stablished 

in Lima, Peruo 

Gamm.a-ra,y logging studies 

by 

Co Mo Bunker 

Development work on a jeep-mounted scintillation logger and a portable 

scintillation logger are still in progress. 

Satisfactory reprodueibility of measurements wi.t,h the jeep-mounted 

unit have not been attained, due largely to lack of stability of the rate-

meter employed o Several other commercial ratemeters are presentl¥ being 

tested in an attempt to develop an instrument satisfactory tor this appli-

ca.tiime Similar difficrolties were experienced With the portable logger9 

resulting ma.inly .from temperature dependence. • 
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In order to obtain uniform response among various ·scintillation 

logging units various components of the equipment are being rigidly 

t estedo One of the less uniform components is the photomultiplier tube e 

A testing procedure has been established to determine ·various charac­

t eristics of commercially available tubes and with that information to 

write specifications to limit acceptance of tubes to those which lie 

within the tolerances. demanded by the application in which the tubes will 

be used0 

The power pack and surface circuitr.y unit of the scintillation logger 

was tested for variation in count rate response to a constant source through 

a temperature range of 39-130 degrees F; the total count rate variation was 

approximately 6 percento 

~ No visible variation in response was indicated !rom temperature 

tests on the probe in the 35-75 degree Fo range; however, the count rate 

dropped by 70 percent as the temperature was increased to 135 degrees F. 

The temperature dependent component(s) of the probe was not deter.minede 

In spite of the undesirable aspects of the equipment as described 

above~ the seint!~lation logger has been employed effectively to obtain 

qualitative data on lithology that is superior to that provided by 

conventional Geiger counterso 

Approximately 30 explorator.y drill holes in the Oljeto Wash~ Arizona­

Ut ah area were galllllla-ray logged with the portable scintillation logging 

equipment e The purpose of tl}e work was to test the equipment under hot; 

dry~ dusty conditions and to obtain more valid lithologic logs of the holes 

than were obtainable with Geiger equipment o The equipment withstood the 

~ field conditions with slight e~uipment modification indicatedo 
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A group of water wells, oil wells, cisterns 1 and exploratory drill 

holes near Wichita Falls, Texas were logged and although the uranium 

mineralization present is not significant the scintillation log will be 

helpful in the interpretation of the lithology-. 

Several water wells located in valley fill in the Warm Springs Fault 

area north of Salt Lake City~> Utah were gamma-rB\1 logged with the portable 

scintillation logging equipment in conjunction with the Physical Behavior 

of Raaon, studie.s. The purpose of the logging was to determine lithology~ 

variation of background in the wells versus radon content, and the loca­

tion of uranium mineralization. The logs clearly showed lithologic 

breaks; however, the holes were generally too far apart and the strata too 

inconsistent to cross-section the area by using the logs b There was no 

apparent variation in background with radon content; however, this conclu­

sion ~ be the result of too few datao Some anomalous, but not commercial 

grade, radioactivity was located. 

Several drill holes W'ere gamma-ray logged at Grants~ New Mexico to 

determine the relationship between (1) the in-hole counting rate (2) radon 

content of the air in the drill hole and (3) uranium m.ineralizationo The 

results of this investigation are given in Physical Behavior of RadonJt P-• · 339~ 

In addition to the development work given above maintenance and service 

operations on the Geiger counter loggers currently in use was continuedo 

Five lightweight aluminum selsyn frames have been built to replace units 

. made · of steel o In addition to being unwieldly, the weight of the old ones 

created a physical hazarde 

A replacement 2,000~foot capacity reel unit has been completede Use 

of it will reduce in the in-shop time required to make a ~or repair or 

overhaul the logging equipmento 

• 

• 

• 
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In order to maintain calibration among. several logging 1.ll1its over 

a long period of time quality control must be maintained on all ·critical 

components s therefore~ -the count rate respo:1ses c~f all Geiger tubes used 

by the project are checked against a standard source with a ratemet.er and 

scaler. In addition, the tubes in field use are returned periodically to 

the instrument shop and rechecked to eliminate any tubes that indicate a 

coQ~t-rate response drifte 

PfQ[sical behavior of radon 

by 

The investigation concerned with the delineation of faults in 

• unconsolidated sediments by changes in the radon concentrations in well 

waters was continued in the Warm Springs Faults area north of Salt Lake 

City and was extended to the North Ogden~ Utah area.., Fifteen well-·water 

samples were collected along a traverse perpendicular to both a kno'Wl'l 

and a postulated fault trace in the lilann Sp:r:-ings Fault areaQ Radon~ 

radium and uranium. concentrations were as follows g 

Rn - 304 to 2330 pp _c/1 
Ra - .1 to ~4 )I j~Jc/1 
u - lb6 to 12.0 x lo-6 g/1 

Results of the studies t.o date indicate that (1) the radon content. 

of the ground waters correlates quite well with the uranium content, but 

not at all with the radium. content .9 (2) radium content varies from 2 to 

40 times less than equilibrium with the uranium content of the water 

and (3) radon content varies from several hundred to a thousand times 

~ greater than the equilibrium value based on the uranium content. 
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In the North Ogden area 325 wells were sampled in an area of 

about 25 square miles~ As in the Warm Springs Fault area north of 

SaJ.t Lake City, Utah no major correlation was noted between the radon 

content of the water and either the depth of the wells (10 feet to 

800 feet) or the rate of discharge of the well~ The pattern of radon 

distribution is :much more complex than in the Warm Springs FaUlt area3 

although there appears to be a relation between high radon concentration 

and postulated fault traces. A possible relationship exists between 

changes in chemical composition and the radon content (100 to .3,000 

microm:icrocuries per liter) of the ground waters.· 

Carborne scintillation counter surveys revealed an area of about 

2 square miles of high radioactivity (up to 20 times background) in the 

North Ogden ar~a· This condition is believed to be due to the precipita-

tion of some radioactive element from the waters i .ssuing from Utc:Ul Hot 

Springs, which waters contain 5,800 micromicrocuries of radon per liter 

and 44 micromicrocuries of radium per liter. A detailed study is planned 

for this area during the next. six months in conjunction with ground water 

investigations now in progres&. 

An investigation of radon in springs, wells, streams and reservoir · 

water in the Huntsville, Utah area has beguno The radon concentrations 

from the several sources are as follows: 

Springs - 270 to 3,200 micromicrocuries per liter 
Water ~vells .- 200 to 910 mieromicroeuries per liter 
Streams - 20 to 110 n n n 
Reservoir (surface) - 10 n n n 

Additional measurements will be required before an evaluation can · be 

made. 

Field work was substantial~ completed in the investigation of radon 

in drill hole air and soil gas in the vicinity of a uranium orebody near 

• 

• 
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Grants 1 New Mexico o General correlation was obser~red between the rise 

and fall of atmospheric pressure and the amount of radon in drill holes 9 

the vertical position of maximum radon concentrations· in1ihe holes 9 and 

the maximum concentrations b The obser1red effect of wind velocity was 

different for different holeso No correlation was noted between surface 

temperature and radon concentrations in the holes o Ga:mma:-ray logs show 

a gamma-r~ component which is proportional to the radon concentration 

at each depth~ within reasonable limits of errore Soil gas analyses for 

radon in the vicinity of the ore body showed no correlation with the 

theoretical radon halo over the ore body' the area appears to be not 

amenable to soil gas techniques of prospectinge 

The locations of water samples taken in Cl~ County9 Florida~ are 

• shown in figure 64 ~ t.able 20 gives the corresponding radon con.cent.rati.ons 

and the respective depths at 'Which the samples were taken<!) 

Water samples were taken and analyzed for radon :in Hillsborough and 

Polk Counties 1 Floridae The results 9 shown in figure 65 and table 219 

indicate marked changes of radon concentration with depth in shallow 

drill holeso The unusually high radon concentrations occur with the 

uraniferous "leached zone" of the phosphatic Bone Valley formation.9 and 

to a lesser extent i with the less uraniferous but commercially phosphatic 

"matrix", or lower~ part of the Bone Valley formation~ 

The determinations of radon concentration in water samples are 

estimated to be accurate with ±10 percent o There wa:s some loss of radon 

in the collection of samples, however~ a.s the procedure fol.lowed L11 the 

extraction of water from the turbid water of drill-holes involved some 

• aeration of the water as i.t entered the sampling deviqe. ~ro checks of 

the sampling device against one which did not involve an inherent loss of 
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Figu.re 64" 

RADON SAMPLE LOCATIONS!) CLAY COUNTY, FLORIDA 

Figure 65a 
RADON SAMPLE LOCATIONS, HILLSBOROUGH AND POLK COUNTIES, FLORIDA 
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Location 

1 
1 
1 
2 
3 
4 

5 
6 
6 
6 
6 
6 
7 

8 
8 
9 
9 
9 
9 

10 
ll 
11 
12 
12 
12 

Table 20 o Radon analyses of water samples from 
Clay Cou:nty 9 Florida 

Radon content 
lo-·12 curJ-esfliter 

270 
.210 
.270 

20 
29250 

330 

1~100 
840 
780 

5.9000 
3,400 
19900 
10~000 

1,100 
480 
350 
510 
6ao 
490 

1~800 
1.9900 
2»000 

90 
600 

1 9100 

Depth 
( . '\ ,.feet~) 

ll 
17 
30 
50 

1.2-·14 
9-11 

10~12 

6 
7 
s 

11 
24 

3-5 
30-32 

6 
? 

13 
16 

8-10 
8·-11 
11 1/3 

j1 

tl 

10 
20 

Remarks 

seeped thru threads of iron casing 

sample questionable, top of water 
table about. 6 feet 

top of water table about 5 feet 

freshly-pumped water from domestic 
well ·27 feet deep 

top of water table 

top of water table at 5 feet 

top of water table 

of radon indicated losses of 18 and 12 percent respectively. It is there-

fore likely that the radon concentrations cited for drill-hole waters are 

low by from 5 to 25 percent o Samples taken consecutively from the same 

point and depth showed relatiYe agreement withiil 10 percente 

One water sample was analyzed in the field for both radon and radium 

and ga-ve values of 19.9000 pf'c/1 of radon and only 120 p~/1 of radium. 

Aliquots of some other samples for radon contained J) 11 c/1 of radium at 

the t ime of analysis o In no instance was radon in equilibrium with radium 

in solution<!> 
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Table 2lo Radon &~alyses of water s~les fr"om HiJlsborough 
and Polk Coun:t.ies~ Florida 

Location 

1 
2~ Hole 1 
2$ Hole 2 
2~ Hole 3 
29 Hole 3 
2j Hole .3 
2~ Hole 4 
2~ Hole 4 
2~ Hole 4 
2l> Hole 4 
2~ Hole 4 
29 Hole 5 

2~ Hole 5 
2~ Hole 5 
2~ Hole 6 
2 9 Hole 6 
2, Hole 6 
2., Hole 6 
2 9 Hole 6 
3 

3 

3 

3 

3 

Radon content 
10-12 curies/liter 

29300 
7~300 
99600 
8~000 
59200 
120 of Radium 
17$900 
7t000 

33,000 
29:y000 

8,800 
140,000 

84~000 
46,000 
57,000 
54;000 
36,000 
1~300 
3,000 

51 (average) 

43,000 (average) 

249000 ' 

9~400 

9~600 (average) 

Depth 
(feet) 

17~19 

35-37 
40 
33 
35 

8 
5-·10 

10 
Ll 
22 
33 
17 

24 
34 
14 l/2 
19 1/3 
28 1/2 
35 
40 

Remarks 

water from domestic well 
drill hole water 
drill hole water 

. drill hole water 
drill hole water 
drill. hole water 
drill hole water . 
dri~l hole water 
d.ri{j~ hole water 
drill. hole water 
drill hole wat.e:r· 
drill hole water 0 top o.f 11.rater 

table 
dri1.l hole watc..;r 
drill hole water 
drill hole water 
drill hole water 
drill hole water 
drill hole water 
drill hole water 
water in pond adjacent to phosphate 

strip .mine 
seepage at top of "leached zonen 

(Bone Valley fm. ) in phosphate 
strip :mine 

se:epage at contact bet-w·een 
!t:teax.ched zonen and "ma:trix1·t of 
Bone Valley fm8 

seepage 4-5 feet below ''leached 
zone'! - nmatrJ..x!' contact (Bone 
ValJ_ey fme) 

seepage from top of Ha~~horr1 fm. 

Four air samples were taken from exploration drill holes located 

w:ithin a uraniferous area in the Black Hills. Tl.~o of the samples were 

taken at a depth of 60 feet in one hole and averaged 25 II )lc/1 o This 

hole was open _to the atmosphere; the effluent air co1J.ld be felt by the 

hand and caused an increase in scinti.Uation counter reading from o015 

to o020 mr/hr$ Samples taken .from two other holes~ located within 70 -

• 
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feet of the first hole, contained 220 and 440 JV}k/19 respectively~ 

at the same depth; they were also open to the atmosphere but did not 

show evidence of vertical air movement. A moderate wind was blo~.J..Ug o 

It was concluded that air flow in the one drill hole wa.s flushing radon 

to the surfacep accouriting for the relativelY law radon aoncentrati~n 

at depth~ whereas the lack of air movement in the other holes was per= 

mitting a build-up of radon at depth. 

Spring waters v-aried in radon content from less tha...TI 1 to .'57 v 000 

f.Jjt/c/lo Values above 5~000 Jlpc/1 in general correlated with nea.l"'by 

deposits of uranium of ore or sub-ore grade 9 while values below 59 000 

j)l/ c/1 were obtained in areas believed to be ba.+rene One sample from 

an lli"1known area contained 7 slOO -p Jlc/1, wb.Ue two nearby springs con­

tained 150 and less than 1 /)/)e/19 respectivelyo 

Well waters varied from less tban 1 to 7 ;.400 p jJC/1, the high value 

occurring above a known ore bodyo ill. other samples ran 1 9300 p j/c/1 

or lesso 

One stream was sampled at three points o Above the probable corrta.et 

of the Fa.ll River formation at the stream, three samples contained less 

than 10 )))/c/1. Below the probable contact, a sample contained 290 1/flc/lo 

It is possible that the increase in radon concentration represents the 

infiuence of ground water passing through anomalously uraniferous terrain¢ 
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Absorption and scattering of ga~~radiation 

by 

Ao Yo Sak.akur>a 

The progrrum for the solution on the Univae of the Boltzmann equation 

for gamma-rays from semi~infinite sources scattered into air has been 

checked~ and solutions for various primar.y energies of the radium speetrum 

are now underwayo One hundred and s:.i.xty hours have been utilized on the 

Univac 9 and the computation is proceeding at the rate of eight to 16 hours 

per week 0 It is estimated that another 200 hours are neeessa..7 for the 

radtum spectrum~ and 240 more for thorium and potassium. 

With these solutions 8 given the spectral and angular respon$e of 

any deteetor 9 the total response of ariy detector · above semi-i.hfinite sources 

of Ra, Th9 or K can be computed. The efficacy~ or the lack of efficacy, 

of spectral measurements for the determination of the composition of the 

source can be determined$ 

Results of the study of the motion of fluids through a. porous medium 

previously reported has been found applicable to certain heat eonduct:ton 

problems e A joint study with Oak Ridge ·National Laboratory dealing with 

the asymptotic expansions of solutions of heat conduction equation in 

internally bounded cylindrical geometries has been com.pleted and a report 

is in preparation~ 

A report on the study of gamma.-ray measurements with airborne equip­

ment over sources of several basic geometries has been completedo 

Work on the measurement of radiation from a point source in a cylin­

drical cavity has been impeded by the unsuitability of commercially 

available A-1 ampllfi.ers <> Measurements obtained to date have not been • 
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satisfactorily reproducibleo Consequently, a DD-2 amplifier, designed 

at the Oak Ridge National Laboratory for such purposes is presently 

under construotiono 

A spherical sodium iodide crystal will be used as an isotropic 

detector with an internally silvered glass tube as a light pipe • . 

Several designs for a directional gamma-ray detector for probing 

drill holes are being evaluated both mathematica.lly and experimenta.lly o 
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RESEARCH AND RESOURCE STUDIES 

by 

F o ilv o St.ead 

The objective of research and resource studies is to analyze and 

correlate on a nationaJ. seale all available data on the geology of 

radioaeti ve raw materials o Cu.rrent information . on the geologic ~tri­

bution and types of uranium deposits ·was released in September 1955 as 

Map MR-29 "The uranium deposits of the United States.'' This map mcor-

porates a brief text describing the major t~es of uranium deposits and 

the outlook for future development; it is for sale by the Geologi~.al 

Survey. 

The nation-wide pattern of distribution of deposits changes con-

tinually as significant discoveries are made in new areas. Currently 1 

25 to 30 percent of ore-grade uranium in the United States is outside 

the Colorado Plateau region compared to less than 5 percent in 19516 

Uranium deposits in terrestrial sandstones in regions of new discoveriesp 

such as the Black Hills upliftp the Tertiary basins of Wyoming~ and the 

Texas Coastal Plain, compare favorablY with deposits in some districts 

of the Colorado Plateau o Recently discovered occurrences of ore""" grade 

lignites and associated carbonaceous shales of the western Dakotas may be 

next in importance to deposits in terrestrial sandstones 0 

The following papers by members of the Resource and Research Group 

were published in the Proceedings of the United Nations International 

Conference on the Peaceful Uses of Atomic Energy: 

"Uranium ~ terrestrial sedimentary rocks in the United States 
exclusive of the Colorado Plateau" :t by W b I. Finch 1!1 

• 

• 
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"Relation of tectonic elements in Preca:rn.brian rocks to uranium 
deposits of the Cordilleran Forel&"1d of the western United States~'~ by 
F o We Osterwald o 

"The geology of uranium in the basins of Tertiary age in 1'\Tyomi.l'lg 
and the Northern Great Plainsn~ by J. Do V:ine., 

nnistribution of uranium deposits in the United States''$ by t> 

Ao Pb Butler» Jre 9 and RoW. Schnabelo 

nuranium-beari.ng coal in the United Statesn ~ by J" D" Vine., 

nuranium in precipitates and evaporites in the United Statesn, 
by Ko Go Bello 

"Uranium in igneous rocks of the United Statesn~ by G. Jo Neuerburgo 

"The geology of thorium deposits in the United States" 9 by 
W o So Twehhofel and K.o Lo Buck 6 
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